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Bropa merynaponna koudepennuja ETUMA
Second International Conference ETIMA

PREFACE

The Faculty of Electrical Engineering at University Goce Delcev (UGD), has organized the Second
International Conference Electrical Engineering, Informatics, Machinery and Automation -
Technical Sciences applied in Economy, Education and Industry-ETIMA.

ETIMA has a goal to gather the scientists, professors, experts, and professionals from the field of
technical sciences in one place as a forum for exchanging the ideas, strengthening the multidisciplinary
research and cooperation, and promoting the achievements of technology and its impact on every aspect
of living. We hope that this conference will continue to be a venue for presenting the latest research
results and developments on the field of technology.

Conference ETIMA was held as online conference. More than sixty colleagues contributed to this event,
from five different countries with more than thirty papers.

We would like to express our gratitude to all the colleagues, who contributed to the success of
ETIMA’23 by presenting the results of their current research and by launching the new ideas through
many fruitful discussions.

We invite you and your colleague to attend ETIMA Conference in the future as well. One should believe
that next time we will have opportunity to meet each other and exchange ideas, scientific knowledge
and useful information as well as to involve as much as possible the young researchers into this scientific
event.

The Organizing Committee of the Conference

IIPEJTOBOP

Merynapoanata konpeperuuja Enexkmpomexnuxa, Texnonozuja, Hngpopmamuxa, Mawuncmeo u
Aemomamuxa-mexHuuKu HAyKu 60 ciyxycoa na ekonomuja, oopazoseanue u unoycmpuja-ETHMA e
OpraHu3MpaHa oJl cTpaHa Ha ENeKTpOTeXHUUKHOT (aKyITeT NpH Y HUBEP3UTETOT ,,I one Jemuen™.
ETUMA wuma 3a men aa ru cobepe Ha €IHO MECTO HAay4HHUIUTE, MpPo(ecopuTe, €KCHEPTHUTE U
npodeCHOHAIIKTE OJ1 ITOJIETO Ha TEXHUUYKUTE HAYKH U J1a IpeTcTaByBa (OpyM 3a pa3MeHa Ha UIeH, J1a
T0 3ajKaHyBa MyJITHIUCLUIUTMHAPHOTO HCTPAXKYBambe U cOpadOTKa U a TH IPOMOBHPA TEXHOJIOIIKUTE
JNOCTUTHYBamha M HUBHOTO BIIMjaHHE BpP3 CEKOj acleKT of kuBeewmeTo. Ce HajeBaMe JeKa oBaa
KoH(epeHIIMja ke TPOJOJDKU Ja OMJe HACTaH Ha KOj Ke Ce Mpe3cHTHpaaT HajHOBUTE PE3YJITaTH O]
HCTpaXXyBamaTa U pa3BojoT Ha ITOJIETO HAa TEXHOJIOTHjaTa.

Koudepennujara ETUMA ce oapska online u Ha Hea 1agoa CBOj IPHAOHEC TIOBEKE O IIEECET aBTOPH
O]l TIET Pa3IMYHH 3eMjH CO TIOBEKE OJ] TPHECET TPYJIa.

Cakame 512 ja MCKakeMe Hamlata OJaroJapHOCT 10 CUTE KOJIETM KOHM NPHIOHECOa 3a YCHEeXOT Ha
ETHUMA’23 co npe3eHTHupame Ha pe3yiaTaTH O] HUBHUTE TEKOBHH MCTPAXKyBamba U CO JJAHCHpAmE Ha
HOBH UJICH MPEKY MHOTY TUIOJIHU JTUCKYCHH.

Opeanuzayuonen 0060p Ha KOHpepeHyujama

10



COAP/KHUHA / TABLE OF CONTENTS:

ANALYTICAL ESTIMATION OF OPTIMAL PV PANEL TILT BASED ON CLEAR-

SKY IRRADIANCE MODEL ......cooiiiiiiiiiii i 13
ENVIRONMENTAL AND ENERGY UTILIZATION OF MUNICIPLE WASTE -
ONE PRODUCT, TWO SOLUTIONS ...t 14
INTELLIGENT POWER MODULE CONTROLLED BY MICROCOMPUTER AND
IMPLEMENTED IN AC MOTOR SPEED REGULATOR ..o, 22
COMPARATIVE ENVIRONMENTAL ANALYSIS BETWEEN CONVENTIONAL
AND COGENERATION GAS-FIRED CENTRAL HEATING SYSTEMS ................... 32
COMPARATIVE ANALYSIS BETWEEN BIFACIAL AND MONOFACIAL SOLAR
PANELS USING PV*SOL SOFTWARE ... 44

TECHNO-ECONOMIC EVALUATON OF RETROFITTING A 210 MW THERMAL
HEAVY-OIL POWER PLANT WITH A PHOTOVOLTAIC SOLAR THERMAL
ENERGY STORAGE SYSTEM USING MOLTEN SALT: A CASE STUDY OF TEC

NEGOTINO.....oiii e 45
CHARGING STATIONS CONNECTED TO STREET LIGHT POWER SYSTEM ....46
ELECTRICITY PRODUCTION OF PVPP FOR ELECTRICITY MARKET .............. 47
ENERGY MIX OF THE SLOVAK REPUBLIC........cccoooiiieee e 95
SWOT ANALYSIS OF HYDROGEN ECONOMY .....ccccoiiiiiiiiiiiieeii e 59
PHYSICAL LIMITATIONS OF DIMMING OF 400 W RATED HALIDE LAMPS (A
CASE STUDY) c ittt bbbttt b et eb et 60
OYHKIIMOHUPAILE HA ITA3APU HA EJIEKTPUYHA EHEPI'NJA: MOIEJIN
HA ITA3APHU HA EJIEKTPUYHA EHEPTHJA ..., 68
EASY AND FAST ESTIMATION OF THERMAL STABILITY OF HTS MAGNETS
UNDER SIMPLE SITUATION . .....ooiiiiii s 76

INVESTIGATION OF TURN-TO-TURN CONTACT RESISTANCES OF LARGE-
SCALE D-SHAPED NO-INSULATION HIGH-TEMEPERATURE
SUPERCONDUCTING MAGNETS TO ACHIEVE SHORT CHARGNING DELAY

AND HIGH THERMAL STABILITY .o 77
IMPACT OF CORE SATURATION ON OPERATING CHARACTERISTICS OF
THREE-PHASE SQUIRREL CAGE MOTOR ...t 84
PRINCIPLES AND APPLICATIONS OF ORAL ELECTROSURGERY .......ccccccovene. 93
MOLTEN SALT THERMAL ENERGY STORAGE FOR RENEWABLE ENERGY::
SYSTEM DESIGN, MATERIALS, AND PERFORMANCE .......ccccoiiiiiiiiiiieiieens 100
JEHTAJIHUTE JIACEPH - IPEAN3BUK HA COBPEMEHATA
CTOMATOUJUIOTTHTTA ...ttt 110
ANALYSIS OF DEVELOPING NATIVE ANDROID APPLICATIONS USING XML
AND JETPACK COMPOSE ..ottt 118
ENSURING INFORMATION SECURITY IN THE DIGITAL AGE ..., 119
CLOUD COMPUTING AND VIRTUALIZATION: CAN CLOUD COMPUTING
EXIST SEPARATELY FROM VIRTUALIZATION? ... 124

11



THE IMPACT OF ONLINE TEACHING ON THE DENTAL STUDENTS’ EXAM
SUGCKCESS ... 131

KOMITAPATUBHA AHAJIM3A HA CTAHJAPAU U METOAOJIOT'HA 3A
YIIPABYBAIBE CO HH®OPMALIMCKO-BE3BE/JHOCHHU PU3UIIA HA
TEXHUYKHUTE U EJIEKTPOHCKUTE CUCTEMMU Ol KPUTUYHATA

HHOPACTPYKTYPA ... 139
YYEILE CO TIOMOIII HA MOBMWJIHH YPEIM - IIPUTOBUBKHU U
HPEANU3BULN HA HOBOTO BPEME ... 140
TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION METHOD IN
PATIENTS WITH XEROSTOMIA ... 147

BUOTEXHOJIOWIKA ITPOHEAYPA HA JTOBUBAILE HA ABTOJIOT'EH
JEHTHHCKU I'PA®T 3A CTOMATOJIOINIKU U MEJUIIUHCKH HEJIA ......... 148

PHYSIODISPENSER — AND ITS USE IN DENTAL MEDICINE..........ccccooviiinienene. 149
BIOMECHANICAL BEHAVIOR OF ENDOSONICS ..o, 153
JUT'NTAJTHU OTIIEYATOLU-COBPEMEH TPEH/I HA JTEHEIIIHUIIATA ......158
DESIGN AND IMPLEMENTATION OF SCADA SYSTEMS ..o, 167
HNPEJHOCTHU U HEAOCTATOLM ITPU U3BEYBAILE ONLINE HACTABA 110
MATEMATHEA .......oooiiii 174
ALGORITHMIC METHOD IN DYNAMIC DOSING SYSTEMS BASED ON
WEIGHT MEASURING PRINCIPLES ..ot 181

IMPLICATIONS FOR THE ENVIRONMENTAL-ENGINEERING COMPROMISE
AS A RESULT OF POWER AND ECONOMY TUNING A DIESEL ENGINE ......... 189

AUTONOMOUS ROBOTIC VACUUM CLEANER ......cccoiiiiiiieeee e 190

12



Bropa merynaponna koudepennuja ETUMA
Second International Conference ETIMA

UDC: 628.38:662.767.2(497.7)
https://www.doi.org/10.46763/ETIMA2321014d

ENVIRONMENTAL AND ENERGY UTILIZATION OF MUNICIPLE
WASTE — ONE PRODUCT, TWO SOLUTIONS

Stojce Dimovski!, Vlatko Cingoski?
L Faculty of Electrical Engineering, Goce Delcev University, Krste Misirkov 10A, 2000 Stip, North Macedonia,
email: stojce.20626 @student.ugd.edu.mk
2 Faculty of Electrical Engineering, Goce Delcev University, Krste Misirkov 10A, 2000 Stip, North Macedonia,
email: vlatko.cingoski@ugd.edu.mk

Abstract

The world is facing an increasing need for energy which leads toward escalated exploitation of natural resources,
mostly fossil fuels resulting with environmental pollution and global warming. Hence, the problem of finding and
using alternative and clean energy sources is self-imposed. The environmental pollution problem increased the
interest in allocating more funds for scientific and research work on the use of biodegradable waste, thus in many
countries increased number of new power plants which utilize biomass and/or biogas increased.

Biogas is an interesting and important source of energy, especially when is generated from organic waste with
an anaerobic digestion procedure. By digesting biodegradable waste originating from various organic sources
such as mowing grass, cutting branches, biomass waste from farms and agricultural by-products, etc., in
anaerobic conditions, the waste is fermented, and biogas is obtained as an energy source. Simultaneously,
parasites and pathogenic bacteria are significantly reduced by more than 90%, which protects the groundwater,
the disposal of waste in landfills, which causes water and land pollution, is reduced, and quality fertilizer is
obtained for agriculture and other needs.

North Macedonia as primary agricultural country has large quantities of this type of waste which is a good
prerequisite for their rational economical use to obtain both, electricity and heat. Production and utilization of
biogas additionally opens opportunities for establishing a free market of electricity produced from renewable
energy sources. Finally, produced biogas could find its utilization value as renewable energy source for various
final customers starting from the largest, up to individual households or business users, as well as for utility
companies for gasification of cities or gas stations.

Introduction

The rapid development of society as a result of the technical-technological revolution is mostly
based on the possibilities of meeting the ever-increasing need for energy. Due to the
inconsistency of energy needs and the possibilities for its provision, energy crises are
happening, and as a result, there is an increased interest for improved and more rational use of
existing and new renewable energy sources. Encouraging the use of renewable energy sources
is a strategic goal of the EU, because it is in line with the Sustainable Development Strategy
and enables the achievement of the goals of the Kyoto and Paris Protocols in terms of reducing
greenhouse gas emissions, environmental protection, and reduction of global warming.

Several renewable or alternative energy sources are already in use. Some are in the
development stage, and some are only in the research and analysis stage for their potential
commercial utilization. In parallel with the energy crises, another important environmental
crisis is happening, the so-called global ecological crisis, which was created because of the
problems with increase amount of waste and its uncontrolled and irresponsible disposal which
threatens the health of the people and the environment. Therefore, within the global economic
policy, the issue of energy production from biomass using organic waste is also raised.

As there is growing concern about the excessive release of greenhouse gases into the
atmosphere and their impact on ozone depletion, and the negative impact that inappropriate
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waste disposal could have on human health and global warming, the well-known technologies
for biogas production from waste have been re-examined. It is known that through processes
of anaerobic fermentation of biodegradable waste, biogas could be obtained, which mostly
contains methane as an energy resource, then carbon dioxide, and less hydrogen, oxygen,
ammonia, etc. Various technologies have already been proven on a large scale for the use of
biomass as a renewable energy source for obtaining electrical and thermal energy, as well as
fuel for vehicles. In the EU, several hundred larger installations have already been installed for
biogas production and utilization as renewable fuel in power plants for obtaining electricity,
processing heat and steam, or fuel for transportation sector.

The energy potential of biomass in our country is significant to the extent that it should not be
ignored as a potential energy source. Thus, an adequate energy strategy for energy utilization
of biogas should be proposed. In this paper, the authors want to contribute to better
understanding the process of production of biogas from organic waste using one pilot project.
In this pilot project, the city Radovish and its public company responsible for municipality
waste disposal is put in the center of the analysis. The aim of this paper is to provide an insight
to the problem of waste disposal in our communities on a larger scale and in an environmentally
sound way, and to put in focus the use of municipality waste as renewable resource for
generation of biogas. In such way, with one positive action two solutions could be achieved:
firstly, environmentally friendly disposal of the municipal waste, and secondary generation of
biogas as renewable energy resource that could be used either for electric and/or heat energy
generation or as a fuel for local transportation sector, individual cars or trucks.

Main sources for biomass production

After coal and oil, on a global scale, biomass is the largest classical primary energy source as
a renewable and widespread raw material, unlike fossil fuels, whose quantities are limited and
exhaustible. Biomass can be considered a strategic resource because it is not only renewable,
but also available everywhere and from it one can obtain products important for human
progress, which will improve the socio-economic status of the people and land. What makes
biomass competitive is that it does not belong to the group of environmental pollutants.
Biomass does not contain sulfur, and its processing does not release sulfur dioxide, enabling
residual waste after the biomass production process to be used as a particularly good mineral
fertilizer.

Biomass is defined as biodegradable materials obtained from agriculture, livestock farming
and related industries and activities, as well as the biologically degradable part of the industrial
and communal city waste [1], [2]. Biomass, in fact, is an organic material that originates from
living organisms such as plants, animals, humans and microorganisms, which contain stored
energy from the Sun, where they bind solar energy through photosynthesis. By its
characteristics, biomass is a high-quality fuel. However, utilization of biomass as a fuel on a
larger scale requires several actions to be taken ahead, mostly the collection, transportation,
storage and bio-chemical treatment before biodegradable materials become usable biomass.

According to the EU Directive 2008/98/EC, biodegradable waste is any waste that can be
decomposed anaerobically (without the presence of oxygen) or aerobic (with the presence of
oxygen) decomposition processes, such as food waste, garden waste, paper and cardboard [3].
Numerous scientific and practical investigations are focused on the possibility of using biomass
to obtain biogas, as a potential energy source. In general, all organic materials are susceptible
to fermentation, from which processes biogas is obtained. The waste generated in agriculture,
forestry, food and wood industry stands for a quantitatively significant part of the total
generated waste. Additionally, biodegradable waste from households, green waste from city
green areas and separately collected biowaste also represent a significant part of the total
generated waste. Substantial amounts of residues (fluids and urine) are created in livestock
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farming, which, together with bedding, create manure and biomass that can be further used.
Apart from the desired products (milk, meat), intensive livestock farming also generates side
products with limited applicability, such as feces, fluids, which should be removed and
adequately used.

The largest producers of raw material for biogas production installations are animal farms,
slaughterhouses, restaurants, hospitals and all other entities that produce organic waste.
Growing plants to obtain more biomass will soon become a sought-after business, agriculture
will revive, farmland will be protected, watercourses will be preserved. Plants with a high
content of starch and oily substances are potential choice for biomass, and genetically modified
woody plants and the cultivation of fast-growing special species of willows and apple trees are
being investigated. Significant animal waste is also created in slaughterhouses, facilities for
processing meat, fish, eggs, milk, cold stores, warehouses, markets, meat shops, fishmongers,
catering, facilities for fattening and keeping animals, and everywhere else where animals are
kept animal products are grown and produced. These types of waste represent vast amounts of
raw material for anaerobic fermentation installations and obtaining biogas as energy and
compost as quality fertilizer.

If we make more defined categorization of the most important organic materials for obtaining
biomass, we should consider the following:

» Municipal waste:

= Municipal wastewater, sewage water,

= Septic tanks waste,

= Sediment from fecal sewage,

= Accumulated sediment from wastewater treatment plants,

= Municipal solid waste, especially organic part disposed in a landfill,
= Municipal solid waste, newly created,

= Park and garden maintenance waste, etc.

» Agricultural waste:

= Greenhouses waste,

= Animal manure, stable waste,

= Poultry,

= Waste from growing flowers, wood or fruits,

= Waste from growing vegetables

= Agricultural residues such as straw, corn, husks, stalks, bones, etc.,

= Plantation cultivation of plants specially intended for biomass production.

» The industrial organic waste:

= Wood industry, forest maintenance, wood processing, construction wood residues,
= Chemical industry residues,

= Brewing industry,

= Pharmaceutical industry,

= Paper industry.

Waste from slaughterhouses, carcasses,
Kitchen waste, restaurants,

Medical waste,

Other types of biodegradable waste.

VVVY
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Table 1: Biomass and Biogas Data

Municipal waste Energy value 6 — 15 MJ/kg

Domestic waste 1 [t] 60 m® — 150 m® biogas (50 % — 60 % methane)
Equivalent to 35 — 70 litres of liquid fuel

Organic waste 1 [t] Up to 100 m® of methane, i.e.

0.235 MWh of electricity,
0.155 MWh of heat energy,
350 kg of compost waste, and
450 kg of liquid fertilizer

Municipal solid waste Methane production of 70 — 120 Nm? per ton
or
50 — 90 Nm? per metric ton of treated waste
Organic waste 25 [t] Provides energy for 1 household per year

Production of biogas

Biogas could be produced with decomposition and fermentation of organic materials with the
complete exclusion of oxygen, t. e. with the so-called anaerobic microbic activities. The
development of these processes occurs under special conditions, such as the type of substrate,
temperature and pH value of the organic mixture. Because microorganisms are highly
adaptable, almost any organic matter can be decomposed. In the process of biogas production
fermentation residues are always formed which consist of a mixture of water, non-degradable
organic substances, usually rich in cellulose and containing lignin, and inorganic substances
such as sand, soil residues, salts and few other minerals. Fermentation always takes place in a
moist environment, as microorganisms need at least 50% water in the initial substrate.

Oxygen Ammonia 0-1%

.29,
0-2% Nitrogen0-5%
/ Y

drogen 0-1%

Hydrogen sulphide
Water vapor N 0-1%

0-10%

&
A

Figure 1: Typical chemical composition of biogas

Addressing its energy value, biogas usually has a heat value of 6.5 kWh/Nm?3, with calorific
value and energy potential of approximately 20 MJ/m3. Thus, from 1 m? of biogas with 65%
concentration of methane and heat value of 6.5 kWh/Nm3, one could obtain approximately 2.5
kWh of electricity, 3.3 kWh of heat energy, or enough energy for one vehicle to travel almost
8.5 km.
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How much and what kind of waste we create

As a result of everyday human activities, waste is constantly generated and disposed. Thus, in
addition to the daily problems due to the increasing pollution of air, water and soil, there is a
huge increase in the amount of waste materials, which in an ecological sense, leads to an
increasing pollution of the environment. Modern way of leaving and packaging of goods
creates more and more waste, which is increasingly difficult to deal with in an appropriate way.
This leads to unpleasant situation where very soon we can be, plainly speaking, buried in waste.
As a result of the excessive use of natural resources, and at the same time as a result of the
creation of increasingly large amounts of un-used waste and its inappropriate disposed, today,
globally we face occurrence of so-called global environmental crisis. As an example, by
adequate treatment of the municipality wastewater and sewage in the specially designed
treatment plants, one could produce on average 25 | of biogas per inhabitant per day, which is
a significant value of biogas considering the number of inhabitants in one middle size town.

Biodegradable waste from the region of Radovish

The available amounts of biodegradable waste (biomass) from the region of Radovish have not
been sufficiently and studiously studied in the framework of some kind of more comprehensive
project for its use. In this analysis, we pay our focus on the most important and widely available
organic materials in the form of biodegradable biomass that can be obtained from:

the municipal waste collected daily from the citizens,
the disposed waste at the landfill,

the reduced waste sewage deposits,

the wastewater from the treatment plant,

wood waste and debris,

waste and residues from the agricultural complex, and
the waste from the local farms.

Communal waste

According to the Questionnaire of the European Commission for the preparation of an opinion
on the request of the Republic of Macedonia for membership in the EU and the provided
answers, with respect to the quantities of municipal waste generated, the daily production of
municipal waste per inhabitant amounts to:

e for urban areas 0.70 kg/day/person
o for the rural areas 0.50 kg/day/person

On the other side, Figure 2 represents an average value in percentage shared between different
waste materials in the total amount of municipality waste according to the available data from
the public waste collection company “Plavaja” of the city of Radovish . Figure 2 shows that
biodegradable waste amounts for almost 75% of the total municipality waste.

Solid waste dump

According to JP Plavaja [4] In 2021, from 27641m? solid waste that has been collected from
the places for collecting solid waste at the territory of Radovish and deposited at the regional
city landfill , at least 30% was biodegradable.
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CONTENT OF THE COMMUNAL WASTE

=Paper and packaging
= Plastic
Iron
Glass
= Rubber
= Wood
™ Textile and Leather
= Kitchen waste
= Waste from parks
= The rest

Figure 2: Contents of various waste materials in the total waste in the city of Radovish

Wastewater treatment plant

Realization of the project for putting into operation of the wastewater treatment plant in
Radovish was a significant capital project for the creation of biodegradable waste and its future
utilization. The outline of this environmental project is given in Figure 3. Only in 2021, this
wastewater treatment plant has processed 2.100.400 m® of wastewater including fecal,
industrial, and infiltrated rainwater [4].

The technological data from the wastewater treatment project show that after the fermentation
of municipal wastewater there is the deposited sludge as a by-product. This deposited sludge
could be further used and bio-chemically treated because it cannot be simply permanently
deposited in or around the treatment plant. If we do that a huge landfill deposit space is required
near the plant that would further pollute the surrounding environment. Only in 2021, the
treatment plant has produced 624 m3 deposit, which with the help of centrifuges is brought to
an average solid content of at least 20%, This solid waste is currently deposited in the municipal
landfill and represents significant environmental problem for JP “Plavaja”, and the city of
Radovish.

Potential biogas users
Biogas pumps for vehicles

The major chemical component of biogas is methane, that due to its significant energy value
and modest price, recently has become widely used as favorable energy source in the
transportation sector, especially for driving individual vehicles and tracks. Considering that
other fossil fuels (oil and its derivates) are exhaustible and have a limited lifespan, biogas, i. e.
methane as an unlimited resource, gradually becomes a fuel of the future.

More and more vehicle manufacturing companies are already producing vehicles that run on
methane as an original fuel or produce additional equipment that enables existing vehicles
being retrofitted to run on methane. In Macedonia, methane is already being added to vehicles
at some of the existing gas stations and provides retrofitting of the existing vehicles which
originally ran on petrol or diesel fuel. This provides us with hope to emphasize the installation
for biogas production facilities and construction of dedicated biogas pumps have bright future
and could be easily built in or near the populated areas.
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Figure 3: Bird-view of the wastewater treatment plant in Radovish

Electricity generation from biogas

Biogas produced by means of bacteriological process called anaerobic digestion, could be
converted into electricity and heat energy. Electricity can be sold at a preferential price, while
thermal energy can be used for heating or cooling buildings, in various technological processes
in industry, greenhouses, dryers, etc. Anaerobic fermentation is a stable and proven technology
that provides an environmentally friendly energy supply solution.

If a biogas power plant could be erected in the vicinity of the wastewater treatment plant in
Radovish, the electricity produced could be used as self-supply for the purposes of wastewater
treatment. As a raw material for biogas production, we could use the sludge produced from the
biological treatment of wastewater. This is especially important for smaller settlements where
there is no possibility, or it is economically not feasible construction of wastewater treatment
plant. For such communities, the wastewater from the sewage system can be directly applied
to a biogas production installation. Also, from individual entities (business, households and
others), which use settling plants (pre-treatment plants, septic tanks, or similar) for municipal
wastewater, the entire municipal wastewater can be processed in the biogas production
installation.

Biogas production - ecological aspects

Anaerobic digestion technology for biogas production reduces unwanted and uncontrolled
methane emissions from landfills and reduce the volume of the waste disposed on landfills.
Thus, instead of free methane release from landfills into the atmosphere and preventing forced
depletion of the Earth’s ozone layer, controlled production of biogas in biogas production
facilities enables capture, storing and quality utilization of methane as valuable energy
resource. Only methane gas contributes 10% to global warming, and its use as an energy source
significantly reduces this percentage, thus also reduces the level of global warming.

At the same time, anaerobic digestion of organic waste for biogas production offers the
possibility of reducing anthropogenic emissions of greenhouse gases that pollute the
atmosphere and cause the greenhouse effect. An additional environmental advantage is the fact
that anaerobic digestion could be considered as CO2 neutral activity, because it results with no
emission of CO. gases into the atmosphere. During the process of digestion, up to 99% of
pathogenic bacteria are destroyed in the fermenter, and at the same time the considerable
number of insects that usually follow the waste are eliminated. Substances that cause
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unpleasant odors in untreated waste, such as fatty acids, phenols, phenol derivatives, are
degraded in the biogas production installation and the emission of unpleasant odors is reduced
by 90%. Finally, production and use of biogas substantially reduces the amounts of other toxic
substances such as NOx, which affects the increase in respiratory diseases in humans.

Knowing that coal and heavy oil reserves are limited and unfavorable due to their high
environmental pollution effects, developed countries serious has been paid attention to the
production of energy from renewable sources such as solar, wind, and geothermal energy,
utilization of biofuels, e. g. biomass and biogas, etc.

Conclusions

The aim of this paper was to make a suitable contribution towards development of awareness
of the effectiveness of biogas production, its positive environmental effects, and to renew or
launch initiatives for proper activities for development of biogas production facilities. We also
initiate and cherish any actions and cooperation with companies from EU and Asia which
produce equipment for biogas production and have adequate experience in biogas production
and utilization. Such cooperation and knowledge transfer could be of great benefit for the
development of such installation in our country.

Construction of such biogas generation plants opens the possibility of reducing the
anthropogenic emissions of gases that pollute the atmosphere and cause the greenhouse effect.
It would have a positive effect on reducing biodegradable waste that at present we have in the
country as mostly agricultural economy and decrease the amount of waste disposal in open or
close landfills. Thus, utilizing the disposed waste as a raw material from the existing landfills
that continuously pollute nature, underground water and air, in such biogas production
facilities, we could, on one side we can protect our environment and improve the environmental
footprint of our country, and on the other side we could generate valuable energy resource that
can help our energy, transport and agriculture sectors.
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