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Abstract

The transition to Circular Economy involves rethinking of products, services, changes throughout the value
chain, and implementation of circular business models. Potential economic gains and cost savings from
circular business models have been mentioned as drivers to implement circular thinking within
organisations. However, companies still struggle in understanding the economic benefits and implications
associated with such a transition. To overcome this, metrics that provide economic information associated
with circular products and business models are needed. Life cycle costing (LCC) has been identified as a
potential economic quantitative assessment method. Through a systematic literature review, this paper
presents the strengths and limitations associated to LCC in assessing the economic implications of circular
business models.

The review recognised that LCC can provide a life cycle and multiple stakeholder perspectives, which are
relevant to overcome some challenges associated with the implementation and design of circular business
models. Furthermore, environmental and social LCC can include externality costs, which is an important
factor for Circular Economy. Nonetheless, there is a lack of empirical studies implementing multiple
stakeholder perspective and accounting for externalities. Several challenges were also identified: lack of
understanding of the cost implications of products/materials with multiple life cycles; difficulties in
allocating costs among multiple stakeholders; lack of data availability and low quality. These are relevant
issues for costing associated to circular business models and should be addressed in future research.
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Introduction

In recent years, the concept of Circular Economy (CE) has gained more relevance, capturing the attention
of practitioners, politicians and academics (Govindan & Hasanagic, 2018). Achieving CE in businesses is
linked to multiple practices: eco-design, cleaner production, eco-efficiency, reverse logistics, and business
model innovation (Bocken et al., 2016; Geissdoerfer et al., 2018; Ghisellini, Cialani, & Ulgiati, 2016).

Discussions in the literature have highlighted business model innovation as a source of competitive
advantage for companies — as they offer new ways of creating, delivering, and capturing value, while
producing positive environmental and social effects — more than product or service innovation (De
Angelis, 2018; Pieroni, McAloone, & Pigosso, 2019).

The Ellen McArthur Foundation (2015) proposed the ReSOLVE framework that outlines six strategies for
businesses to become circular: regenerate, share, optimise, loop, virtualise and exchange. These principles
can be applied to several business model components (Lewandowski, 2016), leading academics to discuss



the relevance of the topic (Linder & Williander, 2017), to frame the circular business model concept
(Bocken et al., 2016; Lewandowski, 2016; NuB3holz, 2017) and to develop multiple typologies and
taxonomies (Lewandowski, 2016; Liideke-Freund, Gold, & Bocken, 2018; Urbinati, Chiaroni, & Chiesa,
2017).

Circular business models (CBMs) are new types of business models, where the value creation is built on
keeping the economic value embedded into products after their use and exploit it for new offerings (Linder
& Williander, 2017; Rosa, Sassanelli, & Terzi, 2019). Thus, requiring a return flow to the producer from
users, involving closed-loop supply chains and reverse operations (e.g. remanufacturing or reuse) (Linder
& Williander, 2017). These are also aspects of wider sustainability agendas, as efficient closed loops and
reverse logistics systems allow leveraged synergies to occur. Resultantly, business models can provide the
rationale for value proposition (i.e. value proposition, customer relationships and customer segments);
value creation and delivery (i.e. channels, key partners, activities and resources); and value capture (i.e.
cost structure and revenue streams) (Osterwalder & Pigneur, 2010). Transitioning to a CE requires
rethinking these three value dimensions by implementing circular strategies (Nulholz, 2017).

Potential cost savings and economic gains associated with CBMs, such as an increase in long-term
revenues through remanufacturing activities, are often mentioned as a driving force of CE transition
(Govindan & Hasanagic, 2018; Gusmerotti et al., 2019). However, unknown cash flows, insufficient
internalisation of externalities, and the shift of financial and operational risks from consumer to producers
act as barriers (Govindan & Hasanagic, 2018; Werning & Spinler, 2020). To overcome identified barriers
and accelerate CE transition, companies should adopt a systematic approach to understand where value is
created (Urbinati, Chiaroni, & Chiesa, 2017). Thus, methods for assessing the economic benefits and
impacts of circular products and business models are needed (Bocken et al., 2016; Lieder & Rashid, 2016;
Pieroni, McAloone, & Pigosso, 2019).

Life cycle costing (LCC) has been identified as a potential method for assessing economic benefits
(Kambanou & Sakao, 2020). LCC is a method for calculating costs and revenues of an offering over its life
cycle, supporting decision-making at product or service level (Hunkeler et al., 2008). Initially,
conceptualised to determine financial costs associated with assets and products, LCC has evolved to
accommodate the full life cycle of an offering and external costs (i.e. environmental and social LCC)
(Hunkeler et al., 2008). Most of the literature reviews addressing life cycle costing focused on: evaluating
different methodological approaches (Korpi & Ala-Risku, 2008), assessing its application to different
sectors (De Menna et al., 2018; Ilg, Hoehne, & Guenther, 2016; Naves et al., 2019), integrating LCC with
life cycle assessment (Miah, Koh, & Stone, 2017) and analysing LCC as a tool to manage costs in new
product development (Wouters & Morales, 2014). Only Settanni et al. (2014) analysed the literature of life
cycle costing within the context of product service systems and proposed a new methodology to be
implemented in the defence and aerospace industries. This shows that there is still a gap in the body of
knowledge in understanding the potentials and challenges of LCC in evaluating the circular shift.

Therefore, this research aims to identify strengths and limitations of LCC in assessing the economic
benefits and impacts of CBMs. An outline of future research is also provided. The rest of the paper is
organised as follows. In Section “Research method”, the systematic literature review process is detailed.
This is followed by Section “Findings” where the final sample is characterised, the main strengths and
limitations are provided. Finally, the section “Final remarks and future research” concludes the article and

outlines a future research agenda.

Research method
This research performed a systematic literature review following the protocol outlined by Denyer and
Tranfield (2009), who suggest that evidence informed by a systematic literature analysis is more accessible



and relevant to a wider audience (beyond academia). This review focused on locating articles dealing with
developing or applying life cycle costing at company level. Life cycle costing has been included and
developed as part of framework(s) for sustainability assessments (Swarr et al., 2011). Therefore, to ensure
that no relevant studies were excluded from the analysis, two Boolean search strings were developed:

(“life cycle cost*” AND (“product*” OR “servic*” OR “supply chain”))
Yy

((“life cycle sustainability assess*” OR “life cycle sustainability analy*””) AND (“product®*” OR
“servic*” OR “supply chain))
The suffix * was used to include all derivational and inflectional suffixes of the words “cost”, “product”,
“service”, “assessment” and “analysis”. The keyword search was conducted on Scopus and Web of
Science databases, considering the disciplines of environmental sciences; social sciences; economics,
finance and econometrics; business and management. The search was restricted to peer-reviewed journals

in English published between 2008 and 2019.

Table 1 gives an overview of the search results. The search yielded 1,180 articles, from this sample 463
duplicates were removed. The abstract of the 717 unique articles was carefully analysed and papers
performing cost analysis other than LCC, applying LCC at regional or national level, and where LCC
played a minor role were excluded. This led to the exclusion of 615 articles from the analysis, resulting in
102 articles to be further assessed. Through cross-referencing 11 articles were identified and added to the
sample, thus resulting in a final sample of 113 articles. A content analysis (i.e. text in-depth qualitative
analysis) was performed to identify strengths and limitations of LCC methods (Krippendorff, 2013).

Table 1: Search protocol and results

Field Results | Unique results Final sample*
Scopus Title, KeAb(S)trr;SCt’ 719
s 717 113
Web of Science | Topic 461

*Includes 11 cross-referencing articles

Findings

Descriptive findings

The final sample comprises of 113 articles from 40 different journals. Most of the articles were published
in environmental and sustainability related journals (74 papers), such as Journal of Cleaner Production and
International Journal of Life Cycle Assessment. Figure 1 shows the distribution of articles during the
studied period and by implemented research method. The final sample consists of 29 theoretical or
conceptual works, 7 literature reviews, 3 experiment articles, 4 survey papers, 45 case studies and 25
multiple method articles. The last category was conceptualised to differentiate articles that are testing
conceptual/mathematical models or frameworks through case studies from articles that only develop a case
study without theoretical or conceptual contributions.

Figure 1: Distribution of articles over time and by research method
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Life cycle costing research has been developed mainly in industrialised countries — for example, Germany,
Italy, China, United States, Australia and Portugal are responsible for 64 articles of the total sample — this
is not surprising, as LCC was first conceptualised in the United States and has been used as a costing
method to support product decision-making (Asiedu & Gu, 1998). LCC has been applied to several
industrial sectors, from agriculture to defence and health sectors. In the reviewed sample, the construction
and electric and electronic sectors have the highest number of articles (12) followed by the automotive
sector (11).

Strengths and limitations

This section introduces the main strengths and limitations of life cycle costing in assessing the economic
benefits and impacts of CBMs, considering LCC’s main characteristics: life cycle perspective,
stakeholder’s perspective, cost allocation, externalities, and data availability and quality.

Life cycle perspective

Most of the studies implementing life cycle costing take a ‘cradle-to-grave’ approach (i.e. from raw
material extraction to end-of-life) (23 articles). In a CE context, this approach should be replaced by a
‘cradle-to-cradle’ approach — accounting for costs associated to circular systems, in which reverse logistics
operations are applied to bring end-of-life materials or products to manufacturers. In the reviewed
literature, there is a clear lack of empirical studies following a ‘cradle-to-cradle’ approach (3 articles).
Several authors have argued the need to use life cycle perspective for evaluating CBMs (Lindahl, Sundin,
& Sakao, 2014; Rosa, Sassanelli, & Terzi, 2019; Settanni et al., 2014). When implementing CBMs, the
value proposition of companies should shift from a “pay-per-own” to “pay-per-use” approach (Urbinati,
Chiaroni, & Chiesa, 2017). In this scenario, the main purpose is to satisfy customers’ needs, while
companies retain ownership of products (Tukker, 2015; Urbinati, Chiaroni, & Chiesa, 2017). Therefore, a
life cycle perspective that can be provided through life cycle costing is relevant to provide a broader
perspective and cost information over time. Additionally, a life cycle costing approach can provide (at
least) financial information about other actors within the value chain (Kambanou & Sakao, 2020). Despite
companies retaining ownership of products, implementing LCC is still relevant to identify potential cost
savings for customers and other actors in the value chain that can be a source of competitive advantage
(Dunk, 2012) or influence customers in choosing eco-innovative products over conventional products
(Deutsch, 2010; Kaenzig & Wiistenhagen, 2009).



Stakeholder’s perspective

The stakeholder perspective is a key aspect of life cycle costing, since direct and indirect costs are met by
several actors during the life cycle of an offering. According to Hunkeler et al. (2008), life cycle costing
assesses the costs relevant to multiple stakeholder’s, however 62 of the analysed articles followed a single
stakeholder perspective (mainly producer or provider). The adopted perspective not only influences the
scope and boundaries of LCC by determining the most relevant costs, but also the final results (Korpi &
Ala-Risku, 2008; Wood & Hertwich, 2012). The implementation of CBMs requires an increase and
improvement of cooperation between actors in the value chain (Urbinati, Chiaroni, & Chiesa, 2017).
Therefore, requiring a multiple stakeholder perspective, mainly because what constitutes an economic
benefit for the producer/provider might not be a benefit for the consumer or society (Krozer, 2008;
Neugebauer et al., 2015; Traverso et al., 2012). The lack of studies considering multiple stakeholders is a
clear limitation of the current research in the LCC field.

Cost allocation

In life cycle costing, the allocation of costs affects indirect costs and costs associated with different
components within a single product. For example, environmental LCC can minimise indirect costs, such as
overhead costs (e.g. building rent and insurance fees) by using a system view and converting them into
direct costs associated with an offering (Hunkeler et al., 2008). Activity-based costing can also be
integrated within life cycle costing to better account for these costs. However, the allocation of the correct
fraction of cost between multiple stakeholders is still a challenge in life cycle costing (Albuquerque et al.,
2019). Circular Economy not only increases the complexity of cost estimations by requiring multiple
stakeholder perspective, but also because products (or at least, components/materials) are expected to have
multiple life cycles. As Linder and Williander (2017) pointed out CBMs have a higher business risk than
their linear counterparts, because companies can only validate a circular business model when recirculated
products/materials have re-entered the market (i.e. second life). So far, only Bradley et al. (2018) has
addressed cost allocation in multi-generational products by proposing a post-recovery allocation technique.
Therefore, the inclusion or omission of multiple life cycles of products or materials in CBMs, as well as
their implications in life cycle costing results are potential future research topics and clearly reveal a gap in
the extant literature.

Externalities

Current business models are design to fit in a linear economy paradigm, in which environmental and social
externalities are not included in the resources and products’ prices (NuBholz, 2017). In a Circular
Economy, prices should reflect the full cost (i.e. including negative externality costs) to be effective
(Webster, 2015). However, the full cost may not always be transparent due to the various actors at play and
their various perspectives. According to Linder and Williander (2017), CBMs have higher costs per
physical item when compared with the corresponding linear business model, because these require
investments to implement reverse logistics operations (e.g. costs associated with remanufacturing). Thus,
contributing to a higher business risk associated with CBMs, and potentially making them unattractive
from a business perspective to managers. This challenge could be overcome by internalising externalities,
and thus accounting for the full costs related to a linear economy.

The environmental and social LCC approaches have been developed to account for externality costs
(Hunkeler et al., 2008). Externalities have been barely included in LCC assessments (only 19 articles have
included externalities in their analysis), mainly due to difficulties in quantifying and monetising these
factors (Hoogmartens et al., 2014). Nonetheless, this might change with the publication of the ISO
Standard 14008:2019 “Monetary valuation of environmental impacts and related environmental aspects”
(ISO, 2019). This standard provides a methodological framework to monetise environmental impacts.



Therefore, future research focusing on the internalisation of externalities and their impact on decision-
making related to CBMs is needed.

Data availability and quality

The lack of available costing data sets, the low quality and reliability are two challenges often mentioned
in the LCC literature (Albuquerque et al., 2019; Bierer et al., 2015; Neugebauer et al., 2015; Sala, Farioli,
& Zamagni, 2012; Settanni et al., 2014). However, little research has focused on data availability and
quality, and its impacts on life cycle costing assessments. In fact, only Ciroth (2009) has discussed factors
that influence data quality and proposed a matrix to manage data quality issues. This is clear a limitation of
the LCC research that needs to be addressed in order to avoid undermining the potential use of LCC
information in decision-making related to CBMs. Recent developments and innovations in autonomous
data generation would suggest that the Industry 4.0 with its mechanisms (e.g. Internet of Things) offer
obvious opportunities to address the data gap (Rosa et al., 2020).

Final remarks and future research

This study has analysed the literature associated with the field of life cycle costing and identified the
strengths and limitations in using LCC as a quantitative method for support decision-making associated
with CBMs. As described, life cycle costing gives the necessary life cycle and multiple stakeholders
perspective to overcome identified challenges, which are associated with circular business models. In
addition, environmental and social LCC can provide economic information related to externalities
associated with business activities. Notwithstanding, the study confirms that paucity of empirical studies
of life cycle costing applied to a CE context (particularly related to CBMs). Several limitations have been
identified that need to be addressed due to their relevance to the topic. Therefore, future research should
focus on empirical studies that:

- Apply life cycle costing considering multiple stakeholder perspectives;

- Include multiple life cycles of products or materials within circular business models, and evaluate
their implications in life cycle costing results and decision-making at company level;

- Identify and monetise externalities associated with circular and linear business models, and assess
their impacts on price strategy and decision-making within companies;

- Apply Industry 4.0 mechanisms to address data gaps and identify strengths and limitations in
minimising the impacts data quality issues on life cycle cost results.
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