
Citation: Aibar-Guzmán, B.;

Monteiro, S.; David, F.;

Somohano-Rodríguez, F.M. The

Waste Hierarchy at the Business

Level: An International Outlook.

Mathematics 2023, 11, 4574. https://

doi.org/10.3390/math11224574

Academic Editor: Carmen

Patino-Alons

Received: 18 September 2023

Revised: 29 October 2023

Accepted: 2 November 2023

Published: 8 November 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

mathematics

Article

The Waste Hierarchy at the Business Level: An International Outlook
Beatriz Aibar-Guzmán 1 , Sónia Monteiro 2 , Fátima David 3 and Francisco M. Somohano-Rodríguez 4,*

1 Departamento de Economía Financiera y Contabilidad, Facultad de Ciencias Económicas y Empresariales,
Universidad de Santiago Compostela, Av. Burgo, s/n, 15782 Santiago Compostela, Spain; beatriz.aibar@usc.es

2 CICF—Centro de Investigação em Contabilidade e Fiscalidade del Instituto Politécnico do Cávado e do Ave,
4750-810 Barcelos, Portugal; smonteiro@ipca.pt

3 Escola Superior de Tecnologia e Gestão, Instituto Politécnico da Guarda, 6300-559 Guarda, Portugal;
sdavid@ipg.pt

4 Departamento de Administración de Empresas, Facultad de Ciencias Económicas y Empresariales,
Universidad de Cantabria, Av. de los Castros, 56, 39005 Santander, Spain

* Correspondence: fm.somohano@unican.es; Tel.: +34-942-201639

Abstract: Sustainable waste management is becoming a common goal in most countries. The national
legal framework largely determines the waste management practices, the socio-demographic charac-
teristics, and the economic level of the country and, in the case of businesses, the type of business, the
industry in which it operates, and the sector-specific regulations to which it is subject. This paper
aims to examine the importance that firms worldwide place on waste management by analyzing
the evolution over time of waste management practices used by firms and how this evolution has
varied across countries and sectors. The X-STATIS technique is applied to conduct a multivariate
analysis using data from seven-hundred and eighty firms from twenty-eight countries and eight
sectors from 2016 to 2020 (3900 observations). The results show that waste management has become
more important worldwide over time. In terms of waste management practices, the management of
the impacts of generated waste occupies the first place in the ranking, performed by 97.5% of the
sampled firms in 2020; this is followed by the methods of the disposal of non-hazardous waste (66%)
while waste prevention policies occupy the last place in the ranking (30.6%). At the country level,
the most committed countries are Taiwan (74.3%) and Finland (70.6%), followed by France, Spain,
Russia, Italy, and the United States (60.0–66.9%); meanwhile, the least committed countries are the
United Kingdom, Australia, and Ireland (35–36%). At the sector level, consumer goods (63.7%) and
oil and gas (63.0%) lead the ranking while the least committed sectors are technology and telecom-
munications (50.0%) and real estate services (49.3%). The evolution of companies’ commitment to
waste management is gradual in all sectors, with oil and gas at the top, with a percentage variation of
21.4%, and consumer goods at the bottom, with 5.2%. In addition, our results suggest that the sector
influences waste management practices more than the country of origin of the firms.

Keywords: sustainability; waste management; waste hierarchy; X-STATIS; multivariate statistics
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1. Introduction

Waste management is a growing challenge that affects the entire planet [1,2]. Poor
waste management harms human health, damages the environment, and affects the cli-
mate (greenhouse gases from waste are a main cause of climate change), thus hindering
development [3–8]. Therefore, it is necessary to ensure that waste disposal, collection,
recycling, and transportation are carried out correctly and with minimum impact on the
environment [9]. As a major contributor to the waste generated, companies need to be
held accountable for reducing and properly managing their industrial waste [10–12]. Thus,
sustainable waste management has become a goal in many countries, requiring companies

Mathematics 2023, 11, 4574. https://doi.org/10.3390/math11224574 https://www.mdpi.com/journal/mathematics

https://doi.org/10.3390/math11224574
https://doi.org/10.3390/math11224574
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com
https://orcid.org/0000-0001-7410-5997
https://orcid.org/0000-0003-2149-4962
https://orcid.org/0000-0003-4628-999X
https://doi.org/10.3390/math11224574
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com/article/10.3390/math11224574?type=check_update&version=1


Mathematics 2023, 11, 4574 2 of 22

to manage waste in a way that recycles as much as possible and treats the most polluting
waste appropriately to reduce the risk of harm to the natural environment [13]. It implies
moving from a linear economy model, in which the generation of waste is the norm, to
a circular economy model, in which the reduction and reuse of waste is the norm [13].
A more sustainable waste management strategy gives priority to waste prevention and
recovery over waste disposal through landfills, dumping, and incineration [5,14]. In this
sense, integrated waste management aims to reduce the costs generated by its production,
fulfill institutional objectives, and, if possible, extract value [15,16].

Numerous international organizations and frameworks (e.g., the United Nations 2030
Agenda, the United Nations Environment Programme (UNEP), and the Circular Economy
Package of the European Commission) highlight waste management’s role in sustainable
development. Additionally, several multilateral instruments dealing with the regulation of
waste management are currently in force [17–19]. The most important of these are the Basel,
Rotterdam, and Stockholm (BRS) conventions, which provide a common approach to the
management of chemicals and hazardous wastes to protect the environment and people’s
health. Some countries (e.g., Australia, New Zealand, and Taiwan) set “zero waste” as
their strategic waste management goal [20]. However, the establishment of a regulatory
framework for waste management is only in the beginning stages in other countries, such
as the Republic of Kazakhstan [21].

In fact, the regulation of waste management practices varies widely from country to
country [3,6]. For example, while developed countries (e.g., Western European countries,
Japan, the United States, Canada, or Australia) have strict environmental regulations
governing waste management [14], developing countries (e.g., African countries and
countries of the Global South) have weak (incomplete and unenforced) environmental
regulations that favor unhealthy incineration and dumping practices [5,22]. Similarly, waste
management regulations vary across industries [16] as both the type of waste generated
and the type of resources required depend on the type of activity [5,20]. For example, the
military sector is a major producer of radioactive waste [3].

In the context of the European Union, waste management practices are largely deter-
mined by the “waste hierarchy” established by the Waste Framework Directive 2008/98/EC
(amended by Directive (EU) 2018/851) [22,23]. With the goal of reducing environmental
damage, this hierarchy defines an order of priority for waste management practices, with
prevention being the most preferred option and disposal being the least preferred [24]. This
regulation represented an important change in waste management practices in Europe
as, in the late 20th century, approximately 70% of waste was sent to landfills [3]. A waste
management hierarchy has also been considered in terms of national regulations [23]. For
instance, in the United States, in the 1980s, the California Office of Appropriate Technology
defined a hierarchy of alternatives for the land disposal of hazardous waste [24,25]. In
Japan, the Basic Law on Establishing a Sound Material-Cycle Society of 2000 aimed at limit-
ing the use of natural resources and promoting environmentally sound ways to dispose
of waste, emphasizing waste prevention [26]. Also, India’s National Solid Waste Policy
(NSWP), enacted in 2010, and New Zealand’s Local Government Act Amendment No. 4,
enacted in 1996, define a mandatory waste management hierarchy [16,27].

Although the waste hierarchy principle has been around for about 40 years, its link to
the circular economy model has reinforced its importance in achieving sustainable waste
management that promotes the transition from the linear model to the circular economy
model, allowing for the reduction of environmental impacts and the return of valuable
resources to the economy [23]. According to the waste hierarchy, waste management
should be carried out in the following order of priority: prevention, preparation for reuse,
recycling, recovery (including energy recovery), and disposal. This priority order implies
a change in waste management practices, which have traditionally relied on disposal
methods, particularly landfilling [3,6].

Thus, waste prevention policies focus on waste generation at the source, seeking
to reduce the quantity and toxicity of waste, either by restricting the unnecessary con-
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sumption of resources or by designing products that produce less waste [20]; they also
include the establishment of quantitative targets and their regular monitoring [28]. Waste
valorization encompasses “any industrial processing activities aimed at reusing, recycling,
or composting from wastes, useful products, or sources of energy” [29] (p. 2701); whereas,
management of the impact of generated waste refers to strategies to lessen the negative
effects of waste generation.

A prerequisite for sound waste management is waste characterization [30]. Before
developing waste management strategies, it is first necessary to determine whether the
waste contains hazardous constituents [31]. Waste is considered hazardous when it has
certain dangerous properties for the environment or humans (ignitability, explosivity,
reactivity, corrosivity, toxicity, carcinogenicity, radioactivity, etc.) and, therefore, it is
necessary to subject it to further controls in order to ensure that it does not cause any harm
in its manufacturing and management [32,33]. Most of this type of waste is of industrial
origin. The management of hazardous waste is one of the most pressing issues [30] since
its treatment often produces dioxins and heavy metals. The management of hazardous
waste includes (1) reutilization; (2) recycling; (3) composting; (4) recuperation, including
energy recovery; (5) combustion, including mass burning; (6) deep injection; (7) landfilling;
and (8) onsite disposal [30]. Furthermore, depending on the type and quantity, hazardous
waste may be transported in various types of packaging and by various types of vehicles.
In most countries, the transport of hazardous waste is usually regulated by standards that
prescribe guidelines for the appropriate handling of hazardous waste during transportation
by road, rail, water, or air [34]. Likewise, waste management activities are performed for
the elimination, storage, and valorization of non-hazardous waste, including the collection,
transport, processing, and final recovery of residual materials [35,36].

On this basis, the objective of this paper is to analyze the importance that companies
around the world place on the management of their waste (both hazardous and non-
hazardous) by identifying patterns of behavior at the country and sector levels. Specifically,
we intend to analyze the temporal evolution of companies’ waste management, both at
the global level and considering the different elements or practices related to waste man-
agement implemented by companies, and how this evolution has occurred in different
countries and in different activity sectors. For this purpose, we analyze data corresponding
to 780 companies from 28 countries for the period of 2016–2020 (a total of 3900 observa-
tions) and use the X-STATIS technique to conduct a multivariate analysis. The analysis
conducted has two stages: (1) an analysis by elements/practices to identify which waste
management elements/practices firms concentrated their efforts on and which were less
addressed during the five years under study and (2) an analysis by countries and sectors to
assess the extent to which these waste management elements/practices are related to the
characteristics of the institutional environment.

The rest of this paper has the following structure: Section 2 describes the material and
methods of this study. Section 3 presents the main results, which are discussed in Section 4.
Finally, Section 5 synthesizes the major conclusions and implications of the research, its
limitations, and further developments.

2. Material and Methods
2.1. Variables

The Refinitiv database (previously called Thomson Reuters) was used to obtain infor-
mation on companies’ waste management practices. To analyze the importance given to
waste management by companies around the world and its evolution over time, we consid-
ered six elements or practices related to corporate waste management, which are presented
in Table 1. These practices were defined based on the previous literature [3,4,6,21,30] and
considering the information on corporate waste management practices available in the
Refinitiv database.
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Table 1. Corporate waste management elements or practices.

Variable Waste Management Element/Practice

WPP Waste prevention policy

MIW Management of the impacts of generated waste

MDNW Methods of disposal of non-hazardous waste

OVH Operations of valorization of hazardous waste without disposal

ODH Operations of disposal of hazardous waste

THW Transport of hazardous waste

Since the Refinitiv database measures corporate waste management practices on a
binary scale (implemented/not implemented), each waste management element/practice
is considered a dummy variable that takes the value 1 if the company implements the
analyzed element/practice and 0 if it does not.

2.2. Sample

The world’s largest companies were selected because they are the most environmen-
tally proactive [37]. The selected study period comprises five years (2016–2020). This choice
was motivated by data availability in the Refinitiv database.

The final sample consists of 780 companies that had information on their waste
management practices in the Refinitiv database for the period of 2016–2020, providing a
data panel of 3900 observations. The companies in the sample come from 28 countries.
Table 2 shows the frequency distribution of the sample by country and year.

Appendices A and B show the company’s commitment to waste management (%
presence) by country and by sector of activity, respectively, for each waste management
element/practice and by year.

As shown in Figure 1, from the sample, we have constructed a data matrix containing
information on the waste management of companies worldwide. Each row represents a
company and a year (3900 observations) and each column represents a waste management
element/practice (6 waste management elements/practices). Since we aim to analyze the
importance given to waste management by companies around the world, we grouped the
780 companies in the sample according to their country of origin (28 different countries). In
this way, we have obtained the percentage of presence of each of the 6 waste management
elements/practices under study in each country. In addition, we intend to analyze the
evolution of waste management by companies over time by characterizing each country
according to which waste management elements/practices are more important for it and,
on the contrary, which ones represent a greater challenge.
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Thus, the data matrix we will work with has three dimensions, 28 × 6 × 5: (i) 28 coun-
tries (first dimension, rows); (ii) 6 variables that evaluate the business commitment to waste
management (second dimension, columns); and (iii) 5 years, the period of 2016–2020 (third
dimension, times).

Table 2. Frequency distribution of the sample by country and year.

Country 2016 2017 2018 2019 2020 Observations

1 Australia 37 37 37 37 37 185

2 Belgium 8 8 8 8 8 40

3 Brazil 11 11 11 11 11 55

4 Canada 28 28 28 28 28 140

5 China 7 7 7 7 7 35

6 Denmark 14 14 14 14 14 70

7 Finland 11 11 11 11 11 55

8 France 46 46 46 46 46 230

9 Germany 30 30 30 30 30 150

10 Hong Kong 19 19 19 19 19 95

11 India 14 14 14 14 14 70

12 Indonesia 12 12 12 12 12 60

13 Ireland 10 10 10 10 10 50

14 Italy 16 16 16 16 16 80

15 Japan 117 117 117 117 117 585

16 Malaysia 14 14 14 14 14 70

17 The Netherlands 15 15 15 15 15 75

18 Norway 8 8 8 8 8 40

19 Russian Federation 8 8 8 8 8 40

20 Singapore 8 8 8 8 8 40

21 South Africa 37 37 37 37 37 185

22 South Korea 13 13 13 13 13 65

23 Spain 24 24 24 24 24 120

24 Sweden 21 21 21 21 21 105

25 Switzerland 22 22 22 22 22 110

26 Taiwan 10 10 10 10 10 50

27 United Kingdom 106 106 106 106 106 530

28 United States 114 114 114 114 114 570

Total 780 780 780 780 780 3900

2.3. Methodology

Given their multidimensional nature, we use a method that allows us to record
information from all three of the dimensions. The analysis method used is known as
X-STATIS [38], a method of the STATIS family [39,40], which, in turn, belongs to the multi-
table PCA family, which includes some related techniques, like Multiple Factor Analysis
(MFA) [41]. In particular, the STATIS family is an expansion of Principal Component Anal-
ysis (PCA), adapted to deal with multiple data tables measuring sets of variables obtained
from the same observations [41].
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The methods of the STATIS family are applied in cases where the data have a three-way
structure, that is, sets of three-entry data matrices made up of the same individuals (in the
rows) and the same variables (in the columns) in different occasions or conditions [41,42].
As shown in Figure 1, this is our case, with a first way for countries (or alternatively sectors),
a second way for variables representing waste management elements/practices, and a third
way representing the study period (2016–2020). Thus, this method will allow us to know the
preferences of each country regarding the representative variables of waste management
elements/practices, thereby assessing their commitment to waste management, as well as
the challenges they face in this regard, while we see their evolution throughout the period
under study.

X-STATIS was developed by Jaffrenou in 1978 [38] and its first description was given
by L’Hermier des Plantes [40]. Its name (STATIS) is an acronym of the French term “Struc-
turation des Tableaux a Trois Indices de la Statistique”, which means the “structuring of
three-way statistical tables” [41]; although, it was originally known by other names, such
as Triadic Analysis [43] or Partial Triadic Analysis (PTA) [44]. This technique of statistical
analysis has already been used in several studies analyzing the patterns of the adoption
and evolution of various sustainability practices at the country or sector level [45–49].

X-STATIS is an explorative technique that enables us to collect the key data from
k tables and group them into a single table [45] with three main purposes [41] (p. 125):
(1) to comparatively analyze the relationships among individual datasets; (2) to combine
them into an “optimum weighted average”, termed “compromise”, which is subsequently
analyzed through principal component analysis to uncover the common structure among
the data; and (3) to project each of the original datasets onto the “compromise” to identify
similarities and dissimilarities. Its development is divided into three stages, which are
summarized in Figure 2.
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According to the scheme in Figure 2, the first step of the X-STATIS analysis is to study
the “interstructure”. This stage began with a comparison of the k data matrices, each
matrix corresponding to one year of study. These k data matrices consist of the same I rows
(individuals, in our case countries/sectors) and J columns (variables, in our case waste
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management practices). From the k data matrices, the “vectorial covariances matrix” is
built to contain the scalar products between the matrices. Each column vector of this matrix
corresponds to one of the k matrices in an expanded form. Thus, the element in row k and
column l was calculated as Covv (Xk, Xl) = Tr

(
Xt

k Dn Xl Dp
)
, being Xk, the k-th matrix in

the series, and Dn and Dp, the row and column values, respectively. This step allows us to
know which years of the study period are more similar and which years are more different.
To achieve this, each year (matrix) is denoted as a dot in a low-dimensional Euclidean
subspace, each of these points is connected to the coordinate origin, and the angles between
the vectors are evaluated as an estimation of the correlation, with acute angles indicating a
positive correlation [50,51].

The next stage of the analysis is the construction of the “compromise matrix” and the
analysis of its structure in order to summarize the information of the k original matrices into
a single one. Thus, it can be said that compromise provides a picture of the structures that
are common to all matrices. The process to construct the “compromise matrix” is as follows:
the k matrices are vectorized through a linear conversion that transforms each matrix into a
column vector, with each matrix’s columns being stacked in such a way that if we obtain k
matrices, we obtain a new matrix with k columns and n × p rows. This new matrix will be
called the Z matrix. By performing a principal component analysis on the Z matrix, the ZV
matrix is created. Then, the first component that contains the most information is picked
out and, by spreading this first column, the compromise matrix is built (see Figure 2). This
matrix contains the relevant information for the study period, after filtering the noise (i.e.,
removing statistically relevant information) [50,51] and synthesizing the stable information
from the original k data matrices.

Finally, the last step of the X-STATIS analysis is the study of the “intrastructure”. It
consists of the analysis of the reproducibility of the “compromise” since it enables us to
represent the positions (or trajectories) on the compromise of each of the individuals and/or
variables that make up the different matrices and to analyze their relative position. In this
regard, a trajectory is defined as the change in the position of a variable (or individual)
over time so that the variable (or individual) is stable when its trajectory has little variation
(surrounding); meanwhile, when a variable (or individual) is not stable over time, its
trajectory is eccentric. Thus, from the study of the intrastructure, we can analyze the
evolution over time of the individuals of our matrix (in our case, the 28 countries from
which the sampled firms originate). Through principal component analysis, the information
contained in the “compromise” matrix is represented in a two-dimensional subspace
by projecting the rows of each of the k original matrices onto the resulting compromise
subspace [42,51]. If we consider Vr to be the first r eigenvectors matrix from the compromise
analysis, the coordinates of the rows of the matrix Xk are the rows of Xk Dp Vr and the
columns are the rows of Xt

k Dn Ur, where Ur are the first r eigenvectors of Xc Dp Xt
c Dn.

Thus, by studying trajectories, we can represent individuals from each of the k original
matrices in a two-dimensional plane by projecting their values onto the “compromise”
subspace, allowing us to observe each country’s evolution from 2016 to 2020.

All computational processes and two-dimensional representations of the X-STATIS
analysis were performed by employing the KTensorGraphs package in R, version 1.1.
(2020) [52].

3. Results
3.1. Corporate Commitment to Waste Management: Analysis by Country

The descriptive values of the six waste management elements/practices analyzed for
each year are shown in Table 3, calculated as a percentage by obtaining the sum of the
positively informed divided by the total potential. As can be seen, waste management has
become more important globally over time as all variables show a positive evolution (see
Figure 3).
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Table 3. Percentage of companies performing waste management elements/practices per year.

Waste Management Element/Practice 2016 2017 2018 2019 2020

Management of the impact of generated waste 88.7% 90.7% 94.5% 96.8% 97.5%

Methods of disposal of non-hazardous waste 60.1% 61.9% 63.6% 64.9% 66.0%

Operations of disposal of hazardous waste 47.0% 48.7% 51.0% 51.2% 52.0%

Operations of valorization of hazardous waste
without disposal 46.6% 48.3% 50.4% 50.6% 51.8%

Transport of hazardous waste 25.2% 26.4% 27.9% 30.0% 32.3%

Waste prevention policy 25.4% 25.2% 26.6% 29.1% 30.6%
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In Table 3, we can also observe the order of preference of these waste management
elements/practices by the companies. Thus, the management of the impacts of generated
waste can be considered an obligation for the companies since it is present in practically all
of the sampled companies. In second place are the methods of disposal of non-hazardous
waste, with a presence of 66.0% in 2020, followed by the operations of disposal of hazardous
waste and the operations of valorization of hazardous waste without disposal, both near
52.0%, which indicates that half of the companies are concerned with the reuse of waste.
Finally, the transport of hazardous waste and the waste prevention policy are the waste
management elements/practices that show the greatest challenge for the future as only
between 30.0% and 33.0% of the companies in the sample demonstrate their commitment
to them.

Table 4 shows the global corporate commitment to waste management by country and
year in terms of the percentage of the presence of the elements/waste management practices
under study (the sum of the positively informed divided by the total potential). First, it can
be seen that most countries have experienced a positive evolution throughout the analysis
period, with the exception of Italy, the Netherlands, and Belgium, whose final values are
similar to their initial ones, and Norway, the only country to decrease its commitment to
waste management, specifically by −3.7% (“Variation %” column). Among the remaining
countries, 14 of them (50% of the sample) show a slight evolution, less than 15.0% (marked
in yellow in Table 4). It is worth mentioning countries with a remarkable evolution (as
shown in the Variation % column). This is the case in Singapore (61.1%), Ireland (50.0%),
and Indonesia (42.3%), as well as Sweden, Denmark, and Malaysia (30.0–35.0%).

In terms of their global commitment to waste management (“Global” column), coun-
tries are separated by the 25th and 75th percentiles of the average value over the study
period in percentages. The percentiles are used to group countries into advanced, when it
is 60.0% or higher (in green); middle, between 45.0% and 59.0% (in yellow); and lagged
groups, under 45.0% (in red). Taiwan (74.3%) and Finland (70.6%) stand out as the most
committed countries; one step below are France, Spain, Russia, Italy, and the United States
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(60.0–66.9%); and, finally, the least committed countries are the United Kingdom, Australia,
and Ireland (35–36%).

Table 4. Global business commitment to waste management (% presence of the implementation of
waste management practices) by country and year.

Country Global 2016 2017 2018 2019 2020 Variation
%

Position
2020

1 Taiwan 74.3% 68.3% 75.0% 75.0% 76.7% 76.7% 12.2% 1
2 Finland 70.6% 68.2% 69.7% 71.2% 71.2% 72.7% 6.7% 2
3 France 66.2% 65.2% 66.7% 64.5% 66.7% 67.8% 3.9% 3
4 Spain 63.2% 58.3% 63.2% 64.6% 63.2% 66.7% 14.3% 5
5 Russian 62.9% 58.3% 60.4% 62.5% 66.7% 66.7% 14.3% 6
6 Italy 61.9% 60.4% 62.5% 63.5% 62.5% 60.4% 0.0% 12
7 United States 60.4% 57.3% 59.4% 60.5% 62.0% 62.7% 9.4% 8
8 Brazil 59.4% 56.1% 54.5% 60.6% 65.2% 60.6% 8.1% 11
9 Sweden 58.7% 50.0% 52.4% 60.3% 63.5% 67.5% 34.9% 4
10 Germany 58.6% 57.8% 57.8% 57.8% 59.4% 60.0% 3.8% 14
11 South Korea 57.9% 51.3% 56.4% 57.7% 61.5% 62.8% 22.5% 7
12 India 56.7% 56.0% 52.4% 53.6% 59.5% 61.9% 10.6% 10
13 Norway 55.8% 56.3% 56.3% 58.3% 54.2% 54.2% −3.7% 16
14 Hong Kong 55.3% 44.7% 54.4% 62.3% 57.9% 57.0% 27.5% 15
15 Switzerland 55.2% 50.0% 50.8% 55.3% 57.6% 62.1% 24.2% 9
16 Canada 51.5% 49.4% 50.6% 51.8% 53.0% 53.0% 7.2% 17
17 The Netherlands 50.2% 50.0% 52.2% 51.1% 47.8% 50.0% 0.0% 20
18 Japan 49.4% 46.4% 47.6% 49.1% 50.9% 52.8% 13.8% 18
19 Singapore 47.5% 37.5% 45.8% 45.8% 47.9% 60.4% 61.1% 13
20 Indonesia 46.4% 36.1% 44.4% 48.6% 51.4% 51.4% 42.3% 19
21 China 45.2% 40.5% 40.5% 45.2% 50.0% 50.0% 23.5% 21
22 Denmark 44.0% 36.9% 44.0% 44.0% 46.4% 48.8% 32.3% 22
23 Malaysia 44.0% 38.1% 35.7% 46.4% 50.0% 50.0% 31.3% 23
24 South Africa 43.2% 41.4% 42.3% 44.1% 43.7% 44.1% 6.5% 25
25 Belgium 41.7% 43.8% 37.5% 39.6% 43.8% 43.8% 0.0% 26
26 United Kingdom 36.2% 35.5% 34.7% 35.4% 37.1% 38.2% 7.5% 27
27 Australia 35.1% 32.0% 32.4% 37.4% 37.4% 36.5% 14.1% 28
28 Ireland 35.0% 30.0% 28.3% 30.0% 41.7% 45.0% 50.0% 24

Note: The “Global” column value is the average value over the study period in a percentage. The countries are
separated by the 25th and 75th percentiles. They are advanced when it is 60.0% or higher (in green); middle when
it is between 45.0% and 59.0% (in yellow); and lagged when it is under 45.0% (in red). The “Variation %” column
is calculated by (%2020–%2016)/%2016; the colour code is green when the evolution is positive, yellow if it is
stable and red if it is negative.

We first analyze the commonalities between the years from the study of the interstruc-
ture by graphing the vectorial correlation coefficient between matrices, i.e., between years,
in a factorial plane representing the strength of the relationships between matrices from
different years [42,51,52]. It gives a graphical estimate of the coefficient in which we find
acute angles between the vectors, indicating strong relationships between the years that
occur in a gradual way (Figure 4). As can be seen, the most different years are the first and
the last years of this study. This is due to the growth we discussed above. We can also see
two phases: 2016–2018 and 2019–2020. This can be explained by the effect of the pandemic
on waste production and the associated risks of a health crisis [5,53] that caused many
countries to deploy recovery plans emphasizing the importance of a circular economy and
waste reduction [54].

The second step involves constructing the compromise subspace, the aim of which is to
summarize the information acquired throughout the study period. The factorial plane 1–2
gathers 72% of the information (Figure 5) and is represented in Figure 6. In this figure, each
of the 28 countries and their positions on the plane can be viewed individually on Figure 6A
so that each point synthesizes global waste management commitment throughout the study
period based on preferences for waste management elements/practices.
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From the direction of the vectors in Figure 6, we can obtain a characterization of each of
the countries. Thus, countries located in the right hemisphere show a greater commitment
to waste management (they are in the green at the top of the Global column in Table 4).
Countries such as Spain, Hong Kong, India, and Canada are in the upper zone, with a
higher orientation toward waste prevention policies. Other countries, such as Russia, Brazil,
Italy, France, Taiwan, Finland, and Spain, are more focused on the disposal and valorization
of hazardous waste. Finland and Taiwan lead this study with their preference for methods
of disposal of non-hazardous waste and Japan leads for the transport of hazardous waste;
meanwhile, South Korea, Sweden, Germany, and the Netherlands have a similar profile but
less commitment. The case of Japan involves the remarkable transport of hazardous waste
and is also less committed to the other types of management. Finally, the United Kingdom,
Australia, and Ireland are the most backward countries in this study (they are in the red at
the bottom of the Global column in Table 4).

As the third point of this study, we analyze the evolution of the countries during
these years via what is known as the analysis of the intrastructure or the analysis of the
trajectories. The factorial plane is identical to the previous one so it captures 72% of the
information. It differs in projecting each country’s position during each year of study
(Figure 7).
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Figure 7. Projection of trajectories in the compromise subspace of the X-STATIS analysis; countries
and waste management elements/practices during the period of 2016–2020.

Looking first at Figure 7B, we can see that the structure discussed in the previous point
is stable over the period studied; the variables (waste management elements/practices)
vary little in their position on the plane, maintaining the relationships already discussed.
Figure 7A shows the evolution of the countries, marking the most relevant ones (positive
in green and negative in red). We can see that some countries, e.g., Norway, Italy, Germany,
France, the Netherlands, or Belgium, show a negative evolution (starting from the country’s
dot, the evolution line finishes on the left and/or under it), which means that these countries
have evolved more slowly than the rest. In the data, they have a percentage variation that
varies from −4.0% to +4.0% (see Table 4). On the other hand, countries such as Singapore
(61.1%), Indonesia (42.3%), or Sweden (34.9%) show remarkable progress in the graph while
others, such as Hong Kong, South Korea, and Ireland, show an overall positive evolution;
although, it is not progressive (in other words, they do not improve every year).
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3.2. Analysis by Activity Sector

According to the type of business, the sector in which it operates, and the regulations
to which it is subject, a company’s waste management activities can vary greatly [37].
Therefore, we complement our research by repeating the previous analysis of waste man-
agement elements/practices by country with an analysis by activity sector. The objective is
the same as before, to analyze the importance that each sector of activity gives to waste
management worldwide.

To achieve this, the seven-hundred and eighty companies in the sample were grouped
according to their sector of activity, resulting in a total of eight different sectors (see Table 5).
In this way, each sector receives a percentage of presence in each of the six variables
representing the waste management elements/practices. Moreover, since this information
is repeated over the 5-year time span (2016–2020), we will study its evolution at the same
time as we characterize each of the activity sectors.

Table 5. Frequency distribution of the sample by sectors and years.

Sector 2016 2017 2018 2019 2020 Observations

S1: Oil and gas 27 27 27 27 27 135

S2: Basic material and industry 109 109 109 109 109 545

S3: Consumer goods 76 76 76 76 76 380

S4: Consumer services 229 229 229 229 229 1145

S5: Financial services 108 108 108 108 108 540

S6: Technology and Telecommunications 34 34 34 34 34 170

S7: Real estate services 66 66 66 66 66 330

S8: Other activities 131 131 131 131 131 655

Total 780 780 780 780 780 3900

Before carrying out the analysis, in Table 6, we show the global business commitment
to waste management by sector of activity and by year in percentage of presence of the
waste management elements/practices under study. As can be seen, the information by
sector of activity is very stable; we observe that the global sectoral ranking for the period
of 2016–2020 is the same as in the last year of study (2020). Sectors S3 (Consumer goods)
and S1 (Oil and gas) lead the ranking, with 63.7% and 63.0%; in a second step, sectors S2
(Basic material and industry) (57.8%), S8 (Other activities) (55.2%), S5 (Financial services)
(54.8%), and S4 (Consumer services) (52.7%) follow; and finally, sectors S6 (Technology and
telecommunications) and S7 (Real estate services) follow, with 50.0% and 49.3%. As far as
the evolution is concerned, it is gradual in all of the sectors, that is to say, their commitment
to waste management increases year by year, highlighting, at the top, S1 (Oil and gas), with
a percentage variation of 21.4% and, at the bottom, S3 (Consumer goods), with 5.2%.

Table 6. Business commitment to waste management (% presence) by sector and year.

Sector Global 2016 2017 2018 2019 2020 Variation %
1 S3: Consumer goods 61.9% 60.5% 61.2% 61.2% 63.1% 63.7% 5.2%
2 S1: Oil and gas 56.9% 51.9% 54.3% 54.9% 60.5% 63.0% 21.4%
3 S2: Basic material and Industry 53.9% 49.7% 50.9% 54.5% 56.9% 57.8% 16.2%
4 S8: Other activities 51.6% 47.7% 50.6% 51.8% 52.8% 55.2% 15.8%
5 S5: Financial services 51.6% 47.5% 49.9% 52.5% 53.3% 54.8% 15.2%
6 S4: Consumer services 50.2% 47.3% 48.2% 51.1% 51.7% 52.7% 11.3%
7 S6: Technology and Telecom. 47.5% 44.0% 44.9% 47.7% 50.9% 50.0% 13.7%
8 S7: Real estate services 46.9% 46.0% 45.3% 46.0% 47.7% 49.3% 7.1%

Note: The “Global” column value is the average value over the study period in a percentage. The sectors
are separated into two groups following country criteria. They are advanced when it is 60.0% or higher (in
green) and middle when it is between 45.0% and 59.0% (in yellow). The “Variation %” column is calculated by
(%2020–%2016)/%2016; the colour code is green when the evolution is positive and yellow if it is stable.
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We then repeat the X-STATIS analysis for the sectors, for which we have a matrix of
eight sectors × six variables × five years. We start with the analysis of the similarities
between years from the interstructure study (Figure 8), where we find the same structure
as for the countries: there are strong relationships between the years that take place in a
gradual way. As we can see in Figure 7, the years that differ the most are the first year
and the last year of the study period. This is caused by the growth of the companies’
involvement in waste management, which we discussed above. Once more, we can see
two phases: 2016–2018 and 2019–2020, which were explained in Figure 4.
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In order to summarize the information collected throughout the study period, the
second stage of the analysis consists of the creation of a compromise subspace. The factorial
plane 1–2 gathers 86% of the information (Figure 9) and is depicted in Figure 10. This figure
shows each of the eight sectors and their positions in the plane so that each dot synthesizes
the global commitment to waste management throughout the study period based on their
preferences for the waste management elements/practices under study.
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Figure 9. Percentage of inertia of the compromise subspace of the X-STATIS analysis by activity sector.

From the direction of the vectors in Figure 10B, we can have a characterization of each
of the sectors. Thus, we can see that the sector S1 (Oil and gas) prioritizes the management
of the impact of generated waste and the transport of hazardous waste while the sectors S4
(Consumer services), S6 (Technology and communications), S7 (Real estate services), and
S8 (Other activities) prioritize waste prevention policies. Sectors S3 (Consumer goods) and
S2 (Basic materials and industry) focus on the methods of disposal of non-hazardous waste
and, in the case of S2, the operations of disposal of hazardous waste. Sector S5 (Financial
services) has a similar profile to S1 and S2 but is more focused on the operations of disposal
and valorization of hazardous waste.
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Figure 10. Compromise subspace of the X-STATIS analysis; activity sectors and waste management
elements/practices during the period of 2016–2020.

Finally, we analyze the evolution of the activity sectors through the analysis of the
intrastructure or the analysis of the trajectories (Figure 11). In the first place, looking at
Figure 11B, we can see that the structure discussed in the previous point is stable in the
period studied. The variables vary little in their position in the plane; although, it is true
that the variables positioned in the third quadrant increase their relationship in certain
years of study so that the methods of disposal of non-hazardous waste are close to the
operations of disposal and valorization of hazardous waste.
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Regarding the sectors of activity, in Figure 11, we can see how they maintain their
position on the plane throughout the study period. This leads us to consider the notion
that a company’s industry is a more powerful variable to explain its waste management
behavior than its country of origin since these data show that the preferences for certain
waste management elements/practices are more fixed in the case of industries than in the
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case of countries of origin. This is due to the general waste policies that companies deploy
in relation to their sector, independently of the country.

4. Discussion

The results show that the importance of waste management has increased over time on
a global scale. In this evolution, we have identified two phases, 2016–2018 and 2019–2020,
suggesting that companies increased their commitment to waste management during the
pandemic period. This can be explained by the fact that the pandemic caused an increase
in waste production and the associated risks of a health crisis [5,53]. Furthermore, the
recovery plans implemented in many countries emphasize the importance of a circular
economy and waste reduction [54].

In terms of waste management elements/practices, the order of priority is as follows:
in first place is the management of the impacts of generated waste, which is performed by
almost all of the sampled companies. The methods of disposal of non-hazardous waste
are in second place, followed by the operations of disposal of hazardous waste, in the
third place. Operations of valorization of hazardous waste without disposal occupy the
fourth place in the ranking, being carried out by half of the companies. Transport of
hazardous waste and waste prevention policies complete the ranking. These findings
contrast with the priority order established by the waste management hierarchy, where
prevention is the highest-ranked practice and disposal the lowest. This lends support to the
warnings regarding the conceptual difficulties and shortcomings of the waste hierarchy [24].
Furthermore, our findings lend support to the contention that “in spite of the positive
enounced intentions, the actual behavior put into practice maybe not as pro-environmental
as desired” [13] (p. 529).

In terms of countries, Taiwan and Finland emerge as the most committed to waste
management, followed by France, Spain, Russia, Italy, and the United States. Conversely,
the least committed countries to waste management are the United Kingdom, Australia,
and Ireland. Furthermore, some European countries, such as Italy, the Netherlands, and
Belgium, show stagnation in their commitment to waste management; even Norway has
decreased its commitment to waste management throughout the study period.

Our ranking, in which only three European countries (France, Spain, and Italy) are
among the most committed to waste management, does not reflect the continuous efforts
that are being made in the European Union in the area of waste management, including
Directive 2008/98 and the European Green Deal [18]. Also, contrary to what the waste
hierarchy establishes, European countries, such as Finland, Sweden, Germany, and the
Netherlands, stand out for their use of non-hazardous waste disposal methods (ERNP).
This is in contradiction to the European policy focus on waste prevention [20]. Comparing
our results with those obtained in a recent econometric analysis of the waste management
practices and competitiveness of European companies for the years spanning 2010–2016,
based on Stochastic Frontier Analysis (a parametric model) [13], we found significant dif-
ferences both in the position of the countries and in their evolution over time. Furthermore,
our results differ from those obtained by [37] when using principal component analysis and
the HJ biplot method to analyze the position of countries and sectors in terms of business
actions related to the circular economy. In this study, the countries of the European Union
occupy a clear leadership position (they occupy the first 11 places in a list of 25 countries).
For the United Kingdom, this finding contrasts with the priority that waste policy in Eng-
land has given to waste prevention since 2011, with the formulation of several measures to
promote waste prevention and reduction [55].

Finally, while at the country level, various studies have shown that waste management
practices are closely related to the income level of the country, with waste management
being more sustainable in more economically prosperous countries [6,56]; our results
suggest that companies in more developed countries are not necessarily the most committed
to sustainable waste management.
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We then replicated the analysis by industry to analyze the importance that companies
place on waste management according to the activity sector in which they operate, observ-
ing differences between sectors that are less important in terms of the level of commitment
to waste management than in terms of the evolution of this commitment over time. In
addition, our results indicate that the industry to which companies belong has a greater
influence on the type of waste management elements/practices than the country from
which they originate, probably because the sample includes the world’s largest companies
that operate in different countries and their decisions usually are based on general policies
attained in any country and on the accomplishment of the regulation. These results confirm
the effect of a company’s sector of activity on the type of circular economy initiatives it
undertakes, as found by [37].

In spite of its interest and usefulness, this study has certain limitations that are due
to the sample object of the analysis. Specifically, the sample is composed of the largest
companies in the world. On the one hand, these companies are the most proactive in
issues related to waste management and the circular economy [37], which may affect the
results as the analysis of smaller companies would certainly yield different results. On
the other hand, leading companies usually have developed and high-income countries as
their country of origin, which are usually the most advanced in implementing sustainable
waste management practices [56], a bias that may also affect our results. For example,
most waste management practices in Latin American countries are characterized by low
levels of recovery and treatment and nearly 40 percent of waste is landfilled globally
while 33 percent of waste is still dumped in the open, a practice that is prevalent in low-
income countries, with more than two-thirds of waste being dumped in South Asia and
Sub-Saharan Africa [46].

A second limitation is related to the period of study (2016–2020). Due to data avail-
ability, it was not possible to analyze the last few years (2021 and 2022) and, therefore, the
results may change as a consequence of changes in waste management practices motivated
by the COVID-19 pandemic and recovery plans [5,53,54]. Finally, a third limitation is
related to the binary scale used to measure the variables related to waste management
practices. We are aware that in real conditions companies may implement some practices
to different extents; however, since the variables in the database are expressed on a binary
scale, it was not possible to assess the extent to which each practice was implemented.

5. Conclusions

As the 21st century unfolds, waste management has become a growing concern [57].
Consequently, sustainable waste management is now an objective in many countries and
requires firms to manage their hazardous and non-hazardous waste in ways that maximize
recycling and minimize the potential harm to the natural environment and people’s health.
When it comes to corporate waste management, a firm’s waste management activities can
vary greatly depending on the type of company, the sector in which it operates, and the
regulations to which it must comply [37].

On this basis, this research has examined the importance that the largest companies
worldwide attach to waste management by analyzing the evolution over time of the waste
management practices implemented by them and how this evolution has occurred in dif-
ferent countries. Based on data from 780 companies from 28 countries for the period of
2016–2020 (3900 observations), we used the X-STATIS technique to conduct a multivari-
ate analysis.

The contribution of this study to the literature is twofold. First, it provides a snapshot
of corporate waste management practices at the international level, allowing the identifi-
cation of the most widely used practices globally and by country, as well as the leading
countries in waste management. Although waste management has been studied exten-
sively, most studies have adopted a macro-level analysis. Furthermore, most authors have
focused on specific sectors (e.g., construction, health care), waste management practices
(e.g., recycling), types of waste (e.g., e-waste, food waste, solid waste), or waste sources (e.g.,
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urban waste, domestic waste). We adopted a different and broader focus, analyzing the
main waste management elements/practices implemented by companies, as well as their
evolution over time, considering different sectors of activity and all types of waste. Thus,
our study offers a new and original perspective, in which we combine a micro-analysis of
business practices related to waste management with a macro-analysis at the country level.

Second, to perform the analysis we have used an exploratory statistical technique
(X-STATIS method) previously used in studies analyzing the patterns of the adoption and
evolution of corporate sustainability practices at the country or sector level [45–49]. This
method allows us to analyze multidimensional information simultaneously and to visualize,
in a graphical way, the behavior patterns of the companies related to waste management.

In addition, our results allow for an assessment of the degree to which the waste
hierarchy is being followed at the level of the company. In practical terms, the findings may
assist policymakers in the development and implementation of waste management policies
at both national and international levels, in particular, those that promote sustainable waste
management by companies focusing on sectors, as this is a challenge that requires the joint
work of all stakeholders (governments, companies, citizens, etc.).

Building on the results of this study and considering the limitations mentioned above,
future studies could expand the sample to include smaller firms and, thus, a larger num-
ber of countries. Similarly, future studies could extend the study period to provide an
updated picture of the issue. In addition, they could deepen the analysis of the differences
between the 2016–208 subperiod and the 2019–2020 subperiod by using other statistical or
mathematical methods. Future studies could further explore the impact of the COVID-19
pandemic and recovery plans on waste management practices. Finally, future research
could develop mathematical models or algorithms that can be developed or improved in
the field of waste management.
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Appendix A

Table A1. Business commitment to waste management by country (% presence), by waste management element/practice, and by year.

2016 2017 2018 2019 2020

Country WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW

Australia 16% 73% 32% 30% 41% 0% 11% 78% 32% 30% 43% 0% 19% 84% 35% 32% 49% 5% 19% 86% 35% 30% 49% 5% 19% 86% 35% 27% 46% 5%

Belgium 13% 75% 50% 50% 63% 13% 13% 75% 38% 38% 50% 13% 13% 75% 38% 38% 63% 13% 13% 100% 38% 38% 50% 25% 13% 100% 38% 38% 50% 25%

Brazil 45% 91% 64% 64% 73% 0% 27% 91% 64% 64% 82% 0% 18% 100% 73% 73% 91% 9% 27% 100% 82% 82% 91% 9% 27% 100% 73% 73% 82% 9%

Canada 39% 86% 54% 54% 57% 7% 43% 86% 57% 57% 57% 4% 39% 93% 61% 61% 54% 4% 43% 96% 61% 61% 54% 4% 39% 96% 61% 64% 54% 4%

China 43% 86% 29% 29% 29% 29% 43% 86% 29% 29% 29% 29% 43% 86% 43% 43% 29% 29% 43% 100% 57% 57% 14% 29% 43% 100% 57% 57% 14% 29%

Denmark 14% 79% 36% 36% 43% 14% 14% 86% 43% 43% 50% 29% 14% 86% 43% 43% 50% 29% 14% 86% 43% 43% 50% 43% 14% 86% 43% 36% 50% 64%

Finland 18% 82% 91% 91% 91% 36% 18% 91% 91% 91% 91% 36% 27% 91% 91% 91% 91% 36% 27% 100% 91% 91% 91% 27% 27% 100% 91% 91% 91% 36%

France 41% 93% 72% 72% 76% 37% 48% 98% 70% 67% 74% 43% 50% 100% 61% 61% 70% 46% 57% 100% 63% 61% 72% 48% 54% 100% 65% 63% 72% 52%

Germany 10% 90% 70% 73% 73% 30% 10% 90% 70% 70% 70% 37% 13% 97% 67% 67% 70% 33% 23% 97% 67% 67% 70% 33% 23% 97% 67% 67% 70% 37%

Hong Kong 42% 89% 47% 42% 42% 5% 37% 95% 68% 63% 58% 5% 47% 100% 84% 74% 63% 5% 47% 100% 74% 63% 58% 5% 42% 100% 74% 63% 58% 5%

India 50% 86% 64% 71% 43% 21% 43% 86% 50% 64% 50% 21% 50% 93% 50% 64% 43% 21% 57% 100% 64% 71% 43% 21% 64% 100% 64% 71% 50% 21%

Indonesia 8% 83% 33% 42% 25% 25% 17% 83% 50% 50% 42% 25% 17% 83% 67% 67% 42% 17% 17% 92% 67% 67% 42% 25% 17% 92% 67% 67% 42% 25%

Ireland 20% 80% 20% 30% 30% 0% 20% 70% 30% 30% 20% 0% 20% 80% 30% 30% 20% 0% 20% 80% 50% 50% 40% 10% 20% 80% 50% 60% 40% 20%

Italy 38% 94% 69% 69% 75% 19% 31% 94% 75% 75% 81% 19% 31% 100% 75% 75% 81% 19% 38% 100% 69% 69% 81% 19% 38% 100% 69% 63% 75% 19%

Japan 13% 93% 17% 15% 76% 64% 14% 94% 19% 17% 76% 66% 15% 97% 21% 21% 73% 68% 17% 99% 20% 20% 75% 74% 19% 100% 22% 22% 77% 77%

Malaysia 29% 79% 29% 36% 50% 7% 29% 86% 29% 29% 36% 7% 57% 86% 43% 36% 50% 7% 50% 93% 43% 50% 50% 14% 64% 100% 36% 43% 43% 14%

The Netherlands 13% 93% 53% 47% 67% 27% 13% 93% 53% 53% 73% 27% 13% 100% 47% 47% 73% 27% 7% 100% 40% 40% 73% 27% 13% 100% 40% 40% 73% 33%

Norway 13% 88% 75% 75% 63% 25% 13% 88% 75% 75% 63% 25% 13% 100% 75% 75% 63% 25% 13% 100% 63% 63% 63% 25% 13% 100% 63% 63% 63% 25%

Russian 25% 88% 88% 88% 63% 0% 25% 88% 88% 88% 75% 0% 25% 100% 88% 88% 75% 0% 25% 100% 88% 88% 75% 25% 25% 100% 88% 88% 75% 25%

Singapore 38% 88% 25% 25% 50% 0% 38% 88% 38% 38% 75% 0% 38% 88% 38% 38% 75% 0% 50% 100% 38% 38% 63% 0% 50% 100% 63% 63% 88% 0%

South Africa 14% 84% 43% 54% 51% 3% 14% 89% 41% 54% 57% 0% 14% 92% 41% 54% 62% 3% 19% 89% 38% 51% 62% 3% 22% 95% 35% 51% 59% 3%

South Korea 8% 77% 54% 54% 77% 38% 8% 85% 62% 62% 77% 46% 8% 92% 62% 62% 77% 46% 15% 100% 62% 62% 85% 46% 23% 100% 62% 62% 77% 54%

Spain 38% 92% 88% 83% 42% 8% 42% 96% 92% 92% 50% 8% 46% 100% 92% 92% 50% 8% 50% 100% 83% 83% 54% 8% 54% 100% 83% 83% 67% 13%

Sweden 5% 81% 57% 57% 52% 48% 5% 81% 62% 62% 57% 48% 10% 90% 71% 71% 67% 52% 14% 95% 76% 76% 76% 43% 24% 95% 81% 81% 81% 43%

Switzerland 14% 82% 64% 59% 64% 18% 18% 91% 59% 55% 64% 18% 14% 95% 64% 59% 68% 32% 14% 95% 68% 64% 68% 36% 27% 95% 73% 68% 73% 36%

Taiwan 30% 100% 80% 80% 70% 50% 40% 100% 90% 90% 80% 50% 30% 100% 90% 90% 80% 60% 40% 100% 90% 90% 80% 60% 40% 100% 90% 90% 80% 60%

UK 21% 87% 24% 23% 47% 12% 18% 88% 23% 23% 46% 11% 15% 92% 23% 24% 47% 11% 16% 94% 24% 25% 49% 15% 15% 96% 25% 26% 50% 16%

USA 46% 96% 51% 54% 65% 32% 45% 97% 54% 58% 69% 33% 44% 97% 56% 61% 71% 34% 45% 99% 58% 61% 73% 36% 46% 99% 59% 60% 74% 39%
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Appendix B

Table A2. Business commitment to waste management by sector of activity (% presence), by waste management element/practice, and by year.

2016 2017 2018 2019 2020

WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW WPP MIW OVH ODH MDNW THW

S1 11% 100% 33% 37% 56% 74% 11% 100% 37% 41% 59% 78% 15% 100% 41% 44% 52% 78% 22% 100% 48% 52% 63% 78% 26% 100% 52% 52% 67% 81%

S2 7% 92% 52% 52% 70% 26% 8% 96% 53% 51% 69% 29% 12% 97% 57% 56% 73% 32% 18% 97% 59% 58% 73% 36% 17% 99% 59% 57% 77% 37%

S3 23% 96% 62% 65% 72% 46% 22% 96% 63% 63% 72% 51% 20% 97% 65% 65% 70% 51% 20% 100% 67% 66% 73% 52% 20% 100% 67% 66% 70% 59%

S4 36% 86% 38% 37% 62% 25% 35% 89% 38% 38% 64% 26% 36% 95% 42% 41% 65% 28% 37% 97% 41% 40% 66% 29% 39% 98% 41% 41% 67% 30%

S5 14% 84% 57% 57% 56% 17% 14% 88% 61% 61% 60% 16% 14% 93% 62% 63% 65% 18% 16% 95% 61% 61% 66% 21% 17% 94% 63% 62% 69% 23%

S6 39% 92% 36% 33% 44% 19% 39% 92% 36% 36% 47% 19% 39% 94% 39% 42% 53% 19% 39% 97% 42% 44% 56% 28% 42% 97% 39% 39% 53% 31%

S7 24% 93% 41% 38% 55% 25% 21% 93% 39% 38% 54% 27% 21% 96% 37% 35% 59% 28% 28% 97% 37% 38% 56% 30% 27% 97% 42% 42% 58% 30%

S8 35% 86% 48% 51% 54% 13% 37% 87% 54% 56% 57% 13% 39% 90% 54% 57% 57% 14% 41% 94% 53% 56% 58% 15% 45% 96% 54% 58% 60% 18%
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