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Abstract: The measurement of material, energy, water, and waste flows in organizations represents a
key challenge in the enhancement of a circular economy and sustainable development. In November
2022, the experimental technical standard “Measurement of Circularity—Methods and Indicators
for Measuring Circular Processes in Organizations” (UNI/TS 11820:2022) was introduced, which
provides, for the first time, a set of 71 quantitative, qualitative and semi-quantitative indicators for the
assessment of the levels of circularity in organizations at the micro- and meso-level. First, the present
exploratory research aimed to illustrate the main characteristics of the novel technical standard.
Second, through an online-based questionnaire among 105 managers and employees working in
various industrial sectors in Italy, the research aimed to investigate their level of awareness and
perception of selected circular economy monitoring indicators. Such an analysis will help to identify
the weaknesses and strengths of the current version of the technical standard. The research applied
descriptive statistics and regression models to estimate the association between the perception of
selected circular economy indictors and awareness of the concepts of “circular economy”, “lifecycle
thinking”, “sustainable development” and “corporate social responsibility”. Although a limited
number of respondents took part in the research, the research explored, for the first time, the
main features related to the experimental UNI/TS 11820:2022, proposed an original analysis of
users’ perception and awareness in its application, and suggested possible opportunities towards its
enhancement from theoretical and managerial perspectives.

Keywords: circular economy; sustainable development; indicators; users’ perception

1. Introduction

The measurement of material, energy, water, and waste flows in organizations repre-
sents a challenge, due to several key variables, such as the lack of homogeneous quantifica-
tion methods or the absence of clear and transparent definitions related to natural resources
characteristics and waste-valorization pathways [1–3]. In recent years, the transition from
the linear to the circular business model has boosted the need to acquire comparable data [4]
and adopt common and replicable indicators [5,6] to measure the level of circularity of
single products or entire systems. However, although several studies have addressed this
complex subject [7–9], the first technical specification on the measurement of the level of
circularity, namely the UNI/TS 11820:2022 on the “Measurement of Circularity—Methods
and Indicators for Measuring Circular Processes in Organizations” [10], was published
in November 2022 in Italy. Among over 114 definitions of the circular economy [11], the
definition proposed by the UNI/TS 11820:2022 states that the circular economy is an “eco-
nomic system which, through a systemic and holistic approach, aims to keep the flow of
resources circulating, conserving, regenerating or increasing their value, and which at the
same time contributes to sustainable development”. This means that the measurement of

Environments 2023, 10, 65. https://doi.org/10.3390/environments10040065 https://www.mdpi.com/journal/environments

https://doi.org/10.3390/environments10040065
https://doi.org/10.3390/environments10040065
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/environments
https://www.mdpi.com
https://orcid.org/0000-0003-0115-1356
https://orcid.org/0000-0001-7360-4989
https://doi.org/10.3390/environments10040065
https://www.mdpi.com/journal/environments
https://www.mdpi.com/article/10.3390/environments10040065?type=check_update&version=1


Environments 2023, 10, 65 2 of 16

the flows of resources circulating in natural and anthropic systems is essential [12], as well
as the measurement of their associated economics and social implications [13,14].

On the issue of measuring the levels of resource consumption and waste generation,
several legislative documents and official reports have been developed worldwide. In
2018, the European Commission introduced a monitoring framework for the circular econ-
omy [15], with the aim of making the economy more sustainable, contributing to climate
goals, preserving the global resources, creating local jobs, and generating competitive
advantages. Such a monitoring framework builds on the resource-efficiency scoreboard,
which illustrates the progress towards increased the resource efficiency of individual Mem-
ber States in Europe [16], and on the raw materials scoreboard, which provides updated
information on the raw materials policy context [17]. The monitoring framework for the
circular economy identified 10 individual indicators divided between four main groups,
namely “production and consumption”, “waste management”, “secondary raw materi-
als” and “competitiveness and innovation” [15]. Its aim is to cover the entire products
and systems’ lifecycle and capture the main circular economy elements, such as the self-
sufficiency of raw materials, the green public procurement and waste generation level,
and the recycling rates for municipal or specific wastes. In addition, in 2019 the European
Commission suggested some specific and transversal methods for the common and uni-
form measurement of the levels of waste, highlighting the need to collect data, ensure a
uniform monitoring of material flows, and overcome the complex process of measuring
circularity [18]. Considering the entire lifecycle of commodities, from primary produc-
tion to final consumption, the Commission Delegated Decision 1597/2019 proposed five
measurement methods, namely direct measurement, the mass balance approach, waste
composition analysis, questionnaires and interviews, and food diaries [19].

Data acquisition in processes and organization represents the first step towards the
calculation of specific indicators to measure circularity, and the literature has been inter-
ested in the in-depth identification of selected indicators [20,21]. Conventional indicators,
such as the carbon or the water footprint, which adopt the lifecycle thinking approach,
cannot express the complete level of circularity in products or processes, since they have
not been developed in light of the circular economy principles [22]. Hence, cross-sectional
and combined indicators, either quantitative or qualitative, have been proposed to measure
circularity [23]. Moraga et al. [5] classified three monitoring scopes on the basis of the
lifecycle thinking approach [24], namely: (i) scope 0, which measures physical properties
from the technological cycles without considering the lifecycle thinking approach [25];
(ii) scope 1, which measures physical properties from the technological cycles with either a
full or partial lifecycle thinking approach [26]; and (iii) scope 2, which measures the effects
from technological cycles regarding environmental, economic, and/or social concerns in
cause-and-effect chain modelling [27]. Further, Poponi et al. [6] and Ruggieri et al. [28]
developed a comprehensive dashboard to guide the transition towards circularity, classify-
ing 102 indicators into three areas of sustainability (i.e., environment, society, economy)
and three different spatial dimensions (i.e., micro, meso, macro). In addition, such studies
have identified ten research scopes: air, water, soil, energy, waste, cost, value, productiv-
ity, equality, and knowledge and innovation scope, highlighting the interconnection and
complementarity of the data required to measure circularity.

In the light of these premises, an in-depth analysis of the experimental technical
standard UNI/TS 11820:2022 on the “Measurement of Circularity—Methods and Indicators
for Measuring Circular Processes in Organizations” is essential, which can introduce,
for the first time, a set of 71 indicators at micro- and meso-level. First, this research
illustrated the main characteristics of the novel technical standard, highlighting its historical
development and its theoretical roots. Second, in considering the hidden difficulties in
collecting data useful for measuring circularity, the study explored the users’ level of
perception and awareness of selected indicators through an online-based questionnaire
among managers and employees working in various industrial sectors in Italy. The research
explored for the first time the main features related to the experimental UNI/TS 11820:2022,
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proposing an original analysis of users’ perception and awareness towards its application,
and suggests possible opportunities towards its enhancement under the theoretical and the
managerial perspective. Such an analysis of users’ perception and awareness of selected
indicators is essential, since the UNI/TS 11820:2022 represents an “experimental document”,
whose purpose is to “acquire suitable experience deriving from its application between
organizations belonging to the same sector, in the same reference year, after the testing
phase” [29].

2. Theoretical Background
2.1. Aims and Scope of the UNI/TS 11820:2022

The UNI (Ente Italiano di Normazione), recognized by the CEN (European Committee
for Standardization) and the ISO (International Standards Organization) at the European
and the global level, respectively, is a private, independent, and non-profit organization,
which develops new standards in collaboration with a wide audience of stakeholders, and
publishes and disseminates technical standards and editorial products [25]. Such technical
standards are voluntary and represent the best solution for making a product, conducting a
process, and carrying out a profession authoritatively, since the UNI brings together the
interested parties—from those who design to the end users—and the leading experts in the
sector [29].

In November 2022, the UNI developed and published the UNI/TS 11820:2022 entitled
“Measuring circularity—Methods and indicators for measuring circular processes in organi-
zations”, which is defined as follows: “The technical specification defines a set of indicators
applied at a meso- and micro-level, suitable for assessing, through a rating system, the
level of circularity of an organization or group of organizations. The rating system does
not provide for minimum levels of circularity but provides an assessment of the level
achieved”. The technical specification, which is considered an experimental document,
represents a synthesis of standards previously published and still useful in measuring the
environmental sustainability and the circularity of products and systems, such as the UNI
EN ISO 14040:2021 on the “Environmental management—Lifecycle assessment—Principles
and framework” [30] and the UNI EN ISO 14067:2018 on the “Greenhouse gases—Carbon
footprint of products—Requirements and guidelines for quantification” [31]. In addition,
the technical standard was developed on the basis of the documents proposed by the
ISO/TC 323 on Circular economy, and is in line with the series ISO 59000, with reference
to the framework and principles for implementation (ISO/CD 59004), the guidelines on
business models and value chains (ISO/CD 59010), as well as the circularity measurement
(ISO/CD 59020).

The technical specification UNI/TS 11820:2022 introduces a set of 71 indicators es-
sential to assess, by using an independent 100-based measurement system, the level of
circularity of a single organization or groups of organization, also including public ad-
ministrations, regardless of the sector or the size. Specifically, the standard is addressed
to measure circularity at the micro- (e.g., single company, single local authority) and the
meso- (e.g., group of companies, regional areas, provinces) level, without considering the
macro-level. It encompasses nine different sections, as follows: (i) purpose and scope;
(ii) normative requirements; (iii) terms and definitions; (iv) methodological approach;
(v) circularity measurement and evaluation criteria; (vi) data acquisition; (vii) circular
economy indicators; (viii) data quality; and (ix) calculation of the level of circularity.

2.2. Circular Economy Indicators and Calculation Method

The indicators proposed by the UNI/TS 11820/2022 are addressed to measure the
circularity level achieved by organizations at the micro- (e.g., individual companies, local
authorities) or the meso- (e.g., group of organizations, industrial areas and districts, regions)
level. The measurement encompasses several phases of the value chain, as follows: (i) de-
sign; (ii) supplying; (iii) production; (iv) distribution and sale; (v) use and consumption;
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and (vi) end of life. Further, the indicators can be distinguished between quantitative,
qualitative and semi-quantitative indicators.

From a practical perspective, the measurement system does not provide for a minimum
circularity threshold value but makes it possible to evaluate the level reached by the
organization at the moment of measuring, compared to the maximum level possible [29].
The 71 indicators are distinguished between six different categories, namely: (a) material
resources; (b) energy and water resources; (c) waste and emissions; (d) logistics; (e) final
product or service; and (f) human resources, assets, policies and sustainability. Further,
the indicators are divided between core indicators (Pc), which must be calculated by each
organization; specific indicators (Ps), which must be calculated at least for the 50% of their
amount; and rewarding indicators (Pr), which are optional, and their assessment provides a
higher final score. Lastly, the indicators distinguish between product and service indicators.
Table 1 summarizes the different indicators according to their typology.

Table 1. Indicators Typologies.

Indicators’ Typology Core (Pc) Specific (Ps) Rewarding (Pr) Total

Material resources 3 6 1 10
Energy and water resources 0 5 0 5
Waste and emissions 3 2 1 6
Logistics 0 6 0 6
Final product or service 0 24 4 28
Human resources, assets, policies
and sustainability 2 9 5 16

Total 8 52 11 71
Source: Personal elaboration by the authors on UNI [29].

The level of circularity varies from 0 to 100, and different weights are associated
with core, specific and rewarding indicators, as follows: (i) 1 to Pc indicators; (ii) 1 to Ps
indicators; and (iii) 0.5 to Pr indicators. In light of qualitative indicators, which allow binary
answers, the answer “yes” provides 1 point, whereas the answer “no” provides 0 points.
As regards semi-quantitative indicators, a certain weight corresponds to each threshold
value (e.g., the energy class of the building where the organization is located: 1 point for
energy class A, 0 points for energy class G). Equation (1) illustrates the mathematical model
for calculating the level of circularity:

LC =
∑ Pc + ∑ Ps + 0.5∑ Pr

nPc + nPs
(1)

Specifically, as suggested by the UNI/TS 11820:2022, the level of circularity should
be assessed within each group of indicators (i.e., indicators of material resources and
components, indicators of energy and water resources, indicators or waste and emissions,
indicators of logistics, indicators of final product or service, indicators or human resources,
assets, policies, and sustainability), since it helps to more precisely evaluate the areas of
intervention. As regards the illustration of results, the technical standards specify that the
level of circularity is to be graphically represented using radar [32].

3. Materials and Methods
3.1. Research Framework

The research adopted a questionnaire survey to explore users’ perception and aware-
ness of the circular economy monitoring indicators as proposed by the UNI/TS 11820:2022.
The present research appears to be the first study of the novel technical specifications on the
“Measurement of Circularity—Methods and Indicators for Measuring Circular Processes in
Organizations”, exploring the issue from a theoretical and an empirical perspective. First,
to gain a better understanding of the circular economy perception among stakeholders
(e.g., employees, managers, suppliers), the authors conducted a brief literature review on
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circular economy questionnaire-based studies on Scopus and Web of Science. In recent
years, several authors have successfully applied questionnaire, in all forms (i.e., e-mail,
telephone, apps, personal interviews), to investigate users’ attitudes, perceptions, and
behavior towards the enhancement of circular economy paradigms in organizations. Liu
and Bai [33] conducted a multiple-choice questionnaire to collect data on the awareness and
behaviors of firms towards developing a circular economy, highlighting the importance of
constructing domains, generating items, and collecting and purifying data, in addition to
assessing reliability and validity. Further, Sani et al. [34] underlined the need to integrate
documental analyses with questionnaire-based studies, so as to increase knowledge of the
circular economy transition and understand interrelations among different interventions
areas, namely, technology, legal-regulatory, and financial areas. As a common thread
among researchers, it appears essential to investigate perceptions and awareness among
different stakeholder groups [35] to promote circular economy. Some researchers have
distinguished between researchers, economists, and administrations’ perception, relying
on different background and transversal perspectives, and by considering that scientific
information from researchers is required to bridge the informative gap between theory and
practice [36]. Others have evaluated the potential of the learning-by-doing (i.e., interactivity,
non-dogmatism, reciprocity) approach, and problem-based learning to enhance circular
economy perception among users [37].

Figure 1 illustrates the research framework, and defines the stepwise approach related
to the questionnaire development and the selection of research items.
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3.2. Questionnaire Drafting, Sampling Strategy and Data Collection

The questionnaire consisted of three different sections, as follows: (a) sociodemo-
graphic characteristics (six questions); (b) level of awareness on the sustainability issues
(three questions); and (c) perception of the applicability of circularity monitoring with refer-
ence to selected indicators (16 questions related to different items). In the section related to
the level of awareness on sustainability issues, the authors explored the level of knowledge
on four main concepts related to sustainability (i.e., circular economy, lifecycle thinking,
sustainable development, corporate social responsibility) and on 12 definitions (i.e., virgin
raw materials, renewable raw materials, critical raw materials, secondary self-produced
raw materials, nonrenewable resources, renewable resources, waste, by-products, recycling,
upcycling, reverse logistics, and industrial symbiosis). Specifically, the research explored
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selected indicators among users, with specific reference to the variables required in the
core indicators and in some specific indicators. “Users” defined all employees (i.e., direc-
tors, managers, workers in back-office, front-office or laboratories) involved in the quality
management process. Table 2 illustrates the main items, with reference to which users
were required to describe their level of perception according to a 5-point Likert scale. The
5-point Likert scale (from “not at all” to “very much”) provides a suitable variety of options,
which could increase the probability of meeting the objective reality of people, offering
more independence to respondents, and allowing them to pick the exact option rather the
closest one [34]. Questions were developed to answer five hypotheses (Section 3.3.), and
the choice of collecting quantitative answers rather than qualitative ones is essential in the
evaluation of regression models and the statistical relationship between variables.

Table 2. Questionnaire Sections, Items and Answers.

Section Item Answer

Sociodemographic
characteristics Gender Female/Male

Age 18–25/26–35/36–45/46–55 /56–65/Over 65

Residence area
Big city (over 100,000 inhabitants)/Small city
(10,000–100,000 inhabitants)/Town (fewer than
10,000 inhabitants)

Education
Elementary school/Middle
school/Diploma/Bachelor’s or master’s
degree/Master or Ph.D.

Manufacturing activity

Food and beverage/Textile/Chemicals,
pharmaceuticals, etc./Coke and products
deriving from petroleum refining/Plastics
manufacturing/Electrical equipment, machinery,
motor vehicles, etc./Others

Professional role Direction/Management/Back office/Front
office/Worker

Level of awareness on the
sustainability issues

Circular economy/Lifecycle
thinking/Sustainable development/Corporate
social responsibility/Virgin raw
material/Renewable raw material/Critical raw
material/Secondary self-produced raw
material/Nonrenewable resource/Renewable
resource/Waste/By-
product/Recycling/Upcycling/Reverse
logistics/Industrial symbiosis

5-point Likert scale (HMFWC) from 1 = very
little to 5 = very much

Knowledge of the UNI/TS 11820:2022 Yes/No

Note: HMFWC = How much are you familiar with the concept? Manufacturing activities have been retrieved
from Istat [38] and take care of the ATECO categories, as required by the UNI/TS 11820. In the section “Level of
awareness on the sustainability issues”, the first four have been selected in the light of the developed hypotheses
(Section 3.3), whereas the others have been identified according to the core items required to calculate the selected
indicators (Table 3). Source: Personal elaboration by the authors.

Table 2 illustrates the sociodemographic items and the questions related to the analysis
of the level of awareness on sustainability issues.

Before the third section of the questionnaire, respondents were provided with the
subsequent (short) description of the UNI/TS 11820: “The technical specification defines a
set of indicators useful for determining, through an evaluation system (rating), the level
of circularity present in a single organization or group of organizations. Its purpose is
twofold: (a) to allow organizations to make evident all the aspects that contribute to the
achievement of this level of circularity; (b) identify opportunities for improvement. The
technical specification includes many definitions and provides fundamental indications
for the acquisition of the data necessary for measuring the circularity performance of an
organization”. Hence, in light of this description, respondents were asked to evaluate the
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level of “ease” in the measurement of some core and specific items. Table 3 summarizes the
selected indicators for the users’ perception and awareness analysis. Out of the 11 selected
indicators, nine were quantitative indicators (i.e., 04, 07, 10, 11, 15, 16, 17, 22, 26), whereas
two were semiquantitative (i.e., 55, 59).

Table 3. Selected Indicators for the Users’ Perception and Awareness Analysis.

Code Typology Indicator Group Selected Item

04 Pc Material resources By-products and/or secondary material resources
07 Pc Material resources Renewable or recycled resources used for packaging
10 Pc Material resources Inbound virgin material resources, outbound residues

11 Ps Energy and water resources Self-produced electricity from renewable sources and/or
recovery processes (11.1), electricity consumed (11.2)

15 Ps Energy and water resources Water from recovery and/or recycling (15.1), water needs (15.2)

16 Pc Waste and emissions Municipal and/or special waste produced (16.1), municipal
and/or special waste sent to landfills (16.2)

17 Pc Waste and emissions Municipal and/or special waste collected separately

22 Ps Logistics Waste treated at local valorization plants (22.1) and not local
valorization plants (22.2)

26 Ps Logistics Employees adhering to sustainable mobility initiatives
57 Pc HR, assets, policies, sust. Energy performance index of the buildings
59 Pc HR, assets, policies, sust. Circular economy strategies in the organization

Note: HR = Human resources. “Code” refers to the number of the indicators in the UNI/TS 11820:2022. Pc is
related to “core indicators”, Ps to “specific indicators”. “Sust.” is “Sustainability”. All answers are related to the
question: “How simple do you think it is to measure the following value?”. Respondents could apply the 5-point
Likert scale from 1 = very little to 5 = very much. Source: Personal elaboration by the authors.

The questionnaire was written in Italian and implemented in Google Forms, an online
platform useful to create questionnaires, receive fast answers, and explore data in multi-
modal formats [39,40]. It was disseminated online from 31 January to 28 February 2023
on social media (e.g., LinkedIn, Facebook). Respondents were asked to answer with care
by paying attention to each item and definition, as well as to share the survey with other
colleagues and friends as much as possible. Such a non-probabilistic sampling method,
defined as the snowball method, has been successfully applied in the literature and is
guaranteed to reach as many respondents as possible requiring the minimal planning and
human resources [41,42]. Although such a method does not assure representation and
is vulnerable to sampling biases (e.g., self-selection of the sample, internal and external
validity limitations), it still helps to identify suitable insights and research pathways. As
the research study was considered to be exploratory, the authors considered that a number
of participants up to 150 was suitable [43].

3.3. Hypotheses Development and Data Analysis

Considering the research as an exploratory analysis, data were examined according to
descriptive statistics by using the Analysis ToolPack in Excel [44,45]. All variables were
analyzed in light of mean, standard deviation, and variance. As regards the explorative
regression models, the R2 and the F coefficient were calculated using the Analysis ToolPack
in Excel [46]. The regression estimation models were based upon the subsequent hypothe-
ses, which are linked to the “Level of awareness on the sustainability issues” (i.e., How
much are you familiar with the concept?) on the general concepts of “circular economy”,
“lifecycle thinking”, “sustainable development” and “corporate social responsibility”.

The development of the subsequent four hypotheses was inspired by the research
conducted by Burger et al. [47] that investigated the types of skills and education required
by employees in the field of the circular economy, highlighting the idea that it is still unclear
which kinds of employees are necessary to accommodate the future growth of the circular
economy, and which kind of training they need. Specifically, the research develops the
idea of “circular-intensive” occupations, also illustrating that training and work experience
should run together to reach the best circular economy education. The first hypothesis
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links the users’ perception on the circular economy indicators to their awareness of the
general concept of “circular economy”, as follows:

Hypothesis 1 (H1). Is the level of perception on the ease of measuring the selected circular economy
indicators linked the level of familiarity of the concept of “circular economy”?

Further, the authors have selected the concept of “lifecycle thinking” as an interesting
variable related to the users’ perception on the circular economy indicators. The concept
of “lifecycle thinking”, defined as “the way of thinking that includes the economic, envi-
ronmental, and social consequences of a product or process throughout its life” [48], has
been included in the UNI/TS 11820:2022 as a complementary approach to add information
and data on the measurement of circularity in organizations. Therefore, considering that
such a concept is the basis for supporting environmental legislation and for closing the
loop [49] and should represents an opening step in boosting users’ education and training,
the subsequent hypothesis was developed:

Hypothesis 2 (H2). Is the level of perception on the ease of measuring the selected circular economy
indicators linked the level of familiarity of the concept of “lifecycle thinking”?

“Sustainable development” is defined as the “development that meets the needs of
the present without compromising the ability of future generations to meet their own
needs” [50,51]. As regards the link between users’ perception on circular economy in-
dicators and their awareness on the general concept of “sustainable development”, the
authors have been inspired by McKeown [52] and her “Education for sustainable devel-
opment toolkit”. Among other essential definitions and assumptions, it discusses the
significant difference between education “about” sustainable development and education
“for” sustainable development”, where “for” must be intended as a purpose and not a
generic teaching devoid of concreteness. Considering the current knowledge of sustainable
development as a possible driver for the enhancement of circular economy monitoring in
organizations, the subsequent hypothesis was developed.

Hypothesis 3 (H3). Is the level of perception on the ease of measuring the selected circular economy
indicators linked the level of familiarity of the concept of “sustainable development”?

Last, the authors tried to evaluate possible connections between users’ perception and
the concept of “corporate social responsibility”, which is defined as “a business system that
enables the production and distribution of wealth for the betterment of its stakeholders
through the implementation and integration of ethical systems and sustainable manage-
ment practices” [53]. On the basis of previous studies in the literature [54], which suggest
integrated strategies to reach sustainable development by matching circular economy and
corporate social responsibility, the fourth hypothesis was developed:

Hypothesis 4 (H4). Is the level of perception on the ease of measuring the selected circular economy
indicators linked the level of familiarity of the concept of “corporate social responsibility”?

Specifically, the models evaluate how the level of perception on the ease of the selected
circular economy indicators can be explained by the level of familiarity of the abovemen-
tioned concepts. The subsequent regression model was selected for each hypothesis:

UPCEIi = β0 + β1GC + εi (2)

where UPCEIi is the users’ perception on circular economy indicators per each selected
indicator, whereas β0 and β1 are coefficients estimated per each hypothesis and εi represents
a random error for each selected indicator.



Environments 2023, 10, 65 9 of 16

Further, in the pilot test, additional regression models were calculated according to
the H5 hypothesis, as follows:

Hypothesis 5 (H5). Assuming the agri-food industry as the most mature in measuring and
monitoring the level of circularity, is there a link between the perception of users working in other
manufacturing activities and the perception of users working in the agri-food one?

The hypothesis was based on the idea that the sale of food and beverage commodities
is strongly correlated with their weight (e.g., 500 g of pasta, 1.5 L of soft drink). Hence,
food and beverage companies have already implemented internal measurement protocols
for raw materials and residues (waste and food waste), such as the weighing machine at
the entry of the raw materials into the company, as well as the purchase notes of the raw
materials expressed in terms of weight and not in terms of pieces. Moreover, it is important
to remember the key role played by the food and beverage sector, which is to guarantee
food safety and security by adopting sustainable production and consumption patterns
towards environmental protection, economic growth, and social equalities. Italy holds the
European leadership on circular bioeconomy issues in the food and beverage sector, with
excellent experiences related to eco-design, valorization of by-products and circularity of
the food system [55,56].

4. Results
4.1. Sample Characteristics

The total amount of respondents was 105 out of the 123 received questionnaires.
Table 4 illustrates the sociodemographic characteristics of the sample, by distinguishing per
gender, age, residence area, education, manufacturing activity and professional role. The
results showed that 58% of the respondents were men, whereas 42% were women, making
the sample rather heterogeneous under the gender profile. Further, the vast majority of
respondents were aged between 26 to 45 years old, distinguishing between 26–35 (29%) and
36–45 (30%). As regards the education perspective, approximately 42% of the respondents
had a bachelor or master’s degree, followed by workers with a diploma (35%). In the
field of manufacturing activities, the largest quota of the sample were distributed in the
food and beverage industry (26%), in coke and products deriving from petroleum refining
(20%) and in textiles (15%). Industries. Last, as concerns the professional role, 36% of the
respondents were managers, 28% worked in the back-office (e.g., accountants, laboratory
staffs, salesmen) and 21% were workers.

4.2. Users’ Perception and Awareness of the Circular Economy Monitoring Indicators

In the field of the awareness of selected items, the concept which presents the highest
level of awareness among employees is “waste” (

–
x = 3.93, σ2 = 0.29), followed by “recycling”

(
–
x = 3.86, σ2 = 0.25) and “virgin raw material” (

–
x = 3.82, σ2 = 0.35). Such items presented a

slight variance among the respondents, highlighting the small differences in the level of
knowledge and different sociodemographic characteristics. On the other side, the items
which presented the lowest level of knowledge were represented by “secondary self-
produced raw materials” (

–
x = 1.69, σ2 = 0.44), “upcycling” (

–
x = 1.71, σ2 = 0.75) and “reverse

logistics” (
–
x = 1.82, σ2 = 0.81). As regards the core concepts at the basis of the UNI/TS

11820, the subsequent values were recorded: (a) circular economy (
–
x = 3.28, σ2 = 1.05);

(b) lifecycle thinking (
–
x = 2.20, σ2 = 1.16); (c) sustainable development

–
x = 3.33, σ2 = 0.95);

and (d) corporate social responsibility (
–
x = 3.16, σ2 = 0.86). Such core concepts presented

also a high variability within the sample, highlighting a high heterogeneity within the
sample. Figure 2 illustrate the level of awareness on the sustainability issues by mean,
standard deviation and variance.
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Table 4. Sociodemographic Characteristics.

Item Variable Frequency (n) Percentage (%)

Gender Male 61 58%
Female 44 42%

Age 18–25 10 10%
26–35 30 29%
36–45 31 30%
46–55 17 16%
56–65 15 14%

Over 65 2 2%
Residence area Big city (over 100,000 inhabitants) 44 42%

Small city (10,000–100,000) 20 19%
Town (less than 10,000 inhabitants) 41 39%

Education Elementary school 0 0%
Middle school 7 7%

Diploma 37 35%
Bachelor’s or master’s degree 44 42%

Master or Ph.D. 17 16%
Manufacturing activity Food and beverage 27 26%

Textile 17 16%
Chemicals, pharmaceuticals, etc. 16 15%

Coke and products deriving from petroleum refining 21 20%
Plastics manufacturing 14 13%

Electrical equipment, machinery, motor vehicles, etc. 10 10%
Professional role Direction 9 9%

Management 38 36%
Back office 29 28%
Front office 7 7%

Worker 22 21%

Source: Personal elaboration by the authors.

The results showed that only 19 respondents out of 105 are aware of the UNI/TS 11820,
which means that its diffusion is still far from the expectations. Among them, 12 were
managers and three were directors of the companies.

Table 5 illustrates the mean of users’ perception on the selected circularity indicators.
The results should be read considering that each respondent could select an answer ac-
cording to the 5-point Likert scale. This means that values close to 1 (i.e., “not at all”)
reveal a very low level of perception on the topic, whereas values close to 5 (i.e., “very
much”) reveal a very high level of perception on the ease of calculating the monitoring
indicators. Further, Table 5 records the rate of perception (i.e., Rp

%) per selected indicator,
expressed as the ratio between the value actually recorded and the highest possible one
(i.e., 30 per indicator).

One positive perception was estimated with reference to Pc 10 (i.e., quantification of
inbound virgin material resources, outbound residues), which recorded a Rp

% = 77.53%,
as well as to Pc 11 (i.e., self-produced electricity from renewable sources and/or recovery
processes and electricity consumed), with a Rp

% = 74.17%, Ps 15.1 (i.e., water from recovery
and/or recycling and water needs), with a Rp

% = 77.73%, Pc 16.1 (i.e., municipal and/or
special waste produced), with a Rp

% = 79.93%, Ps 26 (i.e., employees adhering to sustainable
mobility initiatives), with a Rp

% = 78.13 % and Pc 57 (i.e., energy performance index of the
buildings), with a Rp

% = 82.47%.
On the other hand, the most negative perception on the ease of measuring the circular

indicators was estimated for Pc 04 (i.e., by-products and/or secondary material resources),
with a Rp

% = 52.3%, Pc 07 (i.e., renewable, or recycled resources used for packaging), with a
Rp

% = 50.43% and Ps 22 (i.e., waste treated at local and not-local valorization plants), with
a Rp

% = 43.43–50.27%.
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Table 5. Users’ Perception on Selected Circularity Indicators by Mean.

Indicator F&B Chemicals etc. Coke etc. Plastics etc. Electrical etc. Textile Rp
%

Pc 04 2.55 2.61 3.06 2.61 2.52 2.50 52.83%
Pc 07 2.74 2.52 2.25 2.52 2.70 2.40 50.43%
Pc 10 3.88 3.90 3.87 3.90 3.94 3.77 77.53%

Ps 11.1 3.48 3.85 3.81 3.85 3.76 3.50 74.17%
Ps 11.2 4.69 3.91 4.00 3.71 4.70 2.90 79.70%
Ps 15.1 2.48 4.68 4.81 4.66 2.29 4.40 77.73%
Ps 15.2 4.29 2.42 2.24 2.42 4.17 2.00 58.47%
Pc 16.1 3.59 4.28 4.25 4.42 3.64 3.80 79.93%
Pc 16.2 3.14 3.28 3.31 3.28 2.29 3.30 62.00%
Pc 17 3.14 3.09 3.00 3.09 3.35 3.10 62.57%

Ps 22.1 2.18 2.09 2.20 2.09 2.17 2.30 43.43%
Ps 22.2 2.37 2.47 2.80 2.47 2.47 2.50 50.27%
Ps 26 4.22 4.00 4.20 4.00 4.52 3.80 82.47%
Pc 57 3.73 4.00 4.06 4.00 4.05 3.60 78.13%
Pc 59 3.48 3.19 3.25 3.19 3.58 3.30 66.63%

Total 49.96 50.29 51.11 50.21 50.15 47.17

Note: It should be considered that the highest possible value is 30 points per selected indicators, and 75 points per
each manufacturing activity. Source: Personal elaboration by the authors.

Under the sector perspective, the highest scores (intended as the sum of all means
registered for the selected indicators per sector) were estimated in the coke products
deriving from petroleum refining sector, as well as in the chemicals, pharmaceuticals
sectors, etc. sector (51.11), whereas the lowest score was estimated in the textile industry
(47.17). The food and beverage sector represented the approximative mean between the
highest and the lowest score (49.96).

Table 6 illustrates the R2 of the different regression models, which evaluate how the
level of perception on the ease of measuring the selected circular economy indicators can
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be explained by the level of familiarity of “circular economy” (H1), “lifecycle thinking”
(H2), “sustainable development” (H3) and “corporate social responsibility” (H4). Although
the general high level of significance (F coefficient), it does not appear that the perception
on the ease of calculating the circular economy indicators depends on the familiarity of
the above-mentioned concepts, underlining the fact that a generic education on the topics
of the circular and the green economy is not enough to improve the levels of perception
of employees, for whom specific instruction and in-depth training is required on how to
measure and calculate the indicators.

Table 6. Regression models related to H1, H2, H3 and H4.

Indicator H1: CE H2: LCT H3: SD H4: CSR

Pc 04 0.1646 *** 0.0620 ** 0.1775 *** 0.0975 ***
Pc 07 0.1471 *** 0.0554 ** 0.2140 *** 0.0961 ***
Pc 10 0.0125 0.0059 0.0382 ** 0.0977 ***

Ps 11.1 0.0310 ** 0.0674 *** 0.1052 *** 0.0396 **
Ps 11.2 0.0895 *** 0.0089 0.0403 ** 0.1816 ***
Ps 15.1 0.0380 ** 0.0667 *** 0.1055 *** 0.0492 **
Ps 15.2 0.1551 *** 0.0411 ** 0.0941 *** 0.0743 ***
Pc 16.1 0.1685 *** 0.1145 *** 0.1512 *** 0.0726 ***
Pc 16.2 0.1207 *** 0.1377 *** 0.1104 *** 0.0871 ***
Pc 17 0.0084 0.0114 0.0161 0.0085

Ps 22.1 0.1297 *** 0.0619 *** 0.1025 *** 0.0193
Ps 22.2 0.1151 *** 0.0759 *** 0.1021 *** 0.0658 ***
Ps 26 0.0873 *** 0.0406 ** 0.1156 *** 0.0649 ***
Pc 57 0.0783 *** 0.0059 0.0808 *** 0.1158 ***
Pc 59 0.3383 *** 0.2614 *** 0.3349 *** 0.1998 ***

Note: *** refer to F significance at 0.01 and ** to F significance at 0.05.

The results of the explorative regression analysis under the H5 illustrate that there is a
positive relationship between the means estimated in the electrical equipment, machinery,
motor vehicle industries etc., and the food and beverage industry (R2 = 0.8990, F = 0.0000),
whereas the results showed no particular connection between the chemicals and plastics
industries, etc., and the food and beverage industry.

5. Discussion

From a theoretical perspective, the results showed a general negative perception
related to the ease of monitoring the level of circularity among users. It appears to be
rather complex to calculate the selected indicators, and that the vast majority of defini-
tions involved in the measurement process appear with blurred boundaries and are often
unknown, as in the case of the concepts of “self-produced secondary material resources”
or “upcycling” or “reverse logistics”, for example. Although the level of awareness and
perception of the measurability of the circular economy increases as the level of education
increases or as the age of the users decreases, some issues need particular clarity, and it is
necessary to provide, at the organization level, training for the employees involved in the
processes of measurement. The results indicated that it is rather simple to assess some items,
such as electricity or water consumption, since their amount is identified in the bills and
appears to be “economically significant” for users. However, other values not susceptible
to economic evaluation, such as the weight of incoming raw materials or the amount of
recovered water in wastewater-treatment plants, are often omitted. This demonstrates that
the variables involved in measuring the circular economy must be interpreted in the light of
their (potentially) obtainable economic value [57]. Often, users, and especially older users,
are unfamiliar with the concept of the circular economy, to the point of not even being
able to independently evaluate whether their organization has adopted circular economy
strategies. For instance, employees are not familiar with the idea that rainwater harvesting
to manage green areas (i.e., gardening) or to fill reservoirs for potential fire suppression
should be considered as a circular strategy, because it avoids the dispersion of natural
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resources [58]. Such considerations suggest that the topic of the circular economy, before
being measured, must be communicated unequivocally to employees, regardless of the
level of professionalism achieved within the organization. Before measuring circularity, it
is necessary to change the mindset of users by boosting education and training.

From the empirical perspective, the age of the employees and the reference sector
determine some aspects worthy of reflection. It turns out that younger users have a more
positive level of awareness and perception of circularity issues, potentially representing the
category of employees most suited to recognizing and measuring the levels of circularity
in organizations. Furthermore, it would seem that some sectors are more mature and
oriented towards measuring levels of circularity, such as agri-food, chemical, pharmaceuti-
cal, electrical equipment, machinery companies, etc., which are already interested in the
phenomenon of monitoring of raw materials from cradle to grave due to the stringent regu-
lations relating to safety and security. On the one hand, food and beverage companies must
guarantee food safety to consumers [59], whereas chemical or pharmaceutical companies,
as well as electrical equipment or machinery companies are more likely to adopt RFID or
passport-tracking systems of inputs and outputs [60]. In the absence of mandatory rules
that require the verification of weight, quality, and characteristics of incoming or outgoing
raw materials, as in the case of some companies such as those operating in the textile
sector, the availability of data useful for measuring the levels of circularity represents a
problem. Therefore, regardless of the reference sector and the average age of the companies,
it is important to implement protocols for the qualitative measurement and qualitative
identification of natural and energy resources, as well as the useful and non-useful outputs
that circulate within each organization.

6. Conclusions and Policy Implications

This research explored, for the first time, the main features related to the UNI/TS
11820:2022, focusing on the aims and scope of the technical standards, as well as its indi-
cators and the calculation methods from the theoretical perspective. Further, the study
proposed an original analysis of users’ perception and awareness towards the UNI/TS
11820:2022 application, highlighting strengths and weaknesses from the managerial per-
spective. Although the research represents an exploratory test among users at the company
level, it has pointed out a general negative perception related to the ease of monitoring the
level of circularity, revealing a certain complexity in perceiving some procedures and/or be-
haviors already adopted in the organization as “circular strategies”, as well as in measuring
some items such as “self-produced secondary material resource”. In addition, some defini-
tions still appear with blurred boundaries, such as “upcycling” or “reverse logistics”. From
the practical perspective, it appears that some industries are more mature in the field of cir-
cularity monitoring, such as agri-food or chemical and pharmaceutical companies. Hence,
education and training must be enhanced among employees at all professional levels, and
material accounting systems should be implemented in organizations without delay. Last,
the results showed that items should be seen in the light of their (potentially) obtainable
economic value, highlighting the nexus between economic and environmental benefits.

Policies should intervene by introducing education programs for either managers or
employees. Previous studies, such as Burger et al. [47], have widely discussed opportu-
nities to improve circularity in organization by boosting education and skill-enhancing
individual programs starting from higher education institutions, as well as within single
organization boundaries. The results indicate that the measurement steps require the clear
and transparent teaching of measurement goals and methods as a prerequisite. Pending
these instructions (or guidelines), companies (through their employees) will never be suf-
ficiently able to measure and reach the circularity objectives required at the national and
the international level. Such a conclusion has already been raised by outstanding studies,
such as those conducted by Kirchher et al. [11], which argued that without a clear under-
standing of the meaning of the circular economy, and without detailed skill requirements
on monitoring and measuring approaches, the achievement of circularity can collapse. In
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addition, incentives and funding programs must be introduced at the government level
so that companies can concretely include, in their organizational chart, employees with
specific skills dedicated to the material monitoring of resources and waste.

Limitations and Future Research Directions

The present research represents an exploratory test among users asked to measure the
levels of circularity at the company level. Its main limitations include the reduced number
of the participants to the study (i.e., sample size), which does not allow for a generalization
or complete representativeness of the reference population, as well as the reduced amount
of the indicators selected for the users’ evaluation. Only some items were subjected to
perceptive evaluation by the users. Hence, the work provides a partial and incomplete view
of the entire UNI/TS 11820 technical standard. However, it represents the first study on the
subject, and allows academics and practitioners to identify possible room for reflection on
the applicability of the standard in the context of its enlargement at the international level.

Future research directions aim to apply the technical standard to multiple case studies,
to empirically verify the levels of circularity of some organizations operating in different
sectors, and to evaluate similarities and differences in terms of the standard’s applicability
in dissimilar industrial contexts.
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