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Abstract. The organic waste was evaluated to be used for
the biogas production in compliance with an acute need to
reduce the consumption of traditional energy resources. The
possibility of using organic waste (corn, straw, branches,
fallen leaves, potato peelings) for the biogas production was
experimentally confirmed. The influence of the initia
fractions size and the temperature on the biogas yield has
been studied. The yield of biogas produced from potato
peelings was found to be the highest one.
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1. Introduction

The production and use of biogas energy is one of
the important sectors of renewable energy sources (RES)
in the world. In a number of countries, bioenergy has
taken an important part in the energy balance. Denmark,
for example, accounts for more than 7 % of bioenergy,
Austria — 12 %, Sweden — 21 %, Germany — more than
24 %. The latter is the leading producer of biogas in the
European Union. Annually in the EU, 14% of the tota
energy is received from biomass. The European biogas
plant market is evaluated at 3 hillion dollars and should
grow to 25 hillion by 2020. At the same time, 75 % of
biogas is produced from agricultural waste, 17 % — from
organic waste of private households and enterprises, and
8 % — from sewage treatment plants[1].

Today biogas technologies, which are based on
anaerobic fermentation of theinitial product, are operating
in more than 65 countries of the world [2], namely in the
USA, France, Great Britain, China, India and others, for
the production of electricity from agricultura and
livestock waste, food industry waste, selected household
waste (food, paper, etc.), energy-rich plants (corn, grass,
etc.). The total amount of biogas plants (BP) in Europe
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exceeds 11,000; 7,200 of which are located in Germany
[2].

According to the European Commission’ s forecast
regarding energy generation from the renewable sources,
in 2020, the share of electricity from biogasin the EU will
be 8%, which will improve the contribution of small
hydroelectric power plants, geothermal and solar energy.
In opinion of analysts, the biogas market will continue to
grow rapidly, replacing other energy sourcesin the overall
structure of the energy balance of various countries[2, 3].

The economic valuation of using biogas cannot be
determined quantitatively, because unlike fossil fuels,
biogasis not sold in the local market and does not have a
standard market price. Thus, the biogas vaue is
approximated and based on the cost of boiler installation
and maintenance. The practical use of biogas solves a
number of environmental, social and energy problems,
proves that this fuel is more economical than fossils. At
the same time, there are a number of biotechnological
problems associated with the launch and operation of
biogas complexes that have been solved in the world by
creating national scientific-technical programs and
granting discounts for entrepreneurs who represent these
technologies.

The level of biogas technologies implementation in
Ukraine remains unsatisfactory due to the specific climate
(sharply continental climate, cold nights and frosts in the
winter up to 253 K) and lack of scientific and technical
policy in this area. However, there is a possibility to
improve the situation using the experience of the EU
countries. In 2012, a tender for the credation of a state
standard for biogas, won by the Institute of Renewable
Energy of the National Academy of Sciences of Ukraine
[4], was held in Ukraine.

Since the construction of BP in Ukraine is
important, there is an urgent need for further studies on
the conversion of waste and biomass to biogas, taking into
account the national requirements of consumers in the
domestic market. Ukraine has alarge agricultural potential
and, accordingly, the opportunity to obtain raw materials
for the creation of this type of biofuel, which can
significantly influence the energy dependence of the
country and the conservation of energy resources in
general.
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Table1

The potential for biogas production

Sources Total volume of waste, t-10° Potential production of biogas, min. m*/year
Total in Ukraine, including 39727 9545
Sugar refineries 23264 976
Breweries 1017 122
Alcohol-containing plants 2705 117
Livestock farms 15432 386
Pig farms 5657 160
Poultry farms 4722 378
Corn silage - 7406

The quantum of solid domestic waste in Ukraine in
2016 was 49 min.m® or about 11 min.t (excluding the
temporarily occupied territories of the Autonomous
Republic of Crimea and the city of Sevastopol) [3],
among which there is a significant share of organic waste.
The average value of generated waste is ~250-
300 kg/lyear and this value tends to increase [3]. The
potential for biogas production in the agro-industrial
complex of Ukraine is presented in Table 1 [2].According
to experts estimation, when one ton of organic residues
burns, about 9 kg of smoke microparticles, consisting of
dust, nitrogen oxides, carbon monoxide and carcinogenic
compounds, are formed. The process of atmospheric air
poisoning taking place during organic waste burning is
called ecocide [5].

In addition to direct damage to health, the burning
of organic waste leads to the extermination of useful soil
insects, destroys the fertile layer, where plant remains, soil
microorganisms, seeds and roots of grassy plants are
burned, damages the lower part of treesand shrubs.

Experts count that processing of 120 million tons
of organic wade in a dry form can produce 36—
75 billion m® of biogas [1]. Nowadays Ukraine produces
less than 20 billionm® of natural gas, and in 2017 the
demand was 31.9 billion m*[6].

Under the reduction of production activity and the
rising cost of traditional types of fuel (coal, oil products,
natural gas, etc.), the potential of organic, animal waste,
plant residues of agricultural production, solid waste as a
raw material for biogas production will increase
significantly and, if not completely, at least partially, will
meet the country’ s energy needs. Environmentalization of
economic activity requires structural and technological
restructuring of the energy complex management based on
the transfer of innovative, energy-saving, environmental
friendly technologies.

Biodegradable organic wastes are fully used during
their processing as an alternative source of energy. As a
result, the sanitary conditions of the territory are
improved, the pathogens of infectious diseases are
annihilated, the bad smell of rotting plants and weed seeds

is destroyed. Moreover, the valuable high quality mineral
fertilizers with a high content of humus are formed [7-9].
Organic and mineral remains after biogas production are
much better to be used as complex fertilizers for
agriculture compared with other ones (manure, garbage,
peat and chemicals) [9-11]. They do not have adaptation
period and do not contain pathogenic flora but have an
active microflora that promotes the intensive plant growth.
Due to their form the fertilizers begin to ferment
immediately after the introduction into the soil. Studies
[12-15] confirmed the effectiveness of plant waste (wheat
and corn silage, Sudan grass) and livestock (manure of
pigs and cattle) for the production of biogas.

The main trends in the development of
bioconversion systems are determined by the
requirements of environmental protection and can be
achieved through the production of biogas as an
aternative source of energy. The production and
composition of biogas is determined by a significant
number of factors, but basicaly it depends on the
composition of raw materials [16]. The biogas
composition is (wt %): methane 50-70; carbon dioxide
30-40; hydrogen 5-10; small amounts of nitrogen, water
vapor and hydrogen sulfide [17].

The problem of waste conversion into biogas and
fertilizers is solved in the world via fermentation of
organic matter in the methane reservoir under anaerobic
conditions [18-29].

The anaerobic decomposition of organic matter is
carried out by two main groups of microorganisms. The
first group is heterotrophic acid-forming bacteria, which
hydrolyze (decompose) complex organic compounds
(proteins, fats, carbohydrates) into monomers by enzymes
and use them to form low molecular acids, carbon
dioxide, ammonia, hydrogen sulfide and water. The
second group of anaerobic organisms is metamorphic
bacteria, which use only low molecular organic
substances, namely exchange products of acid-forming
bacteria. Methane fermentation of organic substances
forms ammonia, methane (biogas), free nitrogen, carbon
dioxide and water [30].
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The heat power of organic substances can be
converted into methane and hydrogen by more than 80 %.
The heating value of biogas is on average 25-10° kJ/m®
and varies depending on the carbon dioxide content.
Properly treated biogas (with a sufficient degree of
purification) is an analogue of natural gas, but in contrast
to it, biogas is a renewable and environmental friendly
energy source. Therefore, biogas can be used not only as
an automotive fuel, but also for the production of heat and
electricity.

The production of bio-gas and industria
wastewater is a promising way to solve the following
important environmental, economic and social problems:
independence from traditional fuels, the use of surplus
guantum of garbage; improvements in the state of the
biosphere; supply of consumers with alternative energy
sources; development and implementation of the modern
energy technologies in accordance with the Energy
Strategy of Ukraine by 2035.

The aims of this study are: i) to determine the
possibility of using widespread organic waste (corn,
straw, branches, fallen leaves, potato peelings) for biogas
production; ii) to study the effect of raw materials fraction
size and temperature on biogas formation.

2. Experimental

The experiment consisted of three stages: the first
stage was carried out without additional processing of raw
materials, during the second stage the organic materials
with an increased surface area of the particles were used,
and the third stage was devoted to the study of the
temperature effect on the biogas yield.

First stage. The raw materias (corn waste, straw,
branches, fallen leaves and potato peelings) were used
without further processing. To collect gas we used a
vessel by volume of 1.5 dm® with a rubber cork and a gas-
escape tube. One end of the tube was situated over wet
biomass, and an elastic gas collector was connected to the
second one. All connections were hermetical. The vessdl
contained 0.5 kg of biomass and 0.5 dm® of warm water
(313-323 K). An excess of water was poured out after 4 h.

The experiments were carried out at three
temperature regimes. 288291 K; 291-293K and

293-296 K. The diameter of the gas collector was
measured every 3-4 days, until the constant value. At the
end of the experiment the obtained biogas was tested for
combustion and then used in the laboratory. The
experiment was repeated three times.

Second stage. The experimental conditions were
the same as for the first stage. The difference was that the
biomass was ground to a fraction of 0.5-1 mm.

Third stage. A reservoir (plastic vessdl of 1.5 dm®
by volume) with a rubber cork and gas-escape tube was
loaded with a grinded biomass (fraction of 0.5-1 mm) and
warm, settled water (without chloring) in a ratio of 1.1,
v/v. To neutralize the acidic medium, a small amount of
lime was added to the biomass. The vessd was not
completely filled (the space over the mixture was 5 cm).
Then it was placed in the heat chamber, where a
temperature of 313 K was maintained. The evolution of
gas was aready observed during the first week.

3. Results and Discussion

Fig. 1 represents the experimental results obtained
during biogas production from one kilogram of different
raw materials for a certain period (first stage).

It is obvious that the biogas generation from all
kinds of investigated waste was uniform throughout the
entire experimental period. Potato peelings, corn waste
and fallen leaves were the most productive in terms of
biogas production.

The obtained data confirm the dependence of the
biogas yield on the dry matter content in the substrate
(Table 2).

Since potato peelings have a dry matter content of
88 %, corn waste 65 % and fallen leaves 40% [31], then
the yield of biogas produced from potato peelings is
higher compared with corn and fallen leaves.

It is well-known that straw and corn utilization is
widely used for biogas production in the world, but the
results of our experiments showed that the production of
biogas from fallen leaves (63.13 m/t) is higher compared
with that from straw (57.01 m3/g) and somewhat lower
than from corn waste (81.81 m’/t), while from potato
peelings biogas production has the highest value
(91.66 mH).

Table2

Dependence of the biogasyield on the substr ate content

Raw materia Dry matter, % Organic dry matter, % Biogas yield, m/t
Potato pedlings 88 94.7 91.66
Corn waste 65 98 81.81
Fallen leaves 40 89.2 63.13
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Fig. 1. Theyield of biogas from different raw materials. branches (1);
corn waste (2); straw (3); falen leaves (4) and potato pedings (5)
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Fig. 2. Theyield of biogas from grinded fraction of different raw materias:
branches (1); corn waste (2); straw (3); fallen leaves (4) and potato pedlings (5)

0,14
5
0,12 +
2
=0l =
€
- 0,08 il
E _/m3
> 0,06 =
0,04
0,02
0 " N " ¢ s 1
Days
4 8 12 16 20

Fig. 3. Theyield of biogas produced at 313 K from different raw materials:
branches (1); corn waste (2); straw (3); fallen leaves (4) and potato pedlings (5)

Effect of C/N ratio on biogas production

Table3

Substrate N, % CIN Biogas yield, m/t
Falenleaves 1.0 50.0
Corn waste 12 56.6
Potato pedlings 15 25.0
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Fig. 2 represents the results of biogas production
using a grinded fraction (0.5-1 mm) of different raw
materials for a certain period (second stage). The larger
the interaction area and the more fibrous the substrate, the
higher biogas yield. Under such conditionsit is easier and
faster for bacteria to decompose the raw material.
Moreover, the grinded raw material affects the amount of
gas produced during the fermentation period. The shorter
this period, the better the material must be ground. The
most effective for biogas generation were potato peelings,
corn waste and fallen leaves.

Since the aim of the third stage of the experiments
was to study the effect of high temperature on the bacteria
activity, we carried out investigations at 313K. The
higher temperatures were not tested because bacteria were
perishing. The highest yield of biogas was found to be
0.12 m¥kg for potato peelings (Fig. 3). Corn waste and
fallen leaves also show good results. So, the elevated
temperature has a positive effect on the yield of biogas
produced from all types of raw material except branches.

The balanced ratio of nutrient macro- and
microelements is necessary for the stable fermentation
process. Among microelements the most important are
carbon and nitrogen: carbon is a constructive basis of
biogas; nitrogen is needed to form enzymes participated in
bacteria metabolism. Therefore, the main factor for the
stability of methane fermentation is the carbon/nitrogen
ratio (C/N) in the substrate. If thisratio is too high, carbon
cannot be completely processed owing to the insufficient
metabolism, and as a result, the biogas yield decreases. If
there is a high content of N and negligible content of C,
the excess nitrogen can form a large amount of ammonia,
which, even at small concentrations, slows down the
bacteria growth and can even lead to complete destruction
of the entire population of microorganisms. Therefore, in
order to ensure the process stability, the ratio of C/N
should bein therange of 10-30[32, 33].

The dependence of the biogas yield on the C/N
ratio in the substrate for potato peelings, corn waste and
fallen leaves is shown in Table 3. One can see that the
CIN ratio for potato peelings is equal to 25 and the same
raw material shows the highest biogasyield.

If we take into account that 1 person consumes 90—
100 kg of potato per year, then it is possible to obtain
19 m® of biogas from potato peelings; it is enough to cook
for 1 person during a month. Potato average yield is 15—
20 tons per hectare, and the amount of potato peelings
from this mass is sufficient (180-220 kg of pedlings is
obtained from 1 t of potato) to get 300 m° of biogas. Such
volume of biogas is enough to cook for 3 persons during
one year.

70008000 kg of green mass are formed from 1 ha
of corn. About 610 m® of biogas obtained from this mass
is enough to cook for 3 people during two years, or to heat
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a house with the area of 100n’ during 2 months
in the winter.

18002000 kg of straw is obtained from 1 ha of
wheat. The amount of biogas produced from this straw is
115 m*; this volume is sufficient to cook for 3 persons
during 3 months.

During spring or autumn cutting of trees in the
suburban areas about 100-120 kg of branches are got
from 10-12 trees. Taking into account that in such a case
only 1.7 m® of biogas may be produced, this source of raw
materials for biogas production is inappropriate.

On average 1500-1800kg of fallen leaves are
accumulated in the autumn on 1ha of the park area.
About 120 m® of biogas can be obtained from this mass;
this is sufficient to cook for 3 persons during 3 months.
One more important advantage is the reduction of harmful
emissions into the atmosphere. The leaves, which remain
to form humus, during decomposition evolves methane,
which is twenty times stronger greenhouse gas than
carbon dioxide is. Thus, the fallen leaves as a fuel have a
double positive effect on the environment and they are a
renewabl e energy source that will be formed annually.

The cost-effectiveness of biogas production from
waste consists in the fact that there is no need for
preliminary collection, organization and storage of waste,
since it is known how much and when waste is received.
The production of biogas is possible in different
installations; especially it would be effective in agro-
industrial complexes, where there is a possibility of a
complete ecological cycle. Biogas can be used for
lighting, heating, cooking, for actuating mechanisms,
generators, etc.

4. Conclusions

So, the prospects of using waste for biogas
production have been confirmed. Among the investigated
organic wastes the potato peelings, corn waste and fallen
leaves were found to be the most productive in relation to
the biogas yield (9166, 81.81 and 63.13 m¥/kg,
respectively). The positive influence of the raw materials
grinding and elevated temperatures was shown. We
propose to use fallen leaves in the city boilers. This
method is environmentally safe, and gives the possibility
to reduce the emission of greenhouse gases such as
methane into the atmosphere.
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PECYPCHHMM MOTEHLIAJI /11 BAPOGHUIITBA
BIOI'A3Y B YKPAIHI

Anomauyin. Ilposedeno OYIHKY SUKOPUCIAHHS OP2AHIYHUX
6I0X00i6 0111 UPObHUYMEA bioeazy 3a yMo8 20cmpoi’ HeoOXIOHOCMi
CKOPOUEHHS CRONCUBAHHA MPAouyiiiHux enepzopecypcis. Excnepu-
MEHMANLHO NIOMBEPOHCEHA MONCIUBICIb  BUKOPUCAHHA Opea-
HIUHUX 8i0X00i8 (KyKYypyO3u, Conomu, 20K, ONAL020 JUCMs, Kap-
MONIAHO20 JVUNUHHS) ONsl 6upobHUymea 6ioeasy. Jocniosiceno
6NIUE NOOPIOHEHHST DPaKyii CcuposuHu ma memnepanypHo2o
pedcumy Ha euxio 6ioeazy. Bcmanosieno, wo HauOitbwull Guxio
6i02azy 3 KAPMONIAHO20 JYUWNUHHA.

Knrouosi cnoea. xapmonisne nywinunms, KyKVpYO3UHHS,
onane nucms, 6ioz2as.



