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Abstract 

Countries' growth along with the need to protect the environment has made waste 

management a major global concern. In this study, a detailed analysis is carried out of the 

current situation in 41 countries belonging to the OECD and/or the European Union, in 

order to identify the most sustainable practices that could be successfully implemented in 

other nations with similar characteristics. Cluster analysis is used to detect homogeneous 

groups, shedding light on the possible connection between environmental policies and 

waste treatment. Contingency tables are employed to determine the relationship between 

the effectiveness of the policies adopted and two indicators of sustainable practices: 

material recycling and waste generation. The study is conducted using statistical 

information from the Sustainable Governance Indicators project and the OECD, with data 

referring to 2018. Five internally homogeneous groups of countries have been identified, 

where Israel, Turkey and USA have the lowest participation and compliance in 

environmental policies. Also, the results show that countries with a high degree of 

participation in environmental treaties (Croatia, Denmark, Finland, France, Germany, 

Japan, Luxembourg, the Netherlands, Norway, Spain, Sweden, Switzerland) are making 

great progress, reducing the use of landfills in favour of other, more environmentally 

friendly options. Moreover, the contingency tables confirm that the effectiveness of 

policies translates into a clear trend towards recycling and, to some extent, reduces waste 

generation. 
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Abbreviation List: 

WM: Waste Management 

SGI: Sustainable Governance Indicators 

KP: Kyoto Protocol 

MSWM: Municipal Solid Waste Management 

EU: European Union 

GEP: Global Environmental Policy 

MEA: Multilateral Environmental Agreements 

KPA: Kyoto Participation and Achievements 

EP: Environmental Policy 

WG: Waste generation 

MR: Material recycling 

 

1. Introduction 

Environmental policy instruments are part of the toolkit that governments have at their 

disposal to protect the environment. Complexity and uncertainty are two fundamental 

issues that reveal the importance of designing and implementing sound policies in the 

field of natural resource management (Pacheco-Vega, 2020). The search for mechanisms 

aimed at achieving long-term sustainable development is playing an increasingly 

important role in the implementation of related industrial strategies. Thus, since climate 

change has emerged as one of the biggest global challenges, waste management (WM) 

requires sound, targeted planning (Aldieri et al., 2019).  

European Union (EU) countries are major generators of waste; on average they produce 

482 kg per capita annually (Minelgaitė and Liobikienė, 2019), compared to the global 

average of 270 kg (Kaza et al., 2018). The management of this waste is thus a relevant 

issue when it comes to respecting existing environmental regulations. Municipal solid 

waste management (MSWM) can be classified into four categories: incineration, 

recycling, composting and landfill. The latter option is the most commonly used in 

worldwide, to the detriment of the rest (Pietzsch et al., 2017; Samadder et al., 2017). 
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However, according to Öztürk and Themelis (2020) European countries are at a turning 

point: we are beginning to see a drop in the amount of waste sent to landfills, in favour of 

composting, recycling and waste-to-energy conversion.  

This shift towards less detrimental alternatives emerges in parallel to the tightening of the 

existing regulation on WM and recycling targets established in the EU's Waste 

Framework Directive, which seeks to protect the environment and human health from the 

possible harmful effects caused by hazardous waste (Callao et al., 2019). Specifically, the 

European directives indicate that from 2035 only 10% of waste can be disposed of in 

landfills (Directive 2018/850), also establishing more stringent restrictions on recycled 

waste by 2030, such as a recycling rate of 85% for paper, 55% for plastic, 60% for 

aluminium, 80% for ferrous metals and 75% for glass (European Commission, 2018). 

The MSWM solutions provided must not only be environmentally sustainable, but also 

efficient from a social and cost perspective (Malinauskaite et al., 2017). 

The identification of MSWM cost drivers has been documented in the literature (World 

Bank, 2014; Pérez-López et al., 2016; Sarra et al., 2017; Di Foggia and Beccarello, 2020), 

some have discussed between public or private waste management to achieve the highest 

levels of efficiency and cost savings (Mañez et al., 2016; Zafra-Gómez, 2016). According 

to the International Monetary Fund (IFM, 2019), waste management expenditures 

currently account for about 0.5 percent of global GDP. Developing countries produce 

more than half the world’s solid waste, their annual public expenditure on waste 

processing, about US$46 billion, represents only a little more than one tenth of the 

roughly $400 billion spent on waste processing worldwide. Population growth and limited 

space to store our waste encourage countries to decrease disposal and increasing 

management costs. This will free countries´ economic resources that could be spent to 

improve environmental sustainability in other highly polluting industries. 
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Government policies, taxes and support plans emerging as a result of signed treaties play 

an important role in WM and in the ability to foster new technologies, which struggle to 

survive without state support (Malinauskaite et al., 2017). Waste generation is sometimes 

a result of the environmentally inefficient use of resources, with potential adverse 

impacts, justifying the need to establish and promote a close relationship between 

environmental policies and WM (Varvazovsha and Prasilova, 2015). 

In this context, the aim of this research is to determine if the implication of goverments 

in environmental agreements and policies improve WM. The study is based on statistical 

information for 2018 sourced from the SGI and OECD, and the following hypotheses are 

tested:  

Hypothesis 1: Countries with a high level of participation in and compliance with 

environmental policies tend to have lower rates of landfilling. 

Hypothesis 2: The effectiveness of environmental policies has a significant influence 

on material recycling and the reduction of waste generation.  

Recent literature includes studies focused on analysing the stringency of environmental 

policies in different areas such as innovation, energy efficiency, emissions reduction and 

even the determination of the ideal location for WM industries (Martínez-Zarzoso et al., 

2019; Hille and Shahbaz, 2019; Falkowska, 2020; Galeotti et al., 2020). This research 

aims to cover aspects that have received less attention to date, making novel contributions 

that complement the existing paradigm in a number of ways: (1) it analyses the link 

between leaders' degree of concern about environmental issues and municipal solid waste 

management (MSWM); (2) the wide-ranging group of countries analysed make it 

possible to extrapolate lines of action to other nations; (3) the use of recent statistics 

means conclusions can be drawn that could inform future implementations.  



5 
 

The rest of the article is structured as follows. Section 2 reviews the literature on 

environmental policies and WM. Section 3 explains the methodology and sample used to 

achieve the proposed objectives. Section 4 presents the results of the study. Lastly, 

Section 5 summarizes the main findings of the analysis.  

 

2. Material and methods 

2.1. Materials 

The analysis is based on information from the SGI Project published in 2020 and referring 

to 2018, relating to the most developed free market democracies in the world—a total of 

41 countries belonging to the EU and/or the OECD. The SGI indicators explore and 

compare the need for reform as well as the countries' responsiveness to current social and 

political challenges. Furthermore, the SGI examines governments' work on sustainable 

development based on three pillars: Policy Performance, Democracy, and Governance.  

In this study, the key variables for the cluster analysis lie within the Policy Performance 

pillar. Drilling down further, they are in the sub-pillar Environmental Policies, in the 

category of Global Environmental Protection. They are as follows:  

Global Environmental Policy (GEP): analyses whether the government actively 

contributes to international efforts to promote and shape the global environmental 

policy framework. 

Multilateral Environmental Agreements (MEA):  indicates the rate of participation 

in global and regional multilateral environmental agreements. 

Kyoto Participation and Achievements (KPA): indicates the extent to which Kyoto 

emissions reduction targets are met. 
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The contingency tables have been created from the indicators belonging to the sub-pillar 

Environmental Policies, in the Environment category. Specifically, the following 

indicators have been selected: 

Environmental Policy (EP): measures the effectiveness of a country's 

environmental policy in preserving and protecting the sustainability of natural 

resources and the quality of the environment. Such activities are aimed at 

protecting natural resources and reducing pollution, by cutting greenhouse gas 

emissions and eliminating waste that adversely affects air, water, or soil quality.  

Waste generation (WG): indicates how much municipal waste is produced per 

capita. 

Material recycling (MR): assesses the percentage of municipal waste recovered 

through material recycling. 

The abovementioned SGI variables are measured from the score assigned to their 

performance on a scale from 10 (best) to 1 (worst). This scale is tied to four qualitative 

evaluation levels. 

1. High (Between 10-9): Environmental policy goals are ambitious and effectively 

implemented as well as monitored within and across most relevant policy sectors 

that account for the largest share of resource use and emissions. 

2. Medium-high (Between 8-6): Environmental policy goals are mainly ambitious 

and effectively implemented and are monitored within and across some of the 

relevant policy sectors that account for the largest share of resource use and 

emissions. 

3. Medium-low (Between 5-3): Environmental policy goals are neither particularly 

ambitious nor are they effectively implemented and coordinated across relevant 

policy sectors. 
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4. Low (Between 2-1): Environmental concerns have been largely abandoned. 

 

Table 1 presents the results of each indicator for all countries and main descriptive 

statistics of the variables used in the study. The fact that it is a homogeneous measurement 

scale ranging from 0 to 10 facilitates the comparison between the indicators in the sample. 

Insert Table 1 

 

The mean of the countries in all the variables used is above 5 in all cases except MR, with 

the highest value being registered in MEA, reflecting countries' overall positive 

involvement in the multilateral agreements aimed at preserving the environment. 

Regarding the maximum values registered, it can be seen that in KPA, EP and WG no 

country has obtained a score of 10 points. This underscores the need to improve these 

lines of action, unlike in other indicators where some countries have achieved the 

maximum score in more than one variable. For example, Sweden ranks first in GEP and 

EP, Romania in KPA and WG, Finland in MEA and South Korea in MR. On the other 

hand, in terms of minimum values, the USA registers the minimum in GEP, Turkey in 

MEA, KPA and EP, New Zealand in WG and Chile in MR, reflecting a lack of concern 

about the issues in question. The dispersion found in countries' level of participation 

reveals the need to perform a cluster analysis to homogenize the sample and thereby 

identify different profiles of behaviour. 

2.2. Methods 

Previous studies in the WM literature have grouped regions by means of cluster analysis 

(Castillo-Gimenez et al., 2019; İçöz and Er, 2020). Some authors, such as Onuferová et 

al. (2020), use international economic and social indicators to identify homogeneous 

groups of EU members in order to shed light on existing weak spots and guide future 
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political reforms. Following this line of research, the empirical analysis proposed here 

makes use of this methodology to identify groups of countries that are similar in terms of 

their participation in and compliance with environmental policies (Global Environmental 

Policy, Multilateral Environmental Agreements and Kyoto Participation and 

Achievements).  

The cluster analysis is performed by establishing a hierarchical structure to evaluate the 

links between observations (Everitt et al., 2011). Taking the squared Euclidean distance 

as a measure of similarity, Ward's agglomerative method is applied, yielding a 

dendrogram from which the ideal number of clusters can be determined (Lance and 

Williams, 1967). The Kruskal-Wallis test is then used to confirm the adequacy of the 

defined groups, by verifying that the mean of each one is statistically different from the 

rest. The cluster is applied from the following steps: 

Step 1: Choice the variables: Global Envrionmental Policy, Multilateral 

Environmental Agreements and Kyoto Participation Achievement 

Step 2: Similarity measures: Squared Euclidean Distance 

Step 3: Technique Hierarchical/nonhierarchical: Hierarchical clustering. Ward´s 

procedure 

Step 4: Decision regarding the number of cluster: Dendogram and Krukall-Wallis test 

Step 5: Evaluation of significance 

 

In line with the proposed research objectives, contingency tables are then constructed to 

analyse the relationship between qualitative attributes of which at least one is of a multiple 

nature (Varvazovska and Prasilova, 2015). This method is commonly used in a wide range 

of fields, such as medicine, transport, and even to address socio-economic issues 

(Simpson et al., 2018; Álvarez de Toledo et al., 2018; Zámková et al., 2019; Awuah and 
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Ogbonnaya, 2020). In the context of waste, Virlanuta et al. (2020) employ contingency 

tables to identify the influence of very disparate characteristics such as education level, 

income and age on the degree of selective waste collection, finding a significant 

relationship only with education and age.  

In this paper, a contingency table has been constructed for each of the environmental 

indicators, waste generation and material recycling. The columns represent the number 

of countries whose environmental policies have the same degree of effectiveness, and the 

rows the countries with similar results in the indicator in question: waste generation or 

material recycling, known as the observed frequency. The expected frequencies are 

calculated using the following expression: 

Eij = 
𝑛𝑖∙𝑛∙𝑖

𝑁
 (1) 

where, N is the total number of observations, ni,• is the number of observations in row i, 

and n•,j is the number of observations in column j. 

Both the observed and expected frequencies are necessary to perform the 𝜒2test showing 

whether the variables considered in the study are independent or not. The result of the 𝜒2 

test confirms whether the levels of a qualitative variable influence those of another 

variable. Thus, the result of the 𝜒2 test used in this study indicates whether the identifying 

variable of the effectiveness of environmental policies is related to appropriate waste 

generation or the ideal recycling rate. The 𝜒2 test is defined by the following expression: 

𝜒2 =
∑ ∑ (𝑛𝑖𝑗 − 𝐸𝑖𝑗)

2𝑘
𝑗=1

ℎ
𝑖=1

𝐸𝑖𝑗
 

(2) 

where, nij is the observed frequency, and Eij is the expected frequency. The null 

hypothesis is that of independence between factors. The alternative hypothesis is that of 

dependence between factors.  
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3. Results and discussion 

In this study, in line with the research objectives, a hierarchy of the sample has been 

established on the basis of the three indicators of environmental policies, GEP, MEA and 

KPA. As a result, five internally homogeneous groups of countries (according to the 

dendrogram in Figure 1) have been identified, which are subsequently subjected to a more 

detailed analysis.  

Insert Figure 1 

The Kruskal-Wallis test confirms that the grouping is appropriate, as it reveals a 

significant difference between groups in terms of the mean value of the indicators. Table 

2 shows that the 𝜒2statistic is significant with a p-value <0.05 in all three variables. 

Insert Table 2 

Based on the identified groups’ distance from the total mean in each of the variables, they 

have been classified according to their level of commitment in terms of participation 

(GEP and MEA) and compliance (KPA). Thus, “low" refers to countries whose cluster 

mean differs by more than 2 points from the total mean. "Medium" refers to those which 

differ by less than 2 points, and “high” those which surpass the total mean by more than 

1.5 points. The distribution depicted in Figure 2 indicates that many countries have a 

medium level participation in environmental policies (26 countries out of 41). The same 

can be seen with the degree of compliance (25 countries). At the lower end, cluster 3 

contains the countries with the greatest need to improve their degree of involvement in 

all the sustainability indicators.  

Insert Figure 2 

 

Cluster 1: "Medium participation and compliance" Comprising 10 European countries, 

along with Canada, New Zealand and Australia. All of them have ratified the Kyoto 
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Protocol (KP), systematically striving to protect the environment and reduce carbon 

emissions. They are countries that participate in numerous multilateral and bilateral 

forums on environmental issues, having signed up to various international treaties. 

Cluster 2: "Medium participation and low compliance" This group contains non-EU 

OECD countries (except for Cyprus). As a whole, although they have signed up to the 

established regulations on environmental protection, they do not make major efforts to 

incorporate them into internal policies. Moreover, they are not proactive: the governments 

of these nations are reluctant to undertake meaningful reforms or to play a leadership role 

within the international community. 

Cluster 3: "Low participation and compliance". The political leanings of the countries 

that comprise this cluster make it extremely difficult to achieve any progress in this field, 

not only in terms of their participation in the development of environmental treaties but 

also in meeting the targets therein. For example, in the case of the USA, the Trump 

administration has brought with it a radical change for the country on environmental 

issues; it has pulled out of the international climate change accord, thereby cancelling its 

contributions to support the transition to clean energy (SGI, 2020). Since the beginning 

of the 21st century, Israel has seen an increase in the use of economic tools that can 

achieve policy objectives more effectively while driving the market toward 

environmental improvement (Lavee, 2020). 

Cluster 4: "Medium participation and high compliance" It is mainly made up of eastern 

European countries (except for Belgium). They are countries that have agreed to comply 

with international agreements, such as the KP, but do not have the political or economic 

capacity to become global leaders. 

Cluster 5: "High participation and medium compliance" It contains countries where 

environmental preservation is a top foreign policy priority. Climate change and global 
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warming can only be tackled through multilateral efforts, and members of this group have 

played an important role in this regard (SGI, 2020). Most of these nations are very active 

in the EU's environmental policy agenda, supporting numerous international programmes 

by contributing funds and offering up advanced technologies that facilitate the 

achievement of the United Nations' Sustainable Development Goals. 

Based on this classification, the analysis then focuses on whether the countries display 

homogeneous behaviour in WM. From another perspective, progress has been made in 

the literature in terms of establishing a relationship between growth and waste generation 

(Beigl et al., 2008; Malinauskaite et al., 2017; Minelgaitė and Liobikienė, 2019). All these 

studies conclude that a higher standard of living leads to a rise in consumption, driving 

up the amount of waste generated. Nevertheless, the form of WM is not so directly related 

to economic development, but rather to the use of techniques that allow the negative 

impact on the environment to be mitigated (Içöz and Er, 2020). Figure 3 shows the WM 

(according to the OECD) performed by the countries of each cluster, revealing significant 

within-group similarities and between-group differences, thus enabling a response to 

hypothesis 1.  

Insert Figure 3 

 

Hypothesis 1: Countries with a high level of participation in and compliance with 

environmental policies tend to have lower rates of landfilling.  

On the basis of the results obtained, it is not possible to generally confirm/reject this 

hypothesis, as is clear from Figure 2. Only cluster 5—where countries show high 

participation and an optimal level of compliance in relation to GEP, MEA and KPA—

displays good WM, with high percentages of incineration and recycling, and less use of 

landfill; exceptions in this group are Spain and France. In northern European nations 
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(Denmark, Finland, Norway and Sweden), as well as in Germany, the Netherlands and 

Switzerland, landfill accounts for barely 10%. As such, they are already in compliance 

with the European directive for 2035. These are countries that have achieved good WM 

through the use of advanced solutions that reduce the harmful consequences for the 

environment and human health (Hollins et al., 2017).  

However, the degree of compliance with the agreements does not condition countries' 

chosen treatment option, as demonstrated by cluster 4, which is characterized as being 

the most compliant with the established regulations. In this group, except for Belgium, 

the proportion of waste sent to landfill remains very high compared to other WM 

procedures.  

In the rest of the clusters, where the levels of participation and compliance are lower, 

landfill remains the most common option, although there are some anomalous behaviours. 

In cluster 1, Austria and the United Kingdom have achieved a shift towards incineration, 

while Ireland, Italy and Slovenia have opted for recycling, as has South Korea in cluster 

2. Italy merits a special mention: despite the generally adequate transition in WM, the 

differences between regions have forced governing authorities to adopt very focused 

measures. The fact that the southern Italian regions are more backwards in terms of 

industrialization—which is exacerbated by administrative difficulties and economic 

imbalances—intensifies the predominance of landfills, unlike in northern regions where 

more sustainable, healthier methods prevail (Mazzanti and Montini, 2013). 

In general, what emerges is that landfilling of waste is a well-established practice and the 

most widespread form of WM worldwide because, despite its harmful externalities, it 

offers important economic advantages and has few technical requirements (Jovanov et 

al., 2018; Laner et al., 2012; Mattiello et al., 2013; Vaverková, 2019). Chile (98%), 

Turkey (88%), Greece (80%) and Israel (76%) are the leading users of this practice, 
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according to the latest OECD statistics. For example, Greece has 75 active landfills, 

responsible for high levels of methane emissions (Kalogirou and Sakalis, 2016), while in 

Turkey the high population growth and consequent urbanization requires a radical change 

in WM to prevent a proliferation of landfills from damaging other sectors of the economy 

(Öztürk and Themelis, 2020).  

To reduce these practices, countries have developed tools to facilitate the transition to 

more sustainable activities, such as raising landfill tax rates. This measure was 

successfully applied in several countries: between 2010 and 2018, according to the OECD 

statistics, the United Kingdom managed to reduce landfilling by 70%, Norway by 10% 

and Spain by 23% (Defra, 2013; Kjær, 2013; Almasi and Millios, 2013), while Kallay 

(2013) recommends the measure for Lithuania. Countries should opt for total WM 

transition, focusing their efforts on increasing recycling, composting and incineration.  

In this respect, Slovenia, Estonia and Lithuania could serve as a model for the rest of the 

countries currently on the path towards establishing sustainable WM. Both NGOs and the 

Slovenian government have been very active in achieving the implementation of zero-

waste policies and WM programmes that have enabled their early compliance with EU 

targets set for 2020-2030 (European Commission, 2017a; Malinauskaite et al., 2017). In 

Estonia, a notable landfill tax and the construction of a major incineration plant have 

succeeded in establishing incineration as the most commonly used WM practice 

(Malinauskaite et al., 2017). In the case of Lithuania, EU structural and investment funds 

have been an important source of funding to improve the WM system by reorienting 

practices towards incineration, composting and recycling (European Commission, 

2017b).  

Hypothesis 2: The effectiveness of environmental policies has a significant influence on 

material recycling and the reduction of waste generation.  
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In line with several studies in the literature (Veleva et al., 2017; Ardi and Brando, 2019; 

Virlanuta et al., 2020) and in order to achieve the research objectives, two contingency 

tables have been constructed to test hypothesis 2 and determine if there is a relationship 

between the effectiveness of the environmental policies and two waste-related indicators 

(Tables 3 and 4). 

Insert Table 3 and 4 

The results of the contingency tables confirm that the second hypothesis can be accepted. 

Specifically, in Table 3, the largest number of countries show medium-high 

environmental policy effectiveness, corresponding to medium-low waste generation (15). 

This is followed by a notable number of countries with medium-low policy effectiveness 

and medium-high waste generation (10). In addition, Pearson's Chi-squared test confirms 

a significant relationship between the two variables. 

Regarding recycling, it can be seen that the work being done is leading in the right 

direction, but greater efforts are still needed. The relationship between the two variables 

is confirmed by the level of significance of Pearson's Chi-squared. However, Table 4 

reveals the highest concentration of countries occurs among those with medium-high 

policy effectiveness and a medium-low performance in material recycling (16), followed 

by 10 nations that achieve a medium-low level in both variables. These results underscore 

the importance of promoting governmental actions aimed at minimizing waste generation 

along with recycling as best practice for waste treatment. 

EU waste policies have the highest priority in which waste prevention, followed by 

preparing for reuse, recycling and other recovery and finally disposal as the least desirable 

option (Directive 2008/98/EC, Directive 2018/851). Even though, the amount of 

municipal waste being recycled has been steadily increasing in Europe thanks to 

investments in appropriate collection and handling, financial incentives to move away 
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from landfilling of waste and landfill bans (EEA, 2018). Germany, Austria, Slovenia, 

Belgium, Netherlands, and Switzerland recycled at least half of their municipal waste in 

2017.  

Although, the outlook to 2030 is less optimistic, waste management is improving, with 

increasing recycling rates and less reliance on landfilling. Several countries have already 

adopted strategies to develop the circular economy, Belgium, Denmark, Finland, France, 

Italy, Netherlands, Portugal, Slovenia and Scotland in the United Kingdom, whereas 

several countries are developing them (EEA, 2020). 

In Spain, for example, waste generation does not show a common pattern of behavior. 

The regions that greatly depend on tourism show the highest values, Alcay et al (2020) 

propose the adoption of methods for reduction of the waste levels generated by these 

activities. As for Bueno and Valente (2019) evaluate the causal effect of a unit pricing 

system on a disposal of municipal solid waste in Trento, Italy. They show that this policy 

is effective, with a significant decrease of the priced waste stream, unsorted waste, by 

37.5%. Also, Valente (2021) introduces waste prices on waste demands and social 

welfare, concluding that social welfare effects became positive when this policy cause 

significant waste avoidance. 

 

4. Conclusions 

Rapid economic development needs to be accompanied by sustainable practices that 

allow the proper preservation of natural resources without causing irreparable damage. 

At the international level, numerous treaties have been signed, establishing lines of action 

that commit those responsible for productive activities to the implementation of new 

technologies aimed at preventing pollution and excessive waste generation. However, 

countries' degree of commitment varies, with serious differences that jeopardize the 



17 
 

overall outcome. What is needed is a coming together of countries to mitigate 

environmentally harmful actions. 

In this context, the research carried out provides valuable knowledge about the 

international situation regarding countries' level of participation in establishing shared 

environmental regulations and compliance with the stated objectives. Moreover, evidence 

is provided of the relationship between the effectiveness of environmental policies and 

two indicators of sustainable practices that could mitigate the problems generated by 

global warming. 

The results obtained show that not all countries are moving in the same direction in terms 

of their environmental standards, leading to a lack of correlation between economic 

development and degree of compliance with international policies. The most obvious case 

is the major economic power of the USA, which achieves similar scores for its 

environmental policies as Turkey and Israel. It is thus shown that political interests can 

generate a disregard for climate change, bringing down sustainability indicators to 

minimum values. This behaviour creates a dismal pattern in WM, with heavy reliance on 

landfills, generating gases that are harmful to the environment and to human health. 

Conversely, other highly developed European economies such as Sweden, Finland, 

Denmark and the Netherlands, among others (cluster 5), register high levels of 

participation in environmental policies. This in turn has an influence on their waste 

treatment, with a predominance of incineration and recycling. For example, Estonia, 

Latvia, Lithuania, Slovakia—even though they were among the last countries to join the 

EU—achieve high levels of compliance with the KP and medium participation in policies, 

accompanied by good WM. 

The contingency tables show that no country achieves a High rating in EP - WG nor in 

EP - MR, only 36.6% and 39% obtain Medium-high, respectively. This shows the need 
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to adopt environmental policies that promote the introduction of innovative technologies 

focused on reducing waste generation and facilitating recycling. These activities avoid 

annually over 700 million tons of CO2 around the world and have participated in the 

slowdown of GHG emissions from OCDE countries. Recycling leads to a lower energy 

consume, saving natural resources, allowing the decontamination of the environment and 

filtering particles of urban pollution. This study has attempted to address one of the most 

controversial issues associated with economic development: waste generation and 

management. However, there are other issues, such as the use of renewable energies, 

which could also provide relevant information for an assessment of different countries' 

actions. As the database used is limited to 41 OECD and/or EU countries, it has not been 

possible to determine the actions of developing countries. 

 

References  

Alcay, A., Montañés, A., Simón-Fernández, MB. 2020. Waste generation in Spain. Do 

Spanish regions exhibit a similar behavior? Waste Manage. 112, 66-73. 

https://doi.org/10.1016/j.wasman.2020.05.029. 

Aldieri, L., Loppolo, G., Vinci, C.P., Tan Yigitcanlar, T., 2019. Waste recycling patents 

and environmental innovations: An economic analysis of policy instruments in the 

USA, Japan and Europe. Waste Manage. 95, 612–619. 

https://doi.org/10.1016/j.wasman.2019.06.045. 

Almasi, A.M., Millios, L., 2013. Municipal waste management in Spain. Regional 

Environmental Center, European Environment Agency. 

Álvarez de Toledo, P., Núñez, F., Usabiaga, C., 2018. Matching and clustering in square 

contingency tables. Who matches with whom in the Spanish labour market. 

Comput. Stat. Data Anal. 127, 135-159. https://doi.org/10.1016/j.csda.2018.05.012. 

Ardi, R., Brando, R., 2019. Household Consumer Behavior in Disposing WEEE (Waste 

Electrical and Electronic Equipment): An Exploratory Study in Indonesia. 5th 

International Conference on Industrial and Business Engineering (ICIBE), 96-100. 

https://doi.org/10.1145/3364335.3364338. 

Awuah, F.K., Ogbonnaya, U.I., 2020. Grade 12 students’ proficiency in solving 

probability problems involving contingency tables and tree diagrams. Int. J. Instr. 

13(2), 819-834. https://doi.org/10.29333/iji.2020.13255a 

https://doi.org/10.1016/j.wasman.2020.05.029
https://doi.org/10.1016/j.wasman.2019.06.045
https://doi.org/10.1016/j.csda.2018.05.012
https://dl.acm.org/doi/proceedings/10.1145/3364335
https://dl.acm.org/doi/proceedings/10.1145/3364335
https://doi.org/10.1145/3364335.3364338
https://doi.org/10.29333/iji.2020.13255a


19 
 

Beigl, P., Lebersorger, S., Salhofer, S., 2008. Modelling municipal solid waste 

generation: a review. Waste Manage. 28, 200–214. 

https://doi.org/10.1016/j.wasman.2006.12.011. 

Bueno, M., Valente, M. 2019. The effects of pricing waste generation: A synthetic control 

approach. J. Environ. Econ. Manag. 96, 274-285. 

https://doi.org/10.1016/j.jeem.2019.06.004. 

Callao, C., Martinez-Nuñezc, M., Latorre, MP., 2019. European Countries: Does 

common legislation guarantee betterhazardous waste performance for European 

Union member states. Waste Manage. 84, 147–157. 

https://doi.org/10.1016/j.wasman.2018.11.014. 

Castillo-Giménez, J., Montañés, Picazo-Tadeo A.J., 2019. Performance in the treatment 

of municipal waste: Are European Union member states so different?. Sci. Total 

Environ. 687, 1305–1314. https://doi.org/10.1016/j.scitotenv.2019.06.016. 

Defra, 2013. Waste management plan for England. Dep Environ Food Rural Affairs. 

Di Foggia, G., Beccarello, M. 2020. Drivers of municipal solid waste management cost 

based on cost models inherent to sorted and unsorted waste. Waste Manage. 114, 

202-214. https://doi.org/10.1016/j.wasman.2020.07.012.  

Directive 2018/850 of the European Parliament and of the Council of 30 May 2018 

amending Directive 1999/31/EC on the landfill of waste. 

Directive 2008/98/EC of the European Parliament and of the Council of 19 November 

2008 on waste and repealing certain Directives (OJ L 312, 22.11.2008, pp. 3-30).  

Directive 2018/851 of the European Parliament and of the Council of 30 May 2018 

amending Directive 2008/98/EC on waste (text with EEA relevance) (OJ L 150, 

14.6.2018, pp. 109-140). 

EEA. 2018. Environmental indicator report 2018: In support to the monitoring of the 

Seventh Environment Action Programme. European Environment Agency. 

EEA. 2020. The European environment — state and outlook 2020 Knowledge for 

transition to a sustainable Europe. European Environment Agency. 

European Commission (2017a). The EU environmental implementation review country 

report - Slovenia.  

European Commission (2017b). The EU environmental implementation review country 

report Lithuania.  

European Commission (2018). Circular Economy: new rules will make EU the global 

front-runner in waste management and recycling. 

https://ec.europa.eu/commission/presscorner/detail/en/IP_18_3846. 

Everitt, B.S., Landau, S., Leese, M., Stahl, D., 2011.Cluster Analysis. 5th edition. Wiley. 

Falkowska, A., 2020. The impact of environmental policy on location patterns in the 

waste management industry. Econ. Politica, 37: 167–195. doi.org/10.1007/s40888-

020-00174-9. 

Galeotti, M., Salini, S., Verdolini, E., 2020. Measuring environmental policy stringency: 

Approaches, validity, and impact on environmental innovation and energy 

https://doi.org/10.1016/j.wasman.2006.12.011
https://doi.org/10.1016/j.jeem.2019.06.004
https://doi.org/10.1016/j.wasman.2018.11.014
https://doi.org/10.1016/j.scitotenv.2019.06.016
https://doi.org/10.1016/j.wasman.2020.07.012


20 
 

efficiency. Energy Policy, 136, 111052. 

https://doi.org/10.1016/j.enpol.2019.111052.  

García-Rubio, P., 2020. 5 recyling lessons from different countries in the world. 

Openmind BBVA. https://www.bbvaopenmind.com/en/science/environment/5-

recycling-lessons-from-different-countries-in-the-world/ 

Hille, E., Shahbaz, M., 2019. Sources of emission reductions: Market and policy-

stringency effects. Energy Econom. 78, 29-43. 

https://doi.org/10.1016/j.eneco.2018.11.006. 

Hollins, O., Lee, P., Sims, E., Bertham, O., Symington, H., Bell, N., Pfaltzgraff, L., 

Sjögren, P., 2017. Towards a Circular Economy - Waste Management in the EU. 

European Parliamentary Research Service Scientific Foresight Unit (STOA). 

İçöz, C., Er, F., 2020. A statistical analysis of municipal waste treatment types in 

European countries. Environ. Research Technol. 3 (3), 113-118. 

https://doi.org/10.35208/ert.769634. 

IFM. 2019. Disposal is Not Free: Fiscal Instruments to Internalize the Environmental 

Costs of Solid Waste. IFM Working Paper, WP/19/283. 

Jovanov, D., Vuji´c, B., Vuji´c, G., 2018. Optimization of the monitoring of landfill gas 

and leachate in closed methanogenic landfills. J. Environ. Manag, 216, 32–40. 

https://doi.org/10.1016/j.jenvman.2017.08.039. 

Kallay T., 2013. Municipal waste management in Lithuania. Regional Environmental 

Center, European Environment Agency. 

Kalogirou, E., Sakalis, A., 2016. Overview of the waste management situation and 

planning in Greece. Waste Manage. 6, 107-116.  

Kaza, S., Yao, L.C., Bhada-Tata, P., Van Woerden, F., 2018. What a Waste 2.0: A Global 

Snapshot of Solid Waste Management to 2050. World Bank, Washington. 

Kjær, B., 2013. Municipal waste management: Norway. Regional Environmental Center, 

European Environment Agency. 

Lance, G.N., Williams, W.T., 1967. A general theory of classificatory sorting strategies: 

hi-erarchical systems. Comput. J. 9, 373–380. 

Laner, D., Crest, M., Scharff, H., 2012. A review of approaches for the long-term 

management of municipal solid waste landfills. Waste Manage. 32, 498–512. 

https://doi.org/10.1016/j.wasman.2011.11.010. 

Lavee, D., 2020. Are Economic Tools Preferable to Direct Regulatory Measures in 

Achieving Environmental Goals?. Environ. Policy Law, 50, 181–191. 

https://doi.org/10.3233/EPL-200213. 

Malinauskaite, J., Jouhara, H., Czajczynska, D., Stanchev, P., Katsou, E., Rostkowski, P., 

Thorne, R., Colón, J., Ponsá, S., Al-Mansour, F., Anguilano, L., Krzyzynska, R., 

López, I.C., Vlasopoulos, A., Spencer, N., 2017. Municipal solid waste 

management and waste-to-energy in the context of a circular economy and energy 

recycling in Europe. Energy. 141, 2013-2044. 

https://doi.org/10.1016/j.energy.2017.11.128. 

https://doi.org/10.1016/j.enpol.2019.111052
https://doi.org/10.1016/j.eneco.2018.11.006
https://doi.org/10.1016/j.jenvman.2017.08.039
https://doi.org/10.1016/j.wasman.2011.11.010
https://doi.org/10.1016/j.energy.2017.11.128


21 
 

Máñez, J., Pérez-López, G., Prior, D., Zafra-Gómez, J.L. 2016. Understanding the 

Dynamic Effect of Contracting Out on the Delivery of Local Public Services. Reg. 

Stud. 50(12), 2069-2080. https://doi.org/10.1080/00343404.2015.1090561.  

Martínez-Zarzoso, I., Bengochea-Morancho, A., Morales-Lage, R., 2019. Does 

environmental policy stringency foster innovation and productivity in OECD 

countries? Energy Policy 134, 110982. 

https://doi.org/10.1016/j.enpol.2019.110982. 

Mattiello, A., Chiodini, P., Bianco, E., 2013. Health effects associated with the disposal 

of solid waste in landfills and incinerators in populations living in surrounding 

areas: A systematic review. Int. J. Public Health. 58, 725–735. 

https://doi.org/10.1007/s00038-013-0496-8. 

Mazzanti, M., Montini, A., 2013. Waste management beyond the North-SouthDivide: 

spatial analyses of geographical, economic and Institutional dimensions. Waste 

Manage. https://doi.org/10.4337/9780857936868.00017. 

Minelgaitė, A., Liobikienė, G., 2019. Waste problem in European Union and its influence 

on waste management behaviours. Sci. Total Environ. 667, 86–93. 

https://doi.org/10.1016/j.scitotenv.2019.02.313. 

Onuferová, E., Čabinová, V., Matijová, M., 2020. Categorization of the EU Member 

States in the Context of Selected Multicriteria International Indices Using Cluster 

Analysis. Rev. Econ. Perspect.  20 (3), 379–401, https://doi.org/10.2478/revecp-

2020-0018. 

Öztürk, S., Themelis, N.J., 2020. Waste Management in E.U., Asia and Turkey. EurAsia 

Waste Management Symposium, 26-28 October 2020, YTU Davutpasa Congress 

Center, İstanbul/Türkiye. 

Pacheco-Vega, R., 2020. Environmental regulation, governance, and policy instruments, 

20 years after the stick, carrot, and sermon typology. J. Environ. Pol. Plan. 22 (5), 

620–635. https:/doi.org/10.1080/1523908X.2020.1792862. 

Pérez-López, G., Prior, D., Zafra-Gómez, J.L., Plata-Díaz, A.M. 2016. Cost efficiency in 

municipal solid waste service delivery. Alternative management forms in relation 

to local population size. Eur. J. Oper. Res. 255(2), 583-592. 

https://doi.org/10.1016/j.ejor.2016.05.034. 

Pietzsch, N., Ribeiro, J.D.L., Medeiros, J.F., 2017. Benefits, challenges and critical 

factors of success for zero waste: a systematic literature review. Waste Manage. 

67, 324–353. https://doi.org/10.1016/j.wasman.2017.05.004. 

Samadder, S.R., Prabhakar, R., Khan, D., Kishan, D., Chauhan, M.S., 2017. Analysis of 

the contaminants released from municipal solid waste landfill site: a case study. 

Sci.Total Environ. 580, 593–601. https://doi.org/10.1016/j.scitotenv.2016.12.003. 

Sarra, A., Mazzocchitti, M., Rapposelli, A. 2017. Evaluating joint environmental and cost 

performance in municipal waste management systems through data envelopment 

analysis: Scale effects and policy implications. Ecol. Indic. 73, 756-771. 

https://doi.org/10.1016/j.ecolind.2016.10.035. 

SGI (2020). Global Environmental Protection Report. Sustainable Governance Indicator 

2020. www.sgi-network.org. 

https://doi.org/10.1080/00343404.2015.1090561
https://doi.org/10.1016/j.enpol.2019.110982
https://doi.org/10.1007/s00038-013-0496-8
https://doi.org/10.1016/j.scitotenv.2019.02.313
https://doi.org/10.1016/j.ejor.2016.05.034
https://doi.org/10.1016/j.wasman.2017.05.004
https://doi.org/10.1016/j.scitotenv.2016.12.003
https://doi.org/10.1016/j.ecolind.2016.10.035
http://www.sgi-network.org/


22 
 

Simpson, W.G., Klaassen, Z., Jen, R.P., Hughes, W.M., Neal, D.E., Terris, M.K., 2018. 

Analysis of Suicide Risk in Patients with Penile Cancer and Review of the 

Literature. Clin. Genitourin. Cancer, 16(2), e257-e261. 

https://doi.org/10.1016/j.clgc.2017.09.011. 

Valente, M. (2021). Heterogeneous effects of waste pricing policies. arXiv:2010.01105. 

Varvazovska, P., Prasilova, M., 2015. Waste Production as one of the problems of 

postmodern society. Procedia Econ., 23, 1674-1679. 

https://doi.org/10.1016/S2212-5671(15)00408-6. 

Vaverková, MD., 2019. Landfill Impacts on the Environment—Review. Geosciences, 9, 

431. https://doi.org/10.3390/geosciences9100431. 

Veleva V., Bodkin, G., Todorova, S., 2017. The need for better measurement and 

employee engagement to advance a circular economy: Lessons from Biogen’s “zero 

waste” journey. J. Clean. Prod. 154, 517-529. 

https://doi.org/10.1016/j.jclepro.2017.03.177. 

Virlanuta F. O., David, S., Manea, L. D., 2020. The transition from linear economy to 

circular economy: A behavioral change. Focus on Research in Contemporary 

Economics (FORCE), 1(1), 4-18. 

World Bank, 2014. Results - based financing for municipal solid waste. Urban 

Development Series Knowledge Paper, No. 20. 

Zafra-Gómez, J.L., López-Hernández, A.M., Plata-Díaz, A.M., Garrido-Rodríguez, J.C. 

2016. Financial and Political Factors Motivating the Privatisation of Municipal 

Water Services. Local Gov. Stud. 42(2), 287-308. 

https://doi.org/10.1080/03003930.2015.1096268. 

Zámková, M., Prokop, M., Stolín, R., 2019. A review of flight delay causes at Spanish 

airports based on statistical analysis of categorical data. AIP Conference 

Proceedings 2116, 400009. https://doi.org/10.1063/1.5114423. 

 

https://doi.org/10.1016/j.clgc.2017.09.011
https://arxiv.org/abs/2010.01105
https://doi.org/10.1016/S2212-5671(15)00408-6
https://doi.org/10.1016/j.jclepro.2017.03.177
https://doi.org/10.1080/03003930.2015.1096268
https://doi.org/10.1063/1.5114423


23 
 

Table 1. Results of each indicator for all countries and descriptive statistics.  

 GEP MEA KPA EP WG MR 

Australia 5 6.2 4.34 4 4.82 5.65 

Austria 6 5.5 4.78 6 4.60 5.21 

Belgium 4 8.7 6.41 6 6.49 6.77 

Bulgaria 5 8.7 8.18 5 6.36 5.63 

Canada 7 4.2 4.20 7 4.91 4.23 

Chile 6 6.4 1.00 6 6.17 1.22 

Croatia 6 8.6 6.82 5 6.25 4.73 

Cyprus 4 5.8 1.84 4 3.95 3.37 

Czechia 5 8.6 7.31 5 7.17 5.49 

Denmark 9 9.3 6.18 9.0 2.50 6.20 

Estonia 6 8.4 8.23 8 6.56 5.02 

Finland 8 10.0 6.93 8 4.92 5.85 

France 9 8.9 6.67 7 5.19 5.16 

Germany 7 10.0 6.18 6 4.20 9.23 

Greece 4 3.5 7.80 4 5.44 3.44 

Hungary 5 8.2 7.93 5 6.83 5.83 

Iceland 7 1.2 4.55 7 3.73 4.16 

Ireland 7 4.8 5.86 7 4.63 6.21 

Israel 5 1.0 1.00 5 3.52 2.12 

Italy 6 5.8 6.29 7 5.50 5.79 

Japan 7 8.6 5.30 6 7.33 4.29 

Latvia 6 6.4 8.65 8 6.54 4.18 

Lithuania 6 8.4 8.69 7 5.89 5.04 

Luxembourg 9 9.6 5.17 8 4.25 5.65 

Malta 6 4.6 6.33 4 3.91 2.09 

Mexico 6 6.6 1.00 5 7.19 1.83 

Netherlands 6 9.6 6.13 6 5.37 5.48 

New Zealand 6 6.2 4.26 7 2.33 3.54 

Norway 9 9.6 5.62 9 2.80 6.14 

Poland 4 4.4 7.10 4 7.41 5.34 

Portugal 6 6.9 6.37 6 5.40 3.02 

Romania 5 6.8 8.98 5 8.05 2.28 

Slovakia 5 8.6 7.72 5 6.46 5.45 

Slovenia 6 6.9 6.07 8 5.65 8.07 

South Korea 6 7.8 1.00 4 6.77 10.00 

Spain 7 8.0 5.68 7 5.77 4.04 

Sweden 10 9.3 7.52 9 6.23 5.97 

Switzerland 9 9.1 5.90 9 3.21 6.12 

Turkey 4 1.0 1.00 3.00 6.34 2.84 

The UK 9 5.7 7.38 8 5.91 5.52 

USA 2 1.3 1.00 4 2.76 5.16 

Media 6.22 6.81 5.59 6.17 5.35 4.96 

Maximo 10.00 10.00 8.98 9.00 8.05 10.00 

Minimo 2.00 1.00 1.00 3.00 2.33 1.22 

Desv Tip 1.74 2.56 2.38 1.67 1.47 1.83 
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Table 2. Kruskal-Wallis test and the mean values of the indicators for the 5 

clusters 

  GEP MEA KPA 

Cluster 1  6.08 5.07 5.79 

Cluster 2 5.50 6.66 1.21 

Cluster 3 3.67 1.11 1.00 

Cluster 4 5.22 8.08 8.01 

Cluster 5 8.00 9.22 6.17 

Total mean 6.22 6.81 5.59 

𝝌𝟐 22.011 33.332 27.852 

p-value 0.0002 0.0001 0.0001 

 

Table 3. Contingency table between environmental policy and waste generation   

 
 ENVIRONMENTAL POLICY PERFORMANCE 
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High 0 0 0 0 0 

Medium-high  
1 

(2.4%) 
5 

 (12.2%) 
10 

(24.4%) 
0 

16 
 (39%) 

Medium-low  
1 

(2.4%) 
15 

(36.6%) 
5  

(12.2%) 
 

21 
(51.2%) 

Low 
2 

(4.9%) 
1  

(2.4%) 
1  

(2.4%) 
0 

4 
 (9.8%) 

Total 
4 

(9.8%) 
21 

(51.2%) 
16 

 (39%) 
0 

41 
(100%) 

 
Pearson’s Chi-squared: ꭓ2 = 14.543 (p-value: 0.006)    
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Table 4. Contingency table between environmental policy and material recycling 
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Total 
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21 
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41 
(100%) 

 Pearson’s Chi-squared: ꭓ2 = 18.945 (p-value: 0.004)    
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Figure 1. Clustering dendogram according to indicators of environmental policies 

Note: The numbers in the dendogram represent the countries in the sample in the following order. 

1 Australia 11 Iceland 21 Norway 31 Bulgaria 

2 Austria 12 Israel 22 Portugal 32 Croatia 

3 Canada 13 Turkey 23 Slovenia 33 Czechia 

4 Greece 14 USA 24 Spain 34 Estonia 

5 Ireland 15 Denmark 25 Switzerland 35 France 

6 Italy 16 Finland 26 Chile 36 Hungary 

7 Malta 17 Germany 27 Cyprus 37 Latvia 

8 New Zealand 18 Japan 28 Mexico 38 Lithuania 

9 Poland 19 Luxembourg 29 South Korea 39 Romania 

10 The UK 20 Netherlands 30 Belgium 40 Slovakia 

            41 Sweden 
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Figure 2. Clusters of countries according to their compliance with and participation in 

environmental policies with respect to the total mean 
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Figure 3. Waste treatment in countries by cluster  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: No OECD statistics on waste treatment are available for Malta, New Zealand, Cyprus, 

Bulgaria, Romania or Croatia. 
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