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Abstract. The problem of municipal solid waste QM SW)
increasing every year. According to the World Bank, more
tons of municipal solid waste (MSW) are
The paper shows that problem of waste
the world. And if the developed countrie
effective circulation system, then the de
majority, still solve this problem throu,
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1 Introduction

eloping countries, which are the majority, still solve this problem through open
landfills and burial. The use of technologies provided by technology partners should be
bined with the development of our own point technology solutions and their
oduction to the world market. Only the presence of a balanced comprehensive program
of the MSW management system will allow solving the problem of accelerated creation and
effective functioning of the modern waste management industry.
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2 Methods

The World Bank study covered 217 countries. Table 1 presents data on waste generation for
countries with different income levels, according to the World Bank classification, for 2016
and projections for 2030 and 2050. High income economies, which contain 16% of the
population, account for 34% of the world's waste, while low income economies - 9% of the
population and 5% of waste. Upper-middle income economies and lower-middle ing

WB country classification 2016 Nov.
High-income countries 683
Upper middle income countries 655
Lower middle income countries 586
Low-income countries 93

Source: Compiled by the authors based on World

Table 2. Waste generation forecast per capita kg per head per day

WB country classification 2016Nov. 2050Nov.
High-income countries ,58 1,87
Upper middle income countries 0,99
Lower middle income countries 0,79
Low-income countries 0,56

ly and the growth trajectories of waste will have enormous
environment and public health.

e 3. Waste generation forecast in 2030 and 2050, million tons per year

s WB 2016 Nov 2030 Nov 2050 Nov
Middle East and North Africa 129 177 255

Sub-saharan africa 174 269 516
Latin America and the Caribbean 231 290 369
North America 289 342 396
South asia 334 466 661
Europe and Central Asia 392 440 490
East Asia and Pacific 468 602 714

Source: Compiled by the authors based on World Bank research
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Analysis of the global waste structure shows that 44% of them are food waste, 17% -
paper and cardboard, 12% - plastic, 5% - glass, 4% - metal, 2%, respectively, waste from
wood, as well as rubber and leather , 14% - other categories of waste. Moreover, in
countries with a high level of income, food waste (32%), as well as paper and cardboard
(25%), prevail in the waste structure. Food waste also predominates in upper-middle-
income, lower-middle-income and low-income countries, but its share in the waste structure
is already significantly higher - 54%, 53% and 56%, respectively.

Worldwide, almost 40% of waste is disposed of in landfills, 19% of waste is
and composted, 11% is incinerated. At the same time, in high-income countri
waste is disposed of through landfill, 29% through recycling, 22% tl
incineration methods, and only 6% and 2%, respectively, through co
landfills. In low-income countries, 93% is in open landfills and only 3
3% in landfills.

The experience of advanced European countries, as well as J
in the field of MSW management demonstrates that the best
today is a combination of recycling what is recyclable a

Burial, especially at uncontrolled landfills, is the lot of la,

According to Eurostat data for 2018, the level of
H Burial H Heat treatment H Recycling = Composting

MSW in the EU countries averages 77%. The st
the EU-28 is as follows: 31% - recycling into
processing, 23% - landfill, 17% - organic waste

Structure of MSW circulati

1%

a in 2018 (%)
3%
1%
‘}S'QA ‘Sg’d 4‘%& ‘T;‘Sb $§’
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Fig. 1. Structure of MSW treatment methods in the EU and Russia. Source: compiled by the authors

based on
(https://ec.europa.eu/eurostat/databrowser/view/ENV_WASMUN _ custom 120617/default/table?lan
g=en)

Table 4 shows the availability of national waste management legislation in countries
with different income levels. This table shows that 86% of countries reported the existence
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of a formal national law or guidelines. Obviously, legislation on waste management
systems exists primarily in high-income countries.

Table 4. Existence of national legislation on MSW management in the countries of the world
according to the World Bank classification (for 2016)

WB  country | Total Number of | Number of | Number of

classification number countries with | countries countries
of legislation on | without with a lac
countries | MSW legislation on | of

management MSW informa
management

High-income 78 75 2 1

countries

Upper middle | 56 47 4

income

countries

Lower middle | 53 47 1 5

income

countries

Low-income 30 18

countries

Total 217 187 22

Source: Compiled by the authors based on World

te management are different:
limits), the degree of assistance to
entrepreneurs in waste processi of low-waste technologies, the
requirements for recyclinggfva maximum possible disposal of valuable
ontrol composition of waste, etc.

mental legislation is aimed at stimulating
resource conservati ind amount of waste in places where it is generated.
Waste recyclin Iy fixed in accordance with the rules developed by the
EPA), in particular, a norm of 25% of waste subject to
is established for the reuse of paper, cardboard, glass,
ferrous etals, plastics. In addressing environmental issues and, in
te management, a large role in the United States is assigned to
blic - the formation of an environmentally minded society.

ste legislation is represented by the Waste Framework Directive

aste processing as secondary material resources, waste disposal methods for
energy purposes and the least preferred is burial); sufficiency of production facilities and
quipment for waste disposal and disposal; implementation of the best available
nologies without excessive financial costs; maximum proximity of production facilities
(equipment) for disposal (placement) of waste to the sources of their generation; taking
measures to prevent damage to the environment and human health; introduction and
financial responsibility of the manufacturer for the entire life cycle of the product and its
packaging, even after the end of its use by the consumer; introduction of the polluter pays
principle.

A similar hierarchy was approved by the Ministry of Natural Resources of Russia in
accordance with Law 89 FZ "On Production and Consumption Waste", according to which
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the greatest preference is given to the return of waste to material circulation, and those
waste that cannot be used as raw material must be neutralized with the generation of
energy. Whereas landfill is the least preferred waste management method. Nevertheless, the
regulatory framework for the management of solid waste is still far from perfect and is
being finalized. The previously existing laws did not meet the requirements of
environmental protection, did not use the experience of foreign countries in environmental
protection activities.

Today, against the background of global data, Russia looks like this. Accg

materials, 1% - heat treatment and 1% - composting (Fig. 1).

In recent years, our country, as in many other issues related to ad
has been striving to catch up with the leading countries that have
issues for decades. Priority has been given to the ways and my

value of recycling as raw materials is about 47%, while in
of municipal waste, and there is a clear trend towards
Although it should be noted that a number of waste ed, including used

f=

paper and plastic wrap, paper and polymers
recycling, and a small fraction of waste.

Recycling and compos

2010 2011 2012 2013 2014 2015 2016 2017 2018

Germany Austria @==Belgium ==@==Nectherlands ==@==Sweden

Fig. 2. Top 5 Western European countries - leaders in terms of recycling. Source: compiled by the
thors based on Eurostat data
s://ec.europa.eu/eurostat/databrowser/view/ENV_WASMUN _ custom 121348/default/table?lan

3 Results

In 2019 as a part of the solution to the problem with solid waste, the Federal project
"Integrated Solid municipal Waste management System" was developed with a deadline of
implementation until 12/31/2024. Its implementation involved the introduction of separate
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waste collection, which was supposed to increase the volume of waste to be recycled to
60% or incinerated to 36%, respectively, to reduce the volumes exported to landfills or
illegal landfills. For this purpose, it was planned to put into operation 31.7 million tons of
solid waste recycling facilities, as well as 23.1 million tons of waste disposal facilities and
their fractions remaining after processing. The total budget of the project amounted to 296.2
billion rubles. in mixed financing from the state (101 billion rubles.) and the rest - from
extra-budgetary sources.

According to the passport of the national project, effective waste managemen
annual monitoring of 5 indicators:

- the number of all unauthorized landfills identified as of 01/01/2018 eli
the city boundaries (in pieces);

- the number of liquidated most dangerous objects of accum
damage (in pieces);

- the number of commissioned industrial and technical co
utilization and disposal of waste of I and II hazard classes (in

- the share of MSW aimed at disposal in the total volum

the International Forum
in December 2019, it was
March 2020. Within the

"Clean Country", which took place in the Skolk
planned to complete the "adjustment of indust
framework of the international forum "Gle

December 2019, the first results of tht
were summed up, including in relatlo
newly created company "Russia

e national project "Ecology"
anagement system: in 2019, the
pcrator” became the integrator of the
L0sRAO” became the federal operator for the
management of waste o ses. According to the Ministry of Natural

is 100% of the pla; i mational project for 2019 and 8% of the planned
ini indi following the implementation of the national project for

al instruments, etc.) for waste management have not been created. In a
this was laid down in the main law in the field of waste management N
W006.1998 "On production and consumption waste". The reasons are different,
— according to the head of the working group "Environmental Protection" of
the Pubhc Council under the Ministry of Natural Resources of the Russian Federation A.
edorov — the lack of qualified personnel in this area, as well as the absence of a real waste
aghounting system, including by hazard classes. In particular, in Moscow in 2016-2017, the
data on the amount of waste from the Moscow City Government and Rosprirodnadzor
differed by 10 times. The data of the State Register of Waste Disposal Facilities also
differed from the data of Rosstat, which led to lower payments to the budget for
environmental impact.
According to the Accounting Chamber, which published a report on the progress of the
waste reform in September 2020, the situation in the field of waste management remains
unfavorable: the level of waste processing does not exceed 7%, and more than 90% is sent
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to landfills and landfills, which do not meet the requirements of environmental legislation.
According to Rosprirodnadzor, at the time of the formation of the national project
"Ecology" on the territory of the constituent entities of the Russian Federation, there were
8,323 landfills, including 916 landfills in urban districts. And the national project "Clean
Country" involves the elimination and reclamation of only 191 landfills (more than 700
landfills within the city boundaries are not covered). Consequently, the goal set by the
President - to eliminate landfills within the city boundaries - will not be achieved.

The report of the Accounting Chamber on the implementation of the wastg
published in 2020 showed that the situation in the field of waste managfi
practically not changed. Only 7% of the waste was recycled, while 90% i
landfills that did not meet the requirements of Russian legislation in t
protection. At the time of the launch of the national project “Ecolo
landfills on the territory of the Russian Federation, 916 of them in u

It should be noted that the capacity of official landfil
by 2024, given that the volume of MSW is growing b

igh-tech infrastructure for
al, its target results and
% of the subjects of the

"Integrated system of MSW Management", aim
waste processing and disposal, turned out to
indicators were not coordinated with the region
Russian Federation did not confirm the
require revision, as well as the inclusio
reusable goods, containers and packag
generated.
Regional waste managgiicnt nes need to be reviewed. Their specific
consideration showed th i easures are being taken for separate waste
V management capacity is maintained at the
mipanies are involved in the waste management
best technologies available in the Russian Federation for

ncourage the population to use
ould reduce the amount of waste

required level, in
sector, and only

significantly even in comparable areas — in 2019, tariffs for services of
ed from 244 to 1411 rubles per cubic meter. As a result, in 2019-

¢ their activities to serve more than 15.1 million people. At the same time,
ted from the state budget for the construction of waste sorting and recycling
facilities were not brought to the regions, as well as control over the commissioning of
cilities for which funds were allocated in 2018 was also not carried out. The result is that
industry is not considered by business as attractive for investment. The most difficult
situation is in large cities, where the proportion of solid waste is the most significant. For
example, on the territory of the Moscow region is generated 20% of MSW generated in the
Russian Federation. The resource of the polygons operating in the Moscow region will be
exhausted within the next 3-4 years. At the same time, the use of landfills leads to a
significant increase in the risk of oncological diseases. Even with proper operation of MSW
landfills, which implies preventing fires, recycling leachate, neutralizing landfill gas, the
likelihood of oncological diseases as a result of the impact of the MSW landfill is on
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average 5 times higher than from the operation of thermal processing facilities (research
data for the state of New York). Thus, this problem affects 14% of the population of Russia
or 19 million people (the entire population of Moscow and the Moscow region). The
emergence of fires at landfills means special damage to health, on average in the Moscow
region, 40-50 thousand tons of MSW are burned per year, which means emissions of
dioxins and furans of about 50-70 g annually.

The experience of selected large cities, both European and non-European, sho
zero waste disposal can be achieved through an integrated approach, the essence o
the reuse of waste as raw materials and fuel (Fig. 3).
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anagement system in the Moscow region, a pilot project "Energy
implemented by “RT Invest”. The project provided for the
e collection by the population; organization of waste sorting

tion of this project will reduce the volume of waste disposal in Moscow and
region by 25% and will provide 335 MW of "green energy" annualy.

The most significant factor for this project, in particular, and for the formation of a new
tegrated waste management system in Russia, in general, is the choice of technology for
al neutralization of non-recyclable fractions with energy generation. The formation of
a new, in fact, for Russia industry today - the waste management industry will largely
depend on this choice. Abroad, in economically developed countries, this industry has been
developing for about 40 years, while in Russia this process should proceed principally
faster, proceeding from the already existing strict necessity. Therefore, the main
introductory developments of the new industry are the need to act quickly, simultaneously
develop all elements of the industry - from waste collection to their final processing, each
of which requires its own technology, as well as affordable cost - since available financial
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resources for a limited period of time are finite. The financial feasibility of building the
industry in a short time, as well as the need to ensure a level of localization of at least 55%,
determines the approach to the choice of technologies used. The main idea is that all
possible technologies are at different stages of the life cycle - laboratory experiment, pilot
production, industrial production. Outdated technologies can be purchased cheaply, but
they do not meet the requirements imposed in Russia today, the newest technologies are
expensive, and most importantly, they are still poorly developed and may have thej
specific limitations. Therefore, the best solution is to choose technologies tk
potential for not the next 10 years, at least. And in the future, to isolate the zo
point to create their own technological solutions that will be in demand, i
global level.

Based on these preconditions, within the framework of the E

was chosen as a thermal neutralization technology, which
advantages. In particular, the technology is optimal for worki

of raw materials and a stable morphology. The technolog
there are more than 1.5 thousand grate installations i

al treatment of MSW use
hnology shows higher -
0-800 kWh of electricity

Today, more than 90% of all commissioned facili
grate combustion technology. It is very impo

is generated from a ton of MSW on
plant's own needs), while gasification
cost per ton of installed capacuy i
technologies. This technology ma
million tons, which is ve
particular, by the Moscoy

=500 kWh. The specific capital
versus 1500-3000 for alternative
1 1 factories with a capacity of up to 1

the volumes of MSW that are produced, in
echnologies do not allow the construction of
s operating on pyrolysis and gasification
technologies does ; 00 thousand tons per year. Comparative
characteristics o ization technologies are shown in Table 5.

acteristics of thermal neutralization technologies

Fluidized Gasification Plasma Pyrolysis
d gasification

ncineration
Waste Waste processing | Processing of | Conversion of
incineration | into synthesis gas, | waste into | waste into
in a | purification and | synthesis gas | synthesis gas
pseudo- supply to GTU and liquid | and liquid fuel
liquefied fuel by means | through
state  when of an electric | anaerobic
mixed with arc (plasma) thermal
sand, steam decomposition
turbine

Number of 200 120 20 20

factories

Plant 100-1000 100-300 20-100 20-50 20-75

capacity,

thousand

tons / year

CAPEX, $ | 500-1000 500-1000 1000-2000 2000-3000 1000-1500

/ ton

Efficiency | 28% 25% 23% n/a n/a

Waste not sorting, grinding, drying, homogenization

preparatio | required
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n
Flaws Significant | Waste Requirements  for | Unused Low efficiency
slag stream uniform waste | technology, for MSW,
volume uniformity stream, low energy | significant suitable for high-
requirement | efficiency, high | energy energy waste
s, large slag | cost consumption
volume for own needs

Source: compiled by the authors

The named advantages of grate technology are confirmed by world exf
particular, by the fact that it dominates in economically developed countries fi

M Grate combustion

M Fluidized bed

combustion
M Pyrolysis, gasification,

B Grate combustion

mFluidized bed combustion (together with coal)

m Co-firing in cement kilns

Fig. 5. Increasing grate incineration in China. Source: Compiled by the authors based on Credit
Suisse Research

The grate technology is included in the manual on the best available technologies
"Thermal waste disposal" ITS 47-2017 officially published by Rosstandart. In particular, on

10
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page 128 it is indicated that "The incineration method is used in modern enterprises and is
considered the most versatile, reliable and effective in comparison with other thermal
methods of waste disposal." And also on page 183 “As an example of BAT, a scheme of
layered grate combustion of MSW can be considered. A system for generating electrical
energy can be organized in it ”.

The implementation of a project to convert MSW into energy based on the use of grate
combustion technology requires a technological partner. In particular, a numbg
companies are represented on the market for the construction of thermal processig

(Fig. 6).

EUROPE CHINA

Ebara 2% _
Stiefel 2% —~ \ Others 2% Noell 2%
Takuma 3% _ 3 Steinmuller 3%

) Ebara3%.__
Keppel Seghefs \'
6% Hitachi JFE4%

BBS SK Zosen Inova BASIC 4%
7% \ 27%

Kepp@&i
Seghers
35%

Volund 8%

Martin;
10%

ermal processing of MSW, 2000-13. Source:

The Swiss comp N 11108 has a 27% share in Europe in the construction
of heat treatment e largest company in this market. Its position in China is
nded in 1823, in 2010 100% share was acquired by the
’n, founded in 1881. By combining the technological
f two companles each of which is a leader in its own country, a
ment for the thermal processing of MSW was created. During
int company has built more than 500 factories around the world, including
i rope and 44 in North America. At the moment, the company operates

at. The company is ready to localize in Russia unique technologies and
processes of thermal waste disposal, including the grate and flue gas

One of the main problems of the thermal processing of MSW, which causes discontent
mong the population and environmental organizations, is the emission of dioxins. This
blem was urgent in the mid-1990s: it was discovered that, despite the high temperatures
in the furnace and boiler, thermal waste treatment plants are a large source of dioxins. This
is due to the fact that when the flue gases are cooled in the boiler at temperatures of 250-
400 ° C, dioxins are re-formed. After this opening, the gas cleaning systems of all ZEUs
were necessarily improved and in 2000 a strict standard for dioxin emissions (0.1 ng / m3
of flue gases) was introduced. Now the problem of dioxins has been solved - modern
methods of gas cleaning allow bringing the level of emissions closer to zero. In particular,
if in 1990 in Germany 400 g of dioxins were emitted for 6 million tons of processed MSW,
then by 2000 dioxin emissions decreased by about 1000 times, and amounted to 11 million

11
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tons of processed MSW - 0.5 g. For comparison, Table 6 presents figures for different
sources of dioxin emissions.

Table 6. Estimation of dioxin emissions from main sources

Ne Name Units The values
1 Forest and meadow fires, peatland fires ng DE * / kg 0,5-19

2 Burning agricultural residues in the fields ng DE * / kg 0,5-20

3 Incineration of MSW in the open air

3.1 PVC free

32 With a PVC content of 0.2%

33 With a PVC content of 1.0 - 7.5%
4 Fires in open landfills ng DE */ kg

5 Incineration of MSW at energy utilization plants | ng DE */ m3
(ZEU)
* DE - dioxin equivalent
Source: the table was compiled on the basis of the da
the elimination of persistent organic pollutants (PCP), wh
dioxin emissions in the context of the Stockholm C
are EU standards (2000/76 / EC) for dioxin emissi
The presented data indicate that the emi
significantly lower than emissions from all the li

ons of dioxins at modern EPPs are
sources.

4 Discussion

Thus, the following conclusions can be
ing all over the world. And if the developed
countries have the oppo ctive circulation system, then the developing
countries, which are th

Russia, which si

a garbage reform in the same year, using European
However, this reform did not bring the expected results:

regional programs for waste management, taking into account the prevention
and reduction of waste generation;

« form a separate approach for the infrastructure of millionaire cities.

The construction of a new industry involves the introduction of new technologies
covering the entire waste management chain - from separate waste collection to their final
processing, in a very short time and within limited funds. This determined the approach to
the choice of technologies used, primarily at the stage of thermal neutralization of non-
recyclable fractions with the generation of energy, since ensuring safety at this stage causes
the greatest worries among the population. No less important was the factor as the target -
to ensure the level of localization - not less than 55%.

12
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The grate combustion technology selected for the implementation of a pilot project in
the field of waste management in the Moscow region is a technology that is most consistent
with the requirements put forward in Russia, including legislative ones. It should be
consistent with innovative principles outlined in [2-8].

It is well developed and efficient, as the experience of European countries shows,
demonstrates the best energy efficiency, is characterized by low unit capital costs, proven
environmental safety. In addition, the technology - unlike alternative ones - is adap
work with unsorted MSW, which is very important for Russia, where so far the
waste by the population is extremely inactive. It also allows to build facto
capacity of up to 1 million tons per year, which is an obvious advantage i

confirmed by its inclusion in the handbook on the best available tec
waste disposal.

For the implementation of the pilot project "Energy from wa
Hitachi Zosen Inova, the leader in the European market for
the thermal processing of MSW, became a technological p,
determined by the company's willingness to localize uniq
disposal in Russia.

The use of technologies provided by technolo
development of our own point technology solufibns and their, introduction to the world
market. Only the presence of a balanced comprelignsive prograiilof the MSW management
system will allow solving the problem of accele
the modern waste management indust
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