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ABSTRACT

Climate change, which is observed on our planet at an unprecedented rate over the past decades or even millennia, is
one of the most influential risks that determine the global development of mankind. Changes in the climate system
pose serious threats and challenges to the sustainable development of society, caused by increased risks to human
health and life, natural ecosystems, economic sectors and require detailed research and development of adaptation
measures. Waste is one of the biggest problems of mankind today. Waste accompanies a person at every stage of his
activity and requires a close approach to the issue of their disposal — burial at special landfills. This solution is not
optimal, because it requires the annual alienation of land for the expansion of landfills and construction, and
investments in these landfills, which must meet all technical and hygienic requirements. However, even landfills that
meet all the established requirements cannot guarantee environmental safety. The landfill for waste disposal is a
kind of biogas generator (landfill biogas), which is formed as a result of the decomposition of the organic waste
fraction. This work is devoted to the analysis of modern designs for the collection and removal of landfill biogas,
mathematical models for assessing the level of methane formation of solid waste landfills, the potential and
prospects for the development of biogas power plants to reduce greenhouse gas emissions. A rational solution to
these problems is the use of renewable energy sources, including biogas, the gas emitted by production and
consumption waste in landfills of such waste. A prospective analysis of the volume of biogas was carried out on the
example of a landfill for municipal solid waste in the city of Kamianets-Podilskyi, Khmelnytsky region (Ukraine).

Keywords: renewable sources of energy, power, biogas, biogas power plant, landfill, CO2 emissions, methane.

INTRODUCTION

Since the beginning of the 20th century, the anthropogenic factor has been providing a powerful, growing influence
on the elements of the environment. Along with pollution of the natural environment and a decrease in the number
of biological species, there is an intensive redistribution of matter and energy, which is not associated with natural
biochemical cycles. The fundamental difference between the environment of agglomeration settlements and the

97


https://doi.org/10.31407/ijees
https://doi.org/10.31407/ijees13.2
mailto:apantsyreva@ukr.net
https://doi.org/10.31407/ijees13.213

Oleg Tkach?, Viktor Dubik?, Oleh Ovcharuk?, Lyudmila Mikhaylova', Hanna Pantsyreva®,
Dariia Vilchynska?, Sergii Slobodian?, Oleg Gorbovy*

natural environment is a broken circulation of substances, which in the process of technogenesis leads to serious
violations of the biospheric balance. The most dangerous intervention of technogenesis in the biospheric carbon
exchange (Akimova, Khaskin 2000). A significant anthropogenic factor of human activity on the cycles of biophilic
elements is the formation of household waste and its destruction or disposal. The volumes of municipal solid waste
(MSW) generation have reached geological scales, and the flows of a number of chemical elements are in one way
or another associated with waste storage, which affects the global cycles of elements in the biosphere (Witkowska,
2010). The world volume of municipal solid waste accumulates about 1 billion m® per year (Bishkin, 2007). In most
countries, a significant amount of MSW continues to be taken to landfills (landfills). The consequence of the
formation, burial and incineration of organic waste is the irretrievable exclusion from the natural biological cycle of
a large amount of organic and mineral substances. One of the main problems associated with waste disposal is the
generation of biogas. The thickness of the waste layer, which consists of 50-60% of organic components, reaches
several tens of meters. In the lower horizons of such deposits, anaerobic bacteria decompose organic matter with the
formation of a gas mixture that contains: methane — 45-85%, carbon dioxide — 15-40%, as well as a small amount of
nitrogen, oxygen, hydrogen, hydrogen sulfide and sulfur dioxide. The resulting mixture of gases is explosive and
toxic. In the process of heat treatment or ignition of waste, carcinogenic compounds are released — benzene,
benzopyrene and others. The emission of landfill gases that enter the environment causes negative effects of both
local and global geoecological nature.

The modern MSW landfill is a large geotechnical ecosystem. Its main production facility is a geological scale solid
phase anaerobic fermenter. Therefore, solid waste landfills are an important object of research aimed at using waste
as industrial raw materials.

MATERIALS AND METHODS

The raw materials for the production of methane-containing gas are: organic waste: manure, grain and millet post-
alcohol stillage, brewer grains, beet pulp, fecal sludge, fish and slaughterhouse waste (blood, fat, intestines,
canygas), grass, household waste, dairy plant waste — lactose, whey, waste from biodiesel production — technical
glycerin from the production of biodiesel from rapeseed, waste from juice production — fruit pulp, berry, grape
pomace, algae, waste from the production of starch and molasses — pulp and syrup, waste from potato processing,
from the production of chips — cleaning, skins, rotten tubers. Every year in Ukraine, 2 million tons of standard fuel
are used for energy production. At the same time, the main contribution is made by wood — about 80% of the total
amount of biomass. The energy potential of cereal straw and rapeseed is used least actively (Ovcharuk O., 2018,
Ovcharuk O., 2020). The solid waste landfill is a special facility designed for the isolation and neutralization of solid
waste. Landfills must guarantee the sanitary and epidemiological safety of the population. At the landfills, the static
stability of MSW is ensured, taking into account the dynamics of compaction, salinity, gas release, the maximum
load per unit area, the possibility of subsequent rational use of the site after the closure of the landfills (reclamation).
The disposal of municipal solid waste occurs as follows. First, a pit is dug out, which is covered from the inside with
materials that prevent the penetration of toxic substances into the ground. To do this, the pit is covered with
bentonite cloth or clay. Next, a drainage system is laid out on the bentonite fabric, which collects and removes all
the accumulated liquid. The floor of the drainage system is laid with a layer of gravel, which prevents debris from
clogging the pipes. Then the garbage is laid in layers. A layer of debris followed by a layer of sand, which prevents
fires in the summer, and so on several layers. Wells are also being drilled at the landfill, into which pipes are placed
to collect landfill gas or biogas. MSW consists of 70-80% organic components, most of which are subject to
decomposition in time under burial conditions as a result of natural chemical and biological processes. The
biochemical process of decomposition of the organic part of the waste by microorganisms is called fermentation.
The fermentation process can take place under aerobic conditions (aerobic fermentation) or under anaerobic
conditions (anaerobic fermentation). Thanks to biochemical reactions occurring in the body of the landfill: solid
waste is biodegradable (food and vegetable residues, paper, fibrous materials of plant and animal origin), become
biologically stable and is not a potential source of environmental pollution. Part of the solid waste containing carbon
and protein passes into a gaseous state, as a result, the mass and volume of biosoluble solid organic waste are
significantly reduced. Since waste is stored and stored at the landfill for a long time, the landfill ecosystem is
dynamic, that is, it changes over time. As a result of the hydrolysis reaction, low molecular weight organic
substances are formed, which pass the stage of oxygen-nitrate oxidation within several weeks and decompose under
aerobic conditions to water, carbon dioxide and nitrogen.
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During the course of these processes, an increase in temperature is noted in the body of the landfill. Anaerobic
conditions are characterized by the stage of decomposition of hydrolysis products. In this case, two phases (stages)
can be distinguished - phase | (acidic) and phase Il (methanogenic). Biogas is the fuel of the future that can solve
several environmental and oil depletion problems. Since a large amount of municipal solid waste is generated in the
world and more landfills are being built for storing solid waste, the production and collection of biogas at landfills is
a source of additional profit. Biogas solves the problem of biosoluble waste disposal. The composition of the
resulting biogas depends on the substrate used and the processing method. This gas is not inferior to natural gas in
its properties, it also solves the problem in the energy sector. The composition of biogas from the landfill for
municipal solid waste is presented in Table 1.

Table 1. Typical biogas composition, %

Type Brief characteristics of biogas CH,4 CO, 0O, N,
1 Pure biogas produced under anaerobic conditions 55 45 - -
2 Biogas contains oxygen and nitrogen in the ratio characteristic of atmospheric air 40 30 6 24
3 Biogas used in the microbiological process (oxygen comes from landfill surface) 45 35 1 18
4 Combination of biogas types (2+3) 35 30 5 30

Favorable conditions for the accumulation of methane in landfills are created due to waste compaction, humidity,
acidity, chemical composition, temperature from 50°C to 60°C, but can be formed at temperatures from 10°C to
60°C, pH 6.8-7,2. To quantify the potential of landfill gas for the conversion of carbon into methane contained in the
waste from the solid domestic waste landfill in Kamenets-Podolsky (Ukraine) (Fig. 1), we use the mass balance
method and the first-order decay (decomposition) method, which are based on one model — anaerobic destruction of
organic matter with the formation of the corresponding decomposition products.

Figure 1. Municipal solid waste landfill and operating biogas combustion plant
(Kamianets-Podolsky, Ukraine, 2022)

Based on the first order damping method developed the most used models are:

1) IPCC model proposed by the Intergovernmental Panel on Climate Change (IPCC) (Guidelines, 2006);

2) the LandGEM model (Landfill Emission Gas Model — LandGEM) developed by the US Environmental Protection
Agency (U.S. Environmental Protection Agency — U.S. EPA) (Landfill Gas, 2005).

IPCC model. The amount of methane Q(T), which is formed in a year T, is calculated by formula (1.1):

Q(T)=DDOC,; -F -16/12, (0.1)

where F is the proportion of methane in the total mass of biogas produced; DDOCm is the total mass of carbon biodegraded per year T, t,
which is found from equation (1.2):

DDOC, . =DDOC, . + DDOC_ . ,(1-¢e7™), 02)

where, DDOC

maT —1 — ™mass of carbon accumulated by the end of the year ( Y, t;
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D DOCde — mass of carbon removed to dumps and landfills during the period T, t;
k — expansion constant, year .

The mass of biodegradable carbon in the waste is found from the equation (1.3):
DDOC_ =W - DOC - DOC, - MCF, 03)

where, W — the total mass of waste disposed of in a landfill or landfill, t;
DOC — decomposable organic carbon per year of removal, t;

-1
T CH 41 TTBO y D()Cf — part of the carbon that takes part in the decomposition reactions;

MC F — correction factor for methane.

Methane emissions from waste disposal sites (Q(T)®*™) calculated as follows:

Q(M)™ =[Q(T) - Ry Ix1-0OX,], (0.4)

where, Rt — mass of collected (recovered) methane, t;
OXr1 — methane oxidation factor.

For the convenience of calculating methane emissions using the IPCC model, a tool based on MS Excel
spreadsheets — IPCC Waste Model.xIs has been developed, which allows you to carry out various options for
calculating methane emissions as a result of the decomposition of certain components of MSW and even part of
industrial waste.

Landgem model. The LandGEM methane emissions model, developed by the US Environmental Protection Agency,
is also based on a first-order decomposition (damping) equation. Thus, methane emissions from MSW disposal sites

QCH 4 Is described by the following equation:

n 1 M -
QCH4:ZZK'L0( *)e <, (0.5)
x=1 y=0.1 10

where n — the difference between the estimated year and the year of commencement of MSW disposal;

x and y — time steps equal to 1 and 0.1 years, respectively;

k — methane generation factor, year?;

Lo — methane formation potential, CH4, MSW (t);

Mx — mass of MSW buried in year x, t year?;

ty — age of the y-th part of the mass of waste buried in year x.

Equation (6) for calculating biogas emissions (QLFG), adapted for Ukraine (Ukraine LFG Model), is as follows:

n 1
Qe = Z Z 2k - Lo(I;_/l_d()ektxy -MCF-F, (06

x=1 y=0.1

where MCF — correction factor of methane formation;
Fb is a correction factor for ignition, depends on the area and completeness of MSW burnout at the landfill, in proportion to which the biogas
emission decreases.

RESULTS AND DISCUSSION

As is known, the destruction of biodegradable components of MSW in the places of their disposal for a long time
(50-80 years) leads to the formation of the corresponding product - biogas, which consists of methane (40-60%),
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carbon dioxide (30-45%) and others. gases (5-10%). Biogas components that are greenhouse gases include:
methane, carbon dioxide, non-methane volatile organic compounds and nitrous oxide. Methane emission is
calculated by formula (1.4). The main source of carbon for the formation of methane are MSW components that
contain bioavailable carbon: paper and cardboard, food and garden waste, wood, textiles, as well as leather, rubber
and personal care products, isolated as separate components relatively recently. The index kj is one of the constants
of the model, which determines the rate of waste decomposition and biogas production. kj is determined component
by component and depends on factors such as humidity, waste pH, nutrient content and temperature partly on the
climatic features of the territory where the MSW disposal site is located (Table 2).

Table 2. The value of the parameters of the constant rate of methane formation for various components of MSW at
different levels of detail, kj, year!

IPCC Ukraine .

Ne Component Model LEG Model National Model
1 Paper and c_ardboard 0,06 0,027 0,048 0,024
2 Textile
3 Food waste 0,185 0,135 0,110 0,120
4 Wood 0,03 0,0135 0,024 0,012
5 Garden waste 0,1 0,068 0,07 0,06
6 Personal care products 0,1 - 0,048 0,120
7 Leather, rubber - 0,0135 0,048 0,012

Average value for Ukraine 0,1296 0,0948 0,0829

0,1127 0,0879 0,0875

In the models under consideration, the type of MSW disposal site is taken into account through the MCF indicator.
This indicator allows you to adjust the amount of methane generation, depending on the conditions of storage of
solid waste at a landfill or landfill. Anaerobic landfills produce more methane than shallow landfills (Table 3).

Table 3. Indicator values MCF;.

Types of landfills and landfills MCFi
Controlled anaerobic 1,0
Controlled semi-anaerobic 0,5
Unmanaged deep 0,8
Unmanaged shallow 04
Unclassified 0,6

Average value for Ukraine 0,726

The value of MCFi=0.6 for unclassified landfills and landfills is recommended to be used by default in the absence
of information on the distribution of disposal sites in the first four categories. As can be seen from Table. 2, the
specification of this parameter for Ukraine improves the accuracy of calculations. The morphological composition of
MSW is a determining factor in the formation of methane in waste disposal sites. It determines the mass of
biodegradable carbon, which is transformed (at different rates) into methane and other greenhouse gases. Despite the
commonality of the processes underlying the models, it is rather difficult to conduct a comparative analysis of the
mathematical apparatus of the models in its original form. For example, the National and LandGEM models operate
with the value Lo — the potential for methane formation (though in different units of measurement), while the IPCC
model (in the 2006 version) does not explicitly use such a value, although in (Guidelines ..., 2006) an equation for Lg
is given. Note that in the LandGEM model (including the adapted version) the parameter k is used as a factor, while
in other models it is used as an exponent. In addition, in this model, the values of the parameters k and LO do not
depend on the morphological composition of MSW, and the same values of these parameters are assumed for the
entire mass of waste.

Research on the use of models at the regional level is almost non-existent. Let's compare these models with the
National model and consider the possibilities of application at the regional level. The IPCC model allows only
methane emissions to be calculated. Carbon dioxide as a product of waste biodegradation in MSW disposal sites is
considered in the «Agriculture...» sector. Nitrous oxide, due to small amounts, is not calculated (Guidelines...,
2006). The national model also allows only methane emissions to be calculated. Unlike them, the LandGEM model
makes it possible to calculate the emission of not only methane, but also carbon dioxide and NVOCs, incl. for
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specific substances. The value of carbon dioxide and NVOC emission depends on the results of methane emission
calculation according to equation (5) (Landfill Gas..., 2005).

By the decision of the Paris Climate Agreement on December 12, 2015, to prevent the global average temperature
from rising by more than 2°C (if possible, no more than 1.5°C) relative to the indicators before the start of the
industrial revolution, when humanity began to burn a huge amount of fossil fuels, which led to a change climate.
Keeping global warming at 1.5-2°C requires a rapid reduction in greenhouse gas emissions to the atmosphere to zero
during the second half of the 21st century. This obliges the participating countries to minimize emissions of
greenhouse gases such as methane and carbon dioxide into the atmosphere. As a result of anaerobic decomposition
of the organic fraction of waste from the total amount of methane annually released into the atmosphere, 40-70% is
formed as a result of anthropogenic activities, and more than 20% of them fall on solid waste disposal sites. The
release of 1 m3 of methane into the atmosphere is equivalent to the release of about 25 m? of carbon dioxide into the
atmosphere in terms of its detrimental consequences for climate change. Biogas is one of the causes of MSW fires in
landfills and landfills. When the content in the air is from 5 to 15% methane and 12% oxygen, an explosive mixture
is formed. International experience in the operation and reclamation of landfills shows that the only way to stop the
release of biogas into the atmosphere is its organized removal through a system of wells and collectors with
subsequent disposal and use in the national economy. The main method for solving this problem is the biogas
collection and utilization scheme:

- creation of a network of vertical gas drainage wells connected by gas pipeline lines;

- depending on the number of wells at the landfill, collectors are installed to collect gas, pumping and compressor
equipment for forced pumping of gas and its compression;

- installation of equipment for preliminary purification of biogas from siloxanes, hydrogen sulfide, carbon dioxide,
harmful impurities and moisture for subsequent disposal.

In this regard, the reduction of biogas emissions into the atmosphere not only improves the environmental situation
around solid waste landfills, but also contributes to the fulfillment of international obligations. When working with
LandGEM Version 3.02 spreadsheets, we specified values of the parameters k = 0.075 year?, specific for the
Khmelnytsky region (Table 1) and Lo = 133 m® t LandGEM model, where the «weight» was the morphological
composition of MSW in the Khmelnytsky region, the city of Kamenets-Podolsky. The period of the results of the
calculation of biogas production is 80 years and was chosen according to the recommendations of foreign models.
Forecast calculations of landfill gas and, in particular, methane are presented in Table 3, and graphs of gas
generation volumes using this mathematical model are shown in Figures 2 and 3, respectively. The graph in Figure 3
shows that methane emissions will remain at a high level for at least another 20-25 years. Depending on the content
of methane, biogas has a calorific value of 15 to 25 MJ/m? (3600-4800 kcal/m?). The average calorific value of
biogas is 4200 kcal/m?. According to the heat of combustion, 1 m® of biogas is equivalent to: 0.8 m? of natural gas,
0.7 kg of fuel oil or 1.5 kg of firewood. As a result of calculations, the data in Table 3 indicate that the total gas
emission of biogas from MSW in the forecast for 2022 is 3.5 million m3/year, of which CHy, is about 2.08 million
mé/year.
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Figure 2. Graph of the calculation results of greenhouse gas emissions from the solid waste landfill in the city of
Kamenets-Podolsky for the calculation period 1952-2032.

102



International Journal of Ecosystems and Ecology Science (IJEES) Vol. 13 (2): 97-108 (2023)
https://doi.org/10.31407/ijees https://doi.org/10.31407/ijees13.2

Cubic Meters PerYear

2, 500E+06

2,000E+08

1,200E+06

Emissiohs

1,000E+06

5 000E+05 4+—

0, 000E 400 e oy o e e o o e e v i e

Lt S L ST FR . SRt SUNE P S, Lt S o St Lt S 2 A2
CAIIC ARSI SIS S LG LG ST it S g S

Year

hethane

Figure 3. Graph of the results of calculating the methane emission from the solid waste landfill in the city
of Kamenets-Podolsky for the calculation period 1952-2082.

As a result of calculations, the data in Table 3 indicate that the total gas emission of biogas from MSW in the
forecast for 2022 is 3.5 million m3/year, of which CH4 is about 2.08 million m3/year.

Based on this, the estimated energy potential of this landfill is about 87.5x106 MJ/year. (based on the forecast for
2022).

Table 4. The results of the calculation of methane and other greenhouse gases emissions
from 2021-2034 (Model LandGEM)

Year Total landfill gas | Methane

(Mg/year) (m®/year) (av ft"3/min) (Mglyear) (m®/year) (av ft"3/min)
2021 4,539E+03 3,450E+06 2, 8E+02 1,381E+03 2,070E+06 1,391E+02
2022 4,563E+03 3,469E+06 2,331E+02 1,388E+03 2,081E+06 1,398E+02
2023 4,587E+03 3,487E+06 2,343E+02 1,396E+03 2,092E+06 1,406E+02
2024 4,611E+03 3,505E+06 2,355E+02 1,403E+03 2,103E+06 1,413E+02
2025 4,636E+03 3,524E+06 2,368E+02 1,411E+03 2,114E+06 1,421E+02
2026 4,660E+03 3,542E+06 2,380E+02 1,418E+03 2,125E+06 1,428E+02
2027 4,684E+03 3,561E+06 2,392E+02 1,425E+03 2,136E+06 1,435E+02
2028 4,708E+03 3,579E+06 2,405E+02 1,433E+03 2,147E+06 1,443E+02
2029 4,733E+03 3,598E+06 2,417E+02 1,440E+03 2,159E+06 1,450E+02
2030 4,757E+03 3,616E+06 2,430E+02 1,448E+03 2,170E+06 1,458E+02
2031 4,782E+03 3,635E+06 2,442E+02 1,455E+03 2,181E+06 1,465E+02
2032 4,806E+03 3,654E+06 2,455E+02 1,462E+03 2,192E+06 1,473E+02
2033 4,459E+03 3,390E+06 2,277E+02 1,357E+03 2,034E+06 1,366E+02
2034 4,137E+03 3,145E+06 2,113E+02 1,259E+03 1,887E+06 1,268E+02

As we can see from the results, the application of calculation methods gives different results. Closer are the results
obtained by the National model and the IPCC model. Especially in the case of using the updated value MCF = 0.63.
Insignificant differences can be explained by the fact that in the first case such MSW components as leather and
rubber are additionally taken into account. The results of the calculation according to the LandGEM model differ
significantly from these results. The LandGEM model was developed on the basis of research conducted at
American test sites. As noted in the paper, in relation to Ukrainian conditions, the LandGEM model gives rather
overestimated results. The disadvantages of the original LandGEM model include the lack of consideration of the
morphological composition of MSW when choosing the parameters k and Lo, although when working with the
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LandGEM Version 3.02 spreadsheets, we used the values calculated for the Khmelnitsky region. A significant
disadvantage of applying the adapted version of the LandGEM model to territorial units is the impossibility of
determining the parameter F due to the lack of data on the scale and depth of waste burnout in individual landfills.
Although the work (Pukhnyuk, 2011) suggests a value of F = 0.8 to provide a conservative assessment of the biogas
potential of Ukrainian landfills. In the National and IPCC models, the actual burnout of a part of organic matter in
the body of the landfill is not taken into account.

The advantages of the LandGEM Version 3.02 tool include the ability to calculate emissions of biogas and GHGs
other than methane. However, such results can be obtained as derivatives of the results of calculations by other
methods, based on the ratio between the biogas components. The LandGEM model in its original and adapted
versions is suitable for use in a specific MSW disposal site.

As noted above, all models are based on a differential equation for the reaction of decomposition of organic matter
in the body of the landfill, but differences in the values of individual parameters and in the mathematical apparatus
of the models lead to discrepancies in the results.

Since the main method of handling municipal solid waste is (and remains in the future) disposal in landfills and
landfills, the issues of assessing the impact of such facilities on the environment are relevant. One of such research
areas is the assessment of greenhouse gas emissions. The article considered the most used models (methods) for
determining greenhouse gas emissions from municipal solid waste disposal sites — IPCC and LandGEM maodels, as
well as the National Gas Generation Model (Ukraine). A comparative analysis of the models made it possible to
determine their advantages, disadvantages, as well as the possibility of mutual replacement of model parameters.
Models can be used both for a specific waste disposal site and for territories of various levels of organization. The
parameters that are specified depending on the object of study include: the morphological composition of municipal
solid waste, climatic conditions and features of burial sites. To improve the accuracy of calculations, it is
recommended to take into account the maximum number of household waste components (7 components), which
are a source of bioavailable carbon. The rate of decomposition of individual waste components is most accurately
displayed in the developed sets of values of the parameter k from the version of the LandGEM model adapted to
Ukrainian conditions. Approximation of the parameter values to the regional and national levels is recommended to
be carried out on the basis of the climatic zoning of the territory.

The parameters of the models that are considered in the article are usually interchangeable and can be refined to the
level of a particular polygon.

Discussion

The nature and intensity of microbiological processes in landfills allows us to consider them as powerful artificial
systems from the production of biogas (Minko, Lifshits, 1992). Every year, 30-70 million tons of biogas are released
into the atmosphere from the landfills of the globe (Fedorova, Prokhorova, 1997). The rate of gas emission from the
surface of the MSW landfill into the atmosphere is n10 — n100 times higher than the known values of the intensity of
gas flows from natural ecosystems (Safranov et al., 2016).

In the study of the gas component of landfills, more than 100 components were found. The presence of heavy
(including aromatic) hydrocarbons, chlorinated hydrocarbons, alcohols, ethers and other volatile organic substances
in biogas has been established. It is assumed that the main part of hydrocarbons and chlorinated hydrocarbons is of
non-biological origin, and their presence in biogas is the result of evaporation of various types of fuel and solvents
and chemical reactions occurring in the landfill body (destruction of rubber products and other synthetic materials).
Landfill gas is a unique gas mixture in terms of its component composition, which has no analogues among gas
mixtures formed by natural bio-inert and geological bodies. In this regard, a direct consequence of the presence of a
large landfill will be the occurrence of anomalies in the atmosphere adjacent to it, both in terms of the quantitative
content and the qualitative composition of volatile organic compounds (Minko et al., 1990; Minko, Lifshits, 1992;
Mazur, V. et al., 2021).

Ecotoxicants may also migrate from landfills as part of dust and aerosol flares.

Estimates show (Abramov, 1994) that the amount of biogas generated depends on the content of the organic fraction
(food waste, paper, wood). The highest concentration of methane in biogas (60% or more) gives the process of
decomposition of food waste. Organic substances contained in the wast

e are divided into three classes, each of which corresponds to a certain output of methane: carbohydrates — 0.42-0.47
m? / kg, proteins — 0.45-0.55 m3/ kg, fats — up to 1 m3kg (Fedorov, 2002).

Anaerobic decomposition of MSW with the release of biogas begins 180-500 days after waste disposal (Abramov,
1994; Ignatovich, Rybalsky, 1998) . According to N.F. Abramov (1994), up to 250 m? of biogas is formed from each
ton of waste. According to some estimates (Dieter, 1977), 1 ton of MSW containing 200 kg of organic matter yields
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100 m3 of methane. The stage of methanogenesis is divided into the active phase (10-30 years) with high rates of
methane release and the stable phase (up to 100 years or more).

In the active phase, the enzymatic decomposition of acids formed in the acetogenic phase proceeds, while the
methane content in biogas gradually increases and reaches 50-60% (Maksimova et al., 2003). During this period,
industrial production and utilization of biogas is possible (Abramov, 1994; Ignatovich, Rybalsky, 1998 (1)). In the
stable phase, there is a slow degradation of cellulose, as well as hardly decomposable waste fractions — lignin, some
types of plastics. The rate and volume of methane emission in this phase decrease (Maximova et al., 2003). Some
authors argue that the release of gases from the landfill lasts at least 75 years (Skorik et al., 1998). Over 30-50 years,
approximately 30% of the buried organic matter is transformed, the rest continues to decompose over the next
decades (Vavilin et al., 2003).

The resulting biogas migrates up the section and is oxidized in the surface layers under aerobic conditions, while
non-oxidized components and oxidation products can be released into the atmosphere. Due to the existence of an
oxidizing biofilter, the top layer of soil (from 0 to 1 m) serves as a geochemical barrier to the path of atmospheric
oxygen to the lower layers and biogas to the atmosphere (Lebedev et al., 1993).

V. A. Isidorov (2001) proves that MSW landfills make a significant contribution to the global methane flux. CH4
release from landfills is estimated at 20-70 Mt/year, which is from 6 to 8% of the total methane release into the
atmosphere from all sources. The role of methane in global processes is not limited to its direct participation in the
absorption of the Earth's thermal radiation in the infrared region of the spectrum (the contribution of methane to the
creation of the greenhouse effect is approximately 30% of the value assumed for carbon dioxide). Its content largely
determines the oxidizing properties of the atmosphere and, thus, the fate of many other gas components, including
greenhouse gases and pollutants.

In many countries of the world, solid waste landfills (landfills) are considered as giant bioreactors loaded with
energy raw materials and capable of providing significant savings on traditional energy materials.

Utilization of biogas can improve the environment and reduce the risk of fires (Abramov, 1994; Vavilin et al.,
2003).

Thus, the process of anaerobic decomposition of the organic fraction of MSW is the main factor in air pollution
during waste disposal in landfills (landfills).

In European countries, laws have already been adopted to significantly reduce and prevent the flow of organic waste
to landfills (Vavilin et al., 2003). According to the EU Regulation, all landfills with a volume of more than 10
thousand tons must be supplied with a biogas collection system (Vandrash, Sergeev, 1999).

Description of the solid waste landfill. With the current level of scientific and technological progress, energy
consumption can only be covered by the use of fossil fuels (coal, oil, gas). However, according to the results of
numerous studies, fossil fuels in the near future can only partially satisfy the demands of world energy. Another part
of the energy demand can be met by other sources of energy — non-traditional and renewable.

Biogas is an alternative source of energy, its properties are not inferior to natural gas. To the undoubted advantages
of biofuel obtained by means of waste processing is its availability. Recently, much attention has been given to
hydrogen as an alternative fuel. But the cost of biogas production is much lower than the cost of hydrogen
production. Another prospect of biogas is a rich, almost unlimited, restoring raw material base. The main way to use
biogas is to turn it into a source of thermal, mechanical and electrical energy. However, large biogas plants can be
used to create production facilities for the production of valuable chemical products for the national economy.
Biogas can be used to generate energy that is used for heating, lighting, supply of feed preparation shops, for the
operation of water heaters, gas stoves, infrared emitters. Biogas can also be used as a gas motor fuel.

Studies show that more organic waste is generated in the world from 20 to 50%. The least metal waste is formed
from 0 to 8%. Also in cities, metal and glass form a minimum amount, more organic waste. Biogas consists of 55%-
75% methane, 25%-45% CO,, small amounts of Hz, NH; and H,S. Biogas has a total energy of 44 kW. After
purification of biogas from CO,, biomethane is obtained. Biomethane is a complete analogue of natural gas. The
only difference is in the origin.

CONCLUSIONS

e Ensuring the environmental safety of solid waste landfills is possible through their proper arrangement and
operation. In addition to reducing damage to the natural environment, additional energy benefits are
achieved from the collection and utilization of methane-containing gas.
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As we can see from the results, the application of calculation methods gives different results. Closer are the
results obtained by the National model and the IPCC model. Especially in the case of using the updated
value MCF = 0.63. Insignificant differences can be explained by the fact that in the first case such MSW
components as leather and rubber are additionally taken into account. The results of the calculation
according to the LandGEM model differ significantly from these results. The LandGEM model was
developed on the basis of research conducted at American test sites. As applied to Ukrainian conditions, the
LandGEM model gives rather overestimated results. The disadvantages of the original LandGEM model
include the lack of consideration of the morphological composition of MSW when choosing the parameters
k and Lo, although when working with the LandGEM Version 3.02 spreadsheets, we used the values
calculated for the Khmelnitsky region. A significant disadvantage of applying the adapted version of the
LandGEM maodel to territorial units is the impossibility of determining the parameter F due to the lack of
data on the scale and depth of waste burnout in individual landfills. Although, in order to provide a
conservative assessment of the biogas potential of Ukraine's landfills, a value of F=0.8 is proposed. In the
National and IPCC models, the actual burnout of a part of organic matter in the body of the landfill is not
taken into account.

The advantages of the LandGEM Version 3.02 tool include the ability to calculate emissions of biogas and
GHGs other than methane. However, such results can be obtained as derivatives of the results of
calculations by other methods, based on the ratio between the biogas components. The LandGEM model in
its original and adapted versions is suitable for use in a specific MSW disposal site.
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