<@ sustainability

Article

Core Elements towards Circularity: Evidence from the
European Countries

Olga Lingaitiené

check for

updates
Citation: Lingaitiené, O.;
Burinskien¢, A. Core Elements
towards Circularity: Evidence from
the European Countries. Sustainability
2021, 13, 8742. https://doi.org/
10.3390/5u13168742

Academic Editor: Elena Cristina Rada

Received: 3 July 2021
Accepted: 31 July 2021
Published: 5 August 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 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/).

and Aurelija Burinskiené *

Faculty of Business Management, Vilnius Gediminas Technical University, LT-10223 Vilnius, Lithuania;
olga.lingaitiene@vilniustech.lt
* Correspondence: aurelija.burinskiene@vilniustech.lt

Abstract: In this paper, the authors identified key elements important for circularity. The primary goal
of circularity is to eliminate waste and prove the constant use of resources. In the paper, we classified
studies according to circular approaches and stated which of them get the highest attention. Further,
we identified the principal elements, grouped them into four categories important for circularity, and
presented scientific works dedicated to each of the above-mentioned categories. Further on, several
core elements from the first category were investigated, aiming to connect different waste streams
and provide a regression model. Finally, the methodological part reviewed the correlation between
various types of waste and their recycling and selected suitable ones for developing a new panel
regression model. The empirical research was delivered for the 27 European Union countries during
the period between 2000 and 2019. We indicate that the recycling rate of municipal waste impacts the
increase of recycling biowaste the same calendar year. The increase of recycling of municipal waste
by one per cent means the increase of the recycling of biowaste by 0.6 per cent.

Keywords: circularity; waste streams; circular approaches; regression equation

1. Introduction

Excessive use of natural resources, essential for economic growth and development,
has harmed the environment while making these resources rarer and more expensive [1,2].
Therefore, it is not difficult to see why the idea of a circularity, which offers new ways to
create a more sustainable economic growth model, is taking hold around the world.

An early approach towards practical sustainability was envisioned and demonstrated
as saving resources, preventing waste, and the extension of product shelf life [3-6]. How-
ever, the recycling agenda requires the industry to restructure its processes towards sustain-
ability. Case examples are proving the interlink between recycling and sustainability [7-10].
These examples summarise and demonstrate successful implementation by some com-
panies from the production industry, like Hewlett Packard and Low carbon industrial
manufacturing park (LOCI-MAP), etc., and studies investigating the effect on environmen-
tal and socio-economic conditions sustainable development [11-13].

A perfect circularity with 100% efficient material use cannot exist due to physical and
practical limitations in material recycling [14-17]:

e  Material turnover requires energy costs and impacts on the environment. These effects
can sometimes outweigh the effects of primary production. In any case, the impact of
energy use should not go beyond environmental protection.

e  Materials cannot be required to be recycled or reused in the long term. For example,
steel in buildings cannot be reused for many years. Therefore, material demand cannot
be met.

e  Demand for most products is growing as the economy grows. Unfortunately, even the
perfect material turnover is not enough to meet the growing demand.
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e  Material turnover includes inherent processing losses. Materials can also lose quality
or be contaminated. Therefore, even with stable demand, additional raw materials
are needed.

e  The supply of recycled raw materials is not in line with demand. In addition, due to
technological changes or lack thereof, substances that can only be obtained from pure
extraction may be preferred.

These constraints mean that recycling and recycling efficiency alone is not enough
to achieve sustainable yields. The more efficient use of materials can also have reper-
cussions, as cheaper raw materials could lower prices and stimulate higher consump-
tion [13,18]. Where higher consumption requires energy, production has an impact on
the environment [19,20].

The efficient use of resources could help to protect the environment but may hamper
economic growth or vice versa. Therefore, modelling will help to define these boundaries [21].

Compared to the linear scheme, circularity is a more complex system [22-24]. Com-
plexity arises from material stocks, return flows and management in different countries,
resource planning, logistics and recycling management, coordination of multi-level network
activities, and physical and information flow between network partners [25-28].

This study consists of three parts—the review of scientific studies and identifying
main elements important for circularity are presented at the beginning of the study. Further
on, the methodology of the article is presented. Following the methodology, the authors
revised core elements relevant for circularity by applying regression analysis. Seeking
practical investigations, the paper revised data from European Union countries. Based on
the analysis, the authors constructed a set of regression equations to describe circularity.
Finally, discussion and conclusion sections were provided.

2. Literature Review on Circularity

The changing economic environment (the programme of the European Commission’s
Communication “Creating a circular economy. A Europe without waste”) and changes in
the business organisation processes themselves lead to changes in the fields of materials
extraction, production, marketing, and recycling [29,30]. Keeping this in mind, many
companies are modernising and reorganising traditional supply chains and moving from
“linear” to “circular”, thus reducing the consumption of material resources and energy, as
well as the amount of waste generated [31-33].

The emergence of circularity is a natural evolutionary process. Still, new challenges
are now being encountered, such as the seamless (non-fragmented) arrangement and ag-
gregation of relevant functional activities over time to ensure a continuous and closed cycle
of “raw material-product-waste” movements [34]. In the long run, circularity protects
the world’s dependence on natural resources. It delivers benefits to society by absorb-
ing emissions and waste through increased material circulation and staying the natural
environment’s limits [35-37].

The cycles of extraction, production, and consumption of products are shortened,
which results in a faster cycle of material flows, including the collection, sorting, and
recycling of used products [38,39]. The research theme responds to the European Union
(EU) research priorities in Horizon 2020, which emphasises the need to increase the lifespan
of goods, reuse materials, recover resources using harmful technologies, and focus on the
duration of resources over-exploitation [40]. The private sector and industry, which have
a public commitment to ensure that recycled materials account for a certain proportion
of products placed on the market, will play a key role in shaping demand. The private
sector will have to implement the most appropriate solutions given the product’s extended
life cycle [41-43].

The circular scheme links traditional linear processes with product return processes
involving product recovery, product recycling, dismantling, and reuse of recycled prod-
ucts [44]. The statement “recyclable” means that the materials can be reused. However, this
reuse can be applied to just about anything, from converting used plastics to new containers
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we see on the roadside or burning. Thus, “recycling” is a very broad term covering fewer
desirable forms of reuse, such as substandard standards and even incineration [4,45,46].
The components and materials are used for enhancing maintenance, reuse, remanufacture,
and recycle.

Manufacturers talking about tank design say something more specific. They say that
new containers can be used from used container materials or that the material is suitable
for similar purposes [47]. Incineration and low-quality adaptation are not possible. These
manufacturers are paving the way to circularity. According to the authors [48-50], the
optimised use of resources is reached by having the circularity of products.

Therefore, increasing recycling rates is vital to reach circularity. The European Com-
mission is setting new targets on waste management—to increase the share of municipal
waste for recycling to 70% and prepare packaging waste for recycling up to 80%. In this
context, the European Commission (EC) has set a 50% recycling target for all the plastic
packaging waste collected by 2025 and 55% by 2030 [5,50]. The waste management hi-
erarchy indicates the order of priority for waste reduction and management. The goal
of the waste management hierarchy is to maximise the products” practical benefits and
generate as little waste as possible. The specified target delivers some advantages; it can
help prevent greenhouse gas emissions, reduce pollution, save energy, save resources,
create jobs, and encourage green technologies.

Reducing the amount of waste generated is a top priority under the Waste Hierarchy
set out in the Waste Framework Directive (Article 4), which sets out priorities from preven-
tion, preparation for reuse, recycling, and energy use to environmentally sound disposal,
in landfills. In addition, the Law on Waste Management of the Republic of Lithuania
establishes the order of priorities applied in waste prevention and management, which is
shown in Figure 1.

The most

The most desirable

solution

Figure 1. Waste management hierarchy.

The order of priority for waste prevention and management is applied considering the
general principles of environmental protection—precaution and sustainability, technical
feasibility and economic viability, protection of resources, and overall environmental and
public health and economic and social impact.

When products are recycled, repaired, or reused, employment is generated, and when
waste from one process is used as an input into others, efficiency and productivity gains are
achieved [51]. Therefore, following the hierarchy of priority, this paper focuses on recycling.

It should be noted that the circular economy and the 100% efficient use of materials
also have some financial implications.
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- Energy consumption, which is required for the circulation of substances has an impact
on the environment. It is important that the impact of energy consumption does not
exceed environmental limits.

- Materials may not be suitable for recycling or reuse. Accordingly, demand cannot be
met by using secondary resources alone.

- The circulation of materials alone is not enough to meet growing demand. Along with
economic growth, demand for most products is also growing.

- Material turnover can be lost due to lost material quality or contamination. Even with
stable demand, additional materials are needed.

- The supply of recycled raw materials does not meet demand. Technological change is
important to ensure a balance between supply and demand [52].

Savings of resources depend on how quickly products are collected from consumers,
reach recycling sites, and are processed. The shorter duration of the processes also leads to
a lower need for material (and natural) resources [19,21,52].

Products and services are rethought in implementing circular solutions based on
durability, recyclability, reusability, repair, replacement, renewal, upgrading, and reduced
use of materials [6,31]. Companies need to apply these principles to avoid waste, increase
resource productivity, and decouple growth from natural resource consumption [37,42].

Circularity contributes by increasing resource efficiency and reducing environmental
impact [53-55]. This can be achieved by applying or enabling one or more of the following
nine circular economies “R “strategies or principles, referred to as the 9Rs, in line with the
main circular approaches, which were first mentioned by the European Commission in
2006 and consisted of reuse (R3), recycle (R8) and recover (R9). Later on, due to high critics,
more circular approaches were presented [52].

R-strategy is sometimes treated even as part of the definition of circular economy,
which is the recovery of energy from waste and residues. It is recognised that from the
point of view of waste management. Energy recovery is preferable to landfilling following
the principle of the waste hierarchy from an ecological point of view. In addition, energy
recovery from organic waste and renewable residues, including the production of fuels
from them, can significantly contribute to climate protection by reducing the consumption
of fossil fuels.

Within these 9R strategies, the categorisation system calls for assessments of resource
efficiency gains and evaluations of activities” impacts on a lifecycle basis to demonstrate
their substantial contributions to the circular economy.

The authors revised the literature, classified the studies according to these approaches
(RO-R9), and mentioned them in Table 1. In this case, 22 different combinations covering
different circular approaches in 65 studies were indicated. Most authors focus on the
8th combination, which includes 7R: reduce (R2), reuse (R3), repair (R4), refurbish (R5),
remanufacture (R6), recycle (R8), and recover (R9). All circular approaches are indicated
under the 2nd combination, which is provided by seven studies.

According to the study, some circular approaches get greater attention and some of
them lower attention. Most of the authors focus on recycle (R8), reduce (R2), and re-cover
(R9) in their studies. In contrast, rethink (R1), repurpose (R7), and refuse (R0O) circular
approaches get the lowest attention among authors. To achieve circularity, a higher focus is
required on R7, which belongs to the end-of-life extend approach.
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Table 1. The classification of studies according to circular approaches.

Circular Approaches
Smarter Production End-of-Life Extension Apphcat}on
of Materials
£
"]
No Authors v ~ Y © = ﬁ B 3 o 5
5 B =] 2] ] el “~— (=¥ o >
= < = B o =) =) =] > o
) T < S o g = 3 ] 2
& e~ [ ~ &~ 3] ] T3 e I~
=) — ~ 2 < &~ g ~ © N
~ o ~ R~ 1 © S &~ ~
=
]
[
1. [3,6,14,29,36,43,50,55] X X X X
2. [9,20,24,35,56] X X X X X X X X X X
3. [17,55] X X X X X X X X
4, [22,48,49,54] X X X X X
5. [21,56] X X X X X X
6. [57] X X X X X X
7. [10,13,16] X X X X X
8. [7,12,15,18,34,40-42,44,48,51,58] X X X X X X X
9. [19] X X X X X X
10. [53] X X X X X X
11. [26] X X X X X
12. [27] X X X X X X
13. [37] X X X X X X
14. [23] X X X X X X
15. [38] X X X X X
16. [39] X X X
17. [28] X X X X X X
18. [25] X X X X X X X X
19. [59] X X X X
20. [5,30] X X X
21. [45] X X X X X
22. [60] X X

3. Core Elements Important for Circularity

To develop a literature review of circularity, we reviewed the dominant elements. The
academic literature provides a comprehensive overview [56-58]. The authors indicated
key elements mentioned under the literature review and grouped them into four main
categories: waste minimisation, resource recovery, material circularity, and general topics.
These categories are selected as representing a high circularity level. For example, general
topics cover best practices for delivering value following environmental and social aspects
and new business models supporting circularity. The other three categories (i.e., waste
minimisation, resource recovery, and material circularity) represent circularity with efficient
material use. A longer period could help reach a faster circulation cycle for materials from
consumption back to production.
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The first type, waste minimisation, is examined by different authors according to the
types of the policy package. It is particularly important that packagers are aligned with
strategic economic and industrial policy, as the industrial waste sector is one of those who
dictates change from linearity to circularity [59,60].

Forty-eight authors examine basic waste management, applying typical policy mea-
sures such as basic provision for public service management of wastes through landfilling
or burning. Fourteen authors describe the characteristic of waste hierarchy applied to
typical policy instruments, a fast link between waste management and resource use, as the
implementation of it. In many areas, progress has been noted mainly in recycling industrial
and organic waste [61,62]. The authors emphasise that companies that want to reduce
municipal waste must focus on consumers and forms of consumption [62,63]. For example,
to reuse, reduce, and recycle, we must effectively promote the need to change certain
consumer behaviour [19] and to have a substantial waste reduction through prevention,
reduction, and recycling [27,34,52,64].

The second type, resource recovery, is promoted by the United Nations and the
Organization for Economic Co-operation and Development [64]. Alhawari et al. performed
a literature review of a double loop regeneration system that focuses on the efficient and
effective use of ecosystem resources, which is beneficial optimisation of environmental and
economic activities.

The third type, the material circularity, considers recycled content in the product
together with the waste (linear flow) and usefulness of the product (expressed over a
lifetime) [24,65,660]. Garcés-Ayerbe et al. and Moraga et al. [23,35] make a point of change
in the concept of end-of-life by the life cycle of restoration and closed-loop products. They
want to eliminate waste, maintain the value of products and materials, promote their use
of renewable energy, and remove toxic chemicals. In current production and consumption
practices, the “end of life” is being replaced by reducing, reusing, and recycling processes
in producing, distributing, and consuming products and materials.

The fourth type covers general topics, which include circular business models and
value-added creation. A circular business model revises the logic of how a company gener-
ates value for its customers by reducing the environmental effect. The circular business
model is different from a linear one and follows the logic of designing products without
waste and pollution, storing used products and materials, and restoring natural systems.

Following the above-stated studies, the authors identified main categories closely
interlinked with circularity (Table 2). Each category includes elements identified in studies
and is significant for circularity. The first category focuses on waste, waste streams, and
waste reduction and reflects the waste priority hierarchy presented in Figure 1. The second
category concentrates on resource recovery. Resource recovery is the process which uses
waste as a resource for the development of value-added products. The third category
covers the circularity of materials. The use of circulating material, also known as turnover
rate, is defined as the ratio of the circular use of materials to the total consumption of
materials. A higher value of circulation rate means that more secondary materials replace
the primary raw materials. This helps to reduce the impact on the environment during the
extraction of introductory material.

Finally, the last category indicates very general topics, i.e., other topics displaying
circular direction and promoting the transformation from linear to circular.

All four of these categories are the key for circularity, which begins from waste-related
questions that discuss the treatment of waste indicated as a resource. Later, the resource
is recovered and used to its full potential. Finally, after its usage, product and package
should be separately collected, keeping the circulation of high-quality materials.
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Table 2. The classification of studies into elements and categories describing circularity.

Categories

Elements

Authors

1. Waste minimisation

Waste management

2,9,10,13,14,16-23,25,28,29,34-37,39-43,45,50,51,55,57,59,60,63,65-71]

Waste priority hierarchy

2,14,24,28,29,45,49,51,53,55,64,71]

Waste reduction

18,20,24,27,38,40,41,53,64,69-71]

Waste recycling

5,8,10,13,18,25,27,29,35-37,41,51,61,63,66,72]

Zero waste concept

5,6,9,17,18,20,21,25,30,34,39,48,55,61,65]

Waste streams

13,24,26,40,42,48,56]

Municipal waste

2,10,13,16,18,19,22,25,27-30,35,45,60,62,67,71]

Industrial waste

10,13,18,20,21,37,55,60,63,66,69]

2. Resource recovery

Macro, meso, micro level

6,7,9,10,12-14,17,18,27,35,51,56,59,61,64,72]

Resource-centred dimension

6,9,15,17,20,24,25,27,28,34,38-40,43,48,50,56,58,66,69,72,73]

Resource recovery

2,3,5,6,8,9,13,14,16-20,22,25,27,29,30,37,39,43,45,48-50,55,58,66,74]

Savings of natural resources

3. Material circularity

Material circularity,

3,5,6,9,13,15,18,22,25,34,37,40,43,44,55,60,64,73]

End-of-life concept

3,6,9,10,13,17,18,20,23-25,28,30,34,35,40,42,44,51,53,60,64,65]

Reutilising materials

6,61,74]

Remanufacturing materials

5,8,9,15,20,22,25,30,40,44,53,69]

Recycling materials

2,3,7-9,13,17-22,27-30,35,37 42,45,48-50,55,61,63,66,68,70-72]

Industry-specific cycles

9,20,36,53]

Technical-biological cycles

9,28,35,37,65]

4. General topics

Circular business model

6,7,9,10,13,15,17,19,20,24,25,34-36,44,54,56,60,61,68,69]

Value added approach

2,3,6,9,16-18,21,25,27,30,38,44,48,51,54,56,59,69,71,73-75]

Sustainability approach

9,10,17,21,24,34,36,39,41,43,53,58,60,63,64,66,68]

Environmental approach

[
[
[
[
[
[
[
[
[
[
[
[9,10,15,17,23,27,34,39,40,48,53,55,56,58-61,64,65]
[
[
[
[
[
[
[
[
[
[
[

9,18,24-26,34,36,42,65,66]

Table 2 indicates that authors are less concerned with evaluating recycling and com-

posting options to manage waste and assessing waste quality playing an essential role in
circularity, starting with waste minimisation, covering the recovery of resources and ending
with the circularity of material. The selected categories reflect the novelty of this article.

4. Materials and Methodology

Circularity is quite a complex and developing process [69]. This complexity is also
evident in Table 2. Therefore, this study aims to identify priorities and managerial aspects
important for circularity and revise real situations, helping figure out the effective actions
important for decision making.

Decisions are made by applying different factors, such as:

e  The infrastructure important for circularity;
e  The revision of management priorities;
e  The analysis of current situations and correction of actions.

The authors divided the review of circularity options into two layers and provided
theoretical and practical revision under Table 3.
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Table 3. The two-layer methodology supporting the review of circularity options.
. Relation with Description of Elements Methodological
The Layers for Review Circularity by Stages Background Output
The cycle is covering
stages from (1) the
production of products, .
(2) consumption by Smarter production Supporting and

indicating
conditions that
are different

circularity [70,71] (4) the distribution of Application and roviow of critical from linearity
. irculation of and focus on
raw materials to the crcu lement .
terial elements. environmental
secondary market, and materials sustainabili
(5) provision of ty.
high-quality materials
to primary market.
The primary waste The revision of The single way

The review of recycling
aspect in waste
management [72-75]

hierarchy prioritises the
most effective solutions
for waste management.
Many alternatives are
identified, combined
with recycling, such as
re-usage, re-production,
repairment, etc.

Avoid surplus
Reuse surplus
Recycle different
waste streams
Recover resources
Use disposal

recycling trends and
evaluation of
variables having an
impact on recycling
rate and the
construction of panel
regression equation

to reduce waste
levels is the
increase of
recycling,
guaranteeing the
recovery of
resources.

Below the authors provided practical research of real situations covering the revision
of two elements from the first category (municipal waste and waste recycling) and waste
streams, which could be separated into:

municipal waste;

mineral waste;

package waste;

biowaste;

electronic waste (e-waste); and
construction waste.

The waste streams of mineral and construction waste were not revised during empiri-
cal research due to the low amount of provided datasets for EU countries.

All indicators are used as circular economy indicators. Therefore, the revision of
indicators is important for monitoring the circular economy in several topics, such as
“production and consumption” and “waste management”.

In a circular economy, the value of products, materials, and resources are maintained
as long as possible. Therefore, the improvement of production methods and the influence of
consumers to demand greener products and less packaging is linked with waste reduction.

4.1. The Revision of Variables

This paper seeks to revise the main factors for constructing a new regression model.
The study selected data from the Eurostat database for 2000-2019 for 27 EU countries. To
identify central relationships, the authors revised 13 variables and identified the significance
of defined correlation. Later, variables that were statistically not significant were taken
away, and the construction of the regression equation step was used only for the ones that
were detected as significant. By constructing a panel regression model, the link between
biowaste and municipal waste was identified as important.

In short, biowaste means biodegradable garden and park waste (e.g., branches, leaves,
grass), food and kitchen waste from households, offices, restaurants, wholesalers, canteens,
caterers, and retail outlets, and similar waste from food processing plants. Biowaste
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does not include forest or agricultural waste, sewage sludge, natural fabrics, paper and
cardboard, or wood waste.

Furthermore, municipal solid waste means mixed and separately collected household
waste, including paper and board, glass, metals, plastics, paper, biological, wood, textiles,
electrical and electronic equipment, batteries and accumulators, and bulky waste, including
mattresses and furniture, and waste collected from other sources where it is similar in
nature or composition to household waste. Municipal waste does not include waste from
manufacturing, healthcare, agriculture, forestry, fishing, septic tanks, sewage and sewage
treatment waste, including sewage sludge, end-of-life vehicles, and construction waste.

In the article, the authors analyse various types of waste and their composition, in-
cluding the level of waste recycling. However, the regression equation is most pronounced
between municipal waste and biowaste recycling.

The authors of this paper applied the panel regression model, which was first applied
by Petris et al. [76]. The first step under the model construction procedure was the trans-
formation of time series, helping to identify the dependent variable and its links with the
regressors. Thus, the constructed model meets the requirements important for constructing
a simple regression model but presents dynamic interlinks.

Such analysis presents trends (Figure 2) which show that in a 19-year period, the
recycling rate of biowaste increased from 10 per cent to 17 per cent comparing to waste
generation figures.

£ Trends i
Q. (=]
5 8
° 520 100
& g
90
o 515 . 2
510 80
505 70
60
500 b
50
495
40
490 20
485 50
480 10
475 0
2000 2005 2010 2015 2020 Year

Generation of municipal waste per capita —— Recycling of hiowaste

Figure 2. Revision of trends: the generated waste and the recycled biowaste.

During further analysis, we figured out the links and their strength in data pairs. For
the dependent variable, the authors took the recycling of biowaste and evaluated how the
changes of other variables influence it. The regressors used for the regression model are
provided below:

rec_biow; = By + 1 rec_mu(;_y) + U 1

where rec_biow;—logarithmic dependent variable of the recycling of biowaste (i.e., the
ratio of composted municipal waste which is expressed in kg per capita) in year ¢;

Bo—intercept;

rec_miu(;_,)—dlog of recycling rate of municipal waste, which is expressed in kg per
capita, in year t — 1;

us—random model error; and
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B1—coefficient of elasticity, reflecting the impact of regressors on the recycling
of biowaste.
The results of the analysis are presented in the next sub-section.

4.2. Results of the Analysis

The data for dependent and independent variables were normalised by applying a
logarithmic procedure. Finally, the constructed regression model has its graphical repre-
sentations, which is provided in Figure 3.

300
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Figure 3. Forecasting the recycling of biowaste.
The regression model delivers such results:

rec_biow; = 0.028 + 0.6 rec_mi ) o)
(0.013) (0.056)

The article presents the tests of statistical validity delivered under the Hausman test.
Detailed results of these statistics are provided below in Appendix A.

The authors indicated that the recycling rate of municipal waste impacts the recycling
of biowaste. The increase of recycling of municipal waste by one per cent means the
increase of the recycling of biowaste by 0.6 per cent. The close link between biowaste
and municipal waste is explained as around 80 per cent of municipal waste consists of
organic materials in nature [77]. Even electronic equipment, which is part of municipal
waste, includes non-metallic components that were recently used for fuel production after
being separated from other spare parts. On average, 70 per cent of materials used in
electronics can be reused in other products. The same applies with paper waste, mostly
cellulose [77], which could be recycled into biowaste. Fast recycling has a substantial
advantage against cases where recycling is taking longer as it helps save natural resources
and reduce pollution.

5. Discussion

The improvement of circularity is significant under various levels: society, industry,
and government. However, the implementation of high-level circularity is too optimistic
as recycling takes only one-fifth of generated waste.



Sustainability 2021, 13, 8742

11 of 16

According to the waste priority hierarchy, waste prevention could help dispose of
waste at the source, save natural resources and energy, and deliver costs. Further on, the
hierarchical approach includes waste reduction, recycling, energy recovery, treatment, and
ultimately disposal.

Waste reduction means using resource reduction and/or environmentally sound
recycling methods before energy is recovered, recovered, treated, or disposed of and helps
achieve a sustainable future. The reduction does not include waste treatment, i.e., any
process designed to change the physical, chemical, or biological composition of waste.

The implementation of waste reduction activities is the most appropriate for various
circular approaches and waste streams, such as applying more intelligent production.
Further evaluation of recycling and composting options could be considered for managing
unavoidable waste and could increase material circularity. Recycling helps protect the
environment by saving energy, reducing pollution, reducing costs, and conserving natural
resources. The results of the study are essential for policymakers as increased circularity
leads to environmental sustainability.

Waste recycling saves energy, improves circularity, and supports the supplies of raw
materials to produce new products. When it is not possible to avoid waste, recycling is the
next best option. Recycling helps to prolong the life of landfills and is the best use of natural
resources. Biowaste or composted waste is the recycling of organic matter. Organic matter,
such as packing and non-metal waste, is transformed into a valuable soil replacement and
guarantees organic waste removal from landfills. In addition, organic matter speeds up the
recycling process and studies show that it is possible to perform recycling, in most cases,
faster than one calendar year.

The research indicated theoretical and practical gaps in which minimisation could
increase circularity and faster transformation.

The research has some limitations and does not cover the revision of construction and
decomposition waste and mineral waste streams and the avoidance of surplus. However,
the high-level circularity could be reached in the long-term period as the current recycling
of waste is less than 20 per cent and needs to be sped up.

6. Conclusions

In recent years, many studies have focused on circularity. However, the attention to
all circular approaches is behind: only 7 studies out of 65 cover all circular approaches.
Moreover, the attention to circular approaches related to smarter production is still small, as
well as to single repurpose approaches from the end-of-life extension approaches. Therefore,
the application of materials approaches is highly researched by authors and appears in
studies as early as 2012.

The authors indicated key elements important for reaching high-level circularity.
These elements are indicated during the revision of studies. These elements have been
classified into four categories—waste minimisation, resource recovery, material circularity,
and general topics. The elements such as waste management, resource recovery, recycling
materials, and value-added approach are the most interesting topics for studies.

For the revision of circularity as a complex process, the authors suggested a two-layer
methodology, which covers theoretical and practical investigations. The practical investi-
gations were provided during empirical research conducted for 20 years in 27 European
Union countries. The paper researched trends and identified waste streams impacting
biowaste available for recycling increase and figured out that municipal waste stream plays
an important role. Municipal waste has an impact during the same period. The author
constructed the panel regression equation and proved its statistical validity.

The future works could extend delivered study into some directions such as

the revision of circularity measures and interlinks to show gaps;
the involvement of other waste streams into empirical research;
the review of waste management aspects by sectors; and

the prognosis of recycling rates.
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Appendix A
Table Al. Matrix of variables.
. . The Recycling
The Recycling The Recychng. The Recycling Rate of Packaging
Balanced Sample Rate of Biowaste Rate of Electronic Rate of Waste by Tvpe
(Listwise Missing Value Deletion) Waste (E-Waste) Municipal Waste yyPp
of Packaging
DLOG(REC_BIOW) DLOG(REC_EW) DLOG(REC_MU) DLOG(REC_PCW)
Correlation 1
DLOG(REC_BIOW)
Probability —
Correlation 0.102355 0.100917
DLOG(REC_EW(-1))
Probability 0.5297 0.5355
Correlation 0.862335 —0.179613 1
DLOG(REC_MU)
Probability 0 0.2674 —
Correlation 0.265347 0.317882 0.386676
DLOG(REC_MU(-1))
Probability 0.098 0.0456 0.0137
Correlation 0.376968 0.05477 0.15527
DLOG(REC_MU(-2))
Probability 0.0165 0.7371 0.3387
Correlation 0.362384 —0.073196 0.544935 1
DLOG(REC_PCW)
Probability 0.0216 0.6535 0.0003 —
Correlation —0.150284 0.171152 —0.062798 —0.249102

DLOG(REC_PCW(-1))
Probability 0.3546 0.291 0.7003 0.1211
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Correlated Random Effects — Hausman Test
Equation: Untitled
Test cross-section random effects

Test Summary Chi-5qg. 5t Chi-5q. d.! Prob.

Cross-section random 3.126653 1 0.077

**F WARNING: estimated cross-section random effects variance is zero.

Cross-section random effects test comparisons:

Wariable Fixed Random War(Diff.) Prob.

REC_MU_ DL 0.60432 0.634514 0.00028 0.077

Cross-section random effects test equation:
Dependent Variable: REC_BIOW DL
Method: Panel Least Squares

Date: 07/26/21 Time: 21:06

Sample {adjusted): 2001 2019

Periods included: 19

Cross-sections included: 30

Total panel {unbalanced) observations: 433

Variable Coefficier Std. Error t-Statistic Prob.
C 0.028305 0.013487 2.098624 0.0364
REC MU DL 0.60492 0.056993 10.61396 0

Effects Specification

Cross-section fixed (dummy variables)

Root MSE 0.27794 R-squared 0.241706

Mean dependent ve 0.0689395
5.D. dependent var 0.319501
Akaike info criterior 0.402935
Schwarz criterion  0.667065
Hannan-Quinn crite  0.506641
Durbin-Watson stat 2.346826

Adjusted R-square 0.192466
5.E. of regression 0.287113
Sum squared resid 38.08448

Log likelihood —B68.3235
F-statistic 4908753
Prob(F-statistic) 1]

Figure A1. Formation of Equation (2), Hausman test.
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