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A B S T R A C T   

Product take-back systems are fundamental for Circular Economy (CE) and focus on recovering value by taking 
back products to be recycled, re-manufactured, or refurbished. In theory, the expected value from CE is unde
niable. However, in practice product take-back systems are often in small/pilot scale or have difficulties 
becoming financially viable, which is an obstacle towards the widespread adoption of CE in practice and thus a 
barrier to achieving a sustainable manufacturing system. This study uses a structured literature review to explore 
the factors affecting the financial performance of the product take-back system and investigate how 12 factors, 
clustered into three different dimensions; context, supply chain, and company, affect financial performance. 
Based on these findings, two propositions are made on how these factors are interrelated in a system perspective 
and how further research should build on these findings.   

1. Introduction 

The CE, in which product take-back is an essential element, is pro
moted as an alternative to the traditional and currently dominating 
linear economy. The difference between the two is the emphasis on the 
regenerative and restorative elements in CE, as opposed to the current 
take-make-use-dispose mindset of the linear economy. In a European 
context, CE is estimated to have the potential of increasing the European 
Union’s GDP by 0.5% while creating approximately 700,000 new jobs 
(Cambridge Econometrics et al., 2018). 

As a result, CE is gaining traction within academia and industry 
(Geisdoerfer et al., 2017). Some authors have focused on how to 
incorporate CE into organizations by emphasising re-design of business 
models (Yang et al., 2018), product design (Bocken et al., 2016), reverse 
logistics, e.g. through biomimicry (Bockholt et al., 2019), or legislation 
(Atasu and Van Wassenhove, 2012). Others have emphasized the link 
between digital technologies and CE by focusing on using information 
technology to enable reverse logistics (Jayaraman et al., 2008) or the use 
of Internet-of-Things technologies and Big Data to enable Product 
Service-Systems (Pagoropoulos et al., 2017). Among these, Take-back 
systems are argued to play an important role in the CE to realize the 
exploitation of residual value of products by closing the loop between 

end-of-life and production (Bocken et al., 2016). Despite the potential 
benefits from CE and increasing academic interest in this domain, the 
industry is challenged in designing economically feasible take-back 
systems (Sepúlveda-Rojas and Benitez-Fuentes, 2016), e.g. Hvass and 
Pedersen (2019) call for research in the development of economically 
viable business models based on take-back systems. This is one of the 
barriers to widespread adoption of CE practices. To remedy and explore 
this potential, the objective of this study seeks to understand the factors 
influencing the financial performance of product take-back systems. 
This is explored through the research question: 

What factors affect the financial performance of product take-back, 
and how do they affect the financial performance? 

The paper aims to explore the factors within the system of a product 
take-back system that affects its financial performance. By identifying 
factors affecting the system’s financial performance, we aim at enabling 
managers to assess and establish take-back systems, overcoming a cen
tral barrier, namely the economic viability (Sepúlveda-Rojas and 
Benitez-Fuentes, 2016), as well as providing areas for further research. 
To do so, it is crucial to understand how the building blocks of financial 
performance stack up, how they influence the overall performance and 
each other, following the system perspective advocated in CE related 
studies (e.g. Alamerew and Brissaud, 2020). By product take-back 
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systems, the focus in this study is on discrete products, i.e. the technical 
sphere of the well-known butterfly model by the Ellen MacArthur 
Foundation (EMF, 2013). 

The remainder of the paper is structured as follows: Section 2 de
scribes the conceptual framework used to guide the literature study. 
Section 3 describes the research methodology utilized in performing this 
review. Section 4 presents the descriptive findings of the papers iden
tified during this review. Section 5 presents the findings of the review, 
focusing on the identification and analysis of design factors. Section 6 
present the discussion, focusing on the systems perspective in this 
research domain. Lastly, section 7 provides concluding remarks of this 
study. 

2. Conceptual framework 

For this study, a conceptual framework is developed to guide the 
design and analysis of the review. The conceptual framework is defined 
according to our prior understandings and expectations of the primary 
elements/categories/sources of factors influencing the financial per
formance of take-back systems, which will be iteratively expanded 
during the review process. We define a take-back system as an opera
tional set of processes including the collection of end-of-life (EoL) 
products, transportation, sorting and disassembly, requalification, and 
re-engagement of the recovered material, components or products in the 
forward supply chain. From the organization’s point of view, the 
financial performance of this system is affected by factors on both 
macro, meso, and micro levels. At the macro-level, external factors, such 
as national and international legislation (García-Quevedo et al., 2020), 
affect financial performance. The individual organization cannot control 
these factors. However, the organization can improve its financial per
formance by adopting its activities in accordance with these external 
factors. At the meso level, the supply chain-related factors, such as 
reverse logistics (Bockholt et al., 2019), influence financial perfor
mance. These factors are partially controllable by the organizations, as 
collaboration with external partners often limits the absolute control of 
the system. At the micro-level are the internal factors which the orga
nization can control, such as the business model (Yang et al., 2018), 
product-related- (Bocken et al., 2016) and operations related factors, 
such as product design or use of technologies (Jayaraman et al., 2008). 

These three levels are utilized as a guiding structure for conducting 
this literature review; however, they are referred to as Context (macro), 
Supply chain (meso), and Company (micro). These three categories are 
considered to be nested in a hierarchy. The context is overarching both 
the supply chain and the company, and the supply chain is overarching 
the company, as depicted in Fig. 1. 

3. Research methodology 

This study utilizes the systematic review technique (Quarshie et al., 
2016; Jeagler et al., 2017), with the goal defined as "integrating a 
number of different works on the same topics, summarizing the common 
elements, contrasting the differences, and extending the work in some 
fashion" (Meredith, 1993, p.8). In this study, the purpose is to extend the 

knowledge of economic factors in CE. The study utilizes the five-step 
method developed by Denyer and Tranfield (2009): formulating ques
tions, locating studies, selecting and evaluating studies, analysing and 
synthesising, and reporting and using the results. All method steps are 
utilized throughout this study, therefore are explained in this method
ology section; except for the final step. Step five, reporting and using the 
results, is the output of the subsequent sections. 

3.1. Formulating questions 

The first step of the systematic literature review concerns formu
lating researchable questions to guide the review. The research question 
for this study was formulated in the introduction, and is repeated here: 

RQ: "What factors affect the financial performance of product take-back, 
and how do they affect the financial performance?" 

3.2. Locating studies 

The purpose of the second step in this method for a systematic review 
is to search for academic material within the investigated field from the 
research question. It is done by utilizing a range of explicit criteria 
determining whether to include or exclude the material (Denyer and 
Tranfield, 2009). Therefore, the following pre-specified criteria are 
proposed to select the literature to include in this study:  

• The papers included in this study should be written in English and 
have been peer-reviewed.  

• Scopus (www.scopus.com) database is chosen for this review as it is a 
recognized database used widely in academia (Falagas et al., 2008, 
Tukker, 2015; Pinho and Mendes, 2017). Furthermore, this database 
is considered the largest source of abstracts and academic citations 
(Sehnem et al., 2019).  

• The type of papers included should be articles and reviews. These 
should only be within the subject area of ’Business, Management and 
Accounting’, as defined by the Scopus database, as a means to target 
papers concerning industrial development and operations 
management.  

• The keywords’ circular economy’ or ’take-back’ is searched for the 
title of the papers. In contrast, the keywords’ financ*’, ’economic*’ 
or ’business case*’ was searched for title, abstract and keywords in 
the papers. 

In many other literature reviews, a criterion for publication date is 
specified to ensure that the included studies represent the newest data 
(e.g. Geissdoerfer et al., 2017; Govindan and Hasanagic, 2018). No 
publication date limit was defined for this study, as a search in the 
Scopus database revealed a lack of publications before the year 2006 
when utilizing the criteria mentioned above. 

The research domain of CE has a legacy in other research topics that 
are not included in the search keywords. This is expected to limit the 
findings in the sense that the legacy topics are only included to the 

Fig. 1. Conceptual framework.  
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degree that the identified research papers are based on these topics. The 
legacy topics include, but are not limited to, Economics (Boulding, 
1966), Industrial Ecology (Frosh and Gallopoulos, 1989), and 
eco-innovation (Rennings, 2000). Within the domains of operations and 
supply chain management, the topics are reverse logistics (e.g. Black
burn et al., 2004), green and sustainable supply chains (e.g. Genovese 
et al., 2017), and product re-manufacturing (e.g. Hatcher et al., 2011). 

3.3. Selecting and evaluating studies 

The third step aims to define the explicit criteria utilized to include or 
exclude the papers identified in the search. The criteria are the 
following:  

• Related: By consulting the abstract of said papers, those not related 
to the scope of this study are excluded. A paper is deemed related 
when it satisfies the following four criteria:  
o The paper must address Circular Economy as a primary topic.  
o The paper must address economic performance.  
o The paper must address the context of the company.  

• Relevance: By consulting the entirety of the remaining papers those 
that are not relevant for this study are excluded (i.e. design factors 
for take-back systems) 

Fig. 2 summarizes our process for the literature review. The search, 
conducted at the beginning of January 2021, utilized the criteria for the 
location of studies, resulted in 284 papers from the Scopus database. 

The abstract of 284 papers was investigated to determine if their 
individual content was related to the scope of this study; this was done 
according to the four previously defined criteria. The authors divided 
the located papers into three equal parts. Each author investigated the 
abstracts ("Are the papers related?") for one part of the papers. Subse
quently, the remaining papers were rotated among the authors for the 
relevance check and coding of the papers. This rotation of papers among 
the authors was meant to mitigate the limitation of researcher bias, as at 
least two authors handled every paper. In both phases, all authors 
investigated a few papers. The authors discussed these papers and their 
coding of the paper to ensure coherence among the authors. From this 
investigation, it was found that 125 papers satisfied all four criteria of 

fit. The remaining 159 papers were excluded and will not be considered 
for the remainder of this study. From reading the full papers, it became 
evident that several papers were not relevant to this study, despite their 
abstracts indicated otherwise. A total of 46 articles were removed from 
the investigation, leaving 79 papers for the remainder of the study. 

3.4. Analysing and synthesising 

By adopting Mayring (2010) framework, for category selection and 
material evaluation, the deductive and inductive approaches are 
deployed iteratively (Mayring, 2010; Merli et al., 2018). The deductive 
approach is utilized to select and evaluate the material, i.e., predefined 
selection and evaluation criteria. These variables worked as a guideline 
for the initial coding of the research findings. The initial variables, 
Table 1, are based on the authors’ knowledge and expectations of rele
vant design factors in this field. When reviewing the identified papers, 
the coding for the factors is included when the financial performance of 
the factor is addressed, i.e. it is affected by the particular factor. In 

Fig. 2. Data collection and selection.  

Table 1 
Initial coding keys for literature review.  

Coding 
Category 

Coding variables 

Meta Title, Authors, Country, University, Year, Journal, Method, Aim of 
study, Context 

Context Trans-national legislation, National legislation, ISO standard. 
Branding/Goodwill 

Supply Chain Supply chain tiers, Countries involved, Relationship and power 
balance, Contact with product or customer, Logistic provider 
relation, Business model, Spare part management, Integration 
into forward supply chain 

Company Functional value*, Material value, Recyclability, Product clock 
speed, Modularity, Wear and tear, Composition of material, 
Product life cycle, Maintenance plans, Manufacturing quality, 
Internal capabilities, Disassemble or recycling options, Salary 
level, Process cost, Handling cost, Inventory cost, Investment cost, 
Overhead cost 

Miscellaneous Miscellaneous 

*The value provided by the functioning product (e.g. the washing machine 
washing clothes, rather than the material the machine is built from). 
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financial performance a distinction is made between cost, i.e. increase or 
decrease of expenses of operating take-back systems and value, i.e. in
crease or decrease of the value generation such as revenue in the 
take-back system. The inductive approach is utilized during the cate
gorization of findings from the reviewed material. The categorization 
and thereby the clustering of the findings are derived from the material 
itself, i.e. categories emerge when a topic is addressed repeatedly in 
several sources within the limits of this review. Before categorising 
findings from the review, a range of descriptive dimensions, namely: 
year of publication, representation of journals, representation of affili
ations, are considered in this study. 

4. Descriptive analysis 

The descriptive dimensions are studied to unfold the current research 
efforts put into the design factors affecting take-back systems, which 
serves as indicators for the current maturity of this research topic. 

4.1. Publication year 

The distribution of the 79 analysed papers in the year of publication 
is presented in Fig. 3. The number of publications concerning economic 
factors in take-back is relatively low; indicating the current research into 
this domain is underdeveloped. However, the number of publications is 
increasing significantly from 2016 and onwards, which shows that the 
academic interest in economic factors of take-back systems is growing. 
From the academic point of view, the interest in this topic emerged in 
2009 which can be assumed to be caused by the increasing interest from 
governmental entities, such as China, which began its regulatory im
plantation in 2009 (Geissdoerfer et al., 2017; Govindan and Hasanagic, 
2018). The delay from the regulatory implementation to the increase in 
publications may be explained by the nature of this paper search as 
economic performance usually is not the first aspect of the domain to be 
dominant in academic publications, given the transition from descrip
tive to normative theory. Furthermore, the development of CE, and 
therein take-back, is currently moving from a societal level to an orga
nizational level which can justify the increased attention towards eco
nomic factors at the micro-level (Merli et al., 2018). 

4.2. Publication outlet 

A clear trend is found in the outlet utilized for the publication of 
investigated studies. While many different journals (15) are represented 
in the selected material, few are repeatedly found. The Journal of 
Cleaner Production dominated the field of outlets as this journal alone 
represented 42 of the 79 (53.17%) included publications. Business 
Strategy, and the Environment (10.13%) and International Journal of 
Production Research (6.33%) are the second and third most represented 
journal, respectively. The wide representation of different journals is 
indicative of the multi-disciplinary nature of CE. According to Scopus, 

the utilized database, the represented journals concern research do
mains such as, but not limited to, Arts and Humanities, Business Man
agement and Accounting, Environmental Science, and Social Sciences. 
This multi-disciplinary nature of CE emphasizes the need for adopting a 
systems perspective when embarking on take-back systems, as adopting 
a single-discipline view limits the potential of creating and capturing 
value (Howard et al., 2019). 

4.3. Author affiliation 

A wide array of countries are represented in the analysed papers. 
However, the United Kingdom (45 authors affiliated in the United 
Kingdom), Brazil (29), Italy (29), China (21), Denmark (20), and the 
USA (19) are engaged in most of the research relevant for the scope of 
this study. According to this count, major economies are falling behind, 
which can be explained by a different national focus in research of CE. 
The top-down approach deployed in China may result in more macro- 
and meso-economic related research, while the bottom-up approach in 
the European Union incentivises research in the micro and meso- 
economic areas (Ghisellini et al., 2016). 

4.4. Methods 

The papers included in this review are categorised according to their 
deployed method, here, a majority of the analysed papers, 26 papers, are 
case studies (32.91%). This is a mix of single- and multiple- case studies. 
The second most used method, 15 papers, are modelling (18.99%). The 
third most represented method, 12 papers, is literature review (15.19%), 
dominantly systematic literature reviews. These are not specifically 
focusing on take-back, rather CE or sustainability. However, take-back is 
referred to, e.g. as being enabled by the theme in question for the in
dividual literature review. Generally, for the analysed papers the focus is 
on a narrow range of the identified economic factors, i.e. some papers 
have a primary concern for the product in take-back while others are 
focusing on legislation, etc. No paper is found, presenting a complete 
overview of economic factors. 

4.5. Context 

Current research containing insights into the economic feasibility of 
take-back is conducted in a wide variety of contexts. The most frequent 
context, 13 papers, found in the papers are concerning one or multiple 
specific countries (16,45%). This is indicative of the heterogeneous 
nature of CE, i.e. differences in legislation related take-back or differ
ences in infrastructure, etc. (e.g. Atasu et al., 2012). The second most 
frequent context, 8 papers, is concerning textiles (10.13%) (e.g. textile, 
clothing, leather) followed by electronic, 7 papers, (8.86%) (e.g. 
household electronics, smartphones, disk hard drives) as the third-most 
frequent context. Common for all contexts, which are studied more than 
once, is that they are often highlighted in the general sustainability 

Fig. 3. Distribution of papers (years).  

J.N. Uhrenholt et al.                                                                                                                                                                                                                           



Journal of Cleaner Production 335 (2022) 130319

5

discussion for being high-value and/or high-waste contexts (e.g. 
Bundgaard and Huulgaard, 2019). 

5. Findings 

During the analysis, 12 factors were identified and subsequently 
clustered into three overall dimensions, one containing two sub- 
dimensions of a take-back system. The dimensions are:  

• Context – External factors to the individual organization, such as 
public governance structures.  

• Supply Chain – Factors related to the supply chain of the individual 
organization, such as supply chain actors and collection methods.  

• Company – Internal factors to the organization such as earning 
models and customers. Two sub-dimensions are identified:  
o Product – Factors directly related to the product, such as the EoL 

value and product design.  
o Operations – Factors related to the handling and treatment of 

collected EoL products. 

5.1. Context 

Legislation and regulation is primarily referred to as constraining to 
the financial performance through taxation on labour (Veleva and 
Bodkin, 2018) and weight (Atasu et al., 2013) rather than resources and 
material composition, as well as imposing regulatory obsolescence, as 
found in Chouinard et al. (2019), decreasing the value generated by the 
product in the market. Furthermore, lack of regulatory homogeneity 
across the European Union also imposes costs for organizations oper
ating in certain countries. This is exemplified by Daddi et al. (2019), as 
Italy have a ministerial decree imposing requirements for hygienic 
sanitization of products, which imposes processing cost and thus nega
tively influences competitiveness. Lastly, legislation is in some cases 
found to be limiting business model innovation, such as providing 
product-as-a-service (PaaS) through dynamic earning models across 
supply chains (Fischer and Pascussi, 2017), limiting the incentive for 
improving materials and product utilization. At an operational level, the 
cost of complying with regulation, i.e. the time and resources put into 
administrative and legal procedures, is identified as a barrier to CE 
adoption (García-Quevedo et al., 2020). E.g. the European waste 
directive impose increased documentation requirements when trans
porting EoL products, containing hazardous parts, across country bor
ders, which, in turn, decrease availability of logistics providers 
(Bockholt et al., 2020). However, the legislation also forces positive 
change by providing enabling infrastructure to reduce cost and create 
market conditions through, for instance, municipal-controlled collection 
systems (Atasu et al., 2009), or by introducing fees for discarding EoL 
products, creating an incentive for consumers to re-use products (Par
ajuly and Wenzel, 2017). 

Standards, when existing, are found to be beneficial for financial 
performance. Hopkinson et al. (2018) found that the focal case 
improved their financial performance by using standards (e.g. ISO or 
EMAS), specifically through reduced cost by influencing broader system 
enablers and conditions to support circularity. In addition, they found 
that industry standards for categorising re-manufacturing products to 
guaranteed original specification increased value by reducing customer 
uncertainty. 

Financing of CE is essential for enabling investments towards the 
take-back system. It is found that financial institutes lack awareness and 
trust of profitability within the domain (Fischer and Pascussi, 2017), 
leading to the perception of investments as a barrier to achieving better 
financial performance, whether being through cost reductions or 
increased value capture (Daddi et al., 2019). Alternatively, co-financing 
options are emerging in stakeholder collaborations and governmental 
funding is becoming viable options when pursuing investments to 

promote CE in organizations (Fischer and Pascucci, 2017). As an alter
native means for raising capital, public financing is argued to provide 
governmental support to CE development in the private industry. From 
their study of financial sources, Ghisetti and Montresor (2020) argues 
that self-financing should be the most preferable way of financing the CE 
transition, followed by public financing, and lastly debt financing. 

As summarized in Fig. 4, the context is found to affect cost and value 
through three factors; Legislation, Standards and Financing. Several 
cases found that legislation negatively affects the financial performance, 
both through cost and value, of CE through several means. This indicate 
a need for further actions within the domain to stimulate the adoption of 
CE in practice. Standards are reported as positively affecting CE finan
cial performance, especially by removing the barrier towards customers 
unwillingness to purchase re-manufactured products. Lastly, lack of 
financing options is seen as an obstacle that affects the companies’ 
ability to seek cost reductions and increased value capturing, calling for 
more awareness on CE from banks, as well as the option for public co- 
financing if the companies cannot finance initiatives themselves. 

5.2. Supply chain 

Partnerships and collaboration are highlighted in the domain of take- 
back e.g. exchanging knowledge and experience with universities, 
research centres, suppliers and retailers (Rossi et al., 2020). Similarly, by 
collaborating across their supply chain, e.g. with third party waste col
lectors, companies are enabled in achieving economies of scale, e.g. by 
pursuing multiple reverse loops from one take-back operation rather 
than only pursuing one recovery strategy (Hopkinson et al., 2018). 
However, major companies report low and varying maturity across 
supply chains (Veleva and Bodkin, 2018), resulting in increased cost for 
product recovery and reduced value capture. This is due to the need for 
close collaboration to build technological capabilities for up-cycling EoL 
products (Fischer and Pascussi, 2017), leaving value unrecovered 
and/or making operations more expensive. In this discussion, the large 
companies call for more industry collaboration to catalyse efforts, 
through seamless transaction of product and use data (Veleva and 
Bodkin, 2018). Hvass and Pedersen (2019) presents a case concerning a 
partnership between a manufacturer and waste handler, in which the 
profitability of the manufacturer is linked to the collected volumes. 
Other examples of such collaborations revolve around the extended 
producer responsibility (EPR) where manufacturers are found to out
source this responsibility to Producer Responsibility Organizations 
(PRO). Through economies of scale, the PROs can provide more 
economically efficient recovery and recycling of products (Singh and 
Ordoñez, 2016). 

For reverse logistics, the extant literature presents a primary trade-off 
between achieving economies of scale, e.g. by partnering with third 
party waste collectors, and maintaining control and IPR. The cost of 
reverse logistics is highlighted by Bockholt et al. (2020) in their dis
cussion of consolidation. Less consolidation of products in the reverse 
logistics result in more frequent shipments with lower quantities, lead
ing to higher reverse logistics cost. Hopkinson et al. (2018) point to
wards lack of homogeneity in the European market as a constraining 
cause as organizations operating in multiple European countries are 
unable to achieve economies of scale in their take-back operations, as 
they are forced to manage different take-back systems in different 
countries. However, while the consolidation of EoL product collection 
has the benefit of economies of scale, it comes at the expense of control 
(Zhang et al., 2019). While companies maintain IPR in isolated collec
tion systems, lack of scale makes such systems costly to operate (Atau 
and Wassehove, 2012). The collection infrastructure for EoL products is 
assumed to have a linear cost-to-product ratio when municipal actors 
conduct the collection, but non-linear when the individual organization 
conducts the collection (Atasu et al., 2009). When organizations choose 
to manage the logistics internally, proximity to products and customers 
is highlighted as essential for a cost-efficient take-back system (Hvass 
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and Pedersen, 2019). From a process perspective, early inspection and 
sorting allow for more appropriate treatment of products (Coughlan 
et al., 2018) and reduced inventory cost (Hopkinson et al., 2018) of 
collected products. In cases where the organization is dependent on the 
consumer to sort the materials, Guo et al. (2017) finds that high-value 
materials and simple materials are recycled more than those of low 
value and those products with different and hard-to-distinguish mate
rials. Hence, high value and simple materials are less costly to recycle as 
its in-flow into the take-back system is more effective. Cost savings 
achieved in re-manufacturing create incentive to put more resources 
into collecting EoL products (Huang and Wang, 2017). Through 
modelling, Huang and Wang (2017) finds that achieving cost savings in 
the re-manufacturing process creates an incentive to put more resources 
into the collecting process. This redistribution of resources in the reverse 
logistics network allow for a faster collection process with a more so
phisticated decision-making process, allocating the EoL products prop
erly, according to their quality (Huang and Wang, 2017). The 
manufacturer can face larger recovery fees if governmental entities 
conduct the collection process, and a misbalance is found between 
economic and environmental oriented performance measures (e.g. 
pollution prevention vs. pollution control) (Atasu et al., 2013). Where 
producers are forced to join monopolistic collection systems (in which, 
during collection, their products are mixed with other products) their 
products are recycled for material value only. This removes the incen
tive to invest in closer recovery loops, e.g. re-use (Atasu and Wassehove, 
2012). 

As summarized in Fig. 5, the Supply Chain dimension is found to 
affect cost and value through two factors: Partnerships and collaboration 
and Reverse logistics. Engaging in partnerships and collaboration is re
ported to lead to reduced cost, while the lack of engagement imposes 
increased cost and reduced value generation. In reverse logistics, 
consolidation and use of 3rd party providers can reduce costs from 
economies of scale while cost can increase in cases of dispersed products 
and the need for frequent shipments. 

5.3. Company 

Business models involving take-back systems are widely discussed in 
the literature, however, mostly concerning supporting the environment 
through material efficiency or material sufficiency, which in turn also 
reduces material cost (De los Rios and Charnley, 2017). A primary 
element is the interaction with the customer, e.g. leasing, payback 
variants (Svennson and Funck, 2019), or service plans (Urbinati et al., 
2017). One way of creating this relationship is by offering customers a 
rebate for returning products, reducing revenue and reducing the cost 
for collecting EoL products (Hopkinson et al., 2018). Furthermore, by 
keeping ownership of products, through servitized business models 
companies can increase financial performance through increased value 
generation, by lengthening the product life-cycle (Tunn et al., 2017). 
The more servitized the business model the more efficient the product 
take-back is, as ’pay-per-uptime’ business models already have existing 
reverse supply chains (Bockholt et al., 2020). In the traditional 
product-based business models, increased complexity and risk of 
cannibalizing market share of virgin products emerge. Thus, inevitably 
decreasing the value (Werning and Spinler, 2019) leading to recom
mendations to keep forward and reverse business models separate 
(Hopkinson et al., 2018), (e.g. establishing separate retail systems for 
second-hand products (Bundgaard and Huulgaard, 2019)) and to share 
both value and risk across supply chain levels (Mishra et al., 2019). 
Wang et al. (2020) argue that cannibalization between virgin and sec
ond life products is limited, as re-manufactured products target different 
segments in the market. From a less positive perspective, respondents in 
Jaeger and Upadhyay (2020) study state that recycled material is more 
expensive than virgin material, in reasoning for the lack of 
cradle-to-cradle focus in their business model. Additionally, the 
perception of low assurance of success for adopting circular business 
models, have led to organizations awaiting demonstrations of other 
businesses (Gue et al., 2020). 

Customer awareness affects the financial performance of take-back 

Fig. 4. The effect of Context of cost and value of product take-back.  

Fig. 5. The effect of Supply Chain of cost and value of product take-back.  
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systems, as customers both demand and supply products, thus affecting 
both cost and value (Lieder et al., 2018). Means such as communicating 
performance measures (e.g. reduction in CO2 and re-manufacturing 
cycles) build customer awareness and brand value (Veleva and 
Bodkin, 2019), thereby affecting sales. Sharma et al. (2020) find that 
extra cost is imposed to incorporate reused materials and components 
into products. Consumers tend to avoid products made of waste as this is 
considered a ’used’ product. The study itself, and also the study by 
Hopkinsson et al. (2018) finds nuances to this, as they find certain 
customer groups who favour reused or re-manufactured products, 
creating a potential for new markets and increased value. Hvass and 
Pedersen (2019) found that providing a discount voucher for returning 
products both increased awareness, the flow of take-back products and 
gave a rebound effect for new sales. Thus, increasing the cost through 
voucher investments, while reducing the cost of take-back. 

As summarized in Fig. 6, the Company dimension is found to affect 
cost and value through two factors: Business model and Customer 
awareness. The financial performance in take-back is affected by 
adopting servitized business models, through increased value generation 
by extending product life cycles and reducing costs (through eased 
collection) by engaging with the customers. Furthermore, the risk of 
cannibalizing market share, i.e. reducing value generation, between 
virgin and non-virgin products leads to increased cost by operating 
separate supply chains, with the potential benefit of creating a new 
market for re-manufactured products. Customer awareness is reported 
to affect value generation both positively and negatively from conflict
ing perceptions of re-manufactured products. Customer awareness is 
affected positively by introducing discount vouchers for returned EoL 
products, which result in a decreased cost for take-back while increasing 
cost in introducing the voucher. 

5.3.1. Product 
Capturing functional value is seen in cases where products contain up 

to 80% refurbished components (Hopkinson et al., 2018). Bundgaard 
and Huulgaard (2019) finds that customers are more inclined to utilize 
inner resource loops (maintenance, repair) for high quality products. 
However, wear and tear are barriers to optimal value recovery (Ayge
mang et al., 2019). Supporting this, Singh and Ordoñez (2016) presents 
the example of two chairs entering different value recovery cycles 
despite being produced simultaneously, due to differences in wear and 
tear. The availability of data from the first product life cycle (e.g. use 
temperature, ageing, charge cycles) enables more efficient recovery of 
products for second life cycles, as exemplified in the case of EoL elec
trical vehicle batteries (EVBs) (Alamerew and Brissaud, 2020). Bockholt 
et al. (2020) find that while the revenue generated is higher in narrow 
resource loops (i.e. prolong, re-use, refurbish) the cost of qualifying the 
product for these loops is also higher, however, they found that the in
crease in cost is marginal compared to the increase in value. 

Capturing material value has several financial benefits, e.g. 
strengthening a company’s position in the market from reduced 
dependence on upstream activities (Agyemang et al., 2019), leading to 
reduced cost, as less virgin material is needed, or by generating new 

streams of income by selling waste (Husgafvel et al., 2018; Zhou et al., 
2017). Veleva and Bodkin (2018) presents a case of increased supply 
chain resilience by securing the supply of critical and scarce material 
from product a take-back system (Veleva and Bodkin, 2018), a finding 
adding to the principle of keeping control of critical raw materials 
(Coughlan et al., 2018; Bai et al., 2019). However, this can be unsuitable 
for high-quality market segments, as recycled material may be of 
reduced quality (Daddi et al., 2019). Only when handling waste mate
rials of industrial origin the material composition (i.e. material purity) is 
known (Singh and Ordoñez, 2016). Furthermore, by standardizing the 
material composition take-back and waste reduction are enabled. 
Additionally, sustainable materials enable more efficient value recovery 
activities (Chouinard et al., 2019), while mixed materials (e.g. in 
clothing) are a challenge (Huysveld et al., 2019). However, the financial 
incentive to engage in material recovery is limited in cases with low 
product cost, as the cost difference between virgin and recycled material 
is marginal or even unfavourable (Singh and Ordoñez, 2016). 

Product design is important as it enables circularity, both in terms of 
ensuring value capturing, but also affects the cost efficiency of the op
erations. Svensson and Funck (2019) finds in their study how to reduce 
cost by aligning the materials used in their products (i.e. changing 
product design) which enable re-manufacturing of products and in
crease value by extending the life cycle of the products. (Svennson and 
Funck, 2019). Bockholt et al. (2020) exemplify how the vast amount of 
different product designs (from decades of product design improve
ments) entering the reverse supply chain, is found to increase the cost as 
it leaves little room for standardization and automation in the handling 
of the EoL products. Timeless product design and high quality enable 
and encourage customers to utilize inner resource loops (maintenance, 
repair) as well as creates a demand for a second-hand market increasing 
the value of the products (Bundgaard and Huulgaard, 2019). In the case 
of EVBs, standardization of the battery configuration and its components 
is highlighted as playing a paramount role in the ability to integrate 
re-manufactured batteries into electric vehicles. This, in turn, leads to 
reduced cost in disassembly, repurposing and re-manufacturing of EVBs. 
Additionally, the need for providing adequate information concerning 
the disassembly process is highlighted to reduce processing cost further, 
as well as product labelling and component registry leading to reducing 
the time spent for sorting, testing and dismantling these batteries (Ala
merew and Brissaud, 2020). Modularity and principles of ’design for 
disassembly’ save cost by enabling efficient maintenance, repair and 
disassembly (Bundgaard and Huulgaard, 2019; Ghisellini et al., 2018; 
Chouinard et al., 2019). However, such principles are also constraining 
designers from designing ’on a blank canvas’ (De los Rios and Charnley, 
2017). High value and simplicity of material composition enable con
sumers to recycle products (Guo et al., 2017), stressing the need to 
consider recyclability in the early stages of product design (Agyemang 
et al., 2019), to enable increased value generation. Daddi et al. (2019) 
display how competitors can collaborate if they are in different market 
segments. A recovered material collected and treated by the company 
providing high-end products to the market had less pure properties 
making it insufficient for that company. However, the recovered 

Fig. 6. The effect of Company of cost and value of product take-back.  

J.N. Uhrenholt et al.                                                                                                                                                                                                                           



Journal of Cleaner Production 335 (2022) 130319

8

material is sufficient for a competitor being in the mid-/lower quality 
market segment resulting in trade between competitors (Daddi et al., 
2019). However, for most fast-moving consumer goods, the fast 
clock-speed make the products unfit for reuse and re-manufacturing as 
the design has changed too much, leaving only material value to be 
captured (Kuzmina et al., 2019). 

As summarized in Fig. 7, the Product dimension is found to affect 
cost and value through three factors: Functional value, Material value, 
and Product design. Extant literature reports that pursuing functional 
value is more costly while generating more value relative to pursuing 
material value. However, the increase in cost for pursuing functional 
value is marginal compared to the increase in value capture. When 
capturing material value cost is reduced as the supply of critical raw 
material is secured while value is increased through potential new 
revenue streams from selling recovered materials. The product design 
can achieve cost reduction by standardizing materials, components, and 
product configurations. However, the cost is increased from the 
complexity of processing decades worth of product designs in take-back. 
Furthermore, the introduction of modularity limits the product design 
relative to starting from a blank canvas, hence increasing cost. Lastly, 
the value potential of certain product designs, i.e. fast-moving consumer 
goods, are limited from the lack of re-manufacturing potential. 

5.3.2. Operations 
The type of methods utilized in the recovery operation is essential in 

balancing the cost of recovery, and the value captured. E.g. destructive 
methods risk contamination of materials, which in turn leads to lower 
value generation (Ghisellini et al., 2018), but at a lower cost, while 
disassembly enables capturing more functional value but at a higher cost 
from the slower process (Ghisellini et al., 2018; Cong et al., 2017). 
Bockholt et al. (2020) report that internal capabilities, in their case an 
aluminium oven, increases the financial performance, due to the bypass 
of the waste handler and that by keeping recycled material in a close 
loop, its quality is equal to virgin material. Furthermore, keeping 
packaging material in a closed-loop helps save cost, but proximity 
among partners is enabling this, as long-distance transportation of 
empty packaging material evaporates the cost savings (Nandi et al., 
2020). Both the role of Lean practices and Industry 4.0 in CE is high
lighted in the current literature. The combination of lean and CE, 
referred to as lean-CE, is argued to improve both environmental and 
organizational (financial) performance, stemming from labour produc
tivity, leading to an increased competitive advantage (Sartal et al., 
2020). Industry 4.0 is highlighted both as an enabler for achieving 
environmental and financial benefits (Rajput and Singh, 2020), e.g. in 
the form of product life cycle management systems and monitoring 
products and parts through multiple life cycles (Lieder and Rashid, 
2016) or for locating products in the market (Agyemang et al., 2019). 
However, up-front investments are needed for digital technologies 

(Kumar et al., 2019) as well as the use of digital technologies, such as 
sensors, are incurring high cost due to the unit cost of the technology and 
the cost of installation, calibration and maintenance (Rajput and Singh, 
2020). A lack of information technology currently results in sub-optimal 
value recovery, i.e. material value is captured over potential functional 
value. The lack of appropriate technology results in a lack of insight into 
the recovered product, in terms of remaining functional value, making 
effective treatment and re-introduction to the market difficult. (i.e. less 
value) (Singh and Ordoñez, 2016). Digital tags (e.g. RFID) are 
mentioned as enablers of efficient sorting in the collection process 
(Atasu and Wassehove, 2012). 

Process optimization in take-back operations also includes being 
effective, which Coughlan et al. (2018) exemplify through early-stage 
inspection and test of End-of-Use products allowing for a more precise 
(i.e. cost-efficient) sorting and thereby treatment of the products 
(Coughlan et al., 2018). Sartal et al. (2020) also exemplify the impact of 
process optimization by introducing worksheets, standardized work 
procedures and training plans for the case company, adopting lean-CE. 
This allowed the company to reduce the water withdrawal and in
crease the collection of scrap material to be used in by-products (Sartal 
et al., 2020). Similarly, Hopkinson et al. (2018) report, for agile envi
ronments, that: "The key therefore is to predefine an asset’s destination 
prior to its removal from the market, and by understanding the location 
and condition of assets in markets versus the real-time demand for 
reused product we can predefine the reuse route of each asset." (Hop
kinson et al., 2018). Recycling cost can increase when pursuing high 
recycling rates (for WEEE), as more advanced and costlier recycling 
technologies are required (Atasu et al., 2009). Similarly, the disassembly 
of products is perceived as a costly and time-consuming process, due to 
the increasing number of materials in products, yet in smaller sizes 
(Jaeger and Upadhyay, 2020). Lastly, Bockholt et al. (2020) find that 
salary levels across country borders are influential for the financial 
performance of take-back operations. In their study, a Danish case 
company has a 40% higher cost relative to a United Kingdom case, 
primarily caused by differences in salary levels. The process of pur
chasing raw material from waste streams is reported as costly in the form 
of high transaction cost partly from old facility layouts and lack of 
knowledge (Sharma et al., 2020). Hence, capabilities are needed to 
operationalize strategic intentions (i.e. decoupling material and value) 
of take-back systems (Agyemang et al., 2019), thereby increasing the 
value of take-back products and reducing the cost of operations. 

As summarized in Fig. 8, the Operation dimension is found to affect 
cost and value through two factors: Methods and Process. When 
adopting more costly methods such as disassembly over dismantling the 
value generation is increased, while automated and potentially 
destructive methods are more cost-efficient at the expense of value. 
From the process perspective, extant literature emphasizes early in
spection and sorting to decrease cost while increasing value from the 

Fig. 7. The effect of Product of cost and value of product take-back.  
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appropriate treatment of EoL product. However, the cost is increased by 
acquiring technology for increasing recycling rates. 

6. Discussion 

From extant literature, a call for researching CE, particularly product 
take-back, is made from a system perspective (Bocken et al., 2016). 
While several studies have investigated the system in business models 
(Kristensen and Remmen, 2019), there is a need for understanding the 
system perspective in terms of financial performance (Michelini et al., 
2017). This need for adopting a systems perspective is evident from the 
descriptive analysis, section 4, as existing literature is found in a 
multitude of differently themed outlets, hence stressing the 
multi-disciplinary nature of take-back systems, while each paper only 
represent a narrow range of factors. This review has outlined the factors 
affecting financial performance and classified them into three different 
dimensions. These dimensions vary in the degree to which the individual 
organization influences the factors in the dimensions. However, from a 
system perspective, the factors are mutually dependent on each other, e. 
g. one factor within the context dimension might impact the ability of 
the supply chain to collect product for take-backs. Based on this review, 
the authors have identified relations across these three dimensions, 
which are depicted in Fig. 9. 

Based on these relations across the dimensions we put forward two 
propositions related to the financial performance of product take-back. 
The propositions suggest how the different factors influence the finan
cial performance of product take-back and can be used for companies 
seeking to exploit CE initiatives and overcome the barrier of financial 
viability (Sepúlveda-Rojas and Benitez-Fuentes, 2016). 

Proposition 1. From the outside and in: In designing product take-back 
systems, the external context and supply chain should be considered inputs 
for decisions regarding internal factors to improve the system’s financial 

performance. 

In designing the take-back systems the organization should take an 
outside-in view on the factors affecting financial performance. Context 
factors affect the ability to collect and transport products for take-back 
at the supply chain level (Bockholt et al., 2020), and through legisla
tion also make demands or incentives for the company level (Atasu et al., 
2009). Rarely, are factors found to impact from the lower levels out. For 
companies, it is important to investigate and build an understanding of 
their context and their immediate supply chain relations, before making 
changes within the company level. While factors within these di
mensions are external to the organization’s influence, they must be 
acknowledged, and the take-back system must be designed accordingly, 
to optimize the financial performance with the opportunities and con
straints imposed by these external factors. Bockholt et al. (2020) present 
an example of this, as the WEEE legislation constrains the case com
pany’s current supply chain configuration, negatively affecting the 
financial performance. 

Concerning the findings, it is important, from a practical perspective 
to research how to design take-back systems by taking an offset in the 
external context and supply chain specific factors before making internal 
changes to company factors. From a public and legislative perspective, 
research is needed to understand how legislation, standards, and fund
ing models, that vary across markets and countries, promote or prohibit 
financial performance, as it is seen as a barrier for CE practices adoption 
(Sepúlveda-Rojas and Benitez-Fuentes, 2016). Understanding this can 
promote wider adoption of CE in industry and create a win-win scenario 
between businesses and the environment. 

Proposition 2. Cost and Value trade-off: In product take-back, high-value 
capture is achieved at a higher operational cost, while low-value capture 
comes with lower operational cost. This relation between value and cost 
suggests a natural optimum for how much cost to put into capturing value, 

Fig. 8. The effect of Operations of cost and value of product take-back.  

Fig. 9. The interrelations across the three dimensions affecting the financial performance of product take-back systems.  
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relative to the value of the product. 

Extant literature suggests that a trade-off is present in pursuing 
financial performance in take-back systems, as cost rises with the in
crease of value capture (Bockholt et al., 2020). Hence, to capture 
functional value, organizations are putting more cost into acquiring and 
treating EoL products, such as adopting the costly process of disassembly 
rather than destructive dismantling for capturing functional value rather 
than material value (Ghisellini et al., 2018). When embarking on 
product take-back, organizations should acknowledge their immediate 
positioning in the three dimensions identified in this literature review 
and choose a take-back strategy accordingly. The factors provide natural 
constraints forming boundaries in which the organization should oper
ate for obtaining positive financial performance. E.g. the value of the 
product, both in its physical form and the perceived value from the 
customers’ point of view, is detrimental for the ability to financially 
reason for capturing functional value over material value only. The case 
of luxury consumer electronics by Bundgaard and Huulgaard (2019) 
provides an example of how high-value products with timeless design, 
encourage the pursuit of functional value. On the other hand, Kuzmina 
et al. (2019) argue against pursuing functional value for fast-moving 
consumer goods due to the frequent changes in product design. This is 
known as the notion of fit, which is well argued in the literature, how
ever, presented in other research domains, e.g. Fisher (1997) defines the 
need to distinguish between the efficient and the responsive supply 
chain to match the product type, being either mostly functional or 
innovative respectively. 

Future research should investigate factors that are important for 
when to invest more cost into capturing more value, as Bockholt et al. 
(2020) found that the added value far exceeded the added cost in their 
case study. Bundgaard and Huulgaard (2019) found that functional 
value could be captured for luxury products, while Kuzmina et al. (2019) 
proposed the opposite for fast-moving consumer goods. In addition, 
these factors are all described in terms of trade-offs, we propose further 
research into breaking this trade-off between value and cost. We propose 
to address this from three different perspectives inspired by other do
mains. From here, the research has focused on breaking the trade-offs 
through innovative operating models e.g. LEAN (Agyemang et al., 
2018), product structures e.g. Modularization (Chouinard et al., 2019) 
or adoption for technology e.g. digital technology (Nygaard et al., 2020; 
Colli et al., 2021). While these perspectives are already introduced in 
CE, lean-CE (Sartal et al., 2020) and digital technologies (Rajput and 
Singh, 2020), the trade-off persists, leading us to define this call. Second, 
research into and the adopting of the contingency theory perspective in 
CE and take-back is needed. Findings in this review suggest that 
one-size-fits-all is not applicable for take-back systems, making contin
gency factors influential for the financial performance of take-back 
systems. Hence, this perspective deserves an explicit role in future 
research. 

7. Conclusions and limitations 

This paper outlines the literature findings on which and how factors 
affect the financial performance of product take-back system. The paper 
finds that factors are present in three dimensions, being the context 
(macro), the supply chain (meso) and the company (micro). These di
mensions vary in the organization’s level of influence on the factors 
within each, ranging from none (in context) to total control (in com
pany). Within these dimensions, a total of 12 factors are identified, most 
of which have the potential of affecting the cost or value of the product 
take-back system both positively and negatively. 

From an academic point of view, the research outlines a collected set 
of factors found to influence the financial performance of product take- 
back systems. This set of factors have the potential of making the 
foundation from which fellow researchers can investigate product take- 
back adoption. In addition, it outlines the need to address product take- 

back from a systems perspective, as well as to provide insights towards 
the interaction between dimensions and factors in terms of progression 
(outside-in) and trade-offs (between cost and value), this outset can 
complement the currently fragmented state of product take-back 
research. 

The implication of this research for practitioners revolves around the 
need to overcome the well-documented barrier of the financial feasi
bility of product take-back systems. Based on this study, managers are 
encouraged to perceive product take-back systems from the integrative 
view of the context, supply chain, and company-specific factors in 
pursuing financial performance. 

The future research areas proposed from this literature review call 
for studies adopting an approach for designing take-back systems in 
which the external context and supply chain are investigated and in
ternal decisions are made to match these external conditions for 
reducing cost or improving value generation. Furthermore, future 
research in breaking the trade-off between cost and value through the 
adoption of different operating models, product structures, or digital 
technologies. Lastly, the contingency theory perspective should be 
adopted in future research from the suggested findings that one-size-fits- 
all is not applicable for product take-back systems. 

The limitation of this study is related to the scope of included papers; 
while the study encompasses a large volume of papers, the keywords 
selected focussed on "circular economy" or "take-back", thus potentially 
neglecting findings related to the financial performance of e.g. reverse 
logistics and industrial ecology, which might have findings that are 
relevant for the financial performance of product take-back systems. In 
addition, the scope only included peer-reviewed papers, and thereby 
neglected the grey literature (Such as The Ellen MacArthur Foundation), 
which historically have been used in many academic works on CE. 
Lastly, the explicit focus on discrete technical products leaves a potential 
for extending the study to include bio-based products for which the 
generalizability between the two domains is a primary point of 
attention. 
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