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Open challenges for Life Cycle Assessment as a decision
support tool towards Circular Economy transition

Monia Niero! , Francesco Testa?, Marco Frey2

Abstract: In this article we discuss two open challenges that Life Cycle
Assessment (LCA) needs to address in order to confirm its role as decision
support tool for a transition to circular economy (CE). The first one regards the
role of consumers’ in a CE and the need to get a better understanding of
consumers’ practices. We suggest a combined approach based on LCA and
Practice Theory (PT). The second challenge is connected to the urgency of
making LCA results more understandable to a broader audience. Different
approaches are currently available: use of benchmarks, proxy indicators, single
scores and more popular references, but the suitability to a specific context and
target audience needs to be further investigated.

1. Introduction

In the first edition of the “Guidelines for Life-Cycle Assessment: A “Code of Practice”™”
published in 1993 by the Society of Environmental Toxicology and Chemistry (SETAC), Life
Cycle Assessment (LCA) was defined as “one of the tools used to examine the environmental
cradle-to-grave consequences of making and using products or providing services” and it was
recognized as “a powerful and complex tool that should be used properly” (SETAC, 1993, p.ii).
The aim of that publication was to provide guidelines for carrying out and reporting LCA studies
“in a responsible and consistent manner” and was based on experts opinion, namely of 50 experts
from 13 countries who pooled their knowledge and experience in a 4-day workshop which was
held at Sesimbra, Portugal during 31 March - 3 April 1993.

One of the prime objectives of carrying out a LCA that were outlined in the SETAC Code of
Practice was “to provide decision-makers with information which defines the environmental
effects of these activities and identifies opportunities for environmental improvements” (SETAC,
1993, p.6). Since the early application of LCA in the packaging sector (Hunt and William, 1996),
its role as a decision support tool has been consolidated and it has now become an established
decision support tool both for private and public organizations and policy makers.

LCA is currently also recognized a key metric for CE, as discussed among others by
Schmidt-Rivera et al. (2021), Roos Lindgreen et al (2021), Rigamonti and Mancini (2021) and
Bréndstrom & Saidani (2022). According to Pefia et al. (2021) “LCA can support evaluating and
comparing the most promising CE strategies and options for improving the environmental
performance of society’s consumption and production patterns” (p.216). CE strategies can be
classified in four main groups (Bocken et al, 2016, Konietzko et al, 2020): i) narrow, ii) close, iii)
slow and iv) regenerate resource flows. LCA has been successfully used to assess the
environmental benefits of the first three strategies. There are indeed examples of using LCA to
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assess more resource efficient solutions for single-use plastic products (UNEP, 2021) and in the
waste management sector (Laurent et al. 2014). Challenges exists when applaying LCA to assess
“closing loops” strategies, typically recycling as described by Niero & Olsen (2016) and
Sazdovski et al (2021). More extensive applications can be found in relation to “slowing” loops
strategies, such as reuse of e.g. clothes (Farrant et al. 2010), refurbishment e.g. in the case of
electric vehicles batteries (Schulz-Moenninghoff et al, 2021), remanufacturing e.g. in the medical
equipment sector (Schulte et al, 2021). More recent is the recognition of the use of LCA in the
context of regenerative solutions and practical applications.

According to Pefia et al. (2021) “LCA allows to understand and evaluate whether the claimed
environmental benefits of CE solutions can be achieved and to what extent, and which are the
most critical processes and aspects that needs to be properly managed.”(p.216). However in
order to fully exploit the decision support potential of LCA in a CE context there are some
challenges that need to be overcome. In this article we will address two of these challenges that
in our opinion deserve urgent attention. Our analysis does not aim to be exhaustive, but it aims to
stimulate a discussion on which are the challenges that needs to be addressed from both a
methodological and operational point of view to make sure LCA will continue to prosper and gain
further credibility as environmental sustainability assessment methodology in the next 30 years.
In this way we aim to contribute to the on-going discussion on the benefits of using LCA as a key
metric for CE micro level assessment (Roos Lindgreen et al., 2021, Rigamonti and Mancini, 2021)
and more broadly on the challenges that should be tackled for the implementation of a sustainable
CE (Leipold et al. 2023).

For each of the two challenges identified we will first explain what the issue is, then we will
propose a solution on how it can be tackled and finally we will outline the implications for the
LCA methodology and which are the phases of the LCA methodological framework that will be
affected. A summary of the elements discussed in this paper is reported in Table 1.

Challenge How is it currently| Proposal for future| Phases of the LCA
addressed development methodology affected

1.Understanding Behavioural science Combining LCA with| Goal and scope

consumers’ practices Practice Theory (PT) definition; LCI,;

interpretation

2.Improving Benchmark; use of| Test different ways of| Interpretation
communication of LCA| proxy indicators; single| translating LCA results
results score; conversion to| to consumers including

popular references users’ involvement

Table 1. List of open challenges in relation to the use of LCA in a CE transition discussed in this paper;
PT = Practice Theory, LCI = Life Cycle Inventory.

2. Challenge n.1: getting a better understanding of consumers’practices

This section first describes the challenges in addressing consumers’ role in a CE (section 2.1)
and then introduces the proposal a combined approach based on the integration of LCA and
Practice Theory (PT) (section 2.2).

2.1 The issue: consumers’ role in a CE

The role of consumers is essential for the success of several CE strategies (Camacho-Otero
et al., 2018; Shevchenko et al., 2023). Consumers can choose products based on their recycled
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content or durability, or they can influence the overall environmental footprint by adopting the
right behaviour during the use phase. However, there are studies showing that there is still a gap
between consumers” perception of the environmental sustainability and the actual LCA results,
e.g. Boesen et al. (2019), Steenis et al. (2017). A pivotal action is to provide to consumers
trustworthy information in order to guide their consumption choices towards more circular
practices, e.g. Testa et al. (2020), Testa et al. (2021).

To improve the modelling of the use phase in LCA, it has been suggested to combine LCA
with other disciplines addressing consumers” behaviour, such as behavioral science (Polizzi di
Sorrentino et al., 2016), but more recent studies have highlighted the potential of Practice Theory
(PT) in relation to the assessment of circular consumer practices, e.g. Rabiu and Jaeger-Erben
(2022) and in combination with LCA (Niero et al. 2021, Suski et al.2021).

PT represents a family of multiple theories of practice that focuses on understanding the
social dimensions of ‘what people do’. For PT it is important to explore the interconnectedness
of meanings (e.g., ideas about a good meal), materials (e.g., food) and skills (e.g., how to prepare
a good meal) when studying practices that generate consumption dynamics (Shove et al., 2012).

2.2 Proposal: combined application of LCA and PT

An example of combined procedure to apply LCA and PT has been developed by Truong
and Nicot (2022). They investigated how PT can improve the modelling of the use phase in LCA
in the context of reusable packaging solutions for takeaway food, specifically via a comparison
of single-use vs reusable sushi trays in the city of Copenhagen (DK). The application of the
framework, reported in Figure 1, will be illustrated through the abovementioned case study.

Practice Theory Life Cycle Assessment
(PT) (LCA)
1. Target practice definition 1. Goal and scope definition
2. Study of consumers’ practices 2. Life Cycle Inventory (LCI)
3. Relate findings to the PT triangle: 3. Life Cycle Impact Assessment
materials, compentences, meanings (LCIA)
4. Comparison with existing practice . . .
and definition of recommendations 4. Life cycle interpretation

Figure 1. llustration of the suggested combined LCA-PT analysis based Truong and Nicot (2022).

The first step is the “definition” step, which from the PT perspective consists in the definition
of the target practice (i.e. doing takeaway) based on the analysis of materials (e.g. food,
packaging, app, dishwasher), competences (such as knowledge on how to order on-line food,
where to return reusable trays) and meanings (convenience related to take away food, time saving,
social gathering). From the LCA point of view, the goal and scope need to be defined, in particular
the functional unit, which in this case was defined as “one year of delivering 60 sushi trays every
day in Copenhagen”.

The second step includes the inventory analysis (from the LCA point of view) and the study
of consumers’ practices (from PT point of view). The latter was done throught participant
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observations in restaurants and the development of scenario-based workshops using design
games. In these workshops consumers had to imagine a situation of consuming take away sushi
both from a single-use plastic packaging and a reusable tray. This helped to identify an average
return frequency of the reusable tray (equal to 15 days) and a return rate of the trays (equal to
90%) and these key parameters were used for the LCI.

In the third step from the PT perspective the empirical findings have been related to the PT
triangle, i.e. materials, meanings, and competences, for both the current practice of doing takeway
(i.e. via single-use packaging) and the new practice via a reusable sushi tray. In the fourth step
the PT analysis previously developed has been integrated with the analysis of an existing practice
in the Danish context, i.e. the return of beverage packaging via a deposit and return system. This
comparison allowed to outline key elements for the successful implementation of the new
practice, i.e. convenience in terms of access to a considerable number of return places and
knowledge of where such return stations are. The third and fourth phase of the LCA (Life Cycle
Impact Assessment, LCIA and life cycle interpretation) have been performed to draw conclusion
for the comparative LCA.

The findings from both the PT and LCA analyses have finally be combined in a series of
socio-technical recommendations for the decision makers involved in setting up the new system,
i.e. the reusable sushi trays. In this way the combined PT-LCA analysis allowed to focus on the
actions needed to be introduced in the system in a life cycle management perspective. The main
advantage of the combined PT-LCA approach is to get access to information about the modelling
of the use phase that are based on actual experiences from users and that can be easily
implemented in the LCA modelling, to provide more real scenarios and reduce the number of
assumptions in the modelling of the use phase.

3 Challenge n.2: improve communication of LCA results

This section outlines the challenges that are linked with the communication of LCA results
(section 3.1) and discusses 4 approaches to make LCA results more understandable to a broader
audience (section 3.2).

3.1 Issues with communication of LCA results

As stated in the Code of Practice (SETAC, 1999, p.41), “presentation and communication
are a vital element of any LCA. Without effective communication to decision-makers, LCAs will
not contribute to improving environmental performance”. But at the same time it is acknowledged
that “external studies also face a fundamental challenge of balancing the amount of detail in
order to describe accurately the LCA information and assumptions, while providing information
in a form and language that meets the needs of the target audience (p.37).” Nowadays, i.e. 30
years later, finding a balance between completeness and easiness of understanding of LCA results
still remains a challenge.

Moreover, again quoting the Code of Practice: “the needs of different audiences should be
recognized and addressed when presenting or disseminating the study. Target audiences can be
internal or external to the sponsoring organization. These audiences can include companies,
trade associations, government agencies, environmental groups, scientific/technical
communities, and other nongovernment organizations (e.g., consumers). Communication in the
public domain is especially critical because the risks of misinterpretation are heightened when
LCA-derived information is provided to audiences not familiar with complexity of the
methodology” (SETAC, 1993, p.41). It has been shown that consumers base their perception
about the environmental sustainability of packaging on material types and disposal options
(Boesen et al. 2019), so considering the properties of the packaging itself and the possible waste
management options available, which means considering aspects that are outside of their direct
influence.
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There are also studies showing that consumers” knowledge of environmental labels is
limited, e.g. in the case of food packaging (Boesen et al., 2019; Nemat et al., 2019). Packaging
counts in purchasing decisions as information is the means by which consumers search for
consistency between personal attitudes and circular attributes of packaging (Testa et al. 2020).
This means that there is a need to “educate” consumers on the meaning of different environmental
labels and environmental claims or “green claims”, which refer that a product or a service has
environmental benefits or is less damaging to the environment than competing ones (EU
Commission, 2016). However, given the role of green claims in guiding the market towards more
sustainable options, it is key to understand whether consumers can distinguish claims that imply
a different degree of companies’ environmental commitment and therefore show a greater
intention to buy those products with claims that require higher effort. This investigation has been
recently done by lovino et al. (2023), who, among other things, analyzed whether consumers
recognise the value of a product whose environmental footprint has been calculated using a
standardised institutional methodology such as Product Environmental Footprint (PEF). Their
study show that the presence of a reference to the use of an institutional methodology has no effect
on the attribution of the company’s environmental commitment. In other words, it proved that it
is not enough to provide consumers with certain amount of environmental information, but this
information also need to be correctly conceived, received, and decoded, thus suggesting that
consumer awareness on specific terms and claims needs to be increased, clarifying the different
companies’ commitments behind the claims.

3.2 How to make LCA results more understandable to a broader audience?

Presenting LCA results to consumers is not a straightforward task. On one side, there is too
many information to be communicated, e.g. the results of more than 15 different impact
categories. On the other side, if we consider a case of a comparative LCA, there is a simple
guestion to be answered, i.e. is product A better than product B from an environmental point of
view? So far, different options have been presented in literature to solve this dilemma that take
different approaches.

One approach is the one introduced during the development of the Product Environmental
Footprint Category Rules (PEFCR), i.e. to focus on presenting the most relevant impact categories
for a specific product category and considering a representative product as a benchmark. The
representative product is the average product sold in the EU market that is representative for the
considered product group and it can be a real or a virtual product, i.e. non-existing product
calculated based on weighted average of sales in the European market and taking into
consideration all the existing technologies covered by the product category. The environmental
performance of the representative product represents the benchmark, to which regards the
environmental performance of other products can be compared (EC-JRC, 2021).

A second approach consists in the use of proxy indicators, i.e. using one or more LCIA
indicators, such as Carbon Footprint (Laurent et al. 2012) or the Cumulative Energy Demand
(Scipioni el al. 2013) as representative of other life cycle impact categories. This strategy can be
adopted only in the cases in which there are correlations between impact categories, but it can be
an effective way to reduce the amount of information that needs to be communicated to the
consumers.

A third approach consists in using single scores, i.e. LCIA results calculated after the optional
steps of normalization and weighting. As recommended by Pizzol et al. (2017) the choice of any
normalisation references and weighting methods applied should be justified and documented, as
required by the ISO standards on LCA. Furthermore, they recommend to communicate clearly
the normalised results and weighted scores by, e.g. reporting units and explaining their meaning,
as these may not be easily understandable to audiences beyond LCA experts. Finally they also
point out the importance of clearly interpret results referring to the purposes and limitations of
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the chosen normalisation and weighting approaches and to make sure that the decision makers are
aware of the uncertainties and potential biases related to the use of normalisation and weighting.

A fourth approach consists in using values converted to popular references, such as the
contribution to climate change translated into the km driven by a car. The effectiveness of this
strategy has been tested in an online experiment by Vizzoto et al. (2021) who asked participants
to rank the impacts of six 3-dimensional (water consumption, non-renewable energy use and CO;
emissions) environmental profiles of coffee. With a 3 x 3 between-subjects design, they analyzed
the answer accuracy under three communication styles (LCA standard units, values converted to
popular references, and standardized units). They concluded that simplification does not always
translate into better comprehension, as LCA data outperformed simplified communication styles
in terms of consumer comprehension.

All of these strategies can be more or less effective in communicating LCA results, but a
“translation” process needs to take place and further investigation is recommended in order to
understand which is the best option under specific conditions.

1. Focus on most relevant impact
categories and use of benchmarking,
i.e. PEF approach?

TRANSLATION 2. Use proxy indicators, e.g. Carbon
Footprint or Cumulative Energy

Demand?

3. Single scores?

4. Use more popular references?

Figure 2. Illustration of the different approaches to perform the “translation” of LCA results.

4 Conclusions

To exploit the full potential of LCA as a decision support tool in the transition towards CE
there is a need to address some unresolved issues. In this article we investigated two of the open
challenges that in our view deserve primary attention.

The first one relates to the issue of getting a better understanding of consumers’ practices:
our proposal is to further investigate the combination of LCA with sociological approaches, such
as Practice Theory. We presented a framework that allows to conduct a combined LCA-PT
analysis and tested its applicability in the case of take away consumption, specifically a
comparison between single-use vs reusable sushi tray, which showed that it is useful to conduct
both analysis in parallel in order to provide more solid elements in the interpretation phase.

The second open challenge regards the need to deeply understand which are the mechanisms
that favour or contrast a correct understanding of LCA results. In other words it is important to
investigate drivers and barriers of the “translation” process that is needed to make sure that the
results of an LCA study are clearly communicated to the broader audience beyond LCA
practitioners. Our suggestion is to test the effectiveness of different stretegies already
implemented (use of benchmark, proxy indicators, single scores and use of popular references) to
understand which strategies are more suited according to a specific context and target audience.

Only when these crucial aspects will be addressed it will be possible for LCA to confirm its
primary role as a tool able to provide decision-makers with information defining the
environmental implications of the activities under analysis and identifying opportunities for true
environmental improvements towards a CE transition, in line with the original intention outlined
in the Code of Practice.
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