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The focus of the work is the estimation of possibility to implement source separated municipal
solid waste management in Saint Petersburg. Hence the overall Russian waste management
system in operation is examined. The assessment was based on various sources of information.

At first, current legislative framework is studied on the basis of Russian National and Saint
Petersburg regulations. Then, official researches of Saint Petersburg authorities regarding
municipal solid waste management highlights the waste management infrastructure of the city.
At last, websites of public organizations operating in source separated waste management
promotion is critically examined to find out the level of community involvement.

Moreover, personal interviews were hold with main stakeholders in the field of local waste
market in Saint Petersburg. In addition, public opinion poll was launched to estimate the social
environmental consciousness of citizens.

Consequently, main challenges to source separation waste management is highlighted based on
gathered information and opinions. The most suitable way towards source separated waste
management is offered for Saint Petersburg conditions.
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INTRODUCTION

During the 21% century, humankind is going through a number of tremendous challenges. The
degree of complexity is on the constant raise while we are moving towards 9 billion population,
forecasted by a United Nations report to be reached by 2050. (UN Report “The 2015 Revision of
World Population Prospects”, 2015) Even though our planet has enough space to allocate this
number of people, will it be able to resist the impacts of the crowd?

The current era is believed to cause significant changes in Earth’s cycles due to the anthropogenic
interference. Scientists have already proved the link between human activities and the fact that our
planet’s functions are in depletion. Uninterrupted consumption of earth’s raw materials to support
the needs of inhabitants in food, energy and heat led to natural resource exhaustion. However,
constantly increasing intake is not the only process causing problems to the planet’s welfare.
Almost all extracted raw materials return to the natural environment modified by human
intervention. As a result, these materials become wastes and environmental burden.

Ever increasing rates of population growth highlight the urgency of sustainable development in
order to meet the needs of the present generation without compromising the ability of further
generations to meet their own needs. To begin with, the consumption behavior should be
restrained. As a result, humanity is setting forth the schemes and scenarios for development of
renewable energy production. By doing this, limited natural resources will be substitute by
inexhaustible power of wind, water, solar and geothermal energy. Moreover, this approach let
wastes shift from environmental stress to a promising material for renewable energy as well.

Although, the idea of waste to energy is highly appealing, as it allows not only energy production
but also reduces significantly the volumes of disposed waste, it has a number of thresholds. The
major one is that when constructing a waste incineration plant a significant investments should be
made not only to technological process but also to an emission treatment equipment. Otherwise,
the environmental performance of this waste treatment method might be only slightly better than
disposal, effecting drastically air quality and causing serious health hazards. Moreover, waste
should undergo pretreatment process in order to become more effective as a fuel.

On the contrary, waste source separation enables waste treatment method which is higher on the
waste hierarchy. (2008/98/EC) In addition, if waste is sorted, it becomes a better fuel for further
incineration. In other words, waste should be separated by different sources in order to become a
valuable, not dangerous material.

Source separation maximizes the advantage of waste in perspective of sustainable development.
Firstly, it allows the recycling of certain materials. Secondly, recycled materials can be used in
manufacturing processes. By doing this, the demand for natural resources will be lowered. Thirdly,
energy recovery from precise waste fractions become possible. This leads to a conclusion, that
closing the loop: refining and commercializing recycled material, making the profit from waste is
the basis for the circular economy. It highlights the need in circumspect waste management system.

While European countries are succeeding in transition to source separated waste management
schemes, Russia is lagging behind. Territorial aspects for far too long have postponed the necessity
of proper waste regulation. However, in order to keep up to the times and develop sustainably,
even as spacious country as Russian Federation, cannot omit the problem of waste management.

In the recent years, the idea and technologies for waste source separation have been extending in
Russian megacities as Moscow and Saint Petersburg. However, even though this market sector is
slowly developing, this movement is overall tend to be more ideological than practical. The
average citizens are lacking any information about the need or methods of source separated waste
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management. Similarly, the development of municipal waste treatment capacities is retarded.
Currently, Russian government is elaborating the law, which imposes a different taxation on
source separated and mixed municipal solid waste. The legislation will be passed by 1 January
2017 (Ministry of Construction of the Russian Federation). This information has heighten the
interest in municipal solid waste management. Presently, it become a topic of interest for the
governmental institution as well as social businesses.

Current waste management practices in Russia are resource-inefficient and result in negative
environmental impacts. The major share of MSW, almost 90%, ends up at the landfill sites.
(Minprirody Russia, 2012) While EU Members recover, on average, up to 60 percent of MSW,
Russia’s waste recovery rate is nearly zero.

The following thesis work pursues several objectives. Firstly, the target is to examine the current
environment in Saint Petersburg as a basement for transition towards source separated municipal
waste management system. The assessment is going to be based the number of conversations
with main stakeholders of waste management in Saint Petersburg. Moreover, public official and
non-official information will be considered based on public speeches and published interviews.
Secondly, possible pathways for the changes, based on foreign experience, are going to be
analyzed. As a result, the conclusion will be drawn about the most suitable for Russian conditions
way towards MSW source separation system.



1. MUNICIPAL SOLID WASTE

Definition and composition of municipal solid waste (MSW) varies significantly depending on the
country under consideration. OECD/Eurostat joint questionnaire (JQ) was the fundamental
document for data and statistics collection about waste in the European Union. In 2004 after the
adoption of the Regulation on waste statistics, the situation underwent slight changes towards
webforms usage in data collection.

Taking JQ as a basis for MSW assessment as the most comprehensive one, household and similar
wastes are regarded as municipal wastes. This explication includes bulky waste, like old furniture
or mattresses, as well as garden waste, leaves, grass clippings, street sweepings and waste from
street litter containers. (Eurostat, 2015)

EU’s Landfill Directive describes municipal waste as a “waste from the households, as well as
other waste which, because of its nature or composition, is similar to waste from household” (EU,
1999). The origin of municipal waste comparable by it’s nature with household wastes varies
significantly. It might be coming from commercial or industrial enterprises, business offices,
schools, hospitals, prisons, different public spaces as streets, gardens, bus stops, markets, public
toilets. Overall, there are four main sources of MSW (Tchobanoglous, Kreith, 2002):

1) Residential;
2) Commercial;
3) Institutional;
4) Industrial.

Food scrap, newspapers, clothing, disposable tableware, food packaging, cans and bottles are main
components of residential discharges.

Office buildings or restaurants (commercial sources of MSW) are responsible for corrugated
boxes, office paper, paper napkins disposable tableware and food waste flows in general waste
stream.

Share of municipal waste from social institutions like schools, hospitals or prisons is covered by
garbage from cafeteria and restroom rubbish bins, office paper, classroom and garden waste.

Industrial enterprises are commonly responsible for their own waste management systems. As a
result, industrial process wastes are excluded from the general municipal waste volume. However,
wastes such as various packaging (corrugated boxes, plastic film, wood pallets), office, lunchroom
or restroom waste — waste of the similar to household waste nature, is treated as a part of general
municipal solid waste management system. (EPA, 2000)

Moreover, although construction and demolition waste and municipal wastewater treatment
sludges are commonly disposed at landfills along with MSW, they are not seen as municipal waste
streams. (Eurostat, 2015)

To summarize the information for further waste assessment, the waste volumes collected by or on
behalf of municipal authorities and disposed through the waste management system define
municipal waste generation. (Eurostat, 2015)

According to Commission Decision on the European List of Waste (COM 2000/532/EC)
Municipal solid waste (household waste and similar commercial, institutional and industrial
wastes) subdivide to following list of fractions categories (EEA, 2000):



1) separately collected fractions with notable number of subcategories:

paper and cardboard, glass, biodegradable kitchen and canteen waste, clothes, textiles, solvents,
acids, alkalines, photochemicals, pesticides, fluorescent tubes and other mercury-containing
waste, discarded equipment containing chlorofluorocarbons, edible oil and fat, oil and fat (other
than those mentioned in edible oil and fat category), paint, inks, adhesives and resins containing
dangerous substances, paint, inks, adhesives and resins (other than those mentioned previously),
detergents containing dangerous substances, detergents resins (other than those mentioned
previously), cytotoxic and cytostatic medicines, medicines resins (other than those mentioned
previously), batteries and accumulators (included in batteries and accumulators following
subcategories: lead batteries, Ni-Cd batteries, mercury-containing batteries and unsorted batteries
and accumulators containing these batteries), batteries and accumulators (other than those
mentioned previously), discarded electrical and electronic equipment (other than those mentioned
previously containing hazardous components), discarded electrical and electronic equipment
(other than those mentioned previously), wood containing dangerous substances, wood (other than
those mentioned previously), plastics, metals, wastes from chimney sweeping, other fractions not
otherwise specified;

2) garden and park wastes (including cemetery waste) with subcategories:
biodegradable waste, soil and stones, other non-biodegradable wastes;
3) other municipal wastes with subcategories:

mixed municipal waste, waste from markets, street-cleaning residues, septic tank sludge, waste
from sewage cleaning, bulky waste, municipal wastes not otherwise specified.

1.1 Methodologies for assessing municipal solid waste

There are two central approaches to conducting a research over waste generation to obtain waste
characteristics for further assessment. Both of them were developed by EPA in the 70s years of
twentieth century. First method supposes source-specific studies, when each waste component is
estimated separately. It is appropriate for evaluation of local waste flows as it focuses on site-
specific relations. The estimation consists of sampling, sorting and weighting waste samples of
definite fraction. However, since the method is able to produce data only about precise source
discards, which covers only limited area, it is not suitable for broad waste generation analyzes over
the whole country. Extrapolation from these studies might lead to rude mistakes if the goal is to
describe the actual situation on the broad scale. (Tchobanoglous, Kreith, 2002)

The second option, widely used presently for outlining waste characteristics is “material flow
methodology”. In this case, the primary source of information about materials and products in
waste traffic is production data (by weight). Waste generation rates is estimated from the stage of
the product manufacturing process. The basis is the use of different materials during production
stages. The method takes into account product lifetime as well as import and export rates. In
contrast to sampling method, tracking down material flows allows to describe not only waste
discards but also the generation patterns. Furthermore, while the acquired data might represent the
nationwide situation, it reflects long-term trends and can be provided annually. It provide historical
data for analyzes. As a result, time trends for waste generation can be defined, which in turn allow
to track changes and make predictions about future patterns. (Tchobanoglous, Kreith, 2002)
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While adjusted production data is fundamental for material flow analyzes, to gain the overall
picture sampling method is essential. These site-oriented studies are crucial for assessing
generation of food and garden wastes, some mixed inorganic waste. (Tchobanoglous, Kreith,
2002)

1.2 Main properties of MSW

Considering municipal solid wastes compounds, materials and products can be pointed out as the
prime constituents. Following materials most commonly are out in MSW: paper and cardboard,
garden (yard) trimmings, glass, metal, plastics, wood and food wastes. United States
Environmental Protection Agency (EPA) reports a typical content of MSW in United States
annually, which is given in Table 1.

Table 1. Typical MSW content, reported in the US (EPA, 2013)

Waste component Weight, %
Paper 27
Yard waste 13.5
Food waste 14.
Plastics 12.8
Metals 9.1
Rubber, leather, textiles 9.0
Glass 4.5
Wood 6.2
Miscellaneous inorganic waste 3.3

Every material group, with only food and garden wastes exception, consists of a several products
variation. It might include such products as durable and nondurable goods, containers and
packaging and other mixed inorganic and organic wastes from different sources. Pinpointed
product kinds typically have each material category mentioned previously. There are several
exceptions. Paper and cardboard are not seen as a part of the durable good group. Only small share
of metals with no glass or wood is present in the nondurable product group. Relatively small shares
of rubber, leather or textile are present in the containers and packaging product group.

There are several prime physical properties of waste as a material, which are analyzed for further
decisions upon handling principals (Chandrappa, Brown, 2012):

1) waste density;
2) sizing of waste compounds;
3) moisture content.

Waste color, voids content, shape of components, optical, magnetic and electric properties might
significantly influence municipal solid waste handling as well. These magnitudes are especially
essential when the implementation of treatment methods to precise waste mass is settling. Optical
characteristics helps in segregating glass and plastic fractions from garbage by separating opaque
and transparent materials from each other. Waste magnetic property is the basis for engineering
process of magnetic separators for metals extraction. Composting process parameters as well as
leachate calculations are impossible without moisture magnitude of managed waste. Estimation of
waste transportation and disposal facilities build upon waste density parameters.

There are a set of chemical characteristics of waste, fundamental for management systems design
(Chandrappa, Brown, 2012):



1)
2)
3)
4)
5)
6)
7)

moisture content;

volatile matter;

ash content;

fixed carbon;

fusing point of ash;

calorific value;

percentage share of main waste elements (carbon, hydrogen, oxygen, sulphur) and ash.



Table 2. Proximate and ultimate analyses of basic waste characteristics (Source: Chandrappa, Brown, 2012)

10

Waste . Inert . .
. . Moisture . Calorific | Carbon, | Hydrogen, | Oxygen, | Nitrogen, | Sulfur,
Waste material densﬂg/, content, % residue, value, kJ/kg % % % % %
kg/m %
Asphalt 680 6-12 i 1121%%' 83-87 | 9911 | 0208 | 0311 | 1,054
gg‘;dboard' corrugated paper | 34 g 4-10 3-6 16300 44,0 5,9 44, 0,3 0,2
Brick/Concrete/Tile/Dirt 800-1500 6-12 99 - - - - - -
. : 14100- 38,85- 7,46-

Electronic equipments 105 - 0-50,8 45400 83,10 3,56-14,22 51,50 0,03-9,95 -
Food waste 120-480 50-80 2-8 - 48,0 6,4 37,6 2,6 0,4
Garden trimmings 60-225 30-80 2-6 4800-18500 47,8 6,0 38,0 3,4 0,3
Glass 90-260 1-4 99 - - - - - -
Leather 90-450 8-12 8-20 - 60,0 8,0 11,0 10,0 0,4
Metal(Ferrous) 120-1200 2-6 99 - - - - - -
Metal (Non Ferrous) 60-240 2-4 99 - - - - - -
I\/_Iummpal sol_ld waste 87348 15-40 i i i ) ) ) )
biomedical material
Paper 30-130 4-10 6-20 12000- 43,5 6,0 44,0 0,3 0,2

p 18500 H H i) H H
Plastic 30-156 1-4 6-20 - 60,0 7,2 22,8 - -
Rubber 90-200 1-4 8-20 - 78,0 10,0 - 2,0 -
Sawdust 250-350 - - 20500 49,0 6,0 - - 0,10
Textile 30-100 6-15 2-4 - 55,0 6,6 31,2 4,6 0,15
Wood 156-900 15-40 1-2 14-17 49,5 6,0 42,7 0,2 0,1
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Moisture, volatile matter, ash and fixed carbon content is defined during express analysis
(elementary) of waste, whereas ultimate chemical analysis is needed for determination of
prime elements and ash shares in total waste mass. (Tchobanoglous, Kreith, 2002) Presently,
CHNS analysers is widely used for waste elementary analysis. However, even if there is no
equipment available, waste elementary shares can be calculated from moisture content and
general knowledge about waste fractions.

It is extremely complicated to pool the data about waste characteristics, as these values
fluctuate vastly from different areas. Table 2 presents information about major physical and
chemical properties of some waste materials, obligatory for successful development of
management systems.

Biological waste properties are as important as chemical or physical, as waste is highly
enabling environment for generation of bacteria. There five primary living organisms
inhabiting municipal solid waste: fungus, protozoa, bacteria, insect, rodent. Protozoa is
living in any aerobic environment, where bacteria exists, supporting their growth. Few
protozoa species are parasitic and that is why these organisms pose a threat to animals and
humans. For instance, such disease as amoebic dysentery proved to be caused by protozoa.
And the list of illnesses originated from these living organisms is quite impressive.
Moreover, fungi, the number of these species in MSW is considerable as well, are believed
to be pathogenic to human and animal beings. Fungi results in hair, nail, skin or lung
infections if a man got wounded in air contaminated by waste. Even liver cancer and fatty
degeneration of liver can be traced down to asperigillus flavus organisms producing
dangerous for human toxins. Furthermore, food or wound contamination by spores,
produced by bacteria Clostridium, might lead to lethal outcomes, while C.Botulinum toxins
cause food poisoning. Another example is gangrene, which might rapidly evolve from
C.Persringens toxins getting into an open wound. (Chandrappa, Brown, 2012)

Along with these diseases caused by living in solid waste organisms, there is a wide range
of insects, arthropod and annelids inhabiting waste. Depending on the climate zones, it might
be cockroaches, dung beetles, ants, termites, mosquitos, houseflies or even spiders and
scorpions. Centipede, millipede and earthworm are representatives of annelids in solid
waste.

Degradation of MSW degradable fraction is significantly affected by biological properties,
microorganisms’ content, of the waste under study. For example, cellulose and lignin,
contained in waste, can be easier broke down in fungi and actinomycetes presence. That is
why, these organisms are commonly observed in compost, as they are responsible for
decomposing complex organic matter. However, most commonly municipal solid waste
have these species even before the beginning of composting treatment. (CPHEEO 2000)

1.3 Differences between developing and developed world MSW

The municipal solid waste components and volumes fundamentally depend on lifestyle,
consumption habits of the population and living standards of the area under study. The level
of technological development of examined country plays a significant role in this issue as
well. Composition of solid waste in developed countries notably differs from the one in
developing as well as the quantities of residues. For example, in contrast to the leading share
of organic fraction in MSW stated in developing counties, packaging waste dominates
among this waste type from industrialized ones. (Chandrappa, Brown, 2012) There are
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several reasons for this disproportion. Firstly, the richer the country, the more money is spent
on the packaging. Whereas food and other products in poor countries are distributed locally
packed mainly in old newspapers, the weight of plastic package might significantly
overcome the obtained product in rich urban communities. Secondly, level of living in
developed world infers population with higher income, which in turn reduce the number of
rag picking or scrap dealers. Rag picking is, on the contrary, an extremely widespread
phenomena in the poor countries. As a results, the paper, plastic, glass and metal content in
waste is quite low. People who earn their living though these activity can be seen do their
best to exclude almost all the recyclable materials from the waste dumps not only in
residential arias, but also commercial and industrial. Moreover, in India, for instance, where
junk trade is highly common, houses and offices sell old paper instead of throwing it.

Summarizing, the MSW loads originated from town areas is in tight straight correlation with
human development index (HDI). HDI in turn depends on three following aspects of
country’s population: life expectancy, gross national income (GNI) and educational indexes.
(UNPD, 2015)

A number of studies over different countries’ lead to drawing following conclusions
regarding waste generation speed in large cities. In high-income countries municipal waste
is generated at a rate of 1,1 — 5,0 kg/person/day, whereas these numbers more than twice
lower for low-income — 0,4-0,6 kg/person/day and somewhere in between (0,52-1,0
ka/person/year) for middle-income rural areas. (Chandrappa, Brown, 2012)

There are a number of differences between waste properties, which are common for residues
generated at non-industrialized sites of the world comparing with industrialized. First, waste
in developing sites is marked to have 2-3 times higher densities. Moreover, organic fraction
is a weighty part of waste which leads to a high moisture content in MSW. Compering with
developed nations, these figures are 2-3 times higher. Another feature is that developing
cities with sweeping along with open ground storages involves extensive rates of dust and
dirt formation. (Chandrappa, Brown, 2012)

For example, while the avarage solid waste generated per person in East and South Asia is
under 1 kg/capita/day (0,95 and 0,45 respectively), MSW generation in the USA more than
2 times higher (2,2kg/capita/day)(WorldBank, 2013).

1.4 Increasing growth trends in municipal waste generation

Studies upon waste generation need to be systematically refreshed in order to be up to date.
As the living standards are increasing all over the world, industrialization is covering larger
and larger areas, waste properties are constantly changing.

According to annual researches of US Environmental Protection Agency (EPA), total waste
generation in the USA experienced substantial changes. Total volumes of produced MSW
almost triple over the past 55 years. Waste formation in the United States was estimated to
be 254,1 million tons in 2013(EPA,2016), whereas it was only 88,1 million tons in a far 1960
year (Tchobanoglous, Kreith, 2002).

Personal daily garbage generation patterns has almost doubled during the assessed period as
well. The values has raised from 2,68 Ibs (1,22 kg) in 1960 to 4,40 Ibs (1,98 kg) in 2013 of
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waste generated daily from one person. Figure 1 is the EPA material covering the whole
dynamic of variations in MSW generation over the years 1960-2013 (EPA, 2016).
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Figure 1. MSW generation rates in United States during 1960 - 2013 (Source: EPA website)

It is possible to emphasize several overall trends in relation to global waste generation
patterns. Firstly, shares of paper and plastics content in waste flows are expected to continue
growing. Glass and steel containers on the contrary, is predicted to become replaced by
lighter materials (aluminum and plastic).

2 PRINCIPALS OF WASTE SOURCE SEPARATION

A holistic overview of a global waste management practices along with the ongoing increase
in waste generation patterns, highlights an emerging necessity in circumspect and integrated
solid waste management systems. One of the first steps towards such system is segregation
of waste compounds with further separate treatment. By doing this, waste is switching from
environmental and financial burden to a valuable material.

This chapter provides an overview of main pathways for municipal solid waste handling
from source separation perspective. Basic principles of municipal solid waste source
separation strategies described with several steps. At first, different waste collection and
sorting approaches are reviewed. Secondly, there is a rundown of prime treatment facilities
for major waste compounds when they are collected separately.

2.1 Methods of MSW collection and materials separation

The Waste Framework Directive 2008/98/EC (WFD) defines separate collection as follows:
“‘separate collection’ means the collection where a waste stream is kept separately by type
and nature so as to facilitate a specific treatment”.
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Collection of any solid waste starts from the garbage bin containing refused material and
ends with it’s transportation to the treatment or disposal facility. Meanwhile, more than half
of money spent on overall waste management by municipalities goes to financial support for
waste collection operations. Since fuel prices are increasing as well as labor cost, efficient
management system including well-judged logistic is required to cut the community
expenses on waste handling. (Tchobanoglous, Kreith, 2002)

From source separated waste perspective the role of transportation unit in entire waste
management system even more significant. The manner in which waste materials are sorted
and collected determines the sequential treatment options and quality of the recycled
products.

Feasibility of one or another treatment technology is estimated with regard to economic and
environmental sustainability. Financial benefits from processing recyclable materials might
decrease significantly depending on waste handling approaches. For example, mixed MSW
treatment allows much lower quality of end products as against material separation at the
source. In addition, waste materials containing toxic compounds due to insufficient
separation or low level of social responsibility might pose a threat to environment as well as
human health. For instance, if contaminated with toxic elements biowaste is processed to
compost, it might lead to food poisoning with sequential human intoxication.

Furthermore, since quality of recovered material is concerned with waste collection schemes,
transportation plays a leading role in market formation for recyclable materials. Thereby, in
practical cases, either the possible collection technics precondition further waste processing
scheme or already existing markets set requirement for waste handling approaches.

Segregation of recyclable materials from MSW seems to be highly appealing and cost-
effective feedstock. However, in practice, problems related to efficient transportation logistic
might occur.

The diversity of possible recycling programs leads to a vast range of processed materials,
which require handling. These programs may imply separation of extensive number of
recyclable materials or be limited to processing only one material. In any case, haulage
system has an important role in overall waste management scheme, as weighty share of waste
management expenditure is formed at this stage.

Moreover, recycling programs involve participation and commitments of a large number of
people in society. There are multiple approaches to provide collection of materials from
waste, which demand different levels of individual contribution. At the outsets, inculcate of
recycling habits in community may be in form of recursion of beverage containers through
vending machines at supermarkets. The next step is organization of drop boxes and drop-off
centers or even centers providing payback for broader range of recyclable materials.

Furthermore, if material recovery initiated by conscious households and supported with
separate curbside collection (or additional separation if required), recyclable materials might
be obtained via one step. Another pathway is joint transportation of separated but
commingled recyclable materials and further treatment at the Materials recovery facilities
(MRF).
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The least appealing option is processing of mixed MSW volumes in order to separate
valuable materials. This method requires hand separation of these materials from the total
waste streams with little mechanical assistance. It is called front-end processing or mixed-
waste processing.

Thus, the role of collection and transportation of recyclable materials from generated waste
streams cannot be overestimated. It is the major tool to cut the expenses if the waste
management scheme is rational enough. Inversely, poor logistic of transportation operations
of waste recyclable materials will draw to high expenses and will put overall feasibility of
recycling business at risk.

Summarizing, with relation to waste source separation, there are three primary approaches
towards waste collection. All of these strategies allows recovery of recyclable materials from
generated municipal waste stream with different degrees of efficiency:

1. Collection of source separated recyclable materials

Recyclable materials are gathered separately at the source by generator or collector and do
not require any subsequent processing before further treatment;

2. Collection of commingled recyclable materials

All recyclable materials are mixed and collected together with further separation at
centralized material recovery facilities:

3. Collection of mixed municipal solid waste

Collection of mixed MSW from the source, which requires further processing to enable
material recovery at mixed-waste or front-end processing facilities.

(Tchobanoglous, Kreith, 2002)

Technology development for source separation municipal waste management has various
grounds. In Europe, for example, one of the central factors enabled development in this
industrial field was elaboration on environmental legislation came into effect in the dawn of
XXI1 century. Thus, even though it was not remunerative, treatment approach to waste
materials such as packaging or electronic waste shifted towards recycling. This operational
environment had strong securement — two main principles “polluter pays” and “extended
producer responsibility”. Under this regulation, recycling of unprofitable waste materials (in
free market circumstances) was secured. (Cimpan et al., 2015)

On the contrary, waste management system of the United States leaned towards material
recycling under the driving force of public opinion instead of environmental legislation
development. As the social awareness about environmental risks was rising, waste recovery
and recycling rates were slowly increasing as well.

2.1.1 Waste source separation

As it was discussed previously, collection operations are tightly linked to sorting methods
applied to generated waste streams. This subchapter focuses on waste sorting and collection



16

approaches used when waste management scheme involves initial fraction separation of
recyclable materials from the collecting point (households).

Even though mixed waste collection without any separation seems to be the most convenient
to average household, sorting recyclable materials straightaway at the source of waste
generation allows obtaining the highest quality of recovered materials. Thus, a number of
waste management schemes imply home sorting with further separate waste fractions.

The system imply two different principales of waste materials segragation. On the one hand,
there is a possibility of drop-off system (bring system) arrangement in municipality for
recyclable compounds separated from waste. In this case, there is a sufficient infrastructure
for collection of recyclables from centralized stated points such as central collection sites,
material banks or street-side containers. Waste producer has individual responsibility for
separation of waste materials from his/her waste stream and delivery to these public
collection points. (McDougall, White, 2008)

On another hand, kerbside collection is applicable to manage recyclables materials. This
option is more convenient to households as it enable picking up recyclables almost from
their houses in the similar manner mixed MSW is taken. On the contrary to bring systems
kerbside might require higher financial support, as it involves wide range of collection points
and hence more transportation operations. However, it allows participation of more people
since it is similar to conventional mixed waste management system.

There are several junctures to be assessed and taken into consideration if waste management
scheme implies home sorting in any form.

One of the concerns during home sorting is working out sound transportation logistic and
schedule to provide sufficient volumes of collected material for further processing and
minimize transportation costs.

Material contamination is another area for consideration when home sorting is under
consideration. In general, contamination refers to the share of non-targeted materials
collected with specific method. This might be reflected in mixing different types of
recyclables in one containers, designed for a unique material (e.g., plastic in a glass bin).
Another example of material impurity is presence of dirty material containing some previous
product leftovers. Also, non-recyclable materials spoil the overall separated material stream.

As main responsibilities for proper waste separation are on households. It is important to
provide clear guidance for home sorting techniques and define basic rules.

Summarizing, sorting recyclable material from waste streams at the source of their
generation has both advantages and disadvantages. It is one of the most beneficial approach
for manufacture of recovered materials since the high quality obtaining. Furthermore, it
reduces the expenses on pretreatment before further handling. It is easier to process source
separated streams from the collection site.

On the other side, home sorting is the least appealing method from households’ perspective.
First of all, it requires additional space in apartments to keep waste components separately.
Moreover, if there is no kerbside collection provided for recyclables, people have to transport
their waste to drop-off point. To make the matters worse, it is not always possible to leave
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all materials at the same central point. This in turn, requires time and money for
transportation as well as a strong personal motivation and commitment. Consequently, if
there is not enough motivation among society, the material recovery rates are tend to
decrease while contamination of already separated recyclable materials is increasing.

Another issue related to primary source separation occurs in waste management systems
which involve separate material collection at the source (from households). The generation
rates for different waste materials fluctuate significantly between compound’s types as well
as within one type depending on external circumstances. Thus, required collection
frequencies for different waste materials vary. As a result, it is a complex task to design a
strong schedule for transportation operations with minimum financial expenses.

2.1.2 Centralized sorting at MRF

Material recovery facility is a generic term for facilities specialized on mixed waste stream
segregation. The process implies various processing methods as well as a wide range of
processes. However, manual waste separation might be utilized to some degree, the
preference is given to mechanization of operations. Hence, sophisticate combination of
mechanical, pneumatic and optic waste material sorting methods are in use. (Cimpan et al.,
2015)

When waste management system involves material recovery facilities (MRF), the role of
households is limited to separation of general stream of recyclable material in their waste
from non-recyclable. Afterwards, commingled recyclables are collected and then processed
at central service.

The amount of separated recyclable fractions as well as applied technologies vary between
facilities as there is different demands from further processors of recovered material. For
instance, MRF may be restricted to manual sorting of waste or, on the contrary, utilize fully
automated sorting systems. As a result, there is a notable fluctuation in required investments
and operational costs, which are relatively low during hand sorting and increase jointly with
level of mechanization. (Tchobanoglous, Kreith, 2002)

In general, manual sorting from a raised picking belt is a widely applied technic at MRFs as
it is one of the simplest one. It might be placed at the outset of separation process or after a
number of pre-treatment steps. Hand sorting is the first step process at MRF when the target
is to exclude materials that can damage equipment ulteriorly used for mechanical treatment.
Thus, bulky waste compounds such as large plastic or rubber blocks, truck tires are detached
at this point. (Tchobanoglous, Kreith, 2002)

Another approach, requiring manual sorting, is when the man’s power of observation is
needed. Human eye is estimated to be capable of separating some precise materials, such as
colored glass, types of plastic or paper and cardboard, more effectively than any machine.
As aresult, hand sorting is integrated at MRF after major mechanic treatment units (magnetic
separation, screens, air knifes, trommels) when the general waste stream is already divided
to the single compound flow (glass, paper, plastic bottles). By doing this, PET and HDPE
plastic material can be separately recovered from the total stream of plastic bottles. Another
widely spread examples of hand sorting is separation of brown, green and clear glass from
each other, as well as newspapers, cardboard and office paper segregation from common
paper flow. (Tchobanoglous, Kreith, 2002)
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Infrared sensors are used for segregation of clear, translucent and opaque materials. Near
infrared (NIR) sensors are applied in separation of plastic materials to different plastic types.

Consequently, manual sorting might provide waste stream separation to such fractions as
paper, cardboard, glass, PET containers, film plastics, textiles, depending on the required
material. Although, one consider hand sorting as a labor intensive method of waste
separation, it might be used for job creation and reduction of unemployment rates as long as
working conditions are acceptable.

Mechanical sorting utilize three prime types of technologies. One of them is built on
mechanical separation mechanisms, which have physical properties of the waste stream as a
basis (roll crushing, shredding, baling). Secondly, particle properties such as density, shape
and size can be used as a key parameter for stream separation (e.g. screening, air
classification/knife, flotation). The third class of technologies is focused on the specific
material property and utilize it’s unicity as a key factor to its segregation (magnetic/
electrostatic/electromagnetic separation). (McDougall, White, 2008)

Dual-stream commingled collection

This model supposes the division of recyclable waste materials into two streams: one flow
IS packaging waste (containers’ material such as plastic, metal and glass), another flow is
paper and cardboard (so called “fibers”).

This approach is mainly secured by extended producer responsibility principle as it is
targeted to involve packaging waste in recovery processes.

Separate collection of mixed packaging waste emerged in Europe in the last decade of 20™
century. Germany was a pioneer at this MSW collection method in early 90s when trade
and industry founded Duales System Deutschland GmbH (DSD GmbH) to meet the
Packaging Ordinance of 1990s. Since ordinance highlighted the need to avoid and recover
packaging waste, the proper waste management system was developed. This model with
few modifications is in operation over all EU states and several non-EU countries.

Programs for collection of co-mingled recyclables

At the dawn of recycling schemes development, there was a widely spread “Blue Box”
programs around Europe and United Stated. The approach consisted in placing container,
colored in blue, at the kerbside next to MSW containers. Households were supposed to
separate recyclable materials from their general waste streams and leave them in this box.
Then trained workers divided recyclables on targeted compounds and collected them by
specialized vehicles along with overall garbage collection. The main detached fractions were
glass, paper and cardboard, plastic and metals. If there was any non-recyclable materials or
inappropriate compounds for established recycling program, it was returned to the Blue Box.
As a result, households were aware of what waste compound were suitable for recycling.
Moreover, the level of contamination of precise material flow was notably low, as
professionals were separating materials at the source. That fact, in turn, reduced the
operations required at MRF before following treatment. In general, Blue Box programs
appeared as a successful bridge to further recycling strategies extension, since it involved
social education of basic waste source separation principals. (McDougall, White, 2008)
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However, the Blue Box method is more suitable for houses rather than urban high-rise
buildings, which are prevalent in huge cities. Another approach similar and easier than Blue
Box is placing all the recyclable materials in a blue bag and then throw it away with the
general mixed waste stream. Even thought, it is more demanding for further separation
operations as involves labor force at MRF, it is most convenient for average households
since their habits stay almost unchanged. (Tchobanoglous, Kreith, 2002)

Both of mentioned above strategies is a positive first step for development of recycling
programs in communities where the lack of knowledge about recycling patterns is evident.
Even though, it enables reaching high participation rates among households, it demands
energy for subsequent processing as well as financial backing. (Hester, Harrison, 2013)

On the other hand, a study over source separated municipal waste collection hold in Helsinki
region by Tanskanen and Kaila in 2001 pointed out that commingled collection of
recyclables is more favorable among small properties. The conclusion holds true as
generation rates of different waste fractions are rather low at these sites. As a result,
transportations cost increases since volumes of recovered material are nor corresponding
with fuel consumption and pick-up operational costs.

Summarizing all of the above, processing of co-mingled recyclable stream at MRF might be
a satisfactory to reaching EU’s targets goals option for waste management scheme. It has
both benefits and shortcomings. While it provide significant yields of recyclable materials
collected from citizens, recycled end product quality might safer. On the one hand,
Tanskanen and Kaila (2001) argues that commingled waste collection is the best available
option from economical perspective. On the contrary, waste source separation is considered
to be the best treatment option for some compounds. For instance, Hester and Harrison
(2013) argue that plastic fraction require preliminary subdivision to different types of
collected plastic. Only by doing this, the value of this secondary raw material can be
maximized.

MRF exploitation experience and recovered material outcomes

Local authorities in England have been evolving their recycling programmes from initial
separation of waste materials by households to co-mingled kerbside collection of these
materials for the several past decades. Presently, as it is stated at WRAP’s survey, England
possesses 61 MRF in operation around the country and planning to increase this number.
The facilities” production capacities are fluctuating from lower than 10000 to over 100000
tonnes annually.

Most of waste management schemes in England significantly rely on co-mingled collection
of recyclable household waste materials from the kerbside. This system mostly imply initial
segregation of newsprints, magazines, mixed paper, Old Corrugated Cardboard (OCC), steel
and aluminum cans/containers as well as plastic bottles (PET, HDPE) into a separate stream,
which goes to MRF for further treatment. Glass material is organized into a separate stream
and comes only to several MRFs for bulking.

From the operation process of MRFs visited during WRAP research, it can be concluded
that the materials coming to centralized facilities are mostly sorted to five categories: Mixed
paper, OCC, Mixed plastic, Aluminum and Ferrous metals.


https://www.youtube.com/watch?v=g7z8lzs4ns0
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However, this system has notable disadvantages.

Most plastics preprocessors are unable to use mixed plastics bottles and most of the higher
value paper mills can only accept a small percentage of mixed paper. Therefore, these
material streams are often shipped to other facilities to be sorted by resin and by fibre grade
prior to use by the preprocessor.

2.1.3 Centralized sorting of mixed MSW

If waste management scheme applies no source separation nor any central segregation of
recyclable materials, another sustainable option to utilize generated MSW is to produce
electricity or steam out of it. This approach has been in practice since first decades of 20"
century. (McDougall, White, 2008)

Even though solid waste does not demand any auxiliary fuel to be burned, the calorific value
of moist unprocessed MSW as received can reach only half magnitude coal can produce,
commonly even lower. Moreover, combustion of generated volumes of municipal waste
without any pretreatment might result in severe environmental contamination (with heavy
metals or toxic elements, formed during incineration). To tackle these issues, add economic
benefit and improve fuel quality, production of Refuse-Derived Fuel (RDF) was enhanced.
Thus, waste is altered to a valuable feedstock for energy production. (McDougall, White,
2008)

Production of RDF require central sorting of total MSW stream. The key approach to RDF
manufacture is to separate combustible materials in solid waste, such as plastics,paper and
cardboard from non-combustible fraction. By doing this, the moisture and ash content of
waste fuel is significantly reduced. The segregated combustible part is then shredded (coarse
RDF) and might be further pelletized (densified RDF). Depending on type of refused-derived
fuel produced it can become a market product (densified) or require on site burning at short
notice (coarse). (McDougall, White, 2008)

From the sorting unit perspective, RDF production can be subdivided to three or five basic
stages depending on targeted type of fuel. Liberation and screening of waste stream has a
purpose of oversize and fine materials exclusion. Generally, this is the main step for
separation combustible materials. At this stage, crude coarse RDF (cRDF) can be obtained,
even though this fuel contains metals and some other non-combustible fractions.

The following step is fuel refining and consists in size reduction of separated maretial,
classification and magnetic separation. Classification subdivide waste stream by density. As
a result, heavy and light fractions are split for subsequent treatment. Light compounds, such
as paper and plastic film, are feedstock for densified RDF (dRDF) production, while heavy
ones (metals, dense plastics) undergo magnetic separation to secure ferrous metals and
aluminum removal.

The last stage of fuel preparation is optional: as long as it is last step of dRDF production, it
is omitted at cRDF manufacturing process. Unit involves drying and shaping of the produced
previously fuel rich fraction. As a result, energy content is densified and waste transit to a
valuable fuel comparable to conventional ones.
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Consequently, along with solid fuel production RDF plants contribute to segregation of
recyclable materials, such as glass, aluminum, ferrous or compostable fractions, from the
total MSW stream. Hence, launching waste management scheme involving waste
incineration might not only have high energy recovery rates but also contribute notably to
material recovery.

However, waste incineration gives rise to environmental concerns. While retreated plastic
content of waste fuel contribute significantly to it’s heating value (energy content), it might
cause air pollution. Combustion of PVC plastics is one of the most broadly known source of
as dioxins. Dioxins are one of the most toxic elements known in science. (EPA,2016)
However, it is not plastic incineration itself, that causes dioxin emissions but the outcome of
any incomplete combustion process. Despite this fact, there is a firm popular
misunderstanding that causes the public treat of waste incineration treatment method.

In addition, waste incineration has a bad history of effecting overall air quality. The problem
hides beneath poorly managed emission treatment. Since it requires notable investments,
many industries tend to cut these expenses by neglacting emission treatment equipment and
massage figures. Moreover, since any waste cannot be fully burned, certain amount of
residues (ash) require utilization. After waste incineration ash may be contaminated with
heavy metals.

These facts result in hard social criticism towards waste incineration plants in some
countries.

By and large, there is a wide range of researches, leading to various conclusions regarding
which waste collection scheme is more profitable. Depending on the certain case, each of
them have strong sides, as well as weak ones. Krivtsov (2004) pointed out that while there
is a lack in promotion methods for sustainable waste management in communities, any
progress in this field is limited. Presently, the major concern regarding shifting to source
separated waste collection is whether benefits obtained during recycling may overweigh the
excessive energy consumption of renewed MSWM schemes.

2.2 Main reasons to recycle materials

Municipal solid waste management schemes are rarely based on full source segregation of
household waste. Decision making may depend on feasibility of waste collection site
reconstruction, changes in transportation cost, subsequent increase in waste collection
services and overall social willingness to participate.

However, EU Waste Directive sets a strict target that “by 2015 separate collection shall be
set up for at least the following: paper, metal, plastic and glass”. Hence, the development of
infrastructure for segregation of these materials from the generated waste stream is secured
in Europe.

This chapter will discuss basic recovery and recycling approaches applied to most commonly
separated waste compounds both at the source or at MRF, such as paper and cardboard,
glass, metals and plastic. In addition, the feasibility of biowaste segregation from the
household waste stream will be considered. Moreover, since hazardous waste, such as waste
electrical and electronic equipment (WEEE), is notable share of household waste stream and
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requires separate collection and treatment, opportunities for it’s further utilization will be

highlighted.
2.2.1 Paper and cardboard

There are two fundamental raw materials for paper manufacturing process: wood and
recovered paper or board. (Worrell, Reuter, 2014) As commercial and industrial life is
continuously developing on a global scale, the paper production is increasing. However,
wood feedstock is not matching the same pace. On the contrary, wood demand is high in
other industrial fields, such as energy production. Moreover, some countries lack sufficient
forest resources to cover their growing needed. As a result, paper and board recovering from
generated waste volumes is becoming remunerative business. For example, Germany and
France limited to internal wood feedstock are inclined to increase recovered material share
in paper production. (Worrell, Reuter, 2014)

Worrell (2014) claims that increase in the share of recovered paper and board as a raw
material at paper mills has clear benefits. Firstly, it is rather profitable since recovered
material is notably cheaper than virgin wood. Moreover, processing recovered paper into
pulp used in paper production requires less energy than wood treatment. Hence, recycling
paper and board material is highly viable not only from economical perspective, but also as
it contributes to natural resource conservation as well as improves energy-efficiency of paper
production.

However, feasibility of secondary raw material utilization on the large scale in paper industry
significantly relies on production cycle, specifically on the targeted end product. On general,
paper industry contributes products of four main categories to a global market: 1) packaging
paper; 2) graphic paper; 3) tissue paper; 4) paper for technical and other purposes. The shares
of recovered paper used in different paper types’ production vary notable. The highest
utilization rates are observed in packaging and graphic paper manufacturing process. For
instance, production cycle of newsprints allows almost 90 percent of paper recycling, in
corrugated case materials these numbers may be even higher. (CEPI, 2012)

To be able to meet specific industrial standards recovered paper and board in Europe is
classified to five different classes and has 67 grades according to the European List of
Standard Grades of Recovered Paper and Board (EN 643). The highest recovery yields are
in following three classes: mixed papers and boards (sorted)), supermarket corrugated paper
and board and sorted graphic paper for deinking. (Worrell, Reuter, 2014)

On general, the key target of recovered paper or board treatment is to gain a specific material
without any unwanted impurities that provides fibers for a stable continuous paper
manufacture. As a result, converting recovered paper or cardboard into a recycled pulp
suitable for further utilization in paper production imply a wide complex range of
technological steps. Since the most exacting step, determining the following treatment, is
purification of recovered material, the secondary material’s quality plays significant role.
From the quality perspective, separate collection of waste paper and cardboard allows the
lowest possible level of secondary material contamination.

Confederation of European Paper Industries (CEPI) supports source separated paper
collection rather than commingled recyclables collection. To promote this approach it
launched the IMPACTPapeRec project in February 2016. The key aim of this campaign is
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to contribute to development of paper separate collection schemes for countries, which are
falling behind average European paper recovery rates such as Poland or Bulgaria. Moreover,
countries such as the UK and France, which were pioneers of recycling programs’
implementation, are under consideration as well. Since applied collection schemes implies
mainly commingled recyclables collection, the CEPI’s target to shift this approach towards
initial source separation of paper and cardboard. (CEPI, 2016)

Summarizing, paper and board recovery from MSW volumes is a profitable business as there
is a high demand for this material in pulp and paper industry. Source separation of paper and
cardboard fraction at the source of waste generation allows obtaining recoverable resources
of a good quality, that requires little subsequent processing. As a result, substantial
remunerative business relations might occur between waste generators and material
processors as long as material quality matches required production standards.

2.2.2 Plastics

Remarkably, even though plastic packaging is extremely widespread in modern world,
plastic has rather new history as a recycling material. Against paper, glass or metal, which
have been recycling for ages, plastic material has low recovery rates. Even countries with
advanced waste management system and high recycling rates (for example Finland), does
not apply plastic segregation for material recovery.

One of the reasons is a wide variety of types of plastic. Even among 7 officially marked
types, there is a various additives and compounds that makes hard for processors to
manufacture in one process. Hence, either an expensive technological treatment is needed or
initial separation not only by different materials but also by plastic type. That puts a pressure
to households, since they need to differentiate storage for even more materials, which takes
space and time. This, in turn, reduces the community participation level into plastic sorting.
As a result, an overall feasibility of plastic recycling is ambiguous. (Worrell, Reuter, 2014)

2.2.3 Glass

Glass manufacture, as any large-scale industrial process, involves extensive consumption of
different raw materials. Three fundamental materials are following: silica sand, soda ash
(sodium carbonate) and calcium carbonate. The further fluctuations in mixture composition
related to wanted color of final product. There are three prime glass classes based on color:
clear, brown and green. To obtain a certain color of a final product precise chemical
compositions are added. For example, while brown glass production requires chromium and
iron, green color attained only with insignificant additive of chromium. (Krivtsov, et al.,
2004)

To manufacture glass a certain share of recovered glass material (cullet) is required as a
feedstock as well. The basic steps of recovered glass material production suitable for further
utilization in glass industry involves glass crushing with subsequent color separation. In this
case sorting process is automatized and commonly applies laser-separation equipment.

In general, glass recovery form waste stream implies initial hand sorting to remove obvious
contamination. Then it is crushed to obtain cullet. Next step is targeted for metals and plastics
removal and involves cullet sieving. Magnetic separation is needed to remove ferrous metals.
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The purification is accomplished by eddy current and vacuum sorting. (Worrell, Reuter,
2014)

Salvaging recovered glass in the glass manufacture processes preserve natural resources by
lowering demand for raw materials. Moreover, similarly to recovered paper usage, improves
energy-efficiency of the entire glass production by reducing energy consumption during
glass melting. (Krivtsov, et al., 2004)

Since every glass product requires precise feedstock quality, final product determines
whether glass recycling is feasible in considered manufacturing process. Thus, the most
common glass recycling option is container glass production. On the contrary, as flat glass
manufacture sets extremely high standards for raw materials, recovered glass treatment
impossible in this process.

Along with obvious options of glass reprocessing at glass production, there are other
recycling technologies. Construction industry may use cullet as substitution for sand, gravel
or rock material, for example in concrete production or as additive in brick production.
Moreover, recovered glass might be melted to obtain completely different products, such as
glass wool used for insulation. (Eisted et al., 2009) Hence, it is important to research the
existing market for secondary glass material while planning MSWM schemes.

Summarizing, increased glass recycling during glass manufacture contribute significantly to
energy-efficiency of an overall industry. Thus, any detriments related to increased fuel or
energy consumption during glass recovery from waste (collection, transportation and
processing) are easily overweighed by improved production process.

2.2.4 Biowaste

The vast part of municipal solid waste is a biodegradable fraction. Hence, it is important to
manage this notable content effectively.

Moreover, waste organic content has a notable influence on waste further treatment. The
prevailing of organic fraction in MSW poses a major harm to any recycling of waste
materials. As it spoils the quality of potentially recoverable materials such as paper,
cardboard and plastics.

The most common and long-used method for organic waste treatment is anaerobic digestion
technology (AD). Target waste materials is the biodegradable waste content such as food
waste, grass, yard trimmings. Another method for organic waste treatment, becoming
widespread recently, is combustion. Such organic waste materials as wood, paper, cardboard
is estimated as combustible waste fractions. (Verma 2002)

Prior to digestion or combustion process it is important to remove such waste components
as glass, stones, metal, sand (inert materials). Otherwise, it increases the material volume.
Moreover, it increases the risks of equipment wear. (Subov 2013)

The end-product of AD is compost. One the one hand, the quality depends significantly on
the initial waste composition. Some specialists declare compost made from waste to be a
good fertilizer. (Verma, 2002) However, the risk of contamination with heavy metal is
increased if compost is made from municipal solid waste. (Hargreaves et al. 2008)
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On the other hand, EU has notably tightened the legislation regarding management of
biodegradable waste content for a good reason. Directive (2008/98/EC) appeal to reduce
biowaste volumes landfilled, as being landfilled organic matter poses a threat to
environment. It emits methane, a green house gas, which influences global warming process.
(EC, 2015)

3 EXPERIENCE OF EU COUNTRIES IN TRANSITION TO SOURCE SEPARATED
MSWM SYSTEMS

European Union has quite a long history with solving waste management issue. It was 1975
when the Council Directive 75/442/EEC on waste was adopted prompting a transition
towards sustainable MWM. The member countries were obliged to manage their waste
giving preference to waste prevention and recycling strategies over widespread waste
incineration and disposal (landfilling). Thus, the waste hierarchy, which is still in use, was
formulated.

The amendment to waste Landfill Directive 1999/31/EC straitened biodegradable waste
handling, setting precise reduction targets for landfilled organic waste in long-term period.
The latest Waste Framework Directive (WFD) put in force in 2008, required separate
collection systems for at least four waste materials (paper, metal, plastic, glass) by 2015.
Thus, legislation development sustained source separation practices among EU countries.
This chapter refers to several case studies of MSWM transition towards source separated
waste management systems.

Finland was chosen as the closest neighbor and a trailblazer of source-sorting waste
management systems. This country managed to change conventional paradigms shortly.
Moreover, it succeeded not only in sustainable waste treatment but also cost-efficient.

Another case study covers municipal waste management practices in one of the post-soviet
EU country — Estonia. It was chosen as an example of transiting waste handling system with
resembling to Russia case initial circumstances and social pattern.

The leadership of Nordic countries (Sweden, Finland, Norway) in successful implementation
of source-sorted waste management schemes is notable. Being EU members for more than
two past decades, countries managed to put in operation strong waste separation systems,
providing high energy and material recovery yields. Even though their experience is
educational, the best practices which worked in their case might not be successful in Russian
case. That is why, the focus of case studies were offset to former Union Republics of Soviet
Union — Estonia and Latvia.

According to recent EU studies on waste management performance, Estonia, side by side
with Finland, was one of the three countries setting the pace in separate waste collection.
(EC, 2015)

3.1 Developed source separated system aimed on energy recovery on
example of Finland
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The development of municipal solid waste management system in Finland was held with a
strong incline to energy recovery from a waste content. Over the last ten years, Finland
managed to quadruple the share of MSW treated with incineration technologies.

Statistics Finland pointed out that while municipal solid waste generation reached 2.6 million
tonnes in 2014, half of this amount was treated at energy recovery facilities. Recycling and
material recovery is estimated to be treatment option to one third of generated MSW in
Finland. (Statistics Finland, 2015) The overall state of art in municipal solid waste treatment
technologies are presented in Figure 2.

Waste treatment methods' shares in MSWM in
Finland, 2014

Figure 2. Treatment methods in use in MSWM in Finland, 2014 (Source: Statistics Finland, 2015)

The major separately collected waste materials in 2014 were paper and board, organic waste,
glass, metal, wood, plastic and electrical equipment scrap. The mass fractions of these
materials in the general separately collected waste statistics are in Figure 3. The overall
amounts of separately collected waste accounted to be 1,14 million tonnes, which is 43% of
total waste generated in 2014. (Statistics Finland, 2015)
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Mass fractions of materials in source separated waste
collected in Finland
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Figure 3. Mass shares of different materials in separately collected waste in Finland, 2014 (Source:
Statistics Finland, 2015)

Thus, organic waste as well as paper and board waste are notably the largest material flows
among separately collected waste in Finland. Each of them were amounted to one third of
general materials formation in 2014.

Although the share of mixed waste in MSW management system in Finland is still more than
half, initial source separation enables incineration treatment technologies with lower
environmental risks. Presently, unsorted waste volumes are even increasing since
combustion treatment is becoming widespread. (Statistics Finland, 2015) Hence, the
conclusion may be drawn that even with notable share of separated from waste materials,
MSWNM strategies in Finland rely significantly on recovery of energy content from waste.

A case study of Finland was examined further in order to find the key factors which launch
and secure successful transition towards source separated municipal waste management in
Finland.

3.2 Case study Estonia

As it was already mentioned, Estonia is an outstanding example of rapid success in changing
conventional MSWM system. After becoming a member state of European Union in 2004,
it managed to rearrange waste management in accordance to EU requirements. Thus, over a
decade the capital of Estonia, Tallinn, was marked as one of the three European capitals
leading in source separation of municipal wastes. Above half of MSW generated in
municipality was treated via recycling in 2014. (EC, 2015)

Estonia has a history of being a part of USSR for half of the XX century. Fostering on the
same values and traditions, public spirit has common grounds over all member countries.
Even though, after the collapse of the Soviet Union, Russia and Estonia have chosen
different paths for development, the communities still have similarities in both countries. As
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a result, Estonian waste management transition case is of particular interest when the tools
for modernizations in the same area in Russia are assessed.

This chapter is aimed to trace the Estonian success story in order to find the key drivers
facilitated transition towards waste sorting. Hence, at first, the main modifications in
National legislation since early 2000s were pointed out. Secondly, the implementation
strategies along with factors influencing the process are weighted on the example of the
capital — Tallinn.

3.2.1 The impact of changes in legislative system

National legislative system is the major initiator of any local or countrywide development.
The area of waste management is not an exception. Legislative policy has significantly
toughened on the waste handling issue in Estonia during last decades. As a result, it enabled
and secured the development of sound infrastructure for innovative waste management
systems.

From the outset, Environmental charges in Estonia was partly backed with a Landfill tax.
The tax was introduced in 1991. Fees differentiated for different waste streams disposed.
However, levied tax on municipal waste landfilling remained extremely low (0,3euro/tonne
in 2004). The improvements begun with enforcement of Environmental Charges Act in
2005. There was a steady growth in fees over the ten years to reach the level of 29,84 euro
per tonne of MSW disposed in 2015. (Justice and Environment, 2011) (Figure 4)
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Figure 4. Evolution of Landfill tax on municipal wastes during 2002-2015 (Source: Eurostat 2015)

Municipalities received 75 % from the Landfill tax back to the local budget. This revenue
was to invest into new landfills or development of alternative infrastructure for waste
treatment. (EEA, 2015)

The enforcement of Environmental Charge Act came along with the Waste Act of 2004.
Waste Act banned the disposal of any untreated waste at landfills. Thus, over time,
landfilling of municipal solid waste became highly unprofitable option. Consequently, as
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waste landfilling was decreasing (Figure 5), demand for alternative treatment methods
increased.

Moreover, Waste Act regulated the First Waste Management Plan, prepared for the years
2002-2007. The main objective of the Plan was to obtain the system of national standard in
compliance with EU waste management requirements. The Ministry of Environment with
six regional Environmental Board offices were responsible for the Plan’s implementation.
Thus, management of municipal waste collection, transportation and disposal became the
duty of each municipality. Overall, first Estonian Waste Management Plan was aimed to
allocate the duties between main players involved in countrywide municipal waste
management. Thus, basic routines to establish sound waste management infrastructure were
stated. (Justice and Environment, 2011)

The second Estonian Waste Management Plan was focused on handling biodegradable waste
fraction in compliance with EU Waste Directive of 2008. It covered years from 2008 to
2013. The main target was to separate biodegradable waste from mixed MSW flow and,
consequently, reduce the share of biodegradable municipal waste sent to landfill.

In pursuance of Waste Act of 2007 requirements majority of waste treatment companies
have waste sorting facility. By doing this, they are able separate all possible waste
recoverable materials. Otherwise, their operations would interfere with the ban on untreated
waste disposal.

Municipal waste withdrawal from Estonian landfills, 2002-
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Figure 5. The time span process of taking away municipal wastes from landfills in Estonia.
(Source Statistics Estonia, 2015)

To conclude, Figure 5 represents how much time it took to withdraw municipal waste from
the landfills in Estonia. European waste indicators — total municipal waste generated and
landfilled wastes, took into consideration. As it was mentioned, a complex set of factors was
influencing this time-consuming process. One the one hand, the moderation in national
regulative system clearly played the role. The decrease in landfilled waste after 2007 arose
from the Waste Act ban on landfilling untreated wastes. However, the Figure 4 clearly
illustrates that the most significant changes were obtained only in 10 years from the start of
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the transition. One of the reasons might be the construction of WtE plant at Iru in 2012, that
treats currently up to 90 percent of mixed municipal waste generated in Estonia.

3.2.2 The role of local authorities

One of the key instruments in bringing Estonian waste management infrastructure to another
quality level was organised waste collection schemes (OWCS) introduced in the Waste Act.
The explanation for these schemes was as follow “collection and transportation of the
municipal waste from the predetermined waste collection district to the predetermined waste
treatment facility by a waste company selected by the local authority”. In other words, it was
a legally initiated reorganization of existing in a country waste market according to the new
rules. Even though this transition process was controlled by local authorities, the major
players was waste market stakeholders themselves. (Breme, 2011)

The fundamental innovative idea of OWCS was to unify all municipal waste market
stakeholders: households, waste holders, as well as waste collectors and processors. To meet
this purpose, the waste holders register was created. This system is an interactive network
database. It comprises information about all sites generating municipal waste (with division
by areas and city districts) with waste classes and containers in use. Waste collection
companies are in charge of refreshing and adding information with accordance to services
they provide. As a result, every household (waste holder) was tracked and obliged to be
covered by waste collection services. Consequently, the administrative control over waste
services, fees and quality became transparent.

Another factor influencing the transition process was reduction of Estonian waste
management system to two tiered — National and Municipal in 2007 (instead of three tiered
National, Country, Municipal). (Justice and Environment, 2011) As a result, in addition to
National Plans Local waste management plans was required. By doing this, municipalities
became solely responsible for fulfilling waste management obligation. As a result, along
with OWCS, it was a strong incitement for local authorities to invest more in the municipal
waste management system. Moreover, they were stimulated to cooperate to form regional
structures to increase waste handling efficiency.

Overall, it is hard to overestimate the role of municipalities in successful rearrangement of
waste management system in Estonia. First of all, after national regulations development,
their duty became to ensure a sound waste collection system from every resident under their
responsibilities. This system had to provide environment for separate collection and
transportation services from households as well as civil bring in points for packaging and
hazardous wastes. Moreover, municipalities were in charge of raising the level of social
environmental consciousness and promotion of waste reduction among their civilians. Along
with furnishing residents with information about current waste-related requirements and
opportunities. Consequently, even though government stayed aside from the direct provision
of services on the waste market, it had a major influence on securing the development of
infrastructure. As a result, households got a secure waste management system with sorting
facilities. (Justice and Environment, 2011)

3.2.3 Extended Producer responsibility outcomes

In addition to efficient administrative involvement into waste management locally, Estonia
was good in addressing the EU Packaging Directive requirements. Beverage packaging
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became obligatory to deposit through the special return system for glass, metal and plastic
cans/bottles in 2005. Every consumer of drink in a glass or plastic bottle or can prepaid the
certain deposit when bought a drink. The money amount to be returned is indicated on the
label. The system has more than 1000 collection points all over the country. (EC, 2014)
(EEA,2015)

Moreover, important fact that packaging return system in Estonia draw people attention not
only to environmental problems but social as well. Hence, since 2011 many collection
machines offer a choice of returning the paid deposit for packaging or donate this money to
help children. The donated money then spend on cultural education for indigent children.
For instance, charity funds buy books for children in hospital or organize theater visits. The
amount of donated through this system money is around EUR 200 000 over three first years.
(EEA, 2015)

Thus, organisation of reachable deposit system for this packaging was a strong measure to
implement extended Producer Responsibility Principle. As a result, recovery of beverage
packaging waste was ensured. In 2014 packaging returning rates were notably high, reaching
80% for plastics and even more for glass. (EEA, 2015)

3.2.4 The capital case example

Consider Estonian waste management system in more details on the example of one city —
Tallinn. Estonian population reached 1315 944 in January 2016. More than one third,
423 420 inhabitants, lives in the capital. The city’s area is 159,3 square km with population
density of 2657,8 people per square kilometer. (Statistics Estonia, 2015)

In 2003, before entering EU Tallinn had a long way to go towards municipal waste source
separation. Modernization started when an old landfill site Paéskiila was closed in 2003 and
a new one — Tallinn landfill was put into operation in Jdeldhtme rural municipality. Even
though new landfill had a Waste Sorting Facility in operation, it was unique for the country.

Tallinn Waste Sorting Facility pretreated municipal waste before final disposal at Joelahtme
landfill. The following waste compounds were segregated during treatment: paper, metal,
glass and plastics for further reselling and profit earning. In addition to these returns, the
facility charged fee equal to landfill’s one. Hence, it barely stayed in business looking
forward to upcoming changes with EU affiliation.

In addition to sorting facility, Tallinn landfill had capabilities for composting and production
of alternative energy. However, still only 5-7 percent of household waste was recycled in
Estonia before the entry in EU. (EEA, 2015)

The embedding of the organised waste collection schemes, required by Waste Act began in
Tallinn in 2005. The City of Tallinn had gradually develop the waste market with the help
of waste holders register. It enabled a separate collections of household waste at the spot of
generation. That shift towards OWCS assigned responsibilities to each waste producer to
pay for the further treatment services for their waste. As a result, a strong waste management
market, which comprised both municipal and private structures, was established. (Kivimagi,
Loigu, 2013a)
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Over time, waste management infrastructure developed according to the national plans. As
a result, currently there is quite strong infrastructure for source separated waste management
in Estonia. There is a system of separate collection from the households for biodegradable,
paper and cardboard waste. Moreover, there is a good collection network for hazardous
wastes. Electronic wastes can be brought in to the public points centers.

It is stated in Final Report of European Commission on “Assessment of separate collection
schemes in the 28 capitals of the EU” that door-to-door separate collection network almost
fully covers households all over Tallinn. The services provide separate collection of paper
and cardboard and biowaste at the sport of their generation. In addition, there is a separate
bin for co-mingled collection of packaging materials under the Extended Producer
Responsibility. Furthermore, the advanced infrastructure of Bring-in civil site allow citizens
to drop off paper, cardboard, glass and metal materials. (EC, 2015)

3.2.5 Community involvement

Being a member state of European Union, Estonia actively engaged in the EU project
European Week of Waste Reduction. It pursue several objectives. From one perspective, it
was drawing public attention to the threats that might pose inefficient waste management.
But more prior aim was to raise social awareness about available waste reduction methods.
Estonian Ministry of Environment coordinated this program three years in a row 2009, 2010,
2011. (TED, 2014)

On behalf of separate municipality, Tallinn involved main waste market stakeholders to take
part in this awareness campaign. Thus, regional waste recyclers, for example Paikre Landfill,
Vaatsa Landfill, Rang-Sells, ETO, Pandipakend, sponsored waste reduction promotional
actions for precise waste fraction. Moreover, NGOs engaged in the program highlighted the
topics of sustainable consumption and reduction of packaging. For instance, non-profit
association JCI Estonia launched “Killerkott kampaania” promoting plastic bag reduction.

One environmental campaign initiated by Municipality of Tallinn in 2003 even had it’s own
mascot called Prugihunt or Waste Wolf. In general, the Waste Wolf campaign was an
environmental program for children. It included environmental lessons about waste sorting
and minimization for children of different age, workshops on waste reuse and recycling
practices. During different years this campaign had various focus in the waste management
areas from just rising social awareness to separate collection of hazardous wastes. It proved
to be highly successful and in a few years spread among other rural areas in Estonia. For
instance, Figure 6 is from the environmental lesson in Rukkilille kindergarten held in 2015.
The notable success of Waste Wolf campaign was marked with Estonian national award for
the best environmental campaign in 2012. (TED, 2014)
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Figure 6. Environmental lesson "Separate waste to save nature” held with Waste Wolf at Rukkilille
kindergarten, Estonia, 2015 (source: TED, 2014)

However, the fact that the Waste Wolf campaign had a constant financial support from EU
funds, makes it a little bit challengeable to be regarded as 100 percent feasible pathway for
other cases with no external funding. (TED,2014)

3.2.6 Threats for further development of waste recycling

Even though outstanding success of Estonian educational programs regarding waste sorting
was highlighted in official reports (EEA, 2015), Harri Moora imparted his apprehensions in
2011 (Morra, 2011). Currently, he is a director of the Environmental Management
Programme at Stockholm Environmental Institution (SEI) in Tallinn. Moora noted that there
was still a number of serious thresholds for successful development of source separate
collection system for MSW in Baltic State countries. Low level of public awareness from
one side and high contamination level of separated material from another obstructed the
extension of source separate collection infrastructure. Along with high operational costs for
separate collection feasibility of this area’s further development was ambiguous.

Consequently, the interests in development process for municipal waste handling was turned
towards managing mixed MSW. Hence, investments became more focused on projects of
low-cost Mechanical biological treatment (MBT) and mass-burn waste incineration plants.
As a result, in 2012, Estonia launched energy recovery from municipal solid waste. (EEA,
2015)

Eesti Energia invested into waste-to energy unit for mixed municipal waste incineration at
the Iru power plant near Tallinn. The facility’s capacity is around 220000 tonnes of mixed
MSW annually. Thus, almost 90 percent of mixed municipal wastes generated across Estonia
is treated at the Iru. The power plant sets half price for waste treatment comparing to landfill
price. As a result, the price for waste collecting services had decreased all over the country.
The similar pattern is noticed regarding landfilled mixed MSW.

However, there is a popular believe that waste incineration has extremely negative impact
on the environment. Along with posing a serious threat to human health. Due to this facts,
to eliminate a possibility of any hazards, a prior assessment was conducted. It indicated only
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1% change in the overall environmental impact of the power plant after putting WtE unit in
operation. Moreover, it is a legal requirement to set a real-time emission monitoring system
at this new unit. Thus, the environmental and human health are secured from any negative
side affects of the waste incineration. (Eesti Energia, 2016)

In 2013 European Environmental Agency assessed the Estonian transition in waste
management. Even though Estonia effectively implemented organised waste management
schemes, the recycling rates remained rather low in 2010. On the one hand, OWCS enabled
qualified separate collection of household wastes. That, in turn, should lead to increase in
material and organic recycling (composting). However, while the volumes of landfilled
mixed waste was reducing, the funding of local budgets was depleting as well. Hence, the
motivation to invest in recycling facilities remained low.

EU Cohesion Fund was ambition for developing recycling in Estonia. However, according
to the Estonian Ministry of Environment report of 2013, there was no projects fitting for
purpose feasible to develop.

On the contrary, that prevailing conditions served as a good grounds for development of
mixed MSW treatment facilities: mechanical biological treatment and waste-to-energy
incineration plants. (JPC, 2014)

3.3 What Saint Petersburg can learn from the Baltic country’s case

Russia and Estonia have GDP per capita (PPP) of the same order of magnitude
(TradingEconomics, 2016). However, Saint Petersburg has almost four times more
inhabitants than the whole Estonia. (RFFSSS, 2016) Moreover, the population density in
Saint Petersburg is 3631,47 inhabitants per square kilometer. That is one thousand higher
than in Estonian capital.

The real obstacle is that Estonian waste management transition process to a great extent
supported by EU funding, for instance European Structural and Cohesion Funds. That makes
any EU cases hardly fully applicable in Russian environment. However, there are doubts
that external funding might be inefficient in a long run since it distort local waste
management market. By doing this, it empowers a lock-in to one technology of a large scale
investment. (Morra, 2013)

Anyway, irrespective of differences, Russia might learn a lot from Estonian transition
process towards integrated waste management.

From the perspective of waste management system modernization, there were several
factors, that secured this transition. First of all, it was an increase in a landfill tax. By making
waste disposal expensive, a possibilities for alternative methods occurred. Moreover, the
prohibition of unsorted municipal waste disposal switched focus to the new processing
facilities development. As a result, the projects of new MSW recovery facilities in Estonia
emerged in 2011, such as Mass-burn treatmnet and Waste-to-Energy plant in Tallinn.

To put together all the outcomes of the changes took place in Estonian legislation system
Figure 6 was developed.
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Estonian pathway towards recycling in 10 years from 2001 to 2010
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Figure 7. Estonia roadmap of the first years towards increase in MSW recycling rates (Source:
Estonia country profile, EEA, 2015)

Briefly, as Peeter Eek (2013), the head of the waste department at the Ministry of
Environment of Estonia, argued that waste sorting is an essential prerequisite process for
entire waste generated in municipalities before it’s final disposal. (Kivimégi, Loigu, 2013b)
As a result, to be able to meet EU waste legislation and preset targets, Estonian Ministry of
Environmental in 2003 developed the National Waste Management Plan for a five year
period. It was the first public document about waste handling paradigms. (EEA, 2015)
Moreover, country continued development of waste legislation after becoming EU Member
State in 2004. Thus, in 2007 Estonian waste management system was dwindled to a two
level hierarchy divided to National and Local accountabilities. By doing this, municipal
authorities became directly responsible for implementing best waste management practices
available. For instance, local authorities became in charge of waste management plan
preparation in accordance with national standards.

Thereby, local waste management plan is an efficient tool to provide patterns for
development of waste transportation schemes in targeted area. As it obliges local authorities
to design waste collection programs, keep a record on waste management activities under
their responsibilities and search for better options in this field. Summarizing, figure 6
illustrates the first decade of transition process in Estonian waste management systems.

In consequence, the key drivers for development of municipal waste sorting infrastructure
in Estonian was:

1. National ban on landfilling of non-pretreated MSW;
2. Increased landfill tax;
3. Strong national and local waste management planning.

However, when we trace back the changes in Estonian legislation, it is obvious that the
implementation of any policy significantly depends on the facilitating mechanisms.
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Thereby, local governments have a great influence on waste management environment.
Local authorities are either the key initiator of development or a prime obstacle. It was a
high level of municipality involvement that enabled a pathway for successful changes in
Estonian waste management system.

However, if we compere Estonian transition to another Baltic country case — Lithuanian, an
interesting pattern can be highlighted. The development of waste management system is the
more efficient the less direct control over this process local authorities have. Most
municipalities in Estonia stayed aside waste management cooperations. As a result, the waste
management market, controlled greatly by private sector had much more competition and
opportunities for development. In Lithuanian case, on the contrary, municipalities engaged
into waste management. By doing this, there was a lock-in to a single technologies and the
development of alternatives was hindered.

Another significant difference between these Baltic countries is the rate of Landfill tax.
(Breme, 2011) Since Russian government as well as Lithuanian still avoids taxation of
municipal waste landfilling, it is important to point out this difference.

Lithuania still doesn’t levy any tax on municipal waste disposal. Average gate fee for
landfilling is 15 euro per tonne of waste, while Estonian average price is 45euro/tonne (with
a tax of 12euro/tonne and a ban for unsorted MSW disposal). Thus, Lithuanian case is a clear
example that if the landfill fee remains low, any development of new infrastructure for
recycling is impeded. (JPC, 2014)

One more critical distinguishing feature in Estonian and Lithuanian waste management
transition is level of producers’ involvement. Lithuanian producers and importers didn’t take
charge of packaging producer responsibility. As a result, the infrastructure for beverage
waste deposit system is poorly developed over the country. Whereas, in Estonia collection
points for beverage packaging have a great influence on the overall material recycling rates.
(JPC, 2014)

To conclude, even though Lithuania is the EU state as long as Estonia, it has a long way to
go towards integrated municipal waste system. Source separation system is still at a low
development level in the country, as it has no legal support from the government.

The similarity in Russian and Lithuanian cases are rather notable. Thus, it might be a good
idea to take Estonian case as a model for Russian waste management development.
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4 CURRENT STATE OF ART OF MSWM IN SAINT PETERSBURG

According to government standard 30772-2001 «Resource-conservation. Waste treatment.
Terms and definitions» municipal solid waste stream in Russia is generated by two separate
flows. One is consumer wastes from residential areas of the city — household wastes. Another
is waste from non-residential buildings: offices, commercial facilities, schools, hospitals —
commercial waste. These waste streams have different composition and characteristics.
Altogether, they form MSW volumes estimated by statistics and considered further in this
study. Average ratio of residential to nonresidential waste streams in general municipal
waste is 4:1.

There is a five-level classification depending on level of hazardous for all the waste
generated during production and consumption processes in Russian Federation. The hazard
level is increasing correspondingly from I to V, with V related to unhazardous. (FL 89-FZ)

General stream of unsorted municipal solid waste is marked with IV hazard level, while
bulky waste (collected separately from the residential areas) is V level. However, there is a
high share of hazard waste in Russian MSW stream as there is no tuned system for separate
collection of electric batteries, accumulator cells, broken electronic equipment, various
fertilizer and toxic chemical, medical drugs or energy-saving lamp.

The main challenge in Russian municipal waste assessment is the lack of reliable statistical
data available. Presently, there is a volume based approach to household waste record
keeping. As municipal solid waste is collected from residential areas in containers, it comes
into statistical account in cubic meters unit. However, all treatment plants capacities are
stated in tonnes of waste it is able to process. Presently, conversion of waste units in Saint
Petersburg is hold with conversion factor from cubic meters to tonnes equal to 0.173.
(Rospotrebnadzor, 2012)

However, this estimation method is highly unreliable. The share of light bulky packaging
materials in MSW, such as various plastics or film packaging material, are gradually
increasing every year. While waste volumes are growing, estimated waste unit weight does
not increase with the same pace. The conversion factors applied are usually unable to take
ongoing changes into account. As a result, waste generation might be inflated. This
significantly complicates accurate material or energy recovery estimation process, as the
volumes of generated waste are rather imprecise. (Rospotrebnadzor, 2013)

Lack of general information is another area for consideration, when Russian MSW
management system is under assessment. There is few official statistics on municipal waste
available. Aside from that, there was not any scientific researches on waste composition and
structure for the past decades. Although the waste composition change is pointed out in late
reports on MSW programs (Rospotrebnadzor, 2012), there is no validation by practical
consideration. This work used several governmental sources for drawing conclusions on
municipal waste characteristics in Saint Petersburg.

Saint Petersburg Committee for Nature Use, Environmental Protection and Ecological
Safety keeps the record of MSW generation rates. In 2014 it was 10 million cubic meters
and increase in the waste volumes was forecasted for the following years. The Figure 8
shows the forecast in more details and in thousand tonnes unit. (Rospotrebnadzor, 2012)
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Figure 8. Estimation on MSW generation rates in Saint Petersburg, tonnes, 2014-2025 (Rospotrebnadzor,
2012)

According to the facts in “Regional Municipal Waste management program in Saint
Petersburg for 2012-2020” standard of household waste (without bulky waste) generation
per one Saint Petersburg resident is 1,64 cubic meters annually. MSW density is considered
as 159 kg/m?. By evidence of landfill “Novyy Svet-ECO”, which has a gravity control of
arriving  MSW, average municipal waste density was 153,6 kg/m® in 2010.
(Rospotrebnadzor, 2012) For the forecast, represented at Figure X, waste density was
considered to be 173,27 kg/m?, as not only household waste but also bulky waste was taken
into account.

According to the instructions Ne30-p of Saint Petersburg Tariff Committee for year 2015,
waste generation in Saint Petersburg is 362 kg per citizen per year. Considering this waste
generation rates and population of the city this year (FSSS, 2016) waste generation would
be amounted to 1880 thousand tonnes. Hence, the correspondence in official data can be
followed.

The latest national research about waste management suggests typical MSW composition
for big Russian cities as it is in Table 3. It is mass fractions of main municipal waste stream

fractions.

Table 3. Morphologic composition of MSW stream in Russian mega cities (Sources: Rospotrebnadzor, 2012;
Koluchev, 2013)

Mass shares of fraction, %o Annual
Official data accumulation,
(Saint thousand tonnes
Waste fraction Research data, Petersburg) (calculations for
Koluchey, ' Saint
2013 Rospotrebnadzor, ain
2012 Petersburg case
2012)
Organic waste 36,4 27 515,12
Paper&cardboard 29,7 22 404,2




Mass shares of fraction, % Annual
Official data accumulation,
(Saint thousand tonnes
Waste fraction Research data, Petersburg) (calculations for
Koluchev, ' -
2013 Rospotrebnadzor, Saint
2012 Petersburg case
2012)
Plastics 5,8 15,2 285,76
Metals 3,5 5 86,48
Glass 6,3 9 167,32
Textile 6,6 4 80,84
Residual waste 11,7 17,8 340,28
Total 100 100 1880
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Saint Petersburg’s governmental center of scientific research assessed main municipal waste
streams went to landfills. As a result, educed mass shares of main materials in MSW
composition in Saint Petersburg are given at Figure 9 and Table 3. (Rospotrebnadzor, 2012)
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Estimated composition of municipal solid
waste in Saint Petersburg
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Figure 9. The mass shares of waste fractions in average MSW stream in Saint Petersburg, 2012 (Source:
Rospotrebnadzor, 2012)

It ought to be remarked, that composition of assessed waste stream coming to municipal
landfills varied significantly depending on waste generation origin, transportation
organisation and occurrence of any sorting pretreatment. For instance, plastic packaging
share in MSW stream from high-rise building with garbage chute tend to be higher than in
street containers. Additionally, such streams have a high level of contamination with organic
fraction. (Subov, 2005)

Moreover, there is a different level of material separation at transfer stations. Although
mainly there is no waste compounds segregation at transfer stations, some large government
transportation companies, such as Spechtrans Nel utilize several sorting facilities around the
city.

In 2015 based on data from municipalities 8,85 million cubic meters of municipal solid
wastes were generated in Saint Petersburg. Take waste density of 153,6 kg/m?, based on
practical Novyy Svet Eco results. Then we will have waste generation rate of 1,35 million
tonnes of MSW annually in Saint Petersburg. (St.Petersburg Administration, 2016e)

Waste materials’ outcomes that may be obtained if the full recovery is possible was assessed.
The results are combined at the Table 3 when morphologic waste stream composition is
regarded on the national research basis (Koluchev, 2013). Hence, there is two main fractions
in Russian MSW stream — organic waste and paper&cardboard.
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Take precise look at one of state landfill — Novyi Svet Eco in order to assess the deviation
level of generalized official data from the practical case. This landfill is a unique facility for
the city as it has a weight reception control. Thus, the waste composition data record is kept
In mass unit straight away, which favors avoidance of mistakes during unit transfer process.
Moreover, there is a data record of it’s waste sorting facility. Thus, the following data on
waste fractions ratio was obtained during year 2015 (Figure 10).

Shares of recoved materials at landfill

Organic waste
33,73%

Paper&cardboard

2,30%
Residual waste

57,66%

Plastics

Hazardous
watse lky waste
0,00% 4,38%

Metals
0,34%

Figure 10. The mass fraction of waste materials after separation at landfill “Novyy svet-Eco” sorting facility,
2015 (Source: Novyy svet-Eco data)

Thus, assessment of “Novyy svet eco” data reveals the large share of residual waste left after
mixed MSW sorting. The second large segregated waste compound is organic waste, which
is one third of total stream. It is used as a material for partial filling during landfill
reclamation works. The material recovery rate is extremely low. Consequently, these
outcomes supports the idea that significant content of organic waste in general stream
prevents recovery of valuable materials such as paper, glass or plastics.

Previously, there was a growing trend in the share of hazardous wastes in MSW in Saint
Petersburg. Since there was nor system for separate collection of hazardous materials, nor
educational program, citizens had no idea that these materials cannot be thrown with a mixed
waste. The most dangerous hazardous waste compounds to be pointed out: batteries and
accumulators, equipment containing 