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Abstract. The authors propose the evaluation of the level of development of waste management and the
factors associated with effectiveness of waste management in the world. Scientific novelty consists in new

principle of the selection of factors. This principle based on the balance between the rate of waste

generation and the efficiency of utilization, depending on income level in the countries. As a result, the
factors affecting the effectiveness of waste management selected and classified by the method of expert

evaluation. The algorithms has been proposed for calculate of the indicators of the intensity of waste
generation, of the efficiency of utilization, of the balance of waste, of the overall efficiency of waste

management. The evaluation of the effectiveness of waste management was applied by method of score of
217 countries of the world for 2018. The study found a correlation between the effectiveness of waste
management and the country's per capita income. This evaluation allows classifying countries on the level

of per capita income and by the types of balance between the intensity of waste generation and the
efficiency of waste utilization. On this basis the authors proposed to form a balanced policy of waste

management.

1 Introduction

Currently, waste management is a widely discussed topic
in the world. The countries of the world recognize the
need for effective waste management. Current
assessments of waste management focus on waste
indicators at the last stage of the product life cycle. This
is the "Liquidation" stage. However these assessments of
waste management do not take into account waste
indicators at the initial stage of the product life cycle.
This is the "Production" stage. Countries have
insufficient research and expertise on the problem of
generation wastes. One of the goals of the concept of the
sustainable development of the UN is zero waste by
2030. Therefore, countries need to develop strategies to
achieve this goal. This illustrates the relevance of the
topic of this study.

The development of the concept of a "Circular
economy" in developed countries has made it necessary
to find mechanisms that promote the spread of this
concept in all countries. However, a clear barrier is the
strong differentiation of countries in terms of both
income and waste management. Studying the various
waste management strategies relative to the level of
income of the territory's population.

The purpose of the paper is to study the level of
development of waste management and the factors that
determine its progress.

The object of the study is waste management
strategies of the world's countries.

* Corresponding author: upfr-nk@list.ru

The subject of this study is the factors affecting the
effectiveness of waste management in the world in
relation to the level of income of the population.

The hypothesis of the research is that the waste
management strategies in countries depend on the level
of per capita income. A more effective waste
management strategy is achieved in high-income
countries. This requires a balance between the rate of
waste generation and the efficiency of their utilization.

2 Materials and methods

The strategies of waste management progressively
evolved as human awareness to environmental impact
increases and demonstrate the benefits of proactive
waste management measures [1]. An evolutionary leap
in waste management has occurred thanks to the
concepts of "Sustainable development", "Green
economy", "Circular economy", and "Lean production".
The development of cleaner production technologies
supports the concept of sustainable development by
allowing industries to produce more efficiently and gain
incredible economic, environmental and social benefits
with less input utilization and less environmental
impacts [1].

The concept of a "Green economy" is not entirely a
new concept. It was first proposed by the London
Environmental Economics Centrel (LEEC) in a
publication (Blueprint for a Sustainable Economy) in
1989 authored by David Pearce, Anil Markandya, and
Ed Barbier [2]. Since then, many authors have
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investigated various aspects of the impact of the "Green
economy" concept on socio-economic indicators.

M. Porter and C. Van der Linde emphasize the
relationship ~ between  competitiveness and  the
environment [3]. They believe that competitiveness is
manifested in regions where the right environmental
standards have been developed, which become a source
of implementation and continuous improvement of
innovations [3]. W. B. Gray also espouses the point of
view, that in different regions environmental norms
(standards) should be implemented if the benefits to
society exceed the costs of their implementation [4]. In
those regions where this condition is not met, enterprises
tend to move production to regions with less strict
regulation [4]. M. Porter and C. Van der Linde believe
that in regions where the right environmental standards
are introduced before others, they move to the
international market before others (with high added
value) [3].

Few researchers study the relationship between
"Sustainable development" and "Lean production" [5],
[61, [7], [8], [9], [10], [11]. T. Larson, R. Greenwood
considers them unrelated [12]. Authors A.A. King and
M.J. Lenox believe that "Sustainable development" is a
positive side effect of "Lean production" (due to the
reduction of waste and pollution and efficient use of
energy, resources) [13]. As the popularization of "Lean
production" grows, many regions are moving to the
"Sustainable development". G. G. Bergmiller and P.R.
McCright, Ch.M.Kim, H.T. Ming Lim emphasize that
regions that implement the "Sustainable development" in
the "Lean production” achieve better results than those
that do not [14], [15]. Other authors J. D. Hanson, S.
Melnyk, R. J. Calantone believe that the introduction of
"Sustainable development" and "Lean production”
should be carried out simultaneously [16], [17].

Thus, according to the authors, "Lean production" is
the driver of the spread of the concept of "Waste
management". This hypothesis is true, since Japan,
which is a leader in lean management is also a world
leader in waste management. On the other hand other
factors influencing the development of waste
management can be: a high level of pollution of the
region strong economic development to increase the
growth rate of GRP and the local employment rate.
According to research conducted within the framework
of the FLAGSHIP project, the development of the waste
recycling sector has a potential for GDP growth of 7%
not only through the use of secondary resources and
energy recovery, but also the creation of tens of
thousands of new jobs.

At the same time, in our opinion, the effectiveness of
waste management should strike a balance between the
volumes of recycled waste and the waste generated, and
the development of recycling plastics and other raw
materials should take precedence over primitive
incineration of municipal waste for energy.

This study consisted of the following stages.

At the first stage, the classification of factors
affecting the effectiveness of waste management was
carried out on the basis of the expert assessment method.

At the second stage of the study, algorithms are
proposed for calculating summary indicators: the
intensity of waste generation, the efficiency of waste
utilization, the balance of waste, and the overall
efficiency of waste management.

At the third stage of the study, our methodology for
evaluating the effectiveness of waste management was
applied which consisted of calculating the following
indicators: the intensity of waste generation, the
efficiency of waste utilization, the balance of waste, and
the overall efficiency of waste).

~

Japan, USA, EU countries,
HI Switzerland, Qatar, Israel, Australia,
Saudi Arabia, UAE

B
&

7

=] UMI Turkey, Fussian Federation, Belars,
= Azerbaijan, China, Kazakhstan

% LMI Ammenia, Ukraine, Uzbekistan,

5 Tajikistan, India, Egypt

LI Nepal, Ethiopia, Madagascar,

Mozambique

Fig. 1. Examples of countries in the world depending on
income in 2018.

Based on the World Bank's "What a Waste 2.0"
study, waste in countries was recommended to be
analyzed by these indicators: waste generation, structure
of waste types, waste collection, utilization methods and
costs, number of countries implementing waste laws and
recommendations, and characteristics of waste charges
by various entities [19].

The World Bank study did reveal a direct
relationship between the amount of waste in the world's
countries and the GDP per capita factor, as well as
factors of wurbanization and population size [19].
Therefore, the GDP per capita indicator was chosen by
the authors as another classification feature of waste
management strategies. This World Bank report,
however, did not have an integrated assessment of the
world's waste and did not rank each waste indicator.
Therefore, the authors included the World Bank's waste
indicators (as an expert opinion) as factors affecting
waste management.

These indicators of waste management efficiency
were classified by the authors into two groups: the
intensity of wasted generation and the efficiency of
waste utilization. The first group of factors — the
intensity of waste generation — is responsible for the
inflow of waste from consumers and producers. The
second group of factors — utilization efficiency — is
responsible for the outflow of waste from consumers and
producers. Most methods for evaluating the effectiveness
of waste management have been based on indicators
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Table 1. The evaluating the effectiveness of waste management.
. . The conditions for the
Specific weight Threshold value in points reduction of points
Group or indicator of the group or The norm The size of
indicator, % minimum maximum of reduction from
indicator the norm
The intensity of waste generation: 50 0 50 - -
The rationality of consumers: 16.67 0 16.67 - -
- waste generation per capita per day. 16.67 1.58 kg — 0 points 0 xr - 16.67 0ke for 1 kg —10.55
points points
The rationality of producers: 16.67 0 16.67 - -
- the industrial waste generation per 16.67 42.62kg-0 0 kg—16.67 0k for 1 kg —0.39
day. ) points points £ points
The efficiency of the waste structure: 16.67 0 16.67 - -
- - - : o _ 0 —
the proportion of plastic waste (in 16.67 100% — 0 points 0% .16.67 0% for 1 A)
total waste). points 0.17 points
The efficiency of waste utilization: 50 0 50 - _
The efﬁcwncy of waste sorting and 125 0 125 i )
collection:
_ FN o/ _ o/
level of waste collection; 125 0% — 0 points 100 /o. 12.5 100% for 1 A>
points 0.13 points
The efficiency of the utilization 125 0 125 i )
methods:
B B o/ _ o _
th§ share of recycling among all 417 0% — 0 points 29% : 4.17 29% for 1 A) 0.14
utilization methods; points points
- o/ __ o/
the .sl.lare. of open lanfiﬁlls among 417 100 % — 0 points 0% : 4.17 0% for 1 A) 0.14
all utilization methods; points points
- minimum level recycling costs 417 from 2 places or 1 place —4.17 | place for 1 place —
among other methods. ) more — 0 points points P 4.17 points
Level of waste management 125 0 125 i )
coverage:
- percentage of countries o) o _
implementing waste laws and 12.5 0% — 0 points 100%}. 12.5 100% for 1 A’ 0.13
. points points
recommendations;
Efﬁglengy of waste payment load 125 0 125 i )
distribution:
- gap of waste management fees 313 4.52 per unit— 0 Iper unit — 1 ver unit for 1 per unit —
between households and businesses; ) points 3.13 points P 0.89 points
3 . v o/ _ [/
percentage of municipal 313 19% — 0 points 4% : 3.13 49, for 1 /o
expenditures on waste management; points 0.21 points
- waste management fee type and o o
billing method by household’s per 3.13 0% — 0 points 47% . 3.13 47% for 1 /0
] points 0.07 points
volume waste;
- waste management fee type and o o
billing method by commercial's size 3.13 0% — 0 points 33%~3.13 33% for 1%
points 0.09 points
or type.
Overall efficiency of waste 100 0 100 ) )
management

related only to utilization. According to the authors, in
order to achieve a balance between inflows and outflows
of waste, factors related to both waste generation and
utilization must be taken into account simultaneously in
an integrated indicator — the overall efficiency of waste
management.

Indicators proposed for the intensity of waste
generation are:
- The waste generation per capita per day showing the
rationality of consumers in relation to waste;
- The industrial waste generation per day characterizing
the rationality of producers;

- The proportion of plastic waste in total waste
responsible for the efficiency of the waste structure.

It should be noted that the proportion of plastic
waste, rather than other types of waste (such as paper,
metal, glass, food, etc.) is chosen as an indicator,
because according to the World Bank, in all countries
plastic waste occupies the largest fraction of waste
generated.

The group of factors used to characterize the
efficiency of utilization which consists of 12 indicators
(see Table 1). Table 1 presented the author's assessment
of the effectiveness of waste management, which
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Table 2. Data for calculating waste management efficiency points for countries around the world, depending on their income for

2018.
Level income GDP per capita
Group or indicator 3 3 :
Low Lower-middle Upper-middle High
The intensity of waste generation: - - - -
The rationality of consumers: - - - -
- waste generation per capita per day, kg. 0.4 0.53 0.69 1.58
The rationality of producers: - - - -
- the industrial waste generation per day, kg. 0.1 0.36 5.72 42.62
The efficiency of the waste structure: - - - -
- the proportion of plastic waste (in total waste), %. 56 53 54 32
The efficiency of waste utilization: - - - -
The efficiency of waste sorting and collection: - - - -
- level of waste collection, %; 39 51 82 96
The efficiency of the utilization methods: - - - -
- the share of recycling among all utilization methods, %; 3.7 6 4 29
- the share of incineration among all utilization methods, % 0 0.1 10 22
- the share of open landfills among all utilization methods, %; 93 66 30 2
- rating of minimum level recycling costs per ton among other 3 5 1 1
methods, place.
Level of waste management coverage: - - - -
- percentage of countries implementing waste laws and 60 39 34 9%
recommendations;
Efficiency of waste payment load distribution:: - - - -
- gap of waste management fees between households and businesses, 420 368 450 1.87
per unit;
- percentage of municipal expenditures on waste management, %; 19 11 11 4
- waste management fee type and billing method by household’s per
o). 20 4 9 47
volume waste, %;
- waste management fee type and billing method by commercial's 0 6 2 33
size or type, %.

included the factors listed above and the criteria for
calculating points.

The indicator of the share of recycling among all
utilization methods is selected for evaluation, since the
UN concept of "Sustainable development” states a goal
by 2030 to increase the recycling of waste and the use of
waste biodegradation. The share of open landfills among
all utilization methods is also related to the group of
factors responsible for the efficiency of utilization
methods. This indicator is selected for evaluation, since
this method of utilization is dangerous to the
environment and to the health of the country’s
population. Another indicator of the efficiency of the
utilization methods that the authors selected is the
minimum level of recycling costs among other methods
used in the country.

The calculation of points to characterize the
effectiveness of waste management used a statistical
method of scoring. Each of the 12 selected indicators is
assigned points according to the numerical scale
developed by the authors. Both groups of waste
management efficiency factors of the intensity of waste
generation and the efficiency of waste utilization received
the same rank of significance. The specific weight of
each group is 50% for a total 100%.

Within the "Intensity of waste generation" group,
each of the 3 subgroups received the same significance
rank.

Therefore, the share of each of the three groups of
"Intensity of waste generation" is approximately 16.67%,
which is 50% in total. Within the "Efficiency of waste
utilization" group, each of the 4 subgroups received the
same significance rank. Therefore, the share of each
subgroup in "Efficiency of waste utilization" is equal to
12.5%, which is 50% in total. Within the "Efficiency of
waste utilization methods" subgroup, each of the 3
indicators received the same significance rank. Therefore,
the share of each indicator is approximately 4.17%, for a
total of 12.5%. Within the "Efficiency of waste payment
load distribution" subgroup, each of the 4 indicators
received the same significance rank. Therefore, the share
of each indicator is approximately 3.13%, for a total of
12.5%.

The number of points for each of the waste
performance indicators depends on the specific weights
set above. The maximum value of the score scale is the
maximum specific weight of the indicator, and the
minimum value of the scale is 0 points.
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Table 3. Calculation of the effectiveness of waste management by income of level for 2018 in the world, points.
Group or indicator Level income GDP per capita
Low Lower-middle Upper-middle High
The intensity of waste generation: 36 35 31 11
The rationality of consumers: 12 11 9 0
- waste generation per capita per day. 12 11 9 0
The rationality of producers: 17 17 14 0
- the industrial waste generation per day. 17 17 14 0
The efficiency of the waste structure: 7 8 8 11
- the proportion of plastic waste (in total waste). 7 8 8 11
The efficiency of waste utilization: 15 23 33 48
The efficiency of waste sorting and collection: 5 6 10 12
- level of waste collection; 5 6 10 12
The efficiency of the utilization methods: 1 2 8 12
- the share of recycling among all utilization methods; 4 1 1 1
- the share of open landfills among all utilization methods; 0 1 3 4
- minimum level recycling costs among other methods. 0 0 4 4
Level of waste management coverage: 8 11 11 12
- percentage of countries implementing waste laws and 3 1 1 12
recommendations;
Efficiency of waste payment load distribution: 2 3 4 12
- gap of waste management fees between households and businesses; 0 1 0 2
- percentage of municipal expenditures on waste management; 0 2 2 3
- waste management fee type and billing method by household’s per 1 0 | 3
volume waste;
- waste management fee type and billing method by commercial's size | ) 3
or type.
Overall efficiency of waste management 51 58 64 59

The conditions for reducing each of the 12 indicators
were presented in table 1. The calculation of the point’s
reduction was performed using the following formula 1:

D. = — ()

Di — the size of the reduction of the indicator from

the norm by 1%, points; Wi_ specific weight of the

indicator, %; Al — difference between the maximum and
minimum threshold value of the indicator.

Table 2 presented the data grouped by the authors for
calculating waste management efficiency scores for
countries around the world based on data from table 1
and the World Bank report "What a Waste 2.0" for 2018.

The results of the approbation of the evaluating the
effectiveness of waste management was presented for
four groups of countries, depending on the level of per
capita income as of 2018 in table 3 (it was based on data
from table 2 and the calculation criteria of table 1).

In table 3, countries with upper middle income per
capita (64 points) ranked first place of overall efficiency
of waste management (64 points).

Countries with high income per capita ranked first
place of efficiency of waste utilization (48 points).

Countries with low income per capita were the leaders
of intensity of waste generation (36 points).

In addition to the overall efficiency of waste
management in countries, it is necessary to maintain a

balance between inflows and outflows of waste [24],
[25], [26].

Figure 2 summarizes all indicators of efficiency of
waste management for the world's countries for 2018
(based on table 2).

The authors calculated the waste balance for each
group of countries using the formula 2:

B,=1, - E ©)

B, — the balance of waste, points; I, — the intensity

g
of waste generation, points; E,, — the efficiency of waste

utilization, points.

From the point of view of waste management,
according to our hypothesis, the most effective country
(that is, the waste management policy is proportional) is
considered to be the country where the difference
between the intensity of waste generation and the
efficiency of waste utilization is the smallest and the
system is closed to equilibrium.
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Fig. 2. Efficiency of waste management, depending on the
level of income per capita in the countries of the world for
2018.

There may also be a deficit or surplus of the waste
balance in the country, which means that the waste
management policy is one-sided (disproportional).

For clarity, indicators of efficiency of waste
utilization (associated with reduced waste) were marked
with a minus sign, and the indicators of efficiency of
waste generation (associated with increased waste) were
marked with a plus sign.

3 Discussion

Thus, the conclusions were drawn from the calculated
indicators of balance for waste management (formula 2)
presented in figure 2.

The minimum difference in the balance of the waste
(equilibrium) was observed in countries with upper
middle income (- 2 points). In these countries less
generated less waste was generated due to lower growth
rates of industrial production and consumption. This
leads to a relative equality of the waste balance (the
intensity of waste generation and the efficiency of waste
utilization).

There is a significant imbalance associated with the
lack of waste disposal in the countries with low-income
(+23 points) and in the countries with lower-middle
income (+12 points). It is important not to reduce the
intensity of waste generation, but to increase the
efficiency of waste utilization.

A negative imbalance of waste is observed in
countries with high-income (-37 points). In these
countries, uneven policies in the waste management are
directed mainly towards the efficiency of waste
utilization creating this imbalance. It is necessary to work
on reducing the amount of waste generated by households
and industrial production.

The authors calculated the coefficient of correlation
between the countries' incomes and the overall efficiency
of waste management for 2018, it was 0.38. This means
that the overall efficiency of waste management did not
depend on revenue growth, since the coefficient of
correlation is less than was 0.5.

The coefficient of correlation between a country's per

capita income and the efficiency of waste utilization was
0.97 for 2018. It showed that the efficiency of waste
utilization increases with the growth of the country's per
capita income.

The coefficient of correlation between the country’s
per capita income and the intensity of waste generation
was 0.99 for 2018. This means that as the country's per
capita income increases, the amount of waste increases.

Thus, the hypothesis put forward by the authors that
the effectiveness of waste management depends from
level of income per capita was confirmed.

The practical significance of the study is that
depending on the level of per capita income, the waste
management policy should be differentiated. Thus,
highly developed countries should focus not only on
waste utilization, but also should work to reduce the rate
of waste generation. According to an old of Russian
proverb "The clean is not where they clean, but where
they do not litter".

Countries with low and low middle income should
disseminate the progressive experience of developed
countries in waste management, focusing primarily on
recycling rather than incineration. All this will allow
these countries to maintain low rates of waste generation
and prevent rapid pollution of their territories.

Prospects for research: in order to form an effective
waste management policy, it is necessary to shift the
emphasis toward maintaining a balance between the
intensity of waste generation and its utilization. The
intensive development of waste utilization increases the
burden on the environment, so sustainable development,
in our opinion, is associated with the need to increase
attention to reducing the volume of waste generation.

4 Conclusion

The development of industrial production led to the
launching of a consumer economy. The need to switch to
the "Circular economy" leads to increased attention to
the formation of a balanced policy for all resources [27],
[28], [29].

In our opinion, investments in human capital are
beginning to acquire special relevance. Changing the
attitude of the population toward resources and the
ecology of its territory will lead to the gradual reduction
in unrestrained consumption of the today’s period of
economic development. The awareness of the need for
careful treatment of resources can become a driver for
the formation of a balanced waste management policy.

We would like to thank Professor Phillip Sanger of Purdue
University (USA) for reviewing the article.
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