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Rezime: Imajući u vidu nastojanja zakonodavnih i izvršnih vlasti u Bosni i Hercegovini na čelu sa nadležnim resornim ministarstvima ovim radom smo nastojali sagledati trenutna stanja i uputiti prijedloge za adekvatno i ekološki opravdano zbrinjavanje čvrstog otpada stvaranjem savremenih sanitarnih deponija, kao i tehničko – tehnološko riješenje za zbrinjavanje postojećih lokalnih deponija. Isto tako predočiti mogućnosti stvaranja obnovljivih izvora energije sa primjenom adekvatnih zahvata pri sanaciji deponija, prije svega iskoristavanjem deponijskog plina i transformacijom oblika energije jednog u drugi.

Ključne riječi: sanitarna deponija, čvrsti otpad, deponijski plin, postrojenja za prikupljanje deponijskog plina
ECOLOGICAL SOLID WASTE DISPOSAL AND EXPLOITATION 
OF  LANDFILL GAS
Abstract: Taking into account the efforts of the legislative and executive authorities in Bosnia and Herzegovina led by the competent ministries in this work we have tried to look at the current situation and make recommendations for appropriate and environmentally justified and disposal of solid waste by creating a modern sanitary landfill, as well as technical - technological solution for disposal of existing local landfills. Also present possibility of generating renewable energy from applying adequate procedures in repair depots, primarily landfill gas exploitation and transformation of one form of energy into another.
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1. INTRODUCTION

Rapid development in the field of technical and technological achievements on the one hand and progressive growth of the population of the planet Earth, on the other hand has caused the present society to deal with the problem of waste disposal and potential reuse. Rapid development of new products, which ultimately results in a wide range of products, it accelerated the inevitable emergence of large amounts of waste of all kinds.. 

The quantity and composition of solid waste was directly correlated with the size of the collection area, the season, the social structure of the population and types of economic activity and a number of other influential factors. The average production of solid waste in Bosnia and Herzegovina is about 0.7 to 0.9 kg / capita per day, or about 270 to 300 kg / capita in one year. In developed countries, production of solid waste is over 3.0 kg / capita per day. [1]

On its way to the European Union, Bosnia and Herzegovina leads the way toward an integrated system of waste management. Such a system involves monitoring of waste from its generation to final disposal in an environmentally acceptable manner, the effort to reduce the amount of waste, to classify the waste collection, use and re-use as well as strictly controlling the rest of the useless waste disposal.

According to the Law on Waste Management in Bosnia and Herzegovina "Waste means all substances owner (legal or natural person) is deposited, it intends to dispose of or is required to be disposed of in accordance with one of the categories listed in the list of waste disposal and determined in the implementing regulation." [1]

Looking at the experience of developed countries, and accepting previous definition we can conclude that the waste is not a bunch of useless material items, but adequate - technological achievements waste treatment almost entirely be translated into usable potential.

According to the place of origin there are two basic types of waste:
· municipal waste,
· industrial waste.
           Municipal waste is household waste and other waste which because of its nature and composition is similar to waste from households. Technological waste is actually an industrial waste generated in production processes in industry, service industry and other areas, and the quantity, composition and properties from municipal.[1]

2. CURRENT STATUS OF SOLID WASTE IN BOSNIA AND HERZEGOVINA 
In Bosnia and Herzegovina, the annual output nearly 1,437,500 t of solid waste. The largest proportion of the municipal waste generated in households. The common principle of Solid Waste Management in Bosnia and Herzegovina is more or less throughout its territory universal. This means that in Bosnia and Herzegovina solid waste is not separated, but all kind of waste is collected together and deposited in landfills, which are the most common city dumps.
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Fig.1. Example dumps in Bosnia and Herzegovina

Adoption of laws and regulations adopted by the solid waste management strategy at the level of Bosnia and Herzegovina, which will lead to changes to the current situation, especially in relation to the disposal of waste that needs to be organized at the regional level through the sanitary landfill.
In Una-Sana Canton of the first phase of implementation of the Strategic Plan for Solid Waste Management agreed to the concept of building a regional sanitary landfill with an adequate number of transfer stations in some cities of Canton, which is just in the initial stages of implementation.

2.1 Collection and storage of waste
The term waste collection includes the removal of waste from the place of origin and its transport to the disposal - landfill, or of his treatment - treatment plant for disposal. Waste collection may in some cases be a very complex issue due to variability in the amount of waste generated over time in this environment, due to the local characteristics that can translate into easier or more difficult access locations for the collection of waste and other characteristics of local character.
Currently on the market there are a number of different containers, cans, bags, and other containers. Simpler and more economical waste collection system requires standardization of collection containers, and the use of several different sizes, which will be selected primarily for various types of housing (individually, more households...), but also the dynamics of the collection.
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Figure 2 Containers for waste collection

Collection of waste from urban households is one of the oldest tasks of waste management. Waste collection improved hygiene in the city and prevent the spread of disease and infection. Today the collection of municipal solid waste provides a well-functioning urban infrastructure, providing logistical framework for the separation of recyclables and waste disposal.
Collection system for municipal solid waste includes all households in the city and therefore to fulfill such important services necessary organizations with appropriate capacity. In cities with sophisticated organizations, waste management, waste collection is allocated 50% of the total cost of waste disposal. [2]
2.2 Transporting waste
Transportation of municipal waste is commonly called special transport vehicles. "Garbage"  receiving hopper capacity 7 to 9m3.
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Figure 3 Truck for transporting waste - Trash truck 
Depending on the size of the area where the waste is produced, their number varies by municipalities. For now, "garbage" waste is transported from the place of storage, or to the city's garbage dumps.
2.3 Disposal of Solid Waste in Una - Sana region
Disposal of Solid Waste in Una - Sana is currently done in several municipal landfills. Most contested site is a dump "Krivodol" used by the three municipalities of Bosanska Krupa, Cazin and Buzim. Location of the landfills is in the municipality of Bosanska Krupa, along the regional road connecting Bosanska Krupa with Cazin. Some time ago, this site, along with "Lipom" in Bihac figured to regional needs, or for construction of regional sanitary landfills. In this respect it was done correct, project documentation, and even derived works are in the technology of sanitary waste disposal. Unfortunately, the exploitation of this building later was the same as that for the uncontrolled landfill or dump. As a result, on several occasions, local residents reacted and tried to get this dump closed, subject to remediation. By rehabilitating never occurred, provided that the objective of bulk features of the site is very modest for the future.

Waste dump of Bihac "Gorjevac" (Kruškovača) was partly remediated and relatively correctly used with the application of some elements of technology sanitary deposit.
In the municipality of Cazin was used dump at "Meždre", which is quite properly exploited.  As for defiantly dump "Gorjevac" and this one was done dump remediation project with the possibility of further use as a sanitary landfill. For the disposal of municipal waste in the municipality of Sanski Most used dump on the site "Sanska brda", and the municipality of Velika Kladusa dump on the site "Radića most." [3]
3. IMPACT OF SOLID WASTE ON POPULATION HEALTH IN REGIONS AND MUNICIPALITY OF VELIKA KLADUŠA
It is necessary to have a sophisticated center for continuous monitoring and analysis of waste disposal-assessment on the health of people and animals.
Dumps which are under the supervision and inspection of state authorities provide:

( prevent pollution of water, air and soil;
( prevent danger to wildlife;
( prevent the danger of the emergence of an accident, explosion or
( fire;
( prevent negative impacts to lands and natural resources of special value;
( prevent adverse noise and odor.

It is missing center for composting. Has not resolved the issue: medical-pharmaceutical waste, which can damage the health of people and animals: infection (hepatitis, HIV)., Injury, radiation, pollution of land and water.
3.1. State of the waste from the health aspect
Improper disposal of waste in unsanitary landfills and garbage dumps can have a significant negative impact on the environment and human health. It occurs immediately impact on the air, groundwater and surface water, and land. Waste, in itself, represents a loss of matter and energy. The substances most likely to pollute the air are: nitrogen and sulfur oxides, dust and heavy metals, landfill gas, a byproduct of the process of degradation of deposited waste, which contains about 50% methane. Broadcasting odor significantly affects quality of life. Rainfall, which is filtered through the mass deposited waste decompose harmful substances, thereby polluting the land and water and groundwater, flora and fauna.

Health people tend to threaten indirectly, as follows:
( dispersal of waste in the environment by wind and animals;
( making unauthorized gases in concentrations which may endanger health
( spreading odors
( burning waste and emissions of combustion products
( uncontrolled penetration into drinking water, wells and watercourses in the wider world.

3.2. Diseases that may arise
Studies show that families who lived near the landfill, more children are born with low birth weight (less than 2500 g), more frequent rates of child mortality, spontaneous abortions and the occurrence of birth defects: heart, blood vessels, neural tubing, abdominal wall, heart bulkheads, chromosomal abnormality (plastic), defects in muscle system (pesticides), disorders of the nervous system (metals and solvents), cancers of digestive tract. People who live near the landfill were more likely to complain of vague symptoms: respiratory tract irritation, nose and eyes, nausea, headaches, digestive problems varied, psychological problems and allergies.
Burning of waste are released:
· Benzene - a proven carcinogen,
· PAH - toxic to the kidneys and liver carcinogen,

· alkanes and alkenes - cytotoxic and carcinogenic.
                               
About 35 metals are emitted from incinerators across the ash which are proven to be carcinogenic and toxic elements (Cd, Cr, Ni, Pb, Hg, As, Ba, Be).
Studies have shown that living near the incinerator has an influence on the increased incidence of cancer of stomach, lung, colon and liver in people who live within 3 kilometers by 1.8 times and 1.5 times for those who live within 7 miles. It proved that with exposure to dioxin from incinerators are more common soft tissue cancer and non-Hodgkin's lymphoma.

3.3. The impact of the health of people and animals
The health of people and animals is affected by internal and external factors. From external factors, the most important are: water, air, soil, food, then economic-cial factor, lifestyle and health system development. Environmental factors that can damage health are:
· Water pollution and food (bacteria, viruses, metals, nitrates and nitrirti, fluoride, oil and naphtha derivatives ..)
· Contamination of soil (human and animal excreta, household and industrial waste, garbage, pesticides, fertilizer ..)
· The energy radiation (natural radiation, diagnostic X-ray radiation, nuclear power, microwave ..)
· Utility noise (road, rail and air traffic, domestic and technological noise)
· Factors resorts and flat (poor settlement planning, paint and solvents, irregular and excessive population density, household appliances in the resort ..).
Based on the above, the environment is a complex of environmental factors that affect individual and community health. Given the numerous environmental deciding factor may endanger health should have health standrad environment that strictly define the limits of environmental factors under which you should not expect adverse health acitivities. Adverse environmental factors function at: mutagenic to germ cells, hormone status, fertilized egg, embryo, the incidence of haematological malignancies (leukemia and other cancers: retinoblastoma, Wilson's kidney tumor).

Burning garbage produces large quantities of toxic and carcinogenic substances such as benzene, phenols, carbon black, while the release: fine mineral dust that penetrates deeply into the respiratory tract, acidic gases leading to acidification, creating carbon dioxide that damage skin, respiratory and digestive system.
4. ESTABLISHMENT OF SANITARY LANDFILL
4.1 Definition of sanitary landfills as a regulated landfill
Developed countries use different definitions that define and explain the term sanitary landfill.


Customary definition is that a sanitary landfill is sanitary-technical space in which to dispose of solid waste that can not be used (recycled, composted or used as fuel ...). [Ecology]
In general, the sanitary landfill is a compact closed system which has to meet the following factors, namely:

· specific substrates such as soil protection from the effects of leachate,
· separators and special treatments for collecting rainwater and leachate,

· sampling of landfill gas as an alternative fuel.


Application of sanitary landfills, while maintaining the special technological and sanitary rules, give the possibility to fully protect the environment from pollution and eliminate the other negative consequences of this event to the dump.
4.2  Basic principles of construction and operation of landfill waste

A sanitary landfill must meet the legal documents as defined by the Law on waste management as well as the EU directive br.99/31/EZ, 06/12EZ, 08/98EZ.
Modern sanitary landfills must be designed in accordance with the spatial planning documents, bearing in mind that the location has to be designed in accordance with the highest standards for the acceptance of waste from household and municipal waste collected from a certain area.

Adopting a feasibility study for a specific location, and prior to the construction of a sanitary landfill is necessary to perform the following preparatory work:

1. Field preparation to ensure:

· Need hot tub area,
· The plateau for the disposal of excavated material from the hot cell,

· The plateau for infrastructure.
2. Provide conditions for smooth operation.
3. Construction of facilities:

· Sanitary bathtubs,
· Manholes for collecting drainage water,
· A well equipped for filtering water pumps,
· The wash wheel truck,
· Application, room with computers, toilets and a scale to measure the truck.
4.  Infrastructure includes:

· A system for the collection of sanitary drainage water bath,
· Water supply system, under pressure, for filtering the water,
· Transport routes,
· Electrical installations,
· Channels for provision of landfill,
· Well sealing landfills,
· The fence around the future of the landfill.

After the construction of the sanitary tub, along with the associated infrastructure, the following is necessary:
· A belt for protection from the wind,
· Protective passive vegetation,
· Horticultural vegetation.
Bearing in mind that the sanitary landfill operates as technical - technological unit so interlinked such a sanitary landfill must integrate the components of the landfill.

The structure of the sanitary landfill is shown in the following figure:
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Figure 6 Schematic representation of a sanitary landfill with the elements
5. REMEDIATION OF MUNICIPAL WASTE DUMP RADIĆA MOST WITH EMPHASIS ON THE EXPLOITATION OF LANDFILL GAS
The current situation in the municipality of Velika Kladusa, as in all of Bosnia and Herzegovina is characterized by poor solid waste management practices that endanger human health and the environment. Organized solid waste is collected only in the urban areas. There is no organized waste collection in rural areas. There is no separate system for the collection of hazardous waste. The frequency of waste collection is not based on the needs and depends on the capacity of utilities. There are no sanitary landfills, only landfills for municipal waste.

Municipal waste from the territory of the municipality of Velika Kladusa is disposed in a landfill for municipal waste which significantly poisoned water, air and land.
Existing landfills in the municipality of Velika Kladusa (location Radica most) can be described as an open dump where trash constantly burning, which is not covered with soil and where trucks unload solid waste. It is used for a number of years. Not affect the system's water, but there is still no known impact on the quality of life of people and the surrounding environment.
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Fig.6. Showing landfills Radica most

By population (which is estimated to 50 000), we can assume the existing amount of waste that is deposited in a landfill Radica most, taking into account the previous 20 years, which indicates that it can deal with the amount of up to 15 000 tonnes per year, or a total of up to 300 000 tonnes .

The primary objective in future community needs to be remediation of existing state dumps, to take advantage of the current state of renewable energy sources, primarily landfill gas, which is a significant potential for landfill.

5.1. Technical - technological processes for the remediation of landfill
Use of waste-to-energy, today is a widespread and involves incineration of  waste for energy. It can be defined as the use of renewable energy sources, which contribute to reducing emissions of greenhouse gases. In implementing incineration of  waste, in most cases, gets the amount of energy that is greater than the energy consumed for the removal or neutralization of waste.

Defining the specific technology that is most appropriate for a given region depends on many factors including local methods of collecting, processing, and disposal of municipal solid waste, and local regulations related to the environment.
There are several methods available for the utilization of waste energy in the form of:

· Incineration - a process of controlled combustion of municipal waste with a view to obtaining thermal energy (picture no.),
· Burns - a process of the thermochemical conversion with release  chemical energy of fuel, thermal energy,
· Pyrolysis, 

· Gasification,

· The plasma process,

· Anaerobic digestion,
· Landfill gas.
Each technology requires a different amount of raw materials, emits different amounts of carbon dioxide, has a variety of outputs, and of varying efficiency.

.
5.2.  The process of formation of landfill gas
Landfill gas is formed by bacterial decomposition, bacteria that are
naturally present in the waste, as well as by bacteria present in the soil that is used to cover the landfill. Given that waste the most part makes waste organic matter, which is considered food, garden waste, waste from the streets, textiles and wood products, the bacteria present in the landfill break down the waste. Landfill gas can be produced when certain types of waste, or the compounds formed as products of the decomposition of wastes, particularly organic compounds, changes state from solid to liquid or gaseous.
The process of formation of landfill gas is influenced by numerous factors: 
the character of waste, the oxygen landfill, moisture content, temperature and time when the waste is deposited.
Product gas composition changes during each of the four stages of decomposition, as follows:

· Phase I - aerobic phase,
· Phase II - anaerobic phase, non-methane,
· Stage III - anaerobic, Methane unstable,
· Stage IV - anaerobic, Methane stable.
Landfills often accept waste in the period of 20-30 years. At the same time, the fractions are in various stages. Older waste landfill in one part may be in a different phase than the one in which the waste is deposited later.
5.3. Installations for the harnessing of landfill gas
Throughout the world there are a large number of plants of various types and sizes for utilization of landfill gas. Landfill gas extraction and its utilization in the form of energy, protects the environment, by reducing emissions of gases that cause greenhouse effect (methane and carbon dioxide). The risk of explosion is more or less eliminated. Plant for the utilization of landfill gas consists of a system for the extraction and utilization system. The whole system of using the landfill gas can be made for different types of systems for the extraction and utilization system. Extraction system may consist of a vertical tube of perforated pipes, or horizontal perforated pipes. Gas is pumped from the landfill by a pump or compressor, and then implemented in the production system. The most widespread is the use of landfill gas as a fuel in a gas engine that drives the generators of electricity. Gas can also be used in gas boilers to produce hot water for heating or for process heat.

5.4. Utilization of landfill gas
In some cases, in order to prevent negative effects on the environment, gas is burned. So it loses the energy that is available, and the only benefit is the avoidance of harmful components.

There are several different types of systems for the utilization of landfill gas for energy purposes.The most famous use of landfill gas is in gas engines that drive electric generator, thus producing electricity. Plants generally imply gas motors 350 and 1,200 kW. Electric flow efficiency is up to 37% and the total up to 87%.

For plants with capacity exceeding 4 MW, in some cases, used gas or steam turbines. In recent years, they developed the so-called Gas Microturbines, power of 30 kW. Combustion gas is used fresh and gas diesel engines. Gas spark ignition engine with a power of 20 kW and up to 8 MW. They are produced in series, with a simple structure, so their prices lower. When using landfill gas is used 10 to 20% of diesel fuel (in the energy section).
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Fig.5. Plant for the combined production of heat and power (cogeneration)
use of landfill gas as a fuel for internal combustion engine

6. CALCULATION OF LANDFILL GAS ENERGY RESOURCES
The primary objective of this study is to determine the amount of the potential amount of electrical energy available from municipal solid waste. The first step is to collect landfill gas. Making the system for collection and utilization efficiency varies according to location. For this type of analysis, an important factor is the efficiency of the collection system. According to USEPA (United States Environment Protection Agency) the effectiveness of the system for collecting landfill gas is 50-90%, and most often, with the use of good technology 75-85%. For this analysis adopted the collection efficiency of 80%.

Heating value of landfill gas varies depending on the source within the limits from 4.1 to 6.2 kWh/m3. We adopt 4.7 kWh/m3. With 80% collection efficiency, heating value of 4.7 kWh/m3 from 1 kg of municipal solid waste, it should generate 0.18 m3 of landfill gas (0.23 x 0.80 m3 = 0.18 m3) or 0, 85 kWh (0.14 m3 x 4.7 kWh/m3) during the biological decomposition of municipal solid waste (20-25 years). The value of the theoretical maximum would be 0.3 m3 of landfill gas / kg of waste (0.38 m3 x 0.80 = 0.3 m3), or 1.4 kWh (0.3 m3 x 4.7 kWh/m3 = 1, 4 kWh) during the biological decomposition of municipal solid waste.

If we accept that the amount of landfill gas generated during its biological decay for a period of 20 years, 0.23 m3/kg waste, and counting with 80% efficiency of the system for collection, to get 1kg of waste generated:

0.23 x 0.80 = 0.184 m3/kg over 20 years

From this it follows that one ton of waste generated during the 20 years:

0.184 m3/kg = 1000kg x 184 m3 of landfill gas

If you calculate the amount of 15,000 tons, which is the current trend of dumping waste in landfill in Radica most, stating that this 10% is the amount of waste that will not generate landfill gas, we get that during the 20 years of waste disposal had the potential to generate landfill gas from:

184m3t x 0.90 x 15,000 x 20 years = 49,680,000 m3 in the period of 20 years.

If the quality control of gas internal combustion engines placed at the disposal of 80% of the amount of a volume of 49,680,000 m3 x 0.80 = 39.744 million m3
for a period of 20 years, whose energy potential, if we calculate the value of landfill gas heat kWh/m3 4.66, is

39,744,000 m3 m3 x 4.66 kWh = 185,207,040 kWh

what is the total energy potential of waste deposited in a period of 20 years.
The amount of landfill gas generation potential for 1h is:
39,744,000 m3 / 20 god/365 dana/24h = 226.85 m3 / h of landfill gas that can be used as fuel in internal combustion engines. Calculating the degree of induction motors from 0.40, and landfill gas heating value of 4.66 kWh/m3 obtain that potential force should equal

                      M3/hx 226.85 0.40 x 4.66 kWh/m3 = 422.85 kW = 0.423 MW
7. CONCLUSION
Bearing in mind that the European Directive on the landfill, all members undertake in the future to reduce the amount of biodegradable organic waste, and that Bosnia and Herzegovina aims such a community inevitably accepting such directives. Quantities of waste are increasing daily with the adoption of new products and new technological developments. This indicates that the increase in the amount of waste in Eastern Europe, Asia and South America, and experience suggests that it will almost certainly be a waste disposed of at the landfill. Environmental protection in these countries, as the primary task leads to better and controlled dumps in the future, with improved conditions for the production of gas during anaerobic digestion phase. This will allow good conditions for the construction of a landfill gas utilization, whose number will increase dramatically in future years. Such a sequence of events will be expected in Bosnia and Herzegovina.

Construction of a landfill gas utilization, developing countries get a better and safe environment in the vicinity of the landfill. In addition, we get the energy from an energy source that is CO2 neutral and allowing reduced use of fossil fuels, which, in most cases, are imported. By meeting Kyoto Protocol commitments to reduce CO2 emissions, developed countries are buying CO2 credits. 
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