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Abstract: Various microlevel circular economy indicators for assessing sustainability and, partly,
additional sustainability characteristics have been developed, but an integrated solution consider-
ing the environmental, social, and economic pillars remains a research gap. Method: Based on a
multimethod approach, including surveys and the analysis of existing sustainability assessment
methodologies and standards, this paper proposes a concept for a multidimensional circular economy
indicator tailored to public procurers. It relies on attractive existing building blocks including: (1) the
ecological scarcity method, (2) European and international sustainability standards and indicators,
and (3) the STAR-ProBio-IAT concept. Results: This article presents the concept of the composite
indicator Triple-C, consisting of 20 elements and aimed at facilitating sustainable circular public pro-
curement. It is intended to be incorporated into software that facilitates sustainable product decisions
among public procurers in Germany. Conclusions: We propose a generic indicator concept covering
all three (environmental, social, and economic) sustainability pillars. More research and additional
standards are needed to develop the Triple-C concept further into product-specific applications.

Keywords: circular economy; sustainability assessment; circularity; ecological scarcity method;
life-cycle assessment; LCA; life-cycle costing; LCC; social sustainability; indicators

1. Introduction
1.1. The Need for a New Composite Indicator for the Circular Economy

According to the OECD and World Bank figures presented by the European Com-
mission, global consumption of materials is forecast to double until 2060, accompanied by
a significant waste problem: an increase in annual waste generation by 70% is expected
by 2050 [1]. In addition, our economy is only 8.6% circular [2], and the rest is largely
based on the linear model of take–make–dispose, generating demand for 100 billion tons of
materials annually. In response to this problem, the European Union launched the Green
Deal, a concerted strategy for a carbon-neutral, resource-efficient, and competitive economy.
Expanding the circular economy (CE) shall make a decisive contribution in this context [3].

The CE represents a production and consumption model in which materials and
products are shared, leased, reused, repaired, refurbished, and recycled for as long as
possible, and their life cycle is extended [4]. Specifically, it relies on nine (initially four) “R
strategies” [5,6], mainly covering the aspects to which the definition of [4] refers: reduce,
reuse, recycle, and recover. In line with [7], the “reduce” strategy also includes the reduction
of energy consumption, i.e., energy efficiency. In terms of the United Nations Sustainable
Development Goals, the CE addresses SDG 11 (sustainable cities and communities) and
SDG 12 (responsible consumption and production), closely linked with SDG 6 (clean water),
8 (decent work), and 15 (life on land) [8].

Various initiatives to promote the CE exist, e.g., by the Word Economic Forum, the
European Commission with its first [9] and new Circular Economy Action Plan [3], the
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Ellen MacArthur Foundation, and the World Business Council for Sustainable Development
(WBCSD) and national initiatives such as Germany’s Koalitionsvertrag (Coalition Agree-
ment) 2021–25 [10], the Circular Economy Roadmap for Germany [11], and Germany’s
Standardisation Roadmap Circular Economy [12]. Other activities include the implemen-
tation of the monitoring framework on the circular economy of Eurostat, prepared as
an answer to the first Circular Economy Action Plan and the Global Reporting Initiative
Standard. See Section 1.2.2 for details.

Facilitating circular public procurement plays an important role in this context [13,14]
because the public sector is a major player in stimulating market demand. On a global scale,
public procurement accounts for around 13% of GDP [15]. The public sector is also crucial
in stimulating and promoting demand-side innovations [16]. By using their purchasing
power to procure environmentally friendly goods and services, they can also contribute
fundamentally to sustainability in production and consumption [17]. From a national point
of view, realizing sustainable and circular procurement is, for example, crucial for public
procurement in Germany. The implementation of green public procurement and the rising
importance of life-cycle analyses, e.g., regarding mobility investments, are substantial
elements in this context. Social aspects are essential as well. See Section 1.4 for details.

Suitable assessment methods and indicators are crucial for product selection, but fun-
damental gaps exist regarding circular aspects. According to Saidani et al. [18], “the wide
range of existing [CE-related] sustainability indicators [ . . . ] [is] not specifically tailored to
assess the economic, environmental or social performance of CE-related strategies [ . . . ].
In most cases, the focus is on one of the three aspects (only).”

The gap regarding the link to the three sustainability pillars is also discussed pillar-
wise. Gaps regarding the link between environmental life-cycle assessment (LCA) studies
and circularity indicators are, e.g., described by [19,20]. Likewise, social indicators are
underrepresented in the 87 contributions on product indicators, with [21] as the only im-
portant example. Kristensen et al. [22] describe various gaps in circular economy indicators’
state of the art, but does not even mention social aspects. Saidani et al. [18] specified the
gap regarding the integration of social aspects as follows:

The view provided by the [present] [circularity] indicators [shows] some lacks [ . . . ].
(M)ost of the [circularity] indicators depict economic and environmental impacts, social
consequences remaining barely addressed. This missing dimension is an issue often
highlighted (in research on Sustainable Development Indexes).

Specifically, the need for an integrated indicator includes the challenge that “the best
end-of-life pathway may also vary when looking at the [ . . . ] social component”, but
also “the cost” [18]. In summary, there is a need for sustainability-oriented composite
indicators to assess the circularity of products, providing aggregated information on en-
vironmental, social, and economic aspects. This paper tries to overcome this present gap
and provide a sustainability index that addresses all three sustainability pillars, covering
environmental, social, and economic aspects. On this basis, this article provides a concept
for an easy-to-use multidimensional circularity indicator, tackling the needs of public
procurement professionals.

1.2. Literature Review
1.2.1. Sustainability, Its Assessment, and Indicators

The state of the art of sustainability and sustainability indicators was recently pre-
sented by [23]. They adopted [7]’s sustainability definition as the “goal of sustainable
development which encompasses environmental, social and economic aspects, in which
the needs of the present are met without compromising the ability of future generations to
meet their needs.”

Ecological sustainability is, for example, measured by environmental life-cycle assess-
ments (LCA) based on the ISO standards ISO 14040 and ISO 14044 (see, e.g., [24,25]), and
the ecological scarcity method (ESM) [26–29].
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According to the LCA description of ISO standard 14044, ESM belongs to the life-cycle
impact-assessment phase (LCIA), which is the third phase of the LCA. The purpose of LCIA
is to provide additional information to help assess a product system’s life-cycle impact
results so as to better understand their environmental significance.

The value of the ESM method was, for example, acknowledged by the Science Mag-
azine [30]. In Germany, ESM is also known as “Methode der ökologischen Knappheit”
(MÖK) [24,25]. ESM is an ecological impact-assessment method that uses “(w)eighting
as an optional step in life-cycle impact assessment [ . . . ], which is based on the ratio of
desired policy targets to the current environmental situation” [29]. Specifically, it relies on
“eco-factors, which measure the environmental damage in eco-points (UBP) per unit of
quantity” [27]. Various versions with different elements and weightings exist depending
on relevant political goals. According to [26], the first ESM version was developed in
1990, followed by its application in numerous companies and institutions, particularly in
Switzerland and Germany, showing the method’s feasibility impressively. Besides the work
of [26,27,29] regarding Germany, Switzerland, and the EU, Ref. [28] provides data for all
EU member states. Figure 1 shows an example of its structure.
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The current version of the formula to calculate the ESM score is, for example, provided
by [28], while the first version was provided by [31]. Source [27] provides examples on
how to calculate the Swiss ESM score for an electric vehicle per passenger kilometer (pkm)
with average vehicle utilization of 1.6 persons and for methane (CH4). Another example
provided by [32] is a comparison of production-related ESM scores for three types of fuels:
786 ESM scores/l gasoline, 711 ESM scores/l diesel and 541 ESM scores/l natural gas
in Switzerland. A particular advantage of ESM is its specific suitability for providing
environmental information of component-based products.

Additional methods are discussed by [27], e.g., Environmental Footprint v. 3.0. Usually,
these methods do not integrate social aspects. However, first approaches, particularly
the UN Environment Programme (UNEP)’s social life-cycle approach [31,32], address
this problem.

Other work includes green Six Sigma approaches (see [33] for an overview and
also [34,35]). In this context, the different focus of the contributions is noteworthy. Six
Sigma is a management system for quality improvement, and the three contributions men-
tioned above focus on manufacturing. Therefore, procurement professionals, buyers in
general, and their purchasing decisions are less focused. In contrast, our development has
the specific aim of supporting people entrusted with buying decisions. Since manufacturers
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also want to make attractive offers compared with competing solutions, their interests are
addressed simultaneously.

LCA and the ESM are discussed further in the following sections, particularly in
Section 3’s Sections 3.4 and 3.7.

Relevant concepts in this context are “principles”, “criteria”, “indicators”, and “com-
posite indicators”. While composite indicators are discussed in Section 2, EN 16751 [36]
provides the following definitions for the first three concepts:

• Principle: “aspirational goal that governs decisions or behaviour”
• Criterion: “requirement that describes what is to be assessed”
• Indicator: “quantitative, qualitative or binary variable that can be measured or de-

scribed to assess an aspect of a defined criterion”

1.2.2. Current State of Circular Economy Indicators

This section presents the state of the art of circular economy indicators with a particular
emphasis on composite indicators.

Based on [18]’s classification of indicators at the microlevel, including “products,
companies, consumers,” meso-level indicators, particularly referring to ecoindustrial parks,
and macrolevel indicators for “citie(s), region(s), nation(s) and beyond”, our focus is on
microlevel indicators for products, while selected additional research is presented to explain
the relevant research gaps.

Composite indicators can be defined from a technical and a conceptual point of view.
Technically, they are “mathematical combinations (or aggregations) of a set of indicators”.
From a conceptual point of view, they are “based on sub-indicators that have no common
meaningful unit of measurement, and there is no obvious way of weighting these sub-
indicators” [37]. PACE [38] distinguishes between process performance and headline
indicators. At the same time, [39] provides a valuable overview of relevant topics regarding
environmental, resource-related, and socioeconomic aspects in their Figure 4, highlighting
the importance that circularity aspects must not be considered separately. Describing the
relations between the indicators on different levels, [40] refer to system-wide (cascade
factor) and sector- (cascade factor, recycled input rate, recovery rate) or product-based
(material circularity indicator) views.

A detailed study of circular economy indicators’ state of the art is provided by [18].
Their taxonomy consists of 55 indicators, including 20 microlevel indicators, which are

presented later in this section in more detail. Another contribution belonging to the most
detailed studies on product indicators is [22]. They provide an overview of 30 indicators,
identify relevant clusters, and evaluate their importance by summarizing that:

(T)he majority of indicators is focused on recycling, end-of-life management or remanu-
facturing, while fewer indicators consider disassembly, lifetime extension, waste manage-
ment, resource-efficiency or reuse.

That gap regarding the link to at least one sustainability pillar is addressed by [41],
who present “a complementary environmental-impact based indicator that measures the
environmental value retained through reuse, remanufacturing, repairing or recycling.”
Links to the other two sustainability pillars are not created. Another example is ref. [40],
who work with “material flow analysis indicators (e.g., domestic material consumption)
and circularity/resource efficiency indicators” (in particular with a cascade factor and the
MCI (see below), and indicators on recycled input and the recovery rate). Social aspects
are, however, not considered.

In the following, we present prominent product-specific indicators and indicators
with a broader scope. In this context, Ref. [42] highlight the importance of indicators for
labeling.
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Product-Level Indicators

The simplest versions of product-related CE indicators are the scores on recycled
and recyclable content and energy efficiency. In this context, Ref. [40] highlights that the
cascade factor permits “both material and energy use”. Regarding recycled content, the
international Ecolabel Index [43] can be filtered to show labels that refer to this indicator.
For energy efficiency, it refers to 22 labels with a broader scope, though not specifically
focused on the CE. More complex indicators are presented in the following.

As part of their 55 circular economy indicators, Ref. [18] identified 20 indicators as
microindicators, which are shown in Box 1. These indicators were classified according
to the criteria loops, performance, perspective, usages, transversality, dimension, units,
format and sources.

Box 1. State-of-the-art microlevel circularity indicators and related instruments according to [18].
Source: own box based on text by [18].

• Cradle-to-Cradle Material Reutilization
Part (C2C)

• Circularity Calculator (CC)
• Circular Economy Index (CEI)
• Circular Economy Toolkit (CET)
• Circularity Index (CI)
• Closed Loop Calculator (CLC)
• Circular Pathfinder (CP)
• Circularity Potential Indicator (CPI)
• End-of-Life Recycling Rates (EoL-RRs)
• Eco-efficient Value Ratio (EVR)
• Input–Output Balance Sheet (IOBS)
• Material Circularity Indicator (MCI)

• Measuring Regional CE–Eco-Innovation
(MRCEEI)

• National Circular Economy Indicator
System (NCEIS)

• Product-Level Circularity Metric (PCM)
• Resource Duration Indicator (RDI)
• Recycling Indices (RIs) for the CE
• Resource Productivity (RP)
• Reuse Potential Indicator (RPI)
• Recycling Rates (RRs)

Saidani et al.’s [18] statement on the research gap regarding circular economy indica-
tors addressing the three sustainability pillars presented in Section 1.1 was formulated after
they had analyzed all these indicators. Nevertheless, two items of Box 1 (C2C and MCI) are
presented below:

Cradle to Cradle (C2C) is an advanced, internationally recognized, and widely used
product-assessment approach to the circular economy with criteria in five dimensions:
(1) material health, (2) recyclability, (3) renewable energy (use), (4) water stewardship, and
(5) social justice. Based on the C2C approach, the recognized C2C certificate was created.
Products are evaluated by a five-step scale from “basic” to “platinum” [44]. Together with
various other labels with different foci, C2C is also a recognized label in public procurement
in Germany. An example is provided by [45].

Another example, the Material Circularity Indicator (MCI) of the Ellen MacArthur
Foundation, measures the circularity of material flows for selected products and is used as
an assessment tool for companies to improve product design and material procurement [46].
A helpful description is provided by [47]. The MCI is shown on a scale of 0 to 1, with
1 representing complete circular material flows: 100% of materials from reused components
or recycled material and zero waste. The indicator can be used to assess products and
also companies in an aggregated manner. The MCI is also, for example, used by [19,48],
and [40]. In addition, it was used in various external case studies cited by [18] and frequently
suggested by [18]’s indicator advisory tool.

Regarding the combination of circularity analyses with other sustainability assessment,
our literature review also unveiled several examples of a combination with life-cycle assess-
ments, including life-cycle costing [19,20]. Notable aspects of [20] include the contribution
to climate change (GWP), human toxicity, and the Service Life Ratio (SLR). An additional
interesting element in ref. [19] is the Circular Economy Indicator Prototype, while ref. [49]
shows the complexity of describing products by indicators by presenting 25 performance
indicators for the production of eggs alone.



Sustainability 2022, 14, 13936 6 of 23

Additional indicators identified by our analyses are the UMI, Madaster, and the French
repairability index.

The Urban Mining Index (UMI) [50] was developed as part of a doctoral thesis
at the University of Wuppertal [51]. The urban mining approach supports the goal of
managing building materials in cycles that are as closed as possible and compatible with
the environment. A central element in this is the anthropogenic raw material store, which
is understood as an “urban mine”.

Madaster’s [52,53] name stands for a new type of cadastre for (building) materials.
In the online platform of the same name, https://madaster.de/plattform/ (accessed on
9 July 2022), buildings are registered, including the materials and products they contain.
The platform offers real estate owners and other stakeholders the possibility to store,
manage, enrich and share data of their properties. This facilitates reuse, promotes smart
design, and eliminates waste.

The French repairability index (RPI) is dedicated to the particular circularity aspect
repairability. More information can be found at [54]. Like the Reuse-potential indicator, it
refers to a specific “R” element. The consideration of other sustainability aspects is low.

An additional contribution, although not primarily marketed as a “circularity” or
“circular economy” “index” or “indicator” is the Integrated Assessment Tool for bio-based
products, presented in Section 1.3.

Company- and Country-Level Indicators

Besides the product-level indicators, we also analyzed company- and country-level
indicators for a deeper understanding of the topic area and as a source for potential building
blocks for our work.

Our presentation of company-level indicators starts with “Circulytics” and Circular
Transition Indicators (CTI).

Circulytics is presented by the Ellen MacArthur Foundation [55] as “the most com-
prehensive tool available in the world for measuring the circular economy performance of
companies”. Likewise, the CTI tool of the World Business Council on Sustainable Develop-
ment (WBCSD) [56] helps companies to analyze the circularity of their material flows and
energy consumption.

Various other circular metrics for businesses are presented by [18,39], including, e.g.,
Circle Assessment, Circelligence, Circularity Gap Metric, and, also in this context: Cradle
to Cradle Certified. In addition, various circular indicators for governments exist, which
are summarized by PACE [38]. An important initiative in a specific product area is also the
New Plastics Economy Global Commitment [56,57]. Additional important work on circular
economy indicators takes place in the ISO committee ISO/TC 323 Circular Economy,
while Global Reporting Initiative/GRI 306: Waste 2020 [56] and Ecovadis [58] provide
supplementing reporting and rating opportunities.

The overviews indicate an important difference between product-specific indicators
and those with a broader scope. While Circulytics and CTI provide indicators, which ad-
dress environmental, social, and economic aspects, the scope of product-specific indicators
is very limited:

• Although examples of a combination of circularity and life-cycle assessments, includ-
ing life-cycle costing, could be identified (see, e.g., [19,20]), our analysis confirmed
that an appropriate combined product-level indicator, which provides a single score
for all sustainability pillars, is missing.

• The limitations of the indicators in [18]’s overview, described by these authors them-
selves, were presented above. Regarding the two examples, C2C and MCI, additional
limitations exist in the context of our study.

# C2C does not include LCA or ESM, which is also specifically focusses on the
needs of component-based products. The absence of this aspect is a remarkable
gap, which refers, for example, to international LCA standards or ESM’s focus

https://madaster.de/plattform/
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on political policies. The economic dimension and life-cycle cost, which are very
important for procurement decisions, are barely considered by C2C.

# The MCI is presented as a tool for designers. However, the linkage to other
sustainability indicators is a gap. Even if designers use more indicators, the
question of how to relate these indicators and come to overall conclusions remains.
An attempt to combine indicators is made by [59]’s MCI-based cost-normalized
material circular economy indicator MCIE. However, other environmental and
social aspects are not considered.

• Even the two advanced product-related indicators UMI and Madaster, with the narrow
scope on buildings, consider selected sustainability areas only. In particular, they
are not combined with information on social sustainability, although the need for
integrated analyses with additional environmental, social, and economic indicators is
understood, e.g., [19,20].

• In general, social indicators are underrepresented in the 87 contributions on product
indicators, with [21] as the only important example.

In this context, it is remarkable that [31]’s literature review does not even mention
social and economic indicators. Links to environmental indicators are more established.
For this reason, Harris et al. [60] summarize:

(F)ew studies compare circularity indicators with environmental performance or link the
circularity indicators between society levels ([ . . . ]. However, adequate tools exist at each
level (e.g., life cycle assessment (LCA) [ . . . ]).

In summary, no suitable LCA/LCIA-considering circularity index or indicator cover-
ing all sustainability pillars of a product exists. This article addresses this research gap.

1.3. The Integrated Assessment Tool

Addressing the gaps described in Section 1.2, an interesting building block ana-
lyzed and partially adopted in this paper is the integrated assessment tool (IAT) that
resulted from the former EU project STAR-ProBio (see [61] for details). The IAT consists
of 48 sustainability indicators. Specific questionnaires to provide information regarding
the quantitative indicators of the tool are proposed at the end of [62]. For the quantitative
indicators, metrics and assessment methodologies are provided. The IAT is associated with
10 SDGs—2, 3, 6, 7, 8, 9, 10, 12, 13, and 15—and is coherent with the current European
standard EN 16751. Details of the indicator-based IAT are shown in Table 1.

Table 1. Key characteristics of the IAT.

Application Area Bio-Based Products

Content
The IAT represents a cumulative scoring system, in particular on
policies, environmental LCA results, indirect land use change
(ILUC) aspects, circularity, social and economic aspects.

Indicators and
thresholds

The 48 IAT indicators rely on 33 sustainability protection areas
and 24 principles. Six indicators are critical and must be met to
achieve a sustainability score. The concept provides thresholds
for each indicator compared to an ideal situation, a specific target,
a reference scenario, or a minimum requirement.

Scoring

The IAT provides numerical scores according to the characteristic
of each indicator. For quantitative indicators, the assigned score is
2 when the indicator performs as expected; for qualitative
indicators, the comparable score is 1. If an indicator cannot refer
to appropriate results, the assigned score is 0. The maximum
score is 105.

Representation Visualization of the score is possible
Source: based on [62].
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The IAT proposed an integration of existing methodologies to provide a holistic
sustainability assessment of bio-based products, covering the three sustainability pillars,
ILUC and circularity. The tool combines LCA and non-LCA metrics to guide companies in
reporting on the sustainability of their bio-based products, considering both quantitative
and qualitative aspects. Following the EN 16751 standard, it proposes principles, criteria,
and indicators. EN 16751 itself derived its principles from ILO working standards [63] as
described in its Section 6. For this reason, different principles and indicators included in
EN 16751 and in the IAT, although primarily designed for addressing bio-based products,
can be extended to a broader scope.

IAT’s scoring system is based on a simple assignment of values (0, 1, or 2) to established
facts based on a threshold to be reached. These aspects make the IAT very interesting tool
as a guidance for the bio-based industry in conducting sustainability assessments of their
products. Its grounding in an EN standard also facilitates its use for certification.

1.4. Sustainability Criteria Included in Public Procurement Regulations

The Directive on Public Procurement from 2014 (Directive 2014/24 EU) is decisive for
procurement in the public sector, while the Circular Economy Action Plan of the EU Com-
mission of March 2020 [3] seeks mandatory minimum criteria for sustainable procurement.
The procurement directive of 2014 and related documents were transposed into German
law in 2016. Procurement regulations with an environmental focus in Germany are pre-
sented in [14]. An important example is the amended Kreislaufwirtschaftsgesetz (KrWG)
as amended on August 10, 2021, which includes a preference obligation for resource-
conserving products in §45 [64]. According to this paragraph, public authorities have to
give preference to products that:

• “have been manufactured using production processes that conserve raw materials,
save energy, conserve water, are low in pollutants or low in waste,

• have been produced by preparing them for reuse or by recycling waste, in particular
by using recycled materials, or from renewable raw materials

• are characterized by durability, ease of repair, reusability, and recyclability, or
• lead to less waste or less pollutant waste compared to other products or are more

suitable for environmentally sound waste management.” (own translation)

Nevertheless, Section 7 of the Federal Budget Code (BHO), requiring that cost and per-
formance accounting shall be introduced in appropriate areas, remains unaffected [65,66].
The federal states have additional requirements for public procurement. Varying require-
ments are binding regarding social sustainability. For example, public procurement profes-
sionals have to consider ILO labor standards [63] in different ways in their procurement
processes, e.g., public procurement laws of the federal states of Berlin, Bavaria, and Ham-
burg, to mention a few.

A survey of the ConCirMy project was conducted to explore the need for sustainability
and circular economy information by public procurement professionals. As the results show,
the procurement professionals are most interested in life-cycle costing (LCC) information,
followed by information on labels, end-of-life options, and LCA information (see Section 3
for details).

Based on the needs specified above, this article has four objectives:

1. to develop a sustainability-centered indicator for assessing product circularity that
also considers the needs of component-based products explicitly

2. to address all sustainability pillars by the solution
3. to facilitate the representation of the results by one single figure
4. to provide a solution that addresses the needs of public procurement specifically.

This article is structured as follows: Section 2 describes the methodology; Section 3
presents the concept of the “Triple-C indicator” for the circular economy and its elements;
Section 4 discusses Triple-C’s strengths and weaknesses. Section 5 provides a conclusion.
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2. Materials and Methods

This research is part of the German ConCirMy (Configurator for the Circular Economy)
project (2019–2022), which aims at supporting the establishment of a circular economy. The
main output of the project (planned for December 2022) is a sustainability recommenda-
tion software system that provides interested parties in supply chains, in particular fleet
managers and public procurers, with sustainability information that can subsequently be
used in business decisions and (purchasing) processes. ConCirMy’s first use case refers to
car tires.

The following three-step research method was applied to identify elements to be
included in the concept of a comprehensive sustainability indicator to support public
procurers in buying sustainable circular products (see Figure 2):

1. Identification of relevant information needs by desk research and surveys
2. Identification of building blocks for the indicator framework
3. Specification of a concept for a sustainability-oriented circularity indicator for products—the

Triple-C.
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1. Step 1-Identification of relevant information needs by desk research and surveys:

Step 1 (July 2019–Mid-July 2022) aimed to analyze sustainability information needs that
should be provided by sustainability information systems with a particular focus on public
procurers’ information requirements. The step resulted in identifying specific interests
to be used for developing a concept for a sustainability-oriented composite indicator. Its
key activities included analyses on the application of the ESM method by the ConCirMy
project partner CAS and two-stage socioeconomic analyses of stakeholder needs: The first
wave (July 2019–September 2021) had a narrow product scope on the first use case. The
second one (September 2021–mid-July 2022) had a broader focus on needs for sustainability
information and priority products.

Our research in both stages relied on surveys of various stakeholder groups. The
first wave was dedicated to the first application of a sustainability information system, car
tires, and the second one aimed to identify additional products apart from tires for which
sustainability information is most needed.

An important element of this first wave was a two round survey among the members
of the German Federal Association for Fleet Management.

The second wave included three different surveys to analyze the sustainability and
circularity information needs of three specific categories of stakeholders: leasing companies,
scientists, and procurement professionals. The procurement professionals were reached
with the help of the German Competence Center for Sustainable Procurement. In total,
134 sustainability experts from 5 circular and bioeconomy networks, 49 public procurement
professionals, and 15 leasing companies participated.

2. Step 2-Identification of building blocks for the indicator framework:

Work in step 2 (January–July 2022) was driven by stakeholders’ interest in an overall indi-
cator. A Web of Science analysis for the search terms circular economy + indicator + products
led to 87 hits (data of an updating check of 4 August 2022). Relevant articles were presented
in Section 1. Another key element included expert discussions in the working group on
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assessment and indicator systems for the circular economy of the work on the Standardisation
Roadmap Circular Economy organized by DIN, DKE, and VDI. In addition, a consultation
was conducted with eight circularity indicator experts and high-level public professionals on
24 June 2022.

3. Step 3-Specification of a concept for a sustainability-oriented circularity indicator
for products:

Based on the results of the previous steps, step 3 specified the kind of integration of
the different building blocks in the concept of the indicator. To address the interests of
procurement professionals, emphasis was put on purchasable products. Regarding the indi-
cator structure, the indicator elements and the emphasis of selected elements, stakeholders’
needs were considered specifically. For example, the indicator development considered the
specific interest of public procurement professionals in LCC information. Particular work
was dedicated to the analysis of the IAT. In detail, the development of the Triple-C concept
relied on two versions. The first interim version used environmental indicators of the IAT
that are also relevant beyond the bioeconomy, while the final version integrated the ESM.
Three criteria guided the adoption of IAT protection areas and indicators for Triple-C’s final
version: (1). relevance beyond the bioeconomy, (2). compatibility with an ESM component,
and (3). suitability for public procurement. The results are presented in the next section.
Finally, Triple-C consists of an environmental composite indicator, an LCC indicator, and
nine social and nine circular indicators.

3. Results
3.1. Basic Requirements
3.1.1. Identified Information Needs

This section describes the fundamental information requirements to be addressed by
the sustainability-oriented indicator concept to assess product circularity. Figure 3 provides
an overview of the relevant information needs resulting from step 1. This overview is
generic and shall be used for all stakeholder groups, also including public procurers.
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The figure reflects the following aspects in particular:

• Relevant sustainability information according to state of the art in literature (see
Section 1)

• The requirement for an overall assessment of the product’s sustainability through
production, use and disposal, taking into account ecological, social and economic
aspects indicated by 57% of the professionals involved in the second round of the
survey among fleet managers.

• The wish that “there must ( . . . ) be an index (that) evaluates certain aspects of
sustainability. For example, recyclability ( . . . ).” in the survey among researchers.

• Fundamental information needs by public procurement professionals based on federal
law and federal states regulation, e.g., regarding social sustainability.

• The stakeholder consultation on 24 June 2022 that stressed the importance of LCC
information for procurement professionals.



Sustainability 2022, 14, 13936 11 of 23

• Additional survey results described in Figure 4 and at the end of this section.
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Figure 4. Required information by public procurement professionals. Source: own figure. Note: The
need for social information is particularly specified by the different regulations of the federal states.

According to Figure 3, at least eight key information requirements were specified: ESM
information, recycled content, critical substances, LCC and other financial information, fair
trade on the side of the suppliers, compliance with ILO [63] working standards, and, if
relevant/possible, information on the after-use stage.

Section 3.2.1 provides details on ESM and Section 3.2.2 on LCC. Regarding procure-
ment professionals, Figure 4, as a result of our public procurement survey shows, e.g., their
particular interest in Life Cycle Costing (LCC) information, labels, end-of-life options, and
LCA information.

The relevance of recycled and recyclable content was not only stressed by the survey
shown in Figure 4 but also by additional interviews and surveys, e.g., [13], Figure 3 and [23].
According to [27], integrating specific circular economy indicators, such as the share of
recycled or recyclable content in the ESM is currently impossible.

Discussions in the national working group on circular economy indicators stressed the
research gap regarding a sustainability-oriented indicator for assessing product circularity
and its broader relevance.

3.2. Key Building Blocks Identified and Selected to Be Included in the Proposed Indicator Structure

Step 2 of the methodology led to the identification of three relevant building blocks to
be included in the indicator concept. These are the ESM (Section 3.2.1), a detailed life-cycle
costing analysis (Section 3.2.2), and parts of the IAT (Section 3.2.3).

3.2.1. The Ecological Scarcity Method

As described in Section 3.1, the ESM was chosen as an important element to be
included in the concept of a comprehensive indicator structure. The reasons for choosing
the ESM were sevenfold:

1. The method has a wide range of relevant environmental impacts that are included to
give an overall picture close to the actual conditions.

2. As a one-dimensional method, it enables direct environmental comparison of compa-
nies, products, or services based on a single indicator. Despite this broad approach, a
clear result is obtained when the method is applied.

3. ESM has a versatile application possibility, and thus the method is transferable in all
conceivable and necessary industries.
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4. ESM is comprehensive in terms of environmental impacts. It can be applied exten-
sively and provides a single value for the total environmental impact.

5. The method is based on the policy objectives in a country or region. ESM, therefore,
provides a transparent presentation for each country.

6. For laypersons, the result is easy to understand.
7. As an innovative solution, the ESM was not yet established as software in Germany.

Therefore, ConCirMy aimed to offer a first attempt to make this method accessible as
software for enterprises and usable for the public. The development of the software
should be carried out based on life-cycle assessment data.

As described in Section 1, the product-specific ESM result is the individual ESM score.
Triple-C considers ESM results by analyzing whether relevant maximum scores, set by
regulation or individually by the users, are not exceeded.

3.2.2. Life-Cycle Costing

Life-cycle costing (LCC) is an essential public procurement aspect in the EU [67]. In
principle, the 2014 EU procurement rules require that contracts rely on the most economi-
cally advantageous tender (see [67,68]). Sustainability aspects allow modifications (see [69]),
but do not touch the importance of LCC information. In contrast to the price, LCC also
considers the costs of resource use, maintenance, and disposal, which are not reflected in
the purchase price [67]. Various approaches for LCC calculations exist. Table 2 provides an
example with 10 elements of the LCC method developed in the German project “National
implementation of the new EU procurement directives”.

Table 2. Key elements of life-cycle costing analyses. Source: based on the LCC tool of the Öko-Institut
developed as part of the project “National implementation of the new EU procurement directives”.

No. of Cost Element Cost Element Cost Group

1 Purchase price
Acquisition costs2 Installation costs

3 If applicable, further acquisition costs

4 Insurance Follow-up costs
5 Maintenance (material costs, procured service),

spare parts, if applicable, further follow-up costs

6 Electricity
Operating supplies

7 Drinking water (supply, disposal),
rainwater/service water

8 Other operating supplies, if applicable

9 Personnel (according to relevant pay groups) Personnel

10 Disposal fees, other disposal costs, if applicable Disposal

3.2.3. Building Blocks of the Integrated Assessment Tool for Bio-Based Products

Another building block analyzed and partially adopted for Triple-C is [62]’s IAT,
described in Section 1.3.

From the 33 areas of protection proposed by the IAT (see Table 1 of [62]), we finally
selected 16 for our composite indicator due to their relevance beyond the bioeconomy and
their compatibility with ESM: 6 circular areas, 9 social areas, and the economic area life-cycle
costs. Regarding the indicator structure, 9 circular and 9 social indicators relevant beyond
the bioeconomy and a modified version of its LCC indicator were finally adopted for
Triple-C. See the next sections for details. The scoring system was also kept for the selected
social and circular indicators. The following sections provide details for this as well.

3.3. First Draft of the Triple-C Indicator Concept

This section presents the first draft of the concept of Triple-C composite indicator.
“Triple” refers to its coverage of the three sustainability pillars, and “C” to circularity.
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At the beginning, the relevant life-cycle stages of its scope were defined. They include
(1) material production and manufacturing, (2) product manufacturing, (3) product use
(different loops possible), and (4) end-of-life. For the first Triple-C draft, we adopted
21 overall protection topics proposed by the IAT. Twelve protection areas were excluded
due to their varying importance beyond the bioeconomy: indirect land use change, terres-
trial eutrophication; potentially affected biodiversity; acidification; soil erosion; freshwater
eutrophication; land use soil quality, food security; land use rights; economic development;
health and safety of local communities and local employment. (As we will show later,
our final concept includes the ESM, which considers acidification differently according
to Figure 1.)

The IAT criteria and indicators were analyzed in the next step. According to Table 3, we
found 28 out of 48 indicators relevant for a broader product scope beyond the bioeconomy:
18 related to the environmental pillar, nine indicators to the social pillar, and one related to
the economic pillar.

Table 3. Overview of indicators used for the interim Triple-C concept.

Pillar No. Basic IAT Indicator No.

Environ-mental
Life-cycle aspects 1–9 1–6, 12, 19, 20

Circular aspects 10–18 22, 24–26, 28–32

Economic 19 33 (modified)

Social 20–28 35–42, 48

Total
Source: Own table with elements of IAT [36,62] (particularly their Annex A).

On this basis, the environmental pillar is represented by 9 LCA and 9 circularity indica-
tors. For the social pillar, Section 1 describes the importance of the ILO’s international labor
standards for public procurement professionals, which were considered specifically, and
concerning the economic pillar, Section 3.2 and Table 2 provide details on LCC elements. As
guidance for LCC calculations, several specifications exist in Germany already, particularly
the specifications [70,71].

3.4. Development of the ESM-Based Triple-C Indicator Concept

The analysis in our research step 1 unveiled that various stakeholder groups are in-
terested in ESM information, particularly regarding automotive solutions. Therefore, it
represents a relevant building block. ESM’s main protection areas are air, water, resources
and waste influencing the greenhouse gas effect, ozone depletion, acidification and biodi-
versity. Besides protection areas on resource and waste management, the IAT’s protection
areas include water scarcity, particular matter, global warming potential, human toxicity
and fossil resources depletion in this context. Triple-C adopts the ESM protection areas.
As the IAT, it has additional protection areas on social and economic aspects and detailed
circularity-related protection areas. Specifically, we adopted from the IAT six circular areas
(waste management, process material circularity, product renewability, hazardous chemical
use, resource efficiency, and energy efficiency), nine social areas (fair salary, fair competition,
forced labor, feedback mechanisms, transparency, health and safety of workers, child labor,
equal opportunities, health and safety of users) and the economic area life-cycle costs.

Regarding the presentation of environmental impacts, ESM works with environmen-
tal impact points for the following impact areas: emissions (particularly air and water
emissions with various subtopics), resource consumption (including use of energy, land,
primary mineral resources (minerals and metals), gravel mining, and freshwater consump-
tion) and waste [27]. The number of ESM indicators varies between different versions
(see [27], p. 48 for ESM indicators in Germany and Switzerland compared with comparable
environmental impact assessment methods).
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According to Table 4, the Triple-C concept refers to ten ESM elements. Depending on
the regional variant, the ESM result may include other/additional elements.

Table 4. Overview of indicators used for Triple-C.

Pillar No. Basic IAT
Indicator Indicator On Expected

Performance
Threshold To

Be Met

En
vi

ro
nm

en
ta

l

Life cycle 1 1 -

ESM with 10 elements (a) CO2 eq,
(b) NMVOX, (c) Nox, (d) Nitrogen,

(e) Phosphorus, (f) Nickel, (g) Freshwater,
(h) primary energy, (i) non-hazardous

waste, (j) additional aspects)
Note: a–c = emissions to air, d–f = emission

to water, g,h = consumption of resources

According to
regulation or to

be set by the
user

Expected
performance

Circular
aspects 2–10 22, 24–26, 28–32

(2). greener alternatives to the use of
substances of very high concern, (3). % of

biogenic carbon/total carbon (product)
renewability, (4). use of recycled or
renewable raw materials and the

recyclability of the end product, (5). the
product’s MCI, (6). measures to manage

and reduce waste, (7). guidance and clear
instructions to consumers on how the
product should be disposed after use,

(8). energy efficiency, (9). measures taken to
promote the use of renewable energy,

(10). share of renewable energy compared
to a relevant process

IAT [62]
minimum

requirements

Expected
performance

Ec
on

om
ic

11 33

The analysis of the LCC elements * meets
thresholds set by the user

* (a) purchase price, (b) installation costs,
(c) if applicable, further acquisition costs,
(d) insurance, (e) maintenance (material
costs, procured service), spare parts, if

applicable, further follow-up costs,
(f) electricity cost, (g) water cost, (h) other

operating supplies if applicable,
(i) personnel cost, (j) disposal fees, other

disposal costs if applicable

To be set by the
user

Expected
performance

So
ci

al

12–20 35–42, 48

(12). forced labor, (13). child labor,
(14). salary of workers, (15). equal

opportunities, (16). health and safety of
workers, (17). health and safety of end

users, (18). mechanisms for users to provide
feedback, (19). measures taken to address

transparency, (20). fair market competition

IAT [62]
minimum

requirements

Expected
performance

1 Excluding life-cycle costs, which are shown separately. Source: Own table with elements of IAT [36,62]
(particularly their Annex A)

The LCC indicator consists of ten elements: (1) the purchase price, (2) installation
costs, (3), if applicable, further acquisition costs, (4) insurance, (5) maintenance (material
costs, procured service), spare parts, if applicable, further follow-up costs, (6) electricity,
(7) drinking water (supply and disposal), rainwater/service water, (8) other operating
supplies if applicable, (9) personnel cost, and (10) disposal fees and other disposal costs, if
applicable) according to Table 2 in Section 3.2.2.

Table 5 summarizes Triple-C elements.
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Table 5. Triple-C elements.

Environmental
Dimension

ESM Indicator with
10 Elements

Circular Dimension
9 IAT Indicators

Social Dimension
9 IAT Indicators

Economic
DimensionLCC

Indicator
with 10 Elements
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Based on the results, the minimum requirements according to Figure 3 are considered 
by our approach as follows: 
• ESM: indicator 1 
• Recycled content: indicators 4 and 5 
• Critical substances: indicators 1 and 2 
• After-use: indicator 7 (see also comment below) 
• Price: considered as part of the ConCirMy approach, see Section 3.7 
• LCC: indicator 4 
• Fair trade: indicator 20 
• ILO core working standards: indicators 12-16 

Social sustainability in the after-use stage will be discussed in Section 4.2. 

3.5. Triple-C Score and Presentation 
The representation of the Triple-C results follows the guidance of [72], initially 

referring to environmental impacts only: the “impacts shall be communicated with the 
absolute value to ensure transparency and consumer education [while] a synthesis of the 
criteria can be proposed by means of a unique mark, color, or logo” [72]. 

The Triple-C score consists of the single scores of its four (life cycle [ESM], circular, 
economic [LCC], and social) dimensions with a maximum score of 2, respectively. The 
maximum total score is 8. If the threshold of a dimension is met, the individual score is 1. 
If not, that score is 0. If a result is significantly better than the threshold, the score is 2.  
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Based on the results, the minimum requirements according to Figure 3 are considered
by our approach as follows:

• ESM: indicator 1
• Recycled content: indicators 4 and 5
• Critical substances: indicators 1 and 2
• After-use: indicator 7 (see also comment below)
• Price: considered as part of the ConCirMy approach, see Section 3.7
• LCC: indicator 4
• Fair trade: indicator 20
• ILO core working standards: indicators 12-16

Social sustainability in the after-use stage will be discussed in Section 4.2.

3.5. Triple-C Score and Presentation

The representation of the Triple-C results follows the guidance of [72], initially referring
to environmental impacts only: The “impacts shall be communicated with the absolute
value to ensure transparency and consumer education [while] a synthesis of the criteria
can be proposed by means of a unique mark, color, or logo” [72].

The Triple-C score consists of the single scores of its four (life cycle [ESM], circular,
economic [LCC], and social) dimensions with a maximum score of 2, respectively. The
maximum total score is 8. If the threshold of a dimension is met, the individual score is 1.
If not, that score is 0. If a result is significantly better than the threshold, the score is 2.

According to Table 4, the four dimensions have individual thresholds. Regarding
the ESM and LCC dimensions, they are set individually. Concerning the circular and the
social dimensions, receiving a dimension score of 1 requires fulfilling all mandatory IAT
requirements of the relevant dimension and ≥50% of the dimension’s maximum sum of
single scores. Likewise, ≥75% of the dimension’s maximum sum of single scores is required
to get a dimension score of 2 (Figures 5–7). Details on each of the circular dimension’s
9 IAT-based indicators and the 9 IAT-based indicators of the social dimension can be found
in [62]). Information on the different maximum scores of these single qualitative and
quantitative indicators was also given in Table 1.
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Consequently, the threshold for a positive Triple-C result is met, if all IAT requirements
are fulfilled and the total score is ≥4. Likewise, a product performs significantly better than
the total threshold if all mandatory IAT requirements are fulfilled and the total score is
≥6. Otherwise, the score is shown in orange. As mentioned above, Triple-C’s maximum
score is 8. In addition, Triple-C provides colored information for all sustainability pillars
and shows the indicator result in green if a threshold is met, in orange if it is not met, and
in dark green if the result is significantly better than the threshold (Figure 6).

We expect that the Triple-C score will be most important for sustainability recommen-
dation systems that compare and propose products.

Figure 7 shows a potential application of Triple-C by sustainability recommendation
software based on a fictive product example. Its use requires two types of information:

• producer’s data regarding all Triple-C indicators, including ESM and LCC results, and
• users’ specification of ESM and LCC thresholds.

Additional thresholds are already defined by the IAT [62].
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The development of a standardized format to provide the relevant data is recom-
mended. For example, it shall ensure that “no child labor” can be ticked and that the
relevant information is converted in Triple-C scores according to IAT principles.

As described by [67], requiring LCC information is common practice in public pro-
curement. On this basis, the indicator considers the interest of public procurers and other
buyers with specific cost-related requirements. An example of its direct consideration is
provided by Figure 7.

Figure 7 also shows hits for a device based on the user’s search for suitable products.
The user can select based on the best Triple-C score, the price, or additional product
characteristics, which are not shown in the figure for simplicity. Two of the three products
meet all Triple-C requirements by the user. This person is very price-oriented. Therefore,
the system recommends the cheapest of the two remaining options to this user (highlighted
in green in the figure).

3.6. Product-Specific Applications of the Triple-C

In addition to the input by procurement professionals in Section 3.1, we asked the
49 procurement professionals for which specific products they considered software with
sustainability-oriented purchase recommendations to be interesting. They could list up to
three products. According to Figure 8, the three product groups most frequently named
in the first partial response include IT (hardware and software) and, with equal ranking,
“vehicles, parts and accessories”, “construction products”, and other products (e.g., tools),
followed by office supplies.
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Figure 8. Products relevant to sustainability recommendation software from public procurement
professionals’ point of view. Source: own figure.

Looking at the bars for each of these three categories as a whole, IT was again named
by far the most frequently, followed equally by “vehicles, parts and accessories” and con-
struction products. A brief description was then requested as to why sustainability-oriented
purchasing recommendations are particularly relevant for these products. Overarching
and product-specific reasons were identified. The overarching reasons included required
legal compliance, high environmental contributions, a complex offering, high procurement
volumes, and a need for specific sustainability information, such as life-cycle costs and
social sustainability information.
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3.7. Consideration of Other Life-Cycle Assessment Methods by Triple-C

A remaining aspect is the consideration of life-cycle assessment results and the selec-
tion of ESM from various assessment options. BAFU [27] provides an overview on eight
life-cycle assessment methods and their elements on p. 48, showing that ESM’s Swiss
version is the most detailed. Nevertheless, a question remains on how other methods could
be considered in Triple-C. Developing specified Triple-C-versions, such as Triple-C-ESMCH,
Triple C-ESMDE, and Triple-CEnvironmental Footprint v. 3.0, might be possible.

4. Discussion
4.1. Contributions of This Research

The starting point of our research was the research gap of CE-related sustainability
indicators specifically tailored to simultaneously assess economic, environmental, and
social performance. Consequently, this paper presented our contribution to overcoming
these gaps by identifying potential solutions and developing the Triple-C indicator concept
that relies on existing building blocks from various domains as central elements. In
particular, this article provides:

1. A structure for an ideal easy-to-use multidimensional circular economy indicator,
covering all three sustainability pillars. Specifically, it provides a composite indicator
with 20 indicators, including the two combined ESM and LCC elements and 18 single
indicators (see Table 4).

2. An indicator structure that relies on existing formal international and European
standards, ESM, the MCI, and the IAT. On this basis, we also provide the first ESM-
based integrated sustainability indicator for the circular economy.

3. A practice-oriented indicator structure that considers the needs of public procurement
explicitly. Specifically, it shall help buyers to conduct sustainable purchasing deci-
sions and therefore promote sustainable products, their future creation, and, finally,
sustainable development.

4. An example of sustainability recommendation software that uses a multidimensional
circular economy indicator. It is the first of its kind that works with ESM values.

5. Suggestions for specific product applications for the indicator’s application in public
procurement, particularly regarding information technology, mobility, and building
products.

The Triple-C contributes to the sustainability and CE literature on indicators by trying
to apply the work of [62] to new contexts beyond the bioeconomy and the application of
various circular economy indicators such as the MCI. Likewise, it extends the work of [27]
and tries to overcome the problems of integrating circular economy aspects in ESM by
presenting both elements separately in a new indicator structure.

This article also supplements various other contributions on circular economy indica-
tors (e.g., [50–58]) and provides some findings to be used to close the gap of sustainability
indicators for circular products in public procurement. As a contribution to practice, the
concept of such a Triple-C indicator shall be integrated into sustainability recommendation
software and a German working group on circular economy indicators, stimulating further
work in this context.

4.2. Limitations

We identified two limitations of Triple-C in particular.

1. One limitation is its geographic scope. Specifically, Section 1 described the role of
sustainable and circular products for Germany’s public procurement, relevant German
and European regulation, and resulting needs for sustainability indicators. However,
even in Germany, sustainability-related public procurement requirements vary, for
example, regarding social sustainability, particularly ILO working standards. Triple-
C considers the three sustainability dimensions profoundly. In addition, variants
referring to individual federal states’ specific public procurement needs with fewer
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indicators might be interesting. Regarding the circular economy indicators, regional
versions with fewer indicators might also be considered.

2. As in the IAT, several parts only cover the life cycle until the end of the production
phase. The current concept addresses new products with circular content, but without
giving specific information on use stages with different loops. Such information can be
relevant for sustainability-conscious buyers and secondhand markets. Additional in-
dicators considering the other “R” elements, such as “reuse”, “repair”, and “refurbish”
would be useful if applicable.

Internationally, the regulatory framework conditions are diverse. Although we are not
aware of a detailed international study in this context, Ref. [38] shows that the diffusion
of circular practices varies globally, based on data from 20 of the more than 190 countries,
but also with this narrowed scope with varying results. Therefore, our demonstration of
circular economy practices shall also encourage the establishment of circular economy-
related policy frameworks in additional countries. Section 5 discusses the implications for
further research in more detail.

5. Conclusions

This article was motivated by the gap in sustainability-oriented composite indicators
for circular products in research and practice. While authors such as [19,20,59] started
by combining circularity indicators with other sustainability information, we present the
first integrated approach in this context. Specifically, we introduced a concept for Triple-C
composite indicator as one of the first multidimensional sustainability indicators for circular
products. The Triple-C relies on four elements: ESM or LCA data, circularity indicators,
LCC, and social sustainability elements.

Confronted with a research gap regarding sustainability indicators providing circu-
larity information, IAT’s composite indicator was a beneficial discovery and became a
fundamental building block for Triple-C’s creation.

The final goal of our work is to facilitate comparisons between products by software
tools such as the future variants of the ConCirMy software. A critical success factor for
providing Triple-C results is data availability in this context. This requires the motivation
of the product companies but also appropriate technical infrastructures. In addition, we
suggested the creation of a standardized data-exchange format for the relevant Triple-C
information in Section 3. An advantage is that Triple-C uses already available data wherever
possible. An example is MCI index data provided by the sustainability database Sphera
(see [47]).

Besides our findings, our work also led to four implications for further research.

1. As mentioned at the beginning, our Triple-C element ESM is closely related to public
policies, and its eco-points represent the ratio of desired policy targets to the current
environmental situation. Regarding sustainable development, various policies re-
ferring to minimum quotas for certain sustainability characteristics also exist or are
discussed, e.g., regarding recycled content. Likewise, an analysis seems helpful for
which products minimum Triple-C requirements should be defined, e.g., regarding
public procurement.

2. In addition to the survey results presented in Section 3, public procurement profes-
sionals expressed the specific need for product labels to support their procurement
decisions. This will be an appropriate next step, for which Triple-C provides building
blocks already. In Europe’s quality infrastructure, various sustainability issues are
considered by the EU Ecolabel. Therefore, further work is encouraged to analyze
Triple-C’s potential contribution in this context.

3. Triple-C was developed as a generic, product-independent composite indicator. Be-
yond this application, experts involved in our studies also highlighted the importance
of considering product group-specific aspects in sustainability assessment. Likewise,
Ref. [62] have shown by the example of bio-based products that individual product
groups may require additional indicators. This will be subject to further work. Indeed,
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more research is needed to adjust Triple-C in this context. As this paper primarily
addresses the needs of German stakeholders, further research will also allow the
integration of additional international perspectives.

4. Sections 1 and 3.1.1 described the research gap and options to address it. Our approach
relies on good practice in other research areas specifically. Depending on the research
focus, additional research options can serve further interests of research and practice.
Such research should rely on four steps: (1) the identification of environmental,
social and economic impact assessment methods, (2) the analysis and specification
of options to integrate circular economy aspects, (3) the specification of indicator
elements, and (4) the specification of the indicator, its structure and the weights of the
different elements.

Authors of sustainability indicators and related instruments (e.g., LCA, Six Sigma,
etc.) are encouraged to deepen this research stream by additional work that considers the
topic from different angles.
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