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Executive Summary

The report reviews the conventional definitions of economic efficiency and their
application to the notion of Circular Economy.

The report shows that economic efficiency is an essentially contested notion. Its
conventional definition and application are directly connected to the dynamics of

market-based capitalism.

The application of the notion of economic efficiency developed to assess market-
based economies is insufficient to take into account the social and environmental

dimensions that are needed to realise a transition to a CE.
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1. Introduction

The calls for a transition towards a Circular Economy (CE) are accompanied by claims about
the efficiency in resources consumption that circularity implies. The Ellen MacArthur Foundation’s
definition of a CE for instance, emphasizes the need to decouple economic activity from the
consumption of finite resources, removing the concept of waste itself, and supporting the transition
with the adoption of renewable energy (The Ellen MacArthur Foundation, 2017). Such an approach
is based on the assumption that a CE would be, almost by definition, ‘more efficient’ than linear
economy. Nevertheless, most of CE’s literature is often too narrowly focused on notions such as

resource-efficiency, energy-efficiency or, more commonly, eco-efficiency. A  broader

>
conceptualisation of economic efficiency for CE is still missing. This is probably due to the fact that
economic efficiency is a notion that is highly contested itself. In conventional economic theory, the
discussion of the desirability of a social policy of a particular economic policy or, more generally, of a
specific model of organisation of the economy is based on the concepts of rationality and efficiency.
However, it is important to remember that rationality and efficiency are not absolute concepts. Their
meaning is highly dependent on the context and on the objectives to be pursued within that context.
A certain tool can be efficient with respect to the pursuit of particular objectives and being completely
inefficient with respect to different objectives. Moreover, the CE itself is an essentially contested
notion that is likely to shelter multiple meanings and political agendas (KKorhonen et al., 2018). As a
result, despite allegations of the political neutrality that characterise a great deal of the literature about
economic efficiency, its combination with a highly contested notion such as the CE is likely to produce

just as much controversy.

The aim of this report is to review the main ideas underpinning the conventional definitions of
economic efficiency and to critically discuss its implications in the context of the CE. The main
conclusion of this report is that the notion of efficiency is a basic notion of how market-based
capitalism should be evaluated. However, this notion has failed to incorporate environmental and
social dimensions into the evaluation of the economic system, leading to an unprecedented
environmental crisis and economic inequality. The transition towards the CE and the reformulation
of how the economy has to work is an opportunity to open up the debate on what are the priorities
of the CE and the appropriateness of efficiency within this set of priorities. Such a debate might also

potentially overcome “efficiency” as a main indicator of the performance of economic systems.

The report is organised as it follows. First, we discuss how economic efficiency is framed in the
existing scientific literature. Second, we review the main methods to measure efficiency that are usually
associated with CE. Finally, we provide some reflections about the contested nature of economic

efficiency.

6

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra(G E

Realising the Transition towards the Circular Economy

2. Economic Efficiency and the Circular Economy

The following sub-sections provide an overview on the definition of economic efficiency in the
context of the transition to the Circular Economy. Also, a brief review of methods and approaches

employed to measure economic efficiency in a CE context is presented
2.1. How economic efficiency is defined in the Circular Economy literature

Traditionally economic efficiency definitions draw on notions of Pareto Efficiency and welfare-
maximisation or more advanced concepts, such as the Kaldor-Hicks condition (Farrow, 1998). These
definitions share two basic principles. First, economic efficiency implies a state of equilibrium in which
it is impossible to improve the situation of one party without imposing a cost on another (Pareto
equilibrium) (Markovits, 2008). Second, economic efficiency represents a situation in which a society
is getting maximum net benefits from an activity or its scarce resources; this can be represented in
different forms, including minimising costs, maximising revenues/profits, or maximising utility
(Mankiw, 2012). As Bauwens et al. (2020) indicate, “economic efficiency is the degree to which a
scenario allocates economic resources to produce the highest welfare while minimising costs”. This is
also the basic idea underpinning conventional economics based on the neoclassical theory of

equilibrium.

In search of the frequently used definition of economic efficiency in the context of the CE, an
initial scan was performed, in order to retrieve existing literature (published in peer-reviewed journals)
debating the concept of economic efficiency in the context of a circular economy. The search used
key terms such as “circular economy” and “economic efficiency” on Web of Science (WoS) and
Scopus which returned 24 and 26 papers respectively. Thereafter, duplicated and non-English papers
were removed. Also, papers that were irrelevant to the context of the CE were removed following an
analysis of their abstracts and introductions. Consequently, 19 papers were left to be review. The

outline of this review is shown in Table 1.

The results show that the literature on this topic is scarce. While there are three articles that do
not define or even mention what they mean by economic efficiency, the rest of the studies translated
economic efficiency to some sort of economic increase in level of outputs, GDP, income, profitability,
sales revenue, and return on investment, or decrease in costs or energy loss. This highlights the point
that scholars use “increase in economic efficiency” as a replacement term for profit/revenue/income
maximisation or cost minimisation, and it is not only limited to CE literature. The definition of
economic efficiency in the field of the CE does not neither substantially challenge nor even use the

formulation of Pareto Efficiency that constitutes the core of neoclassical economics.

Review of these articles shed light on the fact that economic efficiency assessment of CE lacks

conceptual framing, especially at macroeconomic level. Only five papers established conceptual work
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on the concept of the CE, among which two conducted bibliographic reviews and out of the other

three, only one of them explicitly described or pointed at the definition of economic efficiency.

Table 1 — Definitions of economic efficiency in the context of the CE

# Study Context Region  Empirical/Co Economic Efficiency
nceptual Definition
) Central o Increase marginal financial
1 (Babu et al., 2020) Agriculture . Empirical
Asia returns
2 (Sanchez-Ortiz et al., 2020) - - Conceptual -
Eco-industrial . o .
3 (Zhao et al., 2019) Park China Empirical Increasing the level of outputs
ar
o Waste . o Increase in outputs, Decrease
4 (Plastinina et al., 2019) Russia Empirical .
Management 1n costs
) Resource
5  (Giama et al., 2019) . - Conceptual -
Efficiency
Sustainable )
6 (Baleta etal., 2019) - Conceptual Increase in GDP
Development
7 (X. Liu et al., 2019) Mining China Empirical Increase in exported Emergy
) Food and . o
8  (Musico et al., 2019) Italy Empirical Increase in income
Beverage
. . . o Increase in net income, net
9 (Cherepovitsyn et al., 2018) Oil and Gas Russia Empirical .
present value, profitability
10 (Moreau et al., 2017) - - Conceptual -
11 (Iraldo et al., 2017) Energy - Empirical Decrease in costs
Production Increase in net economic
12 (Eggert, 2016) - Conceptual
(metal) benefits
Waste . . .
13 (Kulczycka et al., 2010) Poland Empirical Increase in profitability
Management
. . . . . Increase in sales revenue,
14  (Xie & Liu, 2013) Steel Production ~ China Empirical .
profit, and economic AV
15 (Ratner et al., 2020) Energy Russia Empirical Decrease in costs
. Waste .. .
16 (Bartolacci et al., 2019) Italy Empirical Decrease in costs
Management
Eco-industrial . . .
17 (Panetal., 2016) Patk China Empirical Decrease in energy loss
ar’
. Eco-industrial ) o Increase economic return on
18  (Z.Liu etal., 20106) China Empirical .
Park investment
8
:"" *x This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie

*u *ﬁ: Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra(G E

Realising the Transition towards the Circular Economy

(Shengguo & Xiaodong, . . Increase in net economic
Sectoral Study China Empirical
2013) benefits

Sanchez-Ortiz et al. (2020) conducted a bibliographic review to identify indicators used in the
literature related to the CE with the specific aim of measuring the efficiency of the CE initiatives. They
shed light on existing problems in defining indicators for measuring the efficiency of the CE initiatives.
The most problematic issue is that it is extremely difficult to obtain data for some indicators, if not
impossible. In another review, Baleta et al. (2019) focus on sustainable development in general and
discuss the latest developments in energy, water and environment systems which fit the notion of CE
in particular. Their study shows that currently, most of the studies only investigate the technical
feasibility of the CE, while a full analysis focusing on all aspects of sustainable development is yet to
be done. They also highlight the necessity of developing and using composite indicators as an overall
metric of sustainable development in future researches. However, they only focus on the economic
and environmental aspects of the developments in aforementioned systems. They use the term

“economic efficiency” as an equivalent to “increase in GDP”.

Moreau et al. (2017) propose a conceptual framework focusing on the social aspect of the CE.
They argue that maintaining products and materials at the highest potential value through reuse,
remanufacture or recycling means that cost-effectiveness underlies these CE activities, possibly at the
expenses of lower energy intensity and higher labour intensity. The solution presented in their study
suggests the need for political reform toward social rationality and shifting taxes from labour to
resource consumption for a more suitable environment for human labour. Giama et al. (2019) develop
a conceptual framework and introduce the circularity indicator for a product or process. The focus is
placed on resource efficiency in their study; in an application of their framework, they show that a
25% increase in the recycling material used as an input material for a production process can lead to

a 0.5 increase in the circularity indicator score.

In conclusion, the review shows that the literature on the CE has not only failed to engage with
the neoclassical definition of economic efficiency but has also failed to provide a robust and alternative
definition and conceptualisation of efficiency able to substantially challenge the conventional notion
of neoclassical economic efficiency. This is an important point to address and differentiate the concept
of economic efficiency from those views that merely see it from the economic perspective as
maximising the net benefits. It is important in a sense that CE is a multidisciplinary concept designed
to contribute to sustainable development and any kind of assessment solely from an economic point
of view will lead to distorted results. Economic, environmental and social factors altogether should

play a pivotal role in the CE assessment.
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2.2.How Economic Efficiency is measured in the Circular Economy

Although the literature on CE does not offer alternative or innovative framing of economic
efficiency, indicators to assess performance, resource efficiency and productivity abound. These
indicators are often indirectly linked to economic performance e.g., intensity indicators that link
resource use or emission to GDP. In this section, with the help of Elsevier’s Scopus database, a brief
review is conducted for the methods that are used in the academic literature to measure economic

efficiency in the CE context. Three levels of keywords are used for this literature review. At the first

) ¢
b

level, “circular economy” is combined with the second level keywords “efficiency”, “effectiveness”,

“productivity”, and “performance”. These second level keywords are each combined with the third

2 ¢

level keywords “evaluation”, “measurement”, and “assessment” to form a total of twelve searches in
the database.' In total, after eliminating the duplications, 143 unique atticles were identified with
details shown in Table 2. The proportion of each search results is illustrated using a Venn diagram

shown via Figure 1.

Table 2 — Number of articles found by searching keywords in Scopus database (October 2020)

Second level Third level keywords
keywords “evaluation” | “measurement” | “assessment”
“efficiency” 13 40 4
First level | “circular | “effectiveness” 1 0 0
keyword economy” | “productivity” 0 0 0
“performance” 23 7 65

After reviewing the abstract and the body of these papers, 33 papers are selected for review; the
rest are excluded from this study. It is worth noting that around one third of the studies mentioned in
Table 2 focus on pure engineering methods, mostly related to chemical and civil applications, and
analyse data from laboratory experiments or technical simulations. In these studies, usually efficiency
translates to changing the structure of products to increase profitability or decrease the emission of

harmful ingredients.

The first thing that emerges from the review is that the connection between economic and
resource efficiency is particularly clear in the case of ‘eco-efficiency’. The concept of eco-efficiency
has been introduced by the World Business Council for Sustainable Development and it aims to
describe a production of economically valuable goods and services while using fewer resources and

creating less waste and pollution. Its link with economic efficiency is clear since many authors directly

I'The searches took place in October 2020 with no limitations in years of publication for the articles.
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connect the notion of eco-efficiency to win-win solutions that combine economic performance with
environmental goals. For example, according to a review conducted by Huang et al. (2018), most
researchers in the field essentially define eco-efficiency as maximising economic efficiency while
minimising the negative externalities, such as environmental pollutants, waste and reducing resource
consumption, including energy. Therefore, eco-efficiency is used as a measure to express how

efficiently an economic activity is using nature's goods and services.

Efficiency
Assessment

Efficiency
Measurement

Performance
Evaluation

Efficiency
Evaluation

9

Performance Assessment

62

21 37

Effectiveness
Evaluation

Performance
Measurement

Figure 1 — Search results by keywords

In other words, eco-efficiency can be seen as a combination of resource efficiency and resource
productivity (Ichimura et al., 2009). Resource efficiency focuses on increasing economic output with
a given resource input (increasing resource productivity), or minimising resource input with a given
economic output (decreasing resource intensity) (Stocker et al., 2015). Resource productivity is a
measure of the output which can be expressed as product unit or value per unit of resource input.
This measure expresses the economic efficiency in generating added value from the use of resources.
Resource intensity is reciprocal of resource productivity as it represents a measure of the resources
required for the provision of a unit of a good or service. It is usually expressed as a ratio between

resource input and product or service units provided (CEECEC, 2010).

The logic of increasing resource efficiency and productivity is the assumption that this would
lead to reduction of resource consumption, which indirectly reduces environmental impacts, while
increasing the value of the produced product or service. Expressed as a plain measure, eco-efficiency
is the ratio of product (or service) value to environmental impact, such as environmental load (e.g.
CO2) per unit of economic activity (e.g. GDP) (Ichimura et al.,, 2009). In short, eco-efficiency is
concerned with creating more value through an increase in resource productivity and decrease of

resource intensity with less environmental impact that both can present a competitive advantage for
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businesses (Huang et al., 2018). Nevertheless, abundant and robust empirical evidence shows that
increasing resource efficiency can actually accelerate the pace of resources exploitation (rebound
effect) and that intensity indicators are not a good proxy to measure absolute reductions of CO,

emissions and resource depletion (Rodriguez et al., 2020).

The concept of eco-efficiency and its related indicators of resource efficiency, productivity and
intensity, are essentially expressing the environmental impact of the resource use relative to the value
of output. However, the key novelty of the CE concept is to go beyond eco-efficiency and retain (or
extract more) value of resources within the economy for as long as possible. Therefore, most new
indicators and models for measuring the efficiency in the CE are incorporating the concept of resource
circularity. At the same time the also incorporate other elements such as environmental performance,
resource efficiency and conventional economics. This inclusion of measures for circularity in
indicators and models, shows that the concept of CE is going beyond increasing efficiency by reducing
impacts and resource use. A brief overview of the newest indicators that try to measure circularity and

related elements such as efficiency or environmental impacts can be found in Appendix I.

Apart from the centrality of the notion of eco-efficiency, the review also shows that there is a
variety of techniques to measure different forms of efficiency. For instance, Data Envelopment
Analysis (DEA) was observed in ten studies (see Table 3); Life Cycle Assessment (LCA) in six
(Angelis-Dimakis et al., 2016; Bech et al., 2019; Bracquené et al., 2020; de Souza Junior et al., 2020;
Gu et al., 2020; Kerdlap et al., 2020; Schneider et al., 2019). Respectively, three studies employed
System Dynamics (SD) was used (Hu & Zhang, 2015; J.K6hler et al., 2016; Kazancoglu et al., 2020)
and Material Flow Analysis (MFA) (Hoehn et al., 2019; Kuisma & Kahiluoto, 2017; Voskamp et al.,
2017). Simulation (Braun et al., 2018; Gaspari et al., 2017), along with Input-Output Analysis (Aguilar-
Hernandez et al., 2019; W. Liu et al., 2018) and econometric models (Di Foggia & Beccarello, 2018;
Y. Liu et al., 2020) were found in two papers.

Figure 2 shows the frequency and diversity of methods that were used among the selected 33
articles. It also shows the countries that were used in the case studies. China, as the pioneer country

for CE studies, has the greatest number of case studies among the selected papers.
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Figure 2 — Frequency and diversity of methods used and countries subjected to case studies

Figure 3 shows how many times the methods are used at each level of analysis.
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Figure 3 — Frequency and diversity of methods used in different levels of analysis
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According to Figure 3, DEA is the most commonly used method to assess efficiency across
different levels related to the initiatives linked with the concept of CE. DEA is a popular
nonparametric tool introduced by Charnes, Cooper and Rhodes (1978) based on the principles of
production theory in economics to estimate the relative production frontier for a set of similar decision
making units (DMU). In comparison with other methods, especially with econometric methods, it
requires relatively less assumptions and is characterised by less computational complexity. Because of
that, it has gained popularity over the past two decades and its application has extended to operations
management studies to mainly be used as a benchmarking tool for performance assessment (Cooper
et al., 2011). For example, in our literature review, one study uses DEA to evaluate the eco-efficiency
of different subsectors in the Australian agri-food system (Pagotto & Halog, 2016) while another study
focuses on ranking the European countries based on their performance in municipal solid waste

management (Giannakitsidou et al., 2020).

The underlying principle behind DEA method and all its variations is the objective to maximize
the outputs with trying to use less inputs. Table 3 shows the factors that are used as inputs and outputs
in different reviewed studies. Apparently, different factors with different measurement units can be
simultaneously used in DEA as inputs/outputs which justifies its popularity among scholars. For
example, among the most commonly used outputs, one can identify that “Profit/ Added Value/GDP
per capita” which is measured in monetary units is used concomitantly with “Amount of wastewater”,
“Amount of emission”, and “Amount of solid waste” which are measured in physical rather than

monetary units.

Table 3 — Inputs and outputs used in DEA-based studies
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(Ding, Lei,
Wang, &
Zhang,
2020)

(F. Guo et
al., 2016)
(Wu etal, X X X X X X X
2014)

(Ding, Lei,
Wang,
Zhang, et al.,
2020)

(Jiang et al.,
2019)
(Robaina et
al., 2020)
(Giannakitsi
dou et al., X X X X
2020)
(Pagotto &
Halog, 2016)

There are two problems with DEA-based studies reviewed in this report. One is a general
problem existing in most of classic DEA studies and the other one is limited to the studies in the
context of the CE. The first issue is that the classic DEA models analyse data for the past and treat
each DMU as a black box without explicitly identifying the sources of inefficiency inside a DMU.
Although some efforts has been done to tackle this issue with the introduction of Network DEA
(Tone & Tsutsui, 2009), it increases the complexity of the model and therefore its application is
limited. For example, none of the 10 papers reviewed in this report uses this variation of DEA models
or any other variation that would tackle this issue. Moreover, DEA can only be used to evaluate what
had been the impact of a certain policy in the past among a set of similar DMU. It offers no ex-ante
analysis while it might be required if the CE-related initiatives introduce major shifts in economic

structures.

The second issue with these DEA-based studies is that they often focus on economic and
environmental efficiency measurement while they starkly fail to incorporate social factors in their
analysis. Out of these 10 paper, only one of them uses some sort of social factor in their analysis

(Giannakitsidou et al., 2020). This leaves a huge gap yet to be filled by academic studies.

Other methods including LCA, MFA, SD and simulation are usually used as a tool for resource
efficiency evaluation. LCA is mainly used in the CE context at the product level to assess
environmental impacts in different stages of the life cycle of a product or process. That said, Angelis-
Dimakis et al. (2016) combine LCA with the concept of eco-efficiency and suggest that eco-efficiency
can be calculated as the ration of total value added over total environmental impacts calculated by the
LCA. MFA and SD are among the tools that are used on different scales including regional and supply
chain level. They are particularly useful tools when data is insufficient for analysis (Hu & Zhang, 2015).
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For example, Voskamp et al. (2017) use MFA to analyse the urban metabolism in Amsterdam to

provide a deeper understanding of urban resource management in that particular city.

Input-Output Analysis is another method that has appeared in this review while it is combined
with other methods including Emergy Analysis (Liu et al., 2018) and SD (Pfaff et al., 2018). Liu et al.
(2018) use a mixed method to analyse the changes in emergy structure, functional efficiency, and
sustainable development capacity of a Chinese province over a period of time. With the help of this
mixed methods, they measure the flow of regional energy, materials, and capital to evaluate

sustainability at the regional level.

Particularly popular are methods to estimate efficiency through econometric models. Di Foggia
and Beccarello (2018), for example, use an econometric model to estimate the efficiency of waste
collection and disposal centres across Italy between 2013 and 2015. Based on their calculations, a
potential savings per collection and disposal centre is identified and they suggest that changes in
policies and tax reforms could result in total savings between €1.21 bn and €1.96 bn over the course
of five years. In another study, Lu et al. (2020) evaluate the impact of recycling programs on
employment in the counties of Florida state in the US between 2000 and 2011. Their study shows that
an increase of 1% in recycling rates would result in 0.4% increase in job growth which runs in the face

of the idea which casts environmental protection programs as slowing economic growth.

Econometric models stem from time series analysis, especially those that are linked with
regression analysis. This is one of the main issues about econometric models that is highly relevant to
the idea of transition toward the CE. The main problem of time series analysis is that the data for the
past may not reflect what is going to take place in the future because the behaviour of the system and
its agents might significantly change. This might be the case for transition scenarios toward the CE.
If transition scenarios bring in seismic shifts in economic incentives, business models, technologies,
policies, and consumers’ behaviour then making decisions based on these models might not be

relevant.
3. Critiques to the notion of Economic Efficiency

The notion of economic efficiency has traditionally been a priority for policymakers and
practitioners in market-based economies. Economic efficiency is a basic principle of a market-based
economy, as people exploit their gains from trade in markets maximising their available resources,
leading to efficiency. As Krugman and Wells (2015) define, ‘an economy is efficient if it takes all
opportunities to make some people better off without making other people worse off’. The system of
incentives in a free-market economy encourages economic actors to maximize the use of their
resources and opportunities to improve their benefits. As economic actors are free to choose what

and how to produce and consume, free competition encourages all economic actors to maximize the
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efficiency of their economic performance. Thus, improving efficiency has traditionally been perceived
as the best way to contribute to the common good, as a way to optimize production and potentially

minimize its environmental impact (Creutzig et al., 2018).

Nevertheless, in many cases, efficiency is not a public priority. Although efficiency has
traditionally been considered a desirable outcome, markets generally lead to efficiency, but in case of
market failures, the market outcome becomes inefficient. Also, there are cases whete other social
needs may compete or even come into contradiction with the notion of efficiency. In other words,
there might be cases in which economic efficiency is not socially desirable. Moreover, the idea of
efficiency has been traditionally used to boost productivity and to enable growth, paradoxically
involving a net growth in demand despite its initial aim to reduce it (Ayres, 2007; Millward-Hopkins
et al., 2020; Sakai et al., 2011). Krugman and Wells (2015) suggest that economic efficiency should not
always be the first priority of policymakers, as efficiency is not the only principle that defines societal
goals, and in some cases the notion of efficiency conflicts with alternative goals, such as fairness,

equity, or sustainability.

The project of the CE is an example of a governmental intervention to deliver societal goods.
It should address the failure of the markets to combine production with environmental conservation
(European Commission, 2015). Different notions of efficiency have been largely evoked to evaluate
the performance of several CE initiatives. However, the dominant way of framing efficiency in the
context of CE is certainly the notion of eco-efficiency e.g., the capacity to maximise economic output
while minimising energy, materials and waste. This is a view of economic efficiency that directly
associates the imperative to deliver economic growth as a main mechanism to create common good
to the need to preserve finite environmental resources. This position is also known as ‘ecomodernism’
(Genovese & Pansera, 2020). For Bauwens et al. (2020), the prioritisation of economic efficiency in
an ecomodernist CE version would lead to further economic growth, which would require massive
investments in R&D, and may enfeeble the environmental aims of the CE due to the rebound effect
(Hickel & Kallis, 2019; Sorrell & Dimitropoulos, 2008; Zink & Geyer, 2017).

Many authors claim that the eco-efficiency concept, which as we showed above reflects the
neoclassical principles associated with the conventional formulation of economic efficiency, will not

represent a sufficient response to the challenge of sustainability for the following reasons:

1. The concept of eco-efficiency does not resolve the Jevons Paradox and does not address
rebound effects. The reason is that as productivity increases, so does consumption because
the capacity to consume becomes larger and the need to perpetuate growth drives the
economic actors to consume more (Blake, 2005). In addition to the technological advances,
important changes in social production and consumption patterns as well as political and

governance organisation are needed.
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2. Indicators such as resource intensity do not reveal the qualitative aspects of the
environmental impacts associated with the used resources, such as toxicity or scarcity of
materials. On the denominator side expressed as an economic value, an observed decrease
in resource intensity may be due to a reduction in the amount of materials used or to an
increase in the economic value of the products (CEECEC, 2010; Rodriguez et al., 2020).
That is, when the GDP denominator is growing faster than the resource numerator,
resource intensity would decrease even though the absolute resource consumption may
increase.

3. In case there is an economic recession, the GDP tends to fall faster than resource
consumption, therefore the energy intensity ratio rises. On the numerator side, if resource-
intensive processes are relocated abroad and highly processed goods are imported instead,
and the tendency is that semi-finished and finished products are increasingly imported in
developed countries, the resource efficiency indicator for the importing country would
increase, while its real material footprint would increase. In this way, the resource intensity
indicator would falsely show decoupling of economic growth from resource use, or simply

dematerialisation, as this observation would be derived mainly due to the indicator’s
methodological weakness (Muller et al., 2017).

As a result of these shortcomings, a transition to CE should overcome the notion of eco-
efficiency and its connection with obsession with GDP increase. According to Stahel (2019) the
circular economy objective is “to optimise the use of objects, not their production; to preserve the use
value of stocks of objects, components and molecules at their highest utility and value levels; and to
profitably manage these stocks in competition with other economic options”. Here the wealth is
measured as growth in the quality and quantity of stocks, not an increased throughput as “use (or
utilisation) value is the dividend we harvest without consuming the stocks themselves”. Therefore, the
use value of an object is higher for the owner than the sum of the value of its materials; reusing goods
is more profitable and ecologic than recycling. This means that introducing economies of scale to
increase productivity is irrelevant to the CE. In summary, the circular industrial economy is “counter-
intuitive to manufacturing economics, small and local is now beautiful and profitable, instead of bigger
and global being more profitable”. It is about reproduction not growth of production and productivity.
The CE leverages on care and other non-market dimensions; as such, evaluating it through market-
based concepts such as efficiency might be problematic. In addition, However, maintaining the
economic and resource value of the materials is not yet perceived as a priority by policymakers and
economic researchers focused on efficient production and economic growth because prevention
activities slow GDP growth (Hickel & Kallis, 2019).

If increasing environmental effectiveness and democratic sharing of economic benefits are the
guiding principle of the CE rather than increasing economic efficiency, then in practice the CE would

resemble the bottom-up sufficiency model in combination with peer-to-peer circularity described in
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Bauwens et al. (Bauwens et al., 2020). The bottom-up sufficiency model is based on decentralised and
small-scale businesses that are driven by the sufficiency principle. Here the production is based on
local needs to make communities self-sufficient. This bottom-up sufficiency model would entail
substantial reductions in consumption patterns of consumers. However, this model is expected to
trigger a period of low or negative GDP growth as it involves deliberately downscaling production
and consumption, which could result in unintended social and economic instability, while being
uncertain to meet the desired environmental aim. Peer-to-peer circularity model brings in a sharing
economy mindset based on digitalisation and decentralisation of economic activities, in which
individuals can temporarily access various kinds of resources and services on demand rather than
owning them, thus becoming users rather than consumers. Therefore, trade-offs between
environmental effectiveness, social benefits and economic efficiency dimensions would have to be
made in order to design a mission-oriented and socially feasible CE model. Therefore, blending
bottom-up sufficiency and peer-to-peer circularity principles towards the shift away from consumerist

lifestyles could be a feasible avenue to pursue (Bauwens et al., 2020).

As Krugman and Wells (2015) explain, economic efficiency is a public objective that in certain
contexts competes with other public priorities, such as fairness, inclusivity, or to reduce the
environmental impact. These differences between models for the circular economy suggest that there
is a need to open up the debate on what should be the priorities of the circular economy. Scholars in
traditional and ecomodernist economics argue that efficiency should be a dominant priority for
economic policy, as it has the potential to improve production methods, making products available
for large populations (Jones et al., 2010) and to reduce their environmental impact within a market-
based economy logic (Pretty, 2013; Turner et al., 1994). However, there are alternative visions on how
public priorities should be conceptualised. For instance, some scholars argue that new priorities should
be included in the political agenda to secure the integrity of the planetary system as well as universal
protection of basic human dignity for all people, by using the concept of planetary justice and stressing
the interests of the poor people and planet’s stewardship (Biermann & Kalfagianni, 2020; Kashwan et
al., 2020). Other scholars argue that the current global hegemony of the western economic discourse
needs to be challenged by not only include new values and new public priorities, but by involving local
communities who are able to live and organize themselves and to acknowledge the interlinks between

social and economic wellbeing (Béhm et al., 2014).

Scholars have conceptualised new ways to frame the economic system to include new public
priorities than efficiency. Examples of these conceptualisations are the concept of doughnut
economics, where the economic system should acknowledge environmental boundaries while
acknowledging societal needs (Raworth, 2017). Also, the concept of degrowth proposes to maintain
welfare while reducing consumption and production (Kallis, 2011). Other scholars argue to critically
reconceptualise capitalism and post-capitalism (Chatterton, 2016; Lawhon & Murphy, 2012; Shove,

2010; Vandeventer et al., 2019), to reconsider the need for economic growth as a societal good
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(Millward-Hopkins et al., 2020) or to question the presumption of neutrality of capitalism and to open
up the debate on the possibility that a transition towards a sustainable economy involves a fundamental
change of the capitalist system instead of changes within it (Feola, 2019; Genovese & Pansera, 2020).
All these works show the blatant need to develop new conceptualisations and new frames to review
how our understanding of the economic system reflects or ignores certain public priorities and societal
needs, as environmental impact or social equity. In this sense, the ways how the CE is conceptualised,

and its efficiency measured reflects this same system of priorities.
4. Conclusions

There is an open debate on what should be the public priorities for the CE. The way efficiency
in the CE is conceptualised reflects what are the implicit values and societal priorities that a CE will
involve for the economy, for the society and for the environment. Thus, paying attention to the
different conceptualisations of efficiency for the CE unveils the ongoing debates and conflicts of

interest behind the conceptualisation of the CE.

As explained in section 2, economic efficiency is a notion that promotes to maximize production
or use of production while minimising the costs of production. This notion is one of the pillars of the
conventional market-based capitalist system, as it promotes the maximisation of production without
acknowledging issues as environmental impact or social fairness. The notion of efficiency plays a
different role in a context of a CE, as this system does not aim to maximize production but to reduce
the environmental impact of the system. Therefore, the notion of efficiency needs to be
reconceptualised to fit to the new public priorities of the CE. As explained in section 3, many new
methods to measure efficiency include elements, as material circularity-based indicators, life-cycle
based indicators, input of materials, intensity of use of materials, efficiency during the recycling
process, GHG production per unit, and many other elements. The inclusion of these elements
demonstrates an attempt to conceptualise efficiency beyond financial terms to reduce the

environmental impact of production.

Despite the wide innovation in the reconceptualisation of the CE, most of these
conceptualisations are strictly linked to production and do not acknowledge other elements as social
satisfaction, social fairness or environmental impact. In this sense, the notion of efficiency only implies
improvements in production methods, while it leaves behind other social priorities. To assess the
performance of the economy beyond production, several scholars suggest reconsidering the priorities
of the economic system itself, opening up the debate to critically reconsider the importance of growth

and to include elements as social justice, environmental thresholds, and human dignity.

In summary, the notion of efficiency is a basic notion of how market-based capitalism should

be evaluated. However, this notion has failed to incorporate environmental and social dimensions to
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the evaluation of the economic system, leading to an unprecedented environmental emergency and a
situation of economic inequality. The transition towards a CE and the reformulation of how the
economy has to work is an opportunity to open up the debate on what are the priorities of the CE.
This reformulation is highly important, as the CE runs the risk to emulate the same failures than the
linear market-based economy and prioritize overproduction instead of creating a sustainable economic
system if it is evaluated with the same criteria. Also, the definition of the CE represents a unique
opportunity to include environmental and social criteria to evaluate its performance. We believe that
the new criteria to evaluate the CE should go beyond the mere evaluation of the production process
and include elements as social equity or planet’s stewardship as necessary means to build a circular

economy that is sustainable.

Contents of this deliverable are currently under review for publication in international jonrnals

21

ey This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra E

Realising the Transition towards the Circula

References

Aguilar-Hernandez, G. A., Sigiienza-Sanchez, C. P., Donati, F., Merciai, S., Schmidt, J., Rodrigues, J.
F. D., & Tukker, A. (2019). The circularity gap of nations: A multiregional analysis of waste
generation, recovery, and stock depletion in 2011. Resources, Conservation and Recycling, 151, 104452.
https://doi.org/https://doi.org/10.1016/j.rescontrec.2019.104452

Angelis-Dimakis, A., Arampatzis, G., & Assimacopoulos, D. (2016). Systemic eco-efficiency
assessment of meso-level water use systems. Journal of Cleaner Production, 138, 195-207.
https://doi.org/https://doi.org/10.1016/j.jclepro.2016.02.136

Ayres, R. U. (2007). On the practical limits to substitution. Ecological Economics, 61(1), 115-128.
https://doi.org/10.1016/]. ECOLECON.2006.02.011

Babu, S., Mohapatra, K. P., Das, A., Yadav, G. S., Tahasildar, M., Singh, R., Panwar, A. S., Yadav, V.,
& Chandra, P. (2020). Designing energy-efficient, economically sustainable and environmentally

safe cropping system for the rainfed maize—fallow land of the Eastern Himalayas. Science of The
Total Environment, 722, 137874.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2020.137874

Baleta, J., Mikul¢i¢, H., Klemes, J. J., Urbaniec, K., & Dui¢, N. (2019). Integration of energy, water
and environmental systems for a sustainable development. Journal of Cleaner Production, 215, 1424—
1436. https://doi.org/https://doi.org/10.1016/j.jclepro.2019.01.035

Bartolacci, F., Del Gobbo, R., Paolini, A., & Soverchia, M. (2019). Efficiency in waste management
companies: A proposal to assess scale economies. Resources, Conservation and Recycling, 148, 124—
131. https://doi.org/https://doi.org/10.1016/j.resconrec.2019.05.019

Bauwens, T., Hekkert, M., & Kirchherr, J. (2020). Circular futures: What Will They Look Like?
Ecological Economics, 175, 106703, https://doi.org/10.1016/j.ecolecon.2020.106703

Bech, N. M., Birkved, M., Charnley, F., Laumann Kjaer, L., Pigosso, D. C. A., Hauschild, M. Z.,
McAloone, T. C., & Moreno, M. (2019). Evaluating the environmental performance of a
product/service-system business model for Merino Wool Next-to-Skin Garments: The case of
Armadillo Metino®. Sustainability, 11(20), 5854.

Biermann, F., & Kalfagianni, A. (2020). Planetary justice: a research framework. Earth System
Governance, 100049,

Blake, A. (2005). Jevons’ paradox. Ecological Economics, 54(1), 9-21.
Bohm, S., Bharucha, Z. P., & Pretty, |. (2014). Ecocultures: blueprints for sustainable communities. Routledge.

Bracquené, E., Dewulf, W., & Duflou, J. R. (2020). Measuring the performance of more circular
complex product supply chains. Resources, Conservation —and Recyeling, 154, 104608.
https://doi.org/https://doi.org/10.1016/j.resconrec.2019.104608

Braun, A. T., Kleine-Moellhoff, P., Reichenberger, V., & Seciter, S. (2018). Case study analysing
potentials to improve material efficiency in manufacturing supply chains, considering circular
economy aspects. Sustainability, 10(3), 880.

CEECEC. (2010). Ecological Economies from the Bottom-Up.

22

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra E

Realising the Transition towards the Circula

Charnes, A., Cooper, W. W., & Rhodes, E. (1978). Measuring the efficiency of decision making units.
European  Journal of Operational ~Research, 2(6), 429-444. https://doi.org/10.1016/0377-
2217(78)90138-8

Chatterton, P. (2016). Building transitions to post-capitalist urban commons. Transactions of the Institute
of British Geographers, 41(4), 403—415.

Cherepovitsyn, A., Metkin, D., & Gladilin, A. (2018). An algorithm of management decision-making
regarding the feasibility of investing in geological studies of forecasted hydrocarbon resources.
Resources, 7(3), 47.

Cooper, W. W., Seiford, L. M., & Zhu, J. (2011). Handbook on data envelopment analysis (Vol. 164).
Springer Science & Business Media.

Creutzig, F., Roy, J., Lamb, W. F., Azevedo, 1. M. L., De Bruin, W. B., Dalkmann, H., Edelenbosch,
0. Y., Geels, F. W., Grubler, A., & Hepburn, C. (2018). Towards demand-side solutions for
mitigating climate change. Nature Climate Change, 8§(4), 260.

de Souza Junior, H. R. A., Dantas, T. E. T., Zanghelini, G. M., Cherubini, E., & Soares, S. R. (2020).
Measuring the environmental performance of a circular system: Emergy and LCA approach on
a recycle polystyrene system. Scence of The Total Environment, 726, 138111.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2020.138111

Di Foggia, G., & Beccarello, M. (2018). Improving efficiency in the MSW collection and disposal
service combining price cap and yardstick regulation: The Italian case. Waste Management, 79, 223—
231. https://doi.org/https://doi.org/10.1016/j.wasman.2018.07.040

Ding, L., Lei, L., Wang, L., & Zhang, L. (2020). Assessing industrial circular economy performance
and its dynamic evolution: An extended Malmquist index based on cooperative game network
DEA. Science of The Total Environment, 731, 139001.
https://doi.org/https://doi.org/10.1016/j.scitotenv.2020.139001

Ding, L., Lei, L., Wang, L., Zhang, L., & Calin, A. C. (2020). A novel cooperative game network DEA
model for marine circular economy performance evaluation of China. Journal of Cleaner Production,
253,120071. https://doi.otg/https://doi.org/10.1016/}.jclepro.2020.120071

Eggert, R. G. (2016). Economic Perspectives on Sustainability, Mineral Development, and Metal Life
Cycles. Metal Sustainability: Global Challenges, Consequences, and Prospects, 467—484.

Ellen Macarthur Foundation. (2015). Growth within: A circular economy vision for a competitive Europe.
http:/ /www.ellenmacarthurfoundation.org/books-and-reports#

European Comission. (2020). A new Circular Economy Action Plan for a Cleaner and More Competitive Enrope.

European Commission. (2015). Closing the loop - An EU action plan for the Circular Econonzy. Communication
From The Commission To The Eunropean Parliament, The Council, The European Economic And Social
Committee And The Committee Of The Regions.

Farrow, S. (1998). Environmental equity and sustainability: Rejecting the Kaldor-Hicks criteria.
Ecological Economics, 27(2), 183-188. https://doi.org/10.1016/50921-8009(97)00135-3

Feola, G. (2019). Capitalism in sustainability transitions research: Time for a critical turn? Environmental

23

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra E

Realising the Transition towards the Circula

Innovation and Societal Transitions. https://doi.org/10.1016/].EIST.2019.02.005

Gaspari, L., Colucci, L., Butzer, S., Colledani, M., & Steinhilper, R. (2017). Modularization in material
flow simulation for managing production releases in remanufacturing. Journal of Remanufacturing,

7(2), 139-157. https:/ /doi.org/10.1007/513243-017-0037-3

Geng, Y., Fu, J., Sarkis, J., & Xue, B. (2012). Towards a national circular economy indicator system in
China: An evaluation and critical analysis. Journal of Cleaner Production, 23(1), 216-224.
https://doi.org/10.1016/j.jclepro.2011.07.005

Genovese, A., & Pansera, M. (2020). The Circular Economy at a Crossroads: Technocratic Eco-
Modernism or Convivial Technology for Social Revolution? Capitalisnz Nature Socialism, 1-19.
https://doi.org/10.1080/10455752.2020.1763414

Giama, E., Mamaloukakis, M., & Papadopoulos, A. M. (2019). Circularity in production process as a
tool to reduce energy, environmental impacts and operational cost: The case of insulation
materials. 2019 4h International Conference on Smart and Sustainable Technologies (SpliTech), 1-5.
https://doi.org/10.23919/SpliTech.2019.8783007

Giannakitsidou, O., Giannikos, I., & Chondrou, A. (2020). Ranking European countries on the basis
of their environmental and circular economy performance: A DEA application in MSW. Waste
Management, 109, 181-191. https://doi.org/https://doi.org/10.1016/j.wasman.2020.04.055

Gu, Y., Zhou, G., Wu, Y., Xu, M., Chang, T., Gong, Y., & Zuo, T. (2020). Environmental performance
analysis on resource multiple-life-cycle recycling system: Evidence from waste pet bottles in
China. Resonrces, Conservation and Recycling, 158, 104821.
https://doi.org/https://doi.org/10.1016/j.resconrec.2020.104821

Guo, F,, Lo, K., & Tong, L.. (2016). Eco-efficiency analysis of industrial systems in the Songhua River
Basin: A decomposition model approach. Sustainability, 8(12), 1271.

Guo, S.-L. (2015). Agricultural Foods Economic Efficiency Evaluation Based on DEA. Advance Jonrnal
of Food Science and Technology, 8(7), 472—475.

Haas, W., Krausmann, F., Wiedenhofer, D., & Heinz, M. (2015). How circular is the global economy?:
An assessment of material flows, waste production, and recycling in the European union and the
wortld in 2005. Journal of Industrial Ecology. https://doi.org/10.1111 /jiec.12244

Hickel, J., & Kallis, G. (2019). Is Green Growth Possible? New Political Economy, 1-18.
https://doi.org/10.1080/13563467.2019.1598964

Hoehn, D., Margallo, M., Laso, J., Garcia-Herrero, 1., Bala, A., Fullana-i-Palmer, P., Irabien, A., &
Aldaco, R. (2019). Energy embedded in food loss management and in the production of uneaten
food: seeking a sustainable pathway. Energies, 12(4), 767.

Hu, R., & Zhang, Q. (2015). Study of a low-carbon production strategy in the metallurgical industry
in China. Energy, 90, 1456—1467. https://doi.org/https://doi.org/10.1016/j.energy.2015.06.099

Huang, J., Xia, J., Yu, Y., & Zhang, N. (2018). Composite eco-efficiency indicators for China based
on data envelopment analysis. Ecological Indicators, 85, 674-697.
https://doi.org/10.1016/j.ecolind.2017.10.040

24

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra E

Realising the Transition towards the Circula

Ichimura, M., Nam, S., Bonjour, S., Rankine, H., Carisma, B., Qiu, Y., & Khrueachotikul, R. (2009).
Eco-efficiency Indicators: Measuring Resource-use Efficiency and the Impact of Economic Activities on the
Environment.

Iraldo, F., Facheris, C., & Nucci, B. (2017). Is product durability better for environment and for
economic efficiency? A comparative assessment applying LCA and LLCC to two energy-intensive
products. Journal of Cleaner Production, 140, 1353-13064.
https://doi.org/https://doi.org/10.1016/j.jclepro.2016.10.017

J.Kohler, S.Gloser, M.Pfaft, Corbin, M., Hogg, D., Serensen, M. M., & Maratou, A. (20106). Scoping
study on modelling of EU environment policy.

Jiang, Z., Ding, Z., Zhang, H., Cai, W., & Liu, Y. (2019). Data-driven ecological performance
evaluation for remanufacturing process. Energy Conversion and Management, 198, 111844.
https://doi.org/https://doi.org/10.1016/j.enconman.2019.111844

Jones, O., Kirwan, J., Morris, C., Buller, H., Dunn, R., Hopkins, A., Whittington, F., & Wood, J.
(2010). On the alternativeness of alternative food networks: sustainability and the co-production
of social and ecological wealth. Interrogating Alterity: Alternative Economic and Political Spaces, 95—109.

Kallis, G. (2011). In defence of degrowth. Ecological Economics, 70(5), 873—880.

Karlsson, M., & Wolf, A. (2008). Using an optimization model to evaluate the economic benefits of
industrial ~ symbiosis in  the forest industry.  Journal  of  Cleaner  Production.
https://doi.org/10.1016/j.jclepro.2007.08.017

Kashwan, P., Biermann, F., Gupta, A., & Okereke, C. (2020). Planetary justice: Prioritizing the poor
in earth system governance. Earth Systen Governance, 100075.

Kazancoglu, Y., Ekinci, E., Mangla, S. K., Sezer, M. D., & Kayikci, Y. (2020). Performance evaluation
of reverse logistics in food supply chains in a circular economy using system dynamics. Business
Strategy and the Environment, n/ a(n/a). https://doi.org/https://doi.org/10.1002/bse.2610

Kerdlap, P., Low, J. S. C,, Tan, D. Z. L., Yeo, Z., & Ramakrishna, S. (2020). M3-IS-LCA: A
Methodology for Multi-level Life Cycle Environmental Performance Evaluation of Industrial
Symbiosis  Networks. Resources, Conservation ~ and — Recyeling, 101, 104963.
https://doi.org/https://doi.org/10.1016/j.resconrec.2020.104963

Korhonen, J., Nuur, C., Feldmann, A., & Birkie, S. E. (2018). Circular economy as an essentially
contested concept. Journal of Cleaner Production, 175, 544-552.
https://doi.org/10.1016/j.jclepro.2017.12.111

Krugman, P., & Wells, R. (2015). Macroeconomics, 4th. Worth Publisher.

Kuisma, M., & Kahiluoto, H. (2017). Biotic resource loss beyond food waste: Agriculture leaks worst.
Resources, Conservation and Recycling, 124, 129-140.
https://doi.org/https://doi.org/10.1016/j.resconrec.2017.04.008

Kulczycka, J., Kowalski, Z., Smol, M., & Wirth, H. (2016). Evaluation of the recovery of Rare Earth
Elements (REE) from phosphogypsum waste — case study of the WIZOW Chemical Plant
(Poland). Journal of Cleaner Production, 113, 345-354.
https://doi.org/https://doi.org/10.1016/j.jclepro.2015.11.039

25

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra( E

ng the Transition towards the Ci

Lawhon, M., & Murphy, J. T. (2012). Socio-technical regimes and sustainability transitions: Insights
from political ecology. Progress in Human Geography, 36(3), 354-378.

Linder, M., Sarasini, S., & van Loon, P. (2017). A Metric for Quantifying Product-Level Circularity.
Journal of Industrial Ecology. https:/ /doi.org/10.1111 /jiec.12552

Liu, W., Zhan, J., Li, Z., Jia, S., Zhang, F., & Li, Y. (2018). Eco-efficiency evaluation of regional circular
economy: A case study in Zengcheng, Guangzhou. Sustainability, 10(2), 453.

Liu, X., Guo, P., & Guo, S. (2019). Assessing the eco-efficiency of a circular economy system in

China’s coal mining areas: Emergy and data envelopment analysis. Journal of Cleaner Production,
206,1101-11009.

Liu, Y., Park, S., Yi, H., & Feiock, R. (2020). Evaluating the employment impact of recycling
performance in Florida. Waste Management, 101, 283-290.
https://doi.org/https://doi.org/10.1016/j.wasman.2019.10.025

Liu, Z., Geng, Y., Ulgiati, S., Park, H.-S., Tsuyoshi, F., & Wang, H. (2016). Uncovering key factors
influencing one industrial park’s sustainability: a combined evaluation method of emergy analysis
and index decomposition analysis. Journal of Cleaner  Production, 114, 141-149.
https://doi.org/https://doi.org/10.1016/j.jclepro.2015.06.149

Lu, C., Zhang, Y., Li, H., Zhang, Z., Cheng, W., Jin, S., & Liu, W. (2020). An Integrated Measurement
of the Efficiency of China’s Industrial Circular Economy and Associated Influencing Factors.
Mathematics, 8(9), 1610.

Mankiw, N. G. (2012). Ten principles of economics. Cengage Learning.

Markovits, R. S. (2008). Truth or economics: on the definition, prediction, and relevance of economic efficiency. Yale
University Press.

Millward-Hopkins, J., Steinberger, J. K., Rao, N. D., & Oswald, Y. (2020). Providing decent living
with minimum energy: A global scenario. Global Environmental Change, 65, 102168.

Moreau, V., Sahakian, M., van Griethuysen, P., & Vuille, F. (2017). Coming Full Circle: Why Social
and Institutional Dimensions Matter for the Circular Economy. Journal of Industrial Ecology, 21(3),
497-5006. https://doi.org/10.1111 /jiec.12598

Miller, F., Kosmol, J., KeBler, H., Angrick, M., & Rechenberg, B. (2017). Dematerialization—A
Disputable Strategy for Resource Conservation Put under Scrutiny. Resources, 6(4), 68.
https://doi.org/10.3390/resources6040068

Musico, F., Marchese, A., Sipala, K., & Di Natale, F. (2019). Application of zero water waste model

in the brewing industry by using reverse osmosis. Procedia Environmental Science, Engineering and
Management, 6(2), 187-192.

Niero, M., & Kalbar, P. P. (2019). Coupling material circularity indicators and life cycle based
indicators: A proposal to advance the assessment of circular economy strategies at the product
level. Resources, Conservation and Recycling. https://doi.org/10.1016/j.rescontrec.2018.10.002

OECD. (2011). OECD sustainable manufacturing indicators.

Pagotto, M., & Halog, A. (2016). Towards a circular economy in Australian agri-food industry: an

26

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra E

Realising the Transition towards the Circula

application of input-output oriented approaches for analyzing resource efficiency and
competitiveness potential. Journal of Industrial Ecology, 20(5), 1176—1180.

Pan, H., Zhang, X., Wang, Y., Qi, Y., Wu, ., Lin, L., Peng, H., Qi, H., Yu, X., & Zhang, Y. (2010).
Emergy evaluation of an industrial park in Sichuan Province, China: A modified emergy
approach and its  application.  Journal  of  Cleaner — Production, 135, 105-118.
https://doi.org/https://doi.org/10.1016/j.jclepro.2016.06.102

Pauliuk, S. (2018). Critical appraisal of the circular economy standard BS 8001:2017 and a dashboard
of quantitative system indicators for its implementation in organizations. Resources, Conservation
and Recyeling. https://doi.org/10.1016/j.resconrec.2017.10.019

Pfatf, M., Gléser-Chahoud, S., Chrubasik, L., & Walz, R. (2018). Resource efficiency in the German
copper cycle: Analysis of stock and flow dynamics resulting from different efficiency measures.
Resources, Conservation and Recycling, 139, 205-218.
https://doi.org/https://doi.org/10.1016/j.resconrec.2018.08.017

Plastinina, I., Teslyuk, L., Dukmasova, N., & Pikalova, E. (2019). Implementation of circular economy
principles in regional solid municipal waste management: The case of Sverdlovskaya Oblast
(Russian Federation). Resources, 8(2), 90.

Pretty, J. (2013). The consumption of a finite planet: well-being, convergence, divergence and the
nascent green economy. Environmental and Resource Economics, 55(4), 475—499.

Ratner, S., Gomonov, K., Revinova, S., & Lazanyuk, 1. (2020). Energy Saving Potential of Industrial
Solar Collectors in Southern Regions of Russia: The Case of Krasnodar Region. Energies, 13(4),
885.

Raworth, K. (2017). Doughnut economics: seven ways to think like a 21st-century economist. Chelsea Green
Publishing.

Robaina, M., Murillo, K., Rocha, E., & Villar, J. (2020). Circular economy in plastic waste-Efficiency
analysis of European countries. Scence of The Total Environment, 139038.

Rodriguez, M., Pansera, M., & Lorenzo, P. C. (2020). Do indicators have politics? A review of the use
of energy and carbon intensity indicators in public debates. Journal of Cleaner Production, 243,
118602. https://doi.org/10.1016/].JCLEPRO.2019.118602

Sakai, S., Yoshida, H., Hirai, Y., Asari, M., Takigami, H., Takahashi, S., Tomoda, K., Peeler, M. V.,
Wejchert, J., Schmid-Unterseh, T., Douvan, A. R., Hathaway, R., Hylander, L. D., Fischer, C.,
Oh, G. J., Jinhui, L., & Chi, N. K. (2011). International comparative study of 3R and waste
management policy developments. Journal of Material Cycles and Waste Management, 13(2), 86—102.

https://doi.org/10.1007/s10163-011-0009-x

Sanchez-Ortiz, ., Rodriguez-Cornejo, V., Rio-Sanchez, D., & Garcfa-Valderrama, T. (2020).
Indicators to Measure Efficiency in Circular Economies. Sustainability, 12(11), 4483.

Schneider, P., Folkens, L., Meyer, A., & Fauk, T. (2019). Sustainability and Dimensions of a Nexus
Approach in a Sharing Economy. Sustainability, 11(3), 909.

Shengguo, L., & Xiaodong, S. (2013). Efficiency Evaluation on Construction Industrial Circular Economy based
on Improved DEA Model BT - 2013 International Conference on Advanced ICT and Education (ICAICTE-

27

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra E

Realising the Transition towards the Circula

13). 814-819. https://doi.org/https://doi.org/10.2991 /icaicte.2013.167

Shove, E. (2010). Beyond the ABC: climate change policy and theories of social change. Environment
and Planning A, 42(6), 1273-1285.

Sorrell, S., & Dimitropoulos, J. (2008). The rebound effect: Microeconomic definitions, limitations
and extensions. Ecological Economics, 65(3), 636—649.
https://doi.org/https://doi.org/10.1016/j.ecolecon.2007.08.013

Stahel, W. R. (2019). The Circutar Economy — A User’s Guide. Routledge.

Stocker, A., Gerold, S., Hinterberger, F., Berwald, A., Soleille, S., & Valerie Anne Morgan, E. Z. (2015).
The interaction of resource and labour productivity.

The Ellen MacArthur Foundation. (2017). What is a circular economy? A framework for an economy that is
restorative and regenerative by design.

Tone, K., & Tsutsui, M. (2009). Network DEA: A slacks-based measure approach. European Journal of
Operational Research, 197(1), 243-252.
https://doi.org/https://doi.org/10.1016/j.¢jor.2008.05.027

Turner, R., Pearce, D., & Bateman, 1. (1994). Environmental economics: an elementary introduction. Harvester
Wheatsheaf.

Vandeventer, J. S., Cattaneo, C., & Zografos, C. (2019). A Degrowth Transition: Pathways for the
Degrowth Niche to Replace the Capitalist-Growth Regime. Ecological Economics, 156, 272—2806.
https://doi.org/10.1016/]. ECOLECON.2018.10.002

Voskamp, I. M., Stremke, S., Spiller, M., Perrotti, D., van der Hoek, J. P., & Rijnaarts, H. H. M. (2017).
Enhanced Performance of the Eurostat Method for Comprehensive Assessment of Urban
Metabolism: A Material Flow Analysis of Amsterdam. Journal of Industrial Ecology, 21(4), 887-902.
https://doi.org/https://doi.org/10.1111 /jiec. 12461

Wang, H., Hashimoto, S., Moriguchi, Y., Yue, Q., & Lu, Z. (2012). Resource Use in Growing China.
Journal of Industrial Ecology. https://doi.org/10.1111/j.1530-9290.2012.00484.x

Wu, H., Shi, Y., Xia, Q., & Zhu, W. (2014). Effectiveness of the policy of circular economy in China:
A DEA-based analysis for the period of 11th five-year-plan. Resources, Conservation and Recycling,
83,163-175. https://doi.org/https://doi.org/10.1016/j.resconrec.2013.10.003

Xie, K., & Liu, S. (2013). Eco-efficiency Evaluation of Steel Enterprises based on center-point
triangular whitenization weight function. Journal of Grey System, 25(3), 57.

Zhao, Y., Yu, M., Kong, ., & Li, L. (2019). An emergy ternary diagram approach to evaluate circular
economy implementation of eco-industrial parks. Clean Technologies and Environmental Policy, 21(7),
1433-1445. https://doi.org/10.1007/s10098-019-01714-z

Zink, T., & Geyer, R. (2017). Circular Economy Rebound. Journal of Industrial Ecology, 21(3), 593—602.
https://doi.org/10.1111/jiec.12545

28

& This project has received funding from the European Union’s Horizon 2020 research and innovation proframme under the Marie
H W Sklodowska-Cutie Innovative Training Network (H2020-MSCA-ITN-2018) scheme, grant agreement number 814247 (ReTrace)



ReTra E

Realising the Transition towards the Circula

Appendix I

Table 4 outlines several key aspects from the literature. “Type’ represents the type of measure,
such as a single indicator or dashboard; ‘Framing’ attempts to decode the notion of economic
efficiency that each study was based on, into elements such as resource circularity and environmental
performance; ‘Methodology’ represents the specific techniques used such as MCDA (multi criteria
decision analysis), MFA (material flow accounting) or types of indicators when a dashboard of
indicators is proposed; ‘Data’ represents specific variables required by the methodology such as % of
recycled components or volume of waste generated; and ‘Application’ refers to the level that the

measure is intended or actually used for, such as national level or company level.

The studies in the Table 4 appeared to be based on different notions of economic efficiency. 11
of the studies included elements of resource circularity (Ellen MacArthur Foundation, 2015; European
Commission, 2020a; Geng, Fu, Sarkis, & Xue, 2012; Haas, Krausmann, Wiedenhofer, & Heinz, 2015;
Karlsson & Wolf, 2008; Linder, Sarasini, & van Loon, 2017; Liu, Guo, & Guo, 2019; Niero & Kalbar,
2019; OECD, 2011; Pauliuk, 2018; Wang, Hashimoto, Moriguchi, Yue, & Lu, 2012), where attention
was directed towards the use of recycled or reused resources or to ensure output resources were
recycled or reused. The concept of resource productivity, where emphasis is placed on, for instance,
reducing resource consumption or producing more with the same level of input resources, was
included in 5 studies (Ellen MacArthur Foundation, 2015; European Commission, 2020a; Geng et al.,
2012; OECD, 2011; Pauliuk, 2018).

Environmental performance, where importance is given to, for example, reducing gas emissions,
industrial wastewater discharge and pollution, was a prominent theme in 7 studies (Ellen MacArthur
Foundation, 2015; Geng et al., 2012; Karlsson & Wolf, 2008; Liu et al., 2019; Niero & Kalbar, 2019;
OECD, 2011; Pauliuk, 2018). Meanwhile, conventional economics, demonstrated by highlighting
areas like stocks and efficiency, systems costs, sales of by-products and gross domestic output, was
included in four studies (Haas et al., 2015; Karlsson & Wolf, 2008; Pauliuk, 2018; Wang et al., 2012).

Evidently, resource circularity was a common element in most studies. However, the other
elements (environmental performance, resource productivity and conventional economics) were only
highlighted in some studies. Although one study included the concept of resource longevity (Ellen
MacArthur Foundation, 2015), none of the studied literature included social equity elements. This
diversity of efficiency conceptions further supports the findings from the previous section, which

claim that economic efficiency is a contested notion both within and outside of the CE.

A range of approaches have been adopted in the studied literature. Four methods opt for single
indicators (Ellen MacArthur Foundation, 2015; Linder et al., 2017; Niero & Kalbar, 2019; Wang et al.,
2012), five opt for a dashboard of indicators (European Commission, 2020a; Geng et al., 2012; Haas
et al.,, 2015; OECD, 2011; Pauliuk, 2018), while two prefer models (Katlsson & Wolf, 2008; Liu et al.,
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2019). The variety of approaches encapsulates the trade-off between the level of complexity and the
level of representativeness. The calculation of a single indicator is usually not as complex as a
dashboard of indicators or a model, and the effort required to collect data and update the associated
indicator is usually relatively low. However, a single indicator may not give a sufficient representation

of economic efficiency in the CE, when compared to a dashboard of indicators or a model.

The reviewed methods were also designed for different levels. For instance, four methods are
relevant for the product level (Ellen MacArthur Foundation, 2015; Linder et al., 2017; Niero & Kalbar,
2019; OECD, 2011), one method applied to the facility level (OECD, 2011), three methods are
relevant at the company level (Ellen MacArthur Foundation, 2015; OECD, 2011; Pauliuk, 2018), two
at the supply chain level (Geng et al., 2012; Karlsson & Wolf, 2008) , two at the national level (Geng
et al,, 2012; Wang et al., 2012) and two at the continental level (European Commission, 2020a; Haas
etal., 2015).

Table 4 - Reviewed literature on attempts to apply economic efficiency indicators in CE

[+

Literature Notes

1 (Niero & Kalbar, Type: Single indicator.
2019) Framing: Resource circularity, environmental performance.

Methodology: MCDA (Multi Criteria Decision Analysis).
Data: Material circularity-based indicators (material reutilisation score and
material circularity indicator), and life-cycle based indicators (climate
change, abiotic resource depletion, acidification, particulate matter and
water consumption).
Application: Product level, with beer packaging as a case study.

2 (Linder et al, Type: Single indicator.
2017) Framing: Resource circularity.
Methodology: Calculated based on the following formula:
Data: Value of recirculated parts, and value of all parts.
Application: Product level.

3 (Ellen Macarthur Type: Single indicator (Material Circularity Indicator MCI).

Foundation, Framing: Resource circularity, resource productivity, environmental
2015) performance.

Methodology: Calculated based on the following formula:

Where:

Data: Level of recycled or reused materials used as input, intensity of
product use compared to industry average, destination of material after use,
and efficiency during the recycling process.

Application: Product level.

4 (OECD, 2011) Type: Dashboard of indicators.
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Framing: Resource circularity, environmental performance, resource
productivity.

Methodology: Several intensity and content indicators, recycled/reused
content, renewable materials content, energy consumption intensity and
greenhouse gas emissions intensity.

Data: Data requirements include variables such as proportion of recycled
content in each product, quantity of product produced, weight of product,
average annual energy consumption of a product unit, average annual GHG
emissions per product unit.

Application: Product level.

5

(OECD, 2011)

Type: Dashboard of indicators.

Framing: Resource circularity, environmental performance, resource
productivity.

Methodology: Several intensity indicators, such as water intensity, energy
intensity, greenhouse gas intensity, and water releases intensity.

Data: Data requirements include variables such as energy consumed in the
production process, energy consumed in overhead, a normalisation factor
such as output/productivity, weight of releases to surface water and weight
of releases to air.

Application: Facility level or company level.

6

(Ellen Macarthur
Foundation,
2015)

Type: Single indicator. (Company level MCI).

Framing: Resource circularity, resource longevity, environmental
performance.

Methodology: An aggregation of MCI across all products using weights.
If calculation across all products is infeasible, only reference products are
used.

Data: Level of recycled or reused materials used as input, intensity of
product use compared to industry average, destination of material after use,
and efficiency during the recycling process. Weightings for product mix are
also needed when aggregating at company level.

Application: Company level.

7

(Pauliuk, 2018)

Type: Dashboard of indicators.

Framing: Conventional economics, resource circularity, environmental
performance, resource productivity.

Methodology: Most indicators are based on MFA (material flow analysis),
MFCA (Material Flow Cost Accounting) and LCA (Life Cycle Analysis).
Data: Indicators are included from areas such as circular economy, life
cycle resource efficiency, climate and energy, and stocks and efficiency.
Examples of specific indicators are material recovery rates, waste reduction
and cumulative energy demand.

Application: Company level.

8

(OECD, 2011)

Type: Dashboard of indicators.
Framing: Resource circularity, environmental performance.
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Methodology: Aggregation of facility level indicators using appropriate
weightings.

Data: Data requirements include variables such as energy consumed in
production process, energy consumed in overhead, a normalisation factor
such as output/productivity, weight of releases to surface water and weight
of releases to air.

Application: Company level.

(Geng et
2012)

al.

Type: Dashboard of indicators.

Framing: Resource circularity, environmental performance, resource
productivity.

Methodology: 22 indicators are included from 4 groups: Resource output
rate, resource consumption rate, resource comprehensive utilisation rate
and waste disposal and pollutant emission.

Data: Indicators include output of main mineral resource, output of energy,
energy consumption per unit of GDP, water withdrawal per unit of GDP,
recycling rates of plastic and waste paper, total amount of SO? emission.
Application: Evaluation of China’s Circular Economy at an industrial park
level.

10 (Wang et

2012)

Type: Single indicator (Direct Material Input DMI).
Framing: Conventional economics, resource circularity.
Methodology: Calculated on the following equation:
Data:

k = type of material

POP = population

GDP = Gross Domestic Product in U.S. dollars

DMIk = DMI in tons (t) of material k

RMIk = recycled material input in tons of material k
Application:

Evaluation of the resource usage of China’s national economy.

11

(Geng et
2012)

al.

Type: A dashboard of indicators.

Framing: Resource circularity, environmental performance, resource
productivity.

Methodology: 12 indicators are included from 4 groups: Resource output
rate, resource consumption rate, resource comprehensive utilisation rate
and waste disposal and pollutant emission.

Data: Indicators include output of land, output of water resource, energy
consumption per unit key product, recycling rate of industrial waste,
industrial water reuse ratio and total amount of industrial waste water
discharge.

Application: Evaluation of China’s Circular Economy at a national level.

12

(European

Type: Dashboard of indicators.

Comission, 2020) Framing: Resource circularity, resource productivity.
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Data: Indicators are included from 10 areas, including recycling rates, waste
generation, green public procurement, and innovation.

Application: Used by the European Commission to monitor the transition
towards a Circular Economy among EU members at national level.

13 (Haasetal., 2015)

Type: Dashboard of indicators.

Framing: Conventional economics, resource circularity.

Methodology: Based on material flow accounting (MFA).

Data: Indicators include net addition to stocks, recycling within the
economy, biomass, and domestic processed output, all as a share of
processed material.

Application: Applied to global economy, and the European Union
(EU27).

14 (X. Liu et al,

2019)

Type: Model

Framing: Resource circularity, environmental performance.
Methodology: Combines emergy analysis with data envelopment analysis
(DEA) to assess eco-efficiency.

Data: Emergy flow indicators, such as renewable resource emergy, non-
renewable resource emergy and imported emergy.

Application: China’s biggest coal mining area in Shanxi Province.

15 (Karlsson

Wolf, 2008)

&

Type: Model

Framing: Conventional economics, environmental performance, resource
circularity.

Methodology: Method for analysis of INDustrial energy systems (MIND),
which is based on mixed linear programming, to evaluate industrial
symbiosis.

Data: A variety of variables in the integrated system, including system cost,
electricity production, steam discharge, waste heat and bark sales.
Application: An integrated system in the forestry industry in Sweden that
included a biofuel upgrade plant, chemical pulp mill, sawmill, and district
heating system.
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