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1. Introduction, objectives

1. INTRODUCTION, OBJECTIVES

In the recent years in Hungary the continuous emsxeof solid waste, as a result of private
consumption, has become a serious issue. In Hurmargntly about 23 million fhsolid urban
waste is formed annually. Sixty-two percent (62%)tlus waste is household waste and the
remaining is waste produced at institutions oriserproviders which can be treated together with
the household waste. Waste management plays alkeinrthe quality of environment, protecting
natural resources and developing environmentalrggcitihere can be two basic environmentally
harmful effects of waste disposal. One of thene&chate, which percolates through the deposited
waste and pollutes ground water, the other is d@ndflll gas from decomposed organic materials.
Landfill sites should have deponia gas discharget diystem in order to comply with the
environmental standards. As long as the condittwasestablished, landfill gas utilization should be
worked out. The problem of landfill gas from thecdmposition of communal waste got into the
focus of attention since it was proved that onEhaeh the natural and anthropogen methane and the
carbo-dioxide emmission contribute to the so-cafjleds-house effect. As fossil fuels are finite and
are environment pollutants the attention turnedthte exploration and exploitation of other
alternative energy sources like for instance tleedais. The current relevance and significance of
the topic is that by the use of modern, state-efdtt techniques in accordance with EU standards,
we could use alternative forms of energy insteadoss§il energy sources for both electric and
thermal energy production which has both economécenvironmental benefits.

The quality and quantity of bio-gas presumably deijgeon the weather parameters of the refuse
dump, the technical parameters of the bio gas e¥gosystem and the organic matter content,
typical of the Hodmezovasarhely region. Becausthaf my objective is to define the the quality
and quantity parameters of landfill gas at the gefdump with regard to the weather parameters,
operational factors and the organic matter contdnt. accordance with the assumption
environmental impact can influence directly or nedily the quality and quantity parameters of the
produced landfill gas. Besides the examinatiorhefdonnection between environmental conditions
and gas production it is appropriate to examinediganic matter content of the waste as legal
requirements regulate the biodegradable propodian My objectives are the following under the
following headings:

1. Changes of the quality parameters of landfill gahwegard to the vacuum usethe objective

of my examination is to present the effectiveneisghe collection system and make the results,
gained by statistical methods, usable for everylifiey Based on the measurements | set up
rules/coherence about the changes of the quaétat@rameters of landfill gas extracted from the
refuse dump with regard to the vacuum used, whindws how the extent of aspiration influences
the methane content of the landfill gas.

2. The quality and quantity parameters of landfill gakanges with regard to the average
temperature interval, relative humidity, wind speaterval, precipitation and the change in the
organic matter content of the waste disposHte external characteristics of the refuse duntpits
environment were relevant such as weather dataelesetwvhich | looked for connections by
mathematical statistical methods. The refuse duampb@ considered as a natural bio reactor where
not only biological processes but also externald@dmns have their influence. Because of this it
was necessary to examine each external conditiohcampare them with the measured gas
compositions. The results of these examinationsbsamsed at both existing and planned refuse
dump sites.



2. Material and method

2. MATERIAL AND METHOD

The communal solid waste refuse dump of tAeS-A Hodmedsarhely Koztisztasagi Ltd.Is
located on the outskirts of HodnteAsarhely on the area No. 01957/1. The refuse dsmsipuated
south of Hodmezovasarhely, west of no. 4414 robdut5-6 kilometres from the centre. In terms
of public service obligation the communal solid tea®f Hodmedvasarhely and six other
settlements is taken to the refuse dump (Csanyt®lakdszent, Martély, Foldeak, Békéssamson,
Makd, Nagyer), its area of responsibility is 20@0@eople. It is operating in accordance with the
Waste Management Law of 2000 No. XLIII and the tedalegislation and the public service
contracts signed with the municipalities. The refdsmp and its facilities are built on the basis of
an impact assessment of 1994. The refuse dump diefvasarhely is situated on 20 ha of land
and the top height of the landfill is 30m. The ssfidump can store 3,9 million*rof refuse and
will provide environment friendly storage for thefuse of Hoédmewéasarhely and its environs for
50 years. The refuse dump is provided with techrpeatection, leachate collection system and
landfill gas drainage system constructed on the ba#ustrian standards. Its cultivation is done by
heapmaking technology. Based on the permissionToKAFE the waste that may be delivered to
the refuse dump are the following: household wastd#, hazardous industrial waste, sewage
sludges, debris and soil.

2.1. Technology of landfill gas production at the refuselump

The elements of landfill gas extracting systemtheefollowing: gas wells, gas collecting pipes, gas
controller unit, compressor unit, torch, containéh gas engine, meteorological station (Figure 1.)
The collection of landfill gas is with the help gdis wells. At the beginning there were low drainage
gas wells used at the refuse dump but becauseebfsihking and deformation the effectiveness of
gas extraction was impeded. They converted to ug@enage gas wells which are only built after
the dump is completely filled or reached a certagight. It does not interfere with the operatiod an
good quality landfill gas is attainable.

Torch
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Condensed water collector Fuel

Figure 1. Process figure of gas production

Considering the total amount of waste and the tineee would be 60 gas wells to collect landfill
gas and the maximum planned production would b&®@é8lay. At present there are 15 gas wells
working on the site the others will be put intowses after the dumps are filled. In the gas coferol
unit every gas pipe of the gas well can be comdolln the controlling unit It is possible to dieid
landfill gas into two different quality as usable torchable. Accordingly, there are two parallel
main collecting pipes. Before connecting to the rmgipes, the pipes are provided with valves,
samplers and flame arrestors. Through the samipisrpossible to measure pressure, temperature
and flow rate. The main collecting pipes are strted with a gradient in the direction of the water
of condensation isolator pits.



2. Material and method

Condensation water is collected through reducems ool, insulated by PE-HD concrete lamina.
The depth of the pit and the length of the sepanailh be developed according to the negative
pressure in a way that the main collecting pipe ld/owt get wet and the water level could be
checked regularly. The vacuum-pump is kept in aaioar, its parameters were defined by landfill
gas prediction. The first vacuum pump installedtra refuse dump has 0-500%m transport
capacity. In order to burn off landfill gas a hitgmperature torch is needed, its operation happens
through the checking and maintenance of the gamenmit. The electronic and filter unit are kept
in the container of the vacuum pump, sampling ieugh the measuring pipe. Safety requirements
must be strictly obeyed as mix of methane andadien methane is 5-15 tf% and air is 11.6 tf%, is
capable of exploding. For this reason measuringcgasentration is indispensable. For the sake of
safe operation the system switches off the compresden 25tf% CH and 6tf% Q. This
concentration can only appear in the first pathefdrainage when the layer of the waste is nat ver
thick. Until the first raising of the layer extramt is not started as the gas well is not able to
function well. When the thickness of the waste imdtres landfill gas extraction can be started.
Due to the quality and quantity of the originatingndfill gas on the refuse dump in
Hodmezovasarhely, it can be recycled for energylyecbon. This energy can be used in heating
social facilities on the premises and burn it is gagines.

2.2.Planning of the examination

While planning the examination my basic task was&b up my hypothesis. According to my
hypothesis the changes of the quality and quampiirameters of landfill gas originating in the
refuse dump can be influenced by the environmectalracteristics of the region, operational
characteristics and the changes of the organieemadintent of the waste deposited. Changes in the
quality and quantity of landfill gas parameters t@ncaused by average temperature interval [C°],
precipitation [mm/day], wind speed interval [m/Bgrometric pressure [hpa] and relative humidity
[%]. The quality and quantity parameters can briarfced by the operational characteristics of the
gas extracting system, the extent of extractiondihénd the concentration of organic matter [%].

2.2.1.The location of the measuring system at the refusep

At the communal solid waste refuse dump of the “A.856dmedvasarhely Koztisztasagi Ltd.” a
computer data collection system and a measuringgrsys available to examine the quality and
guantity of landfill gas (Figure 2). The vent pipgfsthe waste unite in a common pipe located in a
shaft then, going through the measuring systeny, jtiie a gas-motor power plant for the energetic
utilization of the landfill gas. During my examimats | measured the following parameters:
extraction side vacuum [mbar], operating pressoredr], CH, O, [%], outside temperature [C°],
landfill gas temperature [C°], momentary gas praac[m/h], total gas amount [ffday], hazards
due to emission of gas indicator [%] and comprefsor

Cogenerational Power station

Vacuum pump !
Valve q. Maasurinh{int _. &
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Figure 2. The location of measuring system at ¢figse dump
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2. Material and method

When preparing the measuring system three measpoimgs were established. Measuring point 1
is the two measuring cones, one for measuring pipdieal depression [mbar] and the other is for
measuring the quality compound of the landfill gagthane [%], carbon dioxide [%], oxygen [%])
and the opening angle of the sluice valve [°]. Meigg) point 2 is situated at the vacuum pump.
Pressure values can be measured in front of anshdehe pump, and thus the amount of the
pressure difference can be calculated. From thespre difference flow rate of the extracted
landfill gas without pipe friction can be calculdtand then, with the pipe diameter, the amount of
the produced landfill gas. Measuring point 3 isaled at the meteorological station of the refuse
dump. It provides the weather parametéysexternal temperature [°Ch: air humidity [%],
windspeed [m/s], h: rainfall intensity [mm/da,: local atmospheric pressure (QFE).

2.2.2.Evaluating data, statistical methods, measurindgruraents

For diagnosing the degradation process in the edusnp and optimizing energy recovery | used a
GA2000 type NDIR (Non Dispersive Infra Red) anatyzeorking in the medium infrared region.

The data was statistically processed with SPSSViodows 11.0 program was used. The data was
processed by the method of analysis of variancendd@neity was examined with the Levene-test.
When comparing the group-couples Tamhane testa@e of heterogeneity), and LSD test (in case
of homogeneity) were applied. The tightness betwegiables was determined by linear regression
analysis. In my examinations | calculated the nesmgsnumber of data by using a method by [Svab,
1981]. In order to be able to determine the necgssamber of data in a sample you have to be
aware of the standard deviation (s), you have twige the permissible estimation of errors (h),
have to give the P% significance level or the Ikabd of error. If we know the standard deviation
in the unit of measurement of the data and the issibe estimation of errors are given in the same
unit of measurement the sample size of the datdgearalculated:

_ oo ¥
T
n: number of itemsd4,: critical element of the ,t"test, s: standard @giin, h: estimation of errors

In case standard deviation is known in percentagefficient of variation) and the permissible
estimation of errors is also given in percentagentthe number of necessary elements can be
defined by the following formula:

. t2,, ($%°
h%?
n: number of items,pd: critical element of the ,t"test, s%: standard iéon percentage
(coefficient of variation) (%), h%: estimation afers percentage (%)

| made the calculations for a P=3% and P=5% prdibalavel. According to my results in the case
of h%=3% estimation of error the sample size fer shatistical analysis of the results and drawing
the relevant conclusions is n=363 pieces, in tlse ad h%=5% estimation of error the necessary
sample size is n=131 pieces. On this basis | hanelgded that the data | collected (n=517) is
sufficient to carry out the appropriate statistieahminations and analysis. Even though | carried
out the Levene test, by which | concluded which tesuse at the comparison of group pairs
(Tamhane or LSD) | found it important to calculéite CV% (coefficient of variation) as well. |
would like to present the standard deviation witeach group by the analysis of coefficient of
variation, which was specified by the following fiaula:

Y% =CV = % [100
CV: coefficient of variation [%], s: standard deaam, x: average of dataline
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2.2.3.Examinations and the baseline data used during datduation

Waste potential generated in the region of Hodméxasarhely

As the result of the waste analysis by MSZ 2193aéd4rd to determine the biodegradable organic
matter content of municipal waste it can be st#tatl 53% of the total collected amount (19.322.24
tons) of solid municipal waste (EWC 200301), that 10240.78 tons can be considered
biodegradable and it can be considered as bionmsatfal (Table 1). Usable biomass potential and
speculative landfill gas yields produced from mipat waste from Hodméwasarhely and its
region for 2007 are shown in Table 2. Speculativeant of landfill gas produced from municipal
waste is 2,244,424 nDuring my calculations | considered the most fabte yield, which are the
following: municipal waste 2561, sewage sludge 310 oily waste 190rit, green wastes 190
m/t. The amount of landfill gas produced dependsthen composition of the waste and is 40-
300n7/t (by organic content of waste), by practical eigrece the actual amount of landfill gas that
can be produced is 2-3°nannually. It has to be considered that dependimghe gas convey
system and its operation only 30-50% of the tatabant of landfill gas can be utilized. Differences
between theoretical and practical amounts can lcause of the changes of the environmental
parameters, the organic matter content of waste type and composition of the waste and its
physical characteristics, degradation conditiordsthe consistency of waste.

Amount of landfill gas generated in Hédndgasarhely refuse dump:{vh*/t waste] according to
Tabasaran/Rettenberge formula:

Vi=1.868- G- (0,014 -T+0,28) - (1-1H [Tabasaran/ Rettenberger, 1987]

Co: proportion of organic carbin of waste [kg/t wdste.868: gas production of organic matter
[m¥kg], T: waste temperature [°C], k[-]: degradatimomstant, t: time [year]

Table 1. Amount of municipal waste by A.S.A. weigdlata

vear Household Industrial | Construction| Sewage Oily All
waste (t) waste(t) waste (1) sludge (1) waste(t) 1
2005 31 071,33 13 516,56 11 414,3p 3209,93 119970, 71183,11
2006 28 203,54 14 517,88 19 355,94 4 691,90 106896, 77 565,77
2007 19 322,24 21 201,81 36 599,36 3 396,94 101381, 91 001,48
2008 19 253,24 20 930,55 14 192,47 2 565,82 103834, 67 276,38
2009 20 974,66 17 403,90 12 479,4p 2984,42 6 888,83 60 731,29
2010 36 646,02 21 364,48 12 982,00 2 452,29 119623, 84 868,75

Table 2. Produced municipal waste by areas andygmecovery

Biomass | Landfill gas| Landfill gas| Landfill gas
Area potential | recovery produced | caloric value
[t] [m31t] [m?] [MJ/m?]
Hmvhely 7574,94t 256 1.939.184 21
Mindszent 826,36t 256 211.456 21
Martély 151,04t 256 38.666 21
Székkutas 188,34t 256 48.215 21
Green waste 1500t 190 285.00( 21
Sewage sludge 713,16 310 221.07p 21
Oily waste 524t 190 99.560 21
All 11477,94t 2.843.160 21
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Examination of environmental conditions of Hédme#vasarhely region

One of the most important factors of landfill ga&ngration and composition is the climatic changes
of the refuse dump. From the environmental pararsdieing aware of the external temperature,
relative humidity, barometric pressure, level ohfall and wind conditions is necessary (Table 3).

Table 3. Environmental conditions in the Hodih&rsarhely region

Title Lo i [ IV Ve | VI VIL [ VIHLL | IX | X, XL | XIL |Annual
Average temperature [{C | 1,6| 0,1 5,7/11,1/16,5 19,7 |22,1| 21,3|17,3{11,1{5,2| 0,5| 10,8
Average rainfall [mm/month| 34 | 34| 34| 46 | 62| 71| 52| 48| 471 41 95046 | 565
Mean evaporation [mm] 5 10 2248 | 81| 88| 85 65 49 27 116 500
Wind direction frequency [%4] E |EK|K [DK | D |DNY|NY |ENY Windstille
15,2/12,9/4,4| 6,9(15,5| 16 | 9,4| 12,8 6,9

2.3.Examinations carried out on the refuse dump

| carried out my examinations between 01.01.200¥ 3n12.2007 forty-seven times at eleven gas
wells. | determined the necessary number of itegeslad for the statistical studies and needed to
determine significant differences. The number oasueements are n=517 which is sufficient for
the minimal number of items needed to carry out reyppate statistical examinations.
Measurements were taken daily or weekly, the medstasults were recorded. Due to the fact that
no data were available about the composition ofwhste | did not take the characteristic waste
composition values of a particular gas well inte@amt. In order to ensure manageability | created
groups and by using statistical examinations lestaignificant differences in the cases of all and
then each gas well. While creating the group paiss crucial to set up a connection between the
volume of extraction used, average temperatureviale relative humidity, barometric pressure,
precipitation, wind speed intervals in connectiathwhe quality and quantity parameters of landfill
gas created in the refuse dump.

2.3.1.The examination of the composition of waste ta@ehd refuse dump

The examination was carried out on the A.S.A. Harimésarhely refuse Ltd.’s second and third
landfill sites where | analysed the unloaded wadtben laying down the boundaries of the areas
for the surveys it had to be taken into consideratvhere the waste is produced. The areas covered
in the examination are the following: Hédnégasarhely public domain, HodmiAsarhely
downtown, Hédmeivasarhely suburb. This method represents the wastgosition for the entire
landfill site. During the examination | examinee tlirst loads which arrived each day. On the basis
of the entire daily delivery the composition of tftaéal amount of waste can be concluded. Due to
this the waste delivered within a day is aggregate&WC codes. A.S.A. Hédmézasarhely Ltd.
carried out the compulsory winter, sping, summet antumn monitoring provided in the standard
environmental performance permissions by the natidcee Environmental inspectorates (Table 4).
Waste composition examination was made by MSZ 22828nd MSZ 21420-29 standards where |
divided the total waste into 13 fractions and thgub fractions and from these | specified
biodegradable proportion in the refuse dump.

Table 4. The amount of waste covered in the exammaf waste composition in 2007

2007.12.18 2007.04.06 2007.07.10 2007.09.05
winter spring summer | autumn
3. site 2. site 3. site 1. site
A | Gross mass of the collecting vehicle [kg]  11540k@8220 kg | 11540 kg 28220 kg
B | Raw nett mass [kg] 1040 kd 11740 kg 1040 kg  11°#d
C | Mass of average sample [kg] 504,7Kg  499,57kg  5@f,5k 503,5kg
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2.3.2.Volume of extraction and the quality parameter desof landfill gas

| carried out my examinations in accordance withobeetric pressure and the local site-specific
pressure conditions. Landfill gas conveys systemlmmade controllable by using gate valves at
gas wells. By changing the opening angle of the gatves the depression of the waste gets lower
or higher and because of this the quality parammetédandfill gas also changes. At landfill sites
where landfill gas recovery system works, beingraved the capacity of the recovery system is the
most important operation parameter. During the ag@n we should endeavour that gas wells on
the refuse dump always provide 45-50% methane, lwticnecessary for the operation of gas
engines. Pressure groups and their associated glasnethane content numbers were organised.
During the statistical process | examined what eation can be found between the volume of
extraction and the methane content of landfill gaghe case of all and each gas wells. | processed
the data by analysis of variance by using SPSSWordows 11.0 and | also used the linear
regression procedure in the cases of gas wells.

2.3.3.Environmental impacts on the quantitative and da#ire parameters of landfill gas

Data of average temperature [°C], relative humid®], barometric pressure [hpa], wind speed
[m/s], stand precipitation [mm/day] provided by theteorological station on the refuse dump were
combined with the measured qualitative and quantggarameters.

During the examinations | created measuring grodp8nition of group establishment is in Table
5. | processed the data by analysis of varianceidigg the SPSS for Windows 11.0 program.
During the statistical process | examined what eaotion can be found between the average
temperature interval, relative humidity, barometpressure, wind speed interval precipitation
changes and the quantity and quality parameteendfill gas in the case of all and each gas well.
found significant differences between group paimstee basis of the methane content of the pairs.
The connection examinations between the variabfethe gas wells were made by regression
analysis. The results | got through the calculatiare presented in charts, graphs and diagrams.

Table 5. Definition of group creating and their cgieng parameters
Pressure | Temperature| Wind speed | Humidity | Precipitation Bsrrgsrgitrzc
groups groups groups groups groups groups
Extent of Average Wind speed | Relative Stand Barometric
i temperature . - e
extraction interval interval humidity | precipitation | pressure
[mbar] °C] [m/s] [%0] [mm/day] [hpa]
1. group <(-3) <5 vs<=0,6 50-60 0 1000 - 101
2. group | (-2,9) - (-2) 5-10 0,6 >y<=1 61-70 0,1-1 1010 - 107
3. group | (-1,9) - (-1) 10-15 1>y<=1,3 71-80 1-3 >1020
4.group [ (-0,9)-0 15-20 1,3 >y<=1,8| 81-90 3-5
5. group 0,1-1 20-25 1,8>y<=24 >90 >5
6. group 1,1-19 25-30 ¥>24
7. group >2
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3. Results

3. RESULTS

3.1. Examination results of the organic matter content bthe delivered waste

Composition of waste in 2007 winter

The mass of the waste at the primary sorting was7sRg, the weight of waste remaining on the
upper sieve (D>100) was 146,2 kg, the weight otlbgradable waste was 5,4 kg (3.7%) and there
was 31,5 kg paper (21,5%) (Diagram 1).

At the secondary sorting the mass of waste wasb3k®, the weight of waste remaining on the
middle sieve (20<D<100) was 42,55 kg, the sampteirdition ratio is 8,425. During secondary
sorting the weight of biodegradable waste was R8,151.9%) and the weight of paper was 1,5 kg
(3.5%).
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Diagram 1. Composition of remaining waste on thpau@and middle sieve examination results

Composition of waste in 2007 spring

The mass of waste at the primary sorting was 48§,%he weight of waste remaining on the upper
sieve (D>100) was 196,35 kg, the weight of bioddgbdée waste was 22,6 kg (11,5%) and there
was 48,5 kg paper (24,7%) (Diagram 2).

At the secondary sorting the mass of waste wasb3K@, the weight of waste remaining on the
middle sieve (20<D<100) was 40,1 kg, the sampleirditron ratio is 7,56. During secondary
sorting the weight of biodegradable waste was §,91K.2%) and the weight of paper was 8,2 kg
(20.6%).
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Diagram 2. Composition of remaining waste on thpau@and middle sieve examination results
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Composition of waste in 2007 summer

The mass of waste at the primary sorting was 5Kkd,,5he weight of waste remaining on the upper
sieve (D>100) was 160,5 kg, the weight of biodeghdel waste was 16,8 kg (10,5%) and there was
36,1 kg paper (22,5%) (Diagram 3). At the secondanying the mass of waste was 341 kg, the
weight of waste remaining on the middle sieve (28%¥00) was 41,5 kg, the sample diminution
ratio is 8,21. During secondary sorting the weigfitiodegradable waste was 11,62 kg (28,1%) and
the weight of paper was 7,4 kg (18%).
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Diagram 3. Composition of remaining waste on thpau@and middle sieve examination results

Composition of waste in 2007 autumn

The mass of waste at the primary sorting was 5Kk8,%he weight of waste remaining on the upper
sieve (D>100) was 186,5 kg, the weight of biodeghdel waste was 22,5 kg (12,1%) and there was
38,24 kg paper (20,5%) (Diagram 4). At the secondarting the mass of waste was 317 kg, the
weight of waste remaining on the middle sieve (28%¥00) was 40,6 kg, the sample diminution
ratio is 7,80. During secondary sorting the weighbiodegradable waste was 19.4 kg (48%) and
the weight of paper was 3,37 kg (8,3%).

@ Primary sorting @ Secondary sorting ‘

Mass of waste [kg]
N
ol

The name of the waste
Diagram 4. Composition of remaining waste on thpau@and middle sieve examination results

The determining factor of the biodegradable wast¢he household waste and the green waste.
Sewage sludge contains 30% of degradable orgarttemlaut municipal waste contains only 3-4%
so it does not change significantly the organicteratoncentration. Oily waste does not change the
organic matter concentration either, as it can eaudy about 1.5% concentration rise with the
permitted oil concentration by the Environment Berfance permission.
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3. Results

3.2.Changes of the quantity parameters of landfill gasvith regard to the depression used

In the first part of my examinations | tried todim connection between the vacuum used and the
methane content of landfill gas extracted fromréfase dump. My results can be seen in Table 6. |
took my measurements according to the barometmsgore by using a GA2000 landfill gas
measuring device with regard to the environmergabddions of pressure. Minimum and maximum
data are between the rates of 1-68,0H the group with the most elements in it ((-€09) found
52,44% methane content. The worst rate, 43,34%anetkontent, was found in th& group ((-
2,9)-(-2)), in the T group with 45 measurements | found 45,47% meticantent. As it can be seen
from the results, in the cases of groups 4, 5 atlieGaverage methane content is between 51,15-
54,11% because of the vacuum used. In this casapitieed rate of vacuum was between (-0,9)-1,9
mbar.

Table 6. Results of the connections between thamelof extraction and methane content

Coefficient 95%Confidence
Volume of CH, - Std. . - .
Preesure - n of variation . interval for mean| Minimum | Maximum
extraction mean o deviation o o
group [mbar] [pcs] [%] CV% [%] Lower | Upper [%0] [%0]
[%0] bound | bound
1. group <(-3) 45 | 45,47 32,82 14,924 40,99 49,9p 6 66
2.group | (-2,9) - (-2)| 58 | 43,34 33,94 19,047 38,3B 48,344 6 65
3.group | (-1,9) - (-1)| 95 | 46,15 31,73 14,644 43,1p 49,18 13 68
4. group | (-0,9)-0 180 | 52,44 21,58 11,31f 50,78 54,11 25 64
5. group 0,1-1 72 | 54,11 15,97 8,644 52,97 56,14 31 69
6. group 1,1-1,9 41 | 51,14 34,47 17,63p 45,59 56,12 5 64
7. group >2 18 | 50,87 39,76 20,22¢ 40,91 60,98 1 67
Total 517 | 49,67 28,82 14,319 48,44 50,94 1 68

At gas wells where the extent of aspiration is of#@9 mbar) the larger vacuum the methane
content lowers so the elements of the gas extrasiistem have to be under continuous observation
(Diagram 5). Standard deviation in the whole testge was s=14,319%, coefficient of variation
value was changeable, CV%=28,82%. In tflegdoup in the measuring range with the highest
number of elements ((-0,9)-Ombar) CV%=21,58% protede moderately volatile at 52,44%
average methane content. In case of fhgup in the 0.1-1 range CV%=15,97 because stdndar
deviation is s=8,64% and the changes of minimumraagimum values show 31-68% of methane
content.

CH4 [%] ‘+average — — MaxXimum —_— minimum ‘
80
o 66 - 68 o6 68 o
60 1 4547 4615 52,44 54,11
504 43,34 ’ 50,87
51,15
40 "
30 25 —
20 13 _~ \
6 6 — \ 5
10 — < 3
O T T T T T \\

<3 (29-(2)(19-(-1) (09-0 01-1 11-109 22

volume of extraction groups [mbar]

Diagram 5. Results of the connection between asmirgroups and methane content
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3. Results

Analysis of variance proved significant resultswesn the group pairs as the level of significance
is P<5% for the examined parameters. In case ofhttraogeneity tests the samples showed
heterogeneity so | use the Tamhane test. Resuttseeadnalysis between the groups can be seen in
Table 7. The biggest difference is between gro(p.5-1) and group 2 ((-0.9)-0) the difference was
10,77% methane content. There was also a big difter between group 4 ((-0.9)-0) and group 2 (-
2.9)-(-2) in this case methane content differenas @;11%.

From the figure you can see that the smallest rdiffee, 0,29% methane content, is between group
6 (1.1-1.9) and group 2R). There are significant differences between grdamd group 2, P<5%,
and the significant difference between group 3 gralip 4 is P<1%. From the processed data we
can conclude that under -0.9 mbar pressure theme sgnificant difference but in case of higher
pressure methane content values get worse.

Table 7. Differences in the methane content oetkemined groups and group pairs results

Volume of 1. 2. 3. 4, 5. 6. 7.
Pressure .
group extraction | group group group group | group | group group
[mbar] <(3) | (-29-(-2)| (-1,9-(-1)]| (09 -0{0,1-21|1,1-19| =2
1. group <(-3) - ns ns ns * ns ns
2. group | (-2,9) - (-2) 2,13 - ns * *x ns ns
3. group | (-1,9) - (-1) 0,68 2,81 - *x *x ns ns
4.group | (-0,9) -0 6,97 9,11 6,3 - ns ns ns
5. group 0,1-1 8,63 10,77 7,96 1,66 - ns ns
6. group 11-19 5,68 7,82 5,01 1,29 2,95 - ns
7. group >2 5,4 7,53 4,72 1,58 3,24 0,29 -

ns = not significant, * = P<5%, ** = P> 1%

In case of all gas wells | carried out a linearresgive examination taking both methane content
and volume of aspiration into account. Its resais be seen in diagram 6. Change of methane
content in relation to the vacuum used can be destrby the following equation:
y=3,5607x+51,72, &0,2644. Correlation coefficient is r=0,52. Thesgness of coherence shows
a centralized correlation.

90,0 CHa %]
80,0 //
70,0 15—

7 }’ (X * *

‘ *® e .
*
. o * 4 o‘gg o‘ y=3,5607x + 51,72
* L4 ! 2 _
t %Moo R =0,2644
3 o
| ‘ 0,0 ‘ |
-10.0 .0 0,0 5,0 10,0

vacuum value [mbar]

Diagram 6. Changes of methane content in all gdis \wweconnection with volume of aspiration
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3. Results

4.2.1 Results of the examination by each gas well

During the next part of my examination | looked fefationships about how the vacuum values of
the gas wells influence methane contents. Forrglason | connected the methane content values
and the volume of aspiration values of each gatamel created 1-7 groups. The results can be seen
in Table 8.

During data procession | concluded that the avenaghane content ranged from 32,53 to 61,12%.
The least favorable value was found in case oRthgas well where only 10,10% methane content
was measured in thé"Tgroup &2 mbar) of pressure range. The reason for thisiésmethane
content decrease due to the enormous aspirationhenlandfill and the specific biological
surroundings of the gas well. The most favorableraye methane content value was found in case
of the 6" gas well where the fluctuation of methane conteithin groups ranged from 49,60 to
63,73%. In case of thé®34"™ 5" and &' gas wells | could not make measurements in thargl 7'
pressure groups. The change in the volume of depiran the landfill influences the methane
content of the recoverable landfill gas so we havpay special attention to that and by controlling
the valves the most optimal gas yield and methaméeat can be accomplished. In case of the gas
wells the controlling does not only concentratenogthane content of the local wells but have to
make sure that the recovery of the gas from thevgalts provides the necessary quality and
quantity parameters of landfill gas for the openatbf the gas engines (45tm, 45%).

Table 8. Methane content at each gas well withrcetgathe volume of extraction

1. | 2. | 3 | 4 |5 |6 | 7] 8 |9 |10 |11
gas| gas| gas| gas| gas | gas | gas | gas | gas | gas | gas
well | well | well | well [ well | well | well | well | well | well | well
9roup ey, | cH, | cH, | CHy | CHL | CH, | CH, | CH, | CH, | CHL | CH,
[%] | [%] | [%] | [%] | [%] | [%] [ [%] | [%] | [%] | [%] | [%]
group| 36,21] 49,33| 48,80| 43,50 43,63( 49,60| 43,85 54,50| 41,12| 19,80| 38,97
. group| 39,07[ 30,82| 36,50| 34,50| 55,60| 60,69| 47,60| 56,80[ 40,78| 42,75 30,50
group| 32,23| 34,65| 37,55| 49,12[ 44,70( 55,80 41,30| 58,52| 43,93| 56,84| 29,58
group| 43,02| 38,75| 38,27| 54,35[ 52,38[ 61,03 54,56/ 61,04 42,90| 52,89| 55,07
group| 56,55| 55,00| 48,24| 60,25/ 65,23 63,90 60,60| 54,60| 50,20| 55,78| 49,43
group| 60,95/ 22,14] - [39,60[50,63[62,93] - |64,00)59,48|59,10|59,91
. group| 57,12/ 10,10/ 56,20] - - 63,73 - |65,0059,03|56,00] 55,70
Total | 47,1| 32,5342,47|53,03|51,67| 61,12] 52,50| 58,99| 46,63[ 54,15[ 45,16

Pressurg

Nfo|o|k~[wN|E

Analysis of variance proved significant resultswes#n the group pairs as the level of significance
is P<5% for the examined parameters. In case ofhtiraogeneity tests, the homogeneity and
heterogeneity of the samples were diagnosed byrnestest and on the basis of the results of the
Levene tests | used the Tamhane and LSD testsgdilmnstatistical processing (Table 9).

The results of the homogeneity test are the folhgwigas well no. 1 (sig=0,027), gas well no. 2

(sig=0,051), gas well no. 3 (sig=0,195), gas well 4 (sig=0,096), gas well no. 5 (sig=0,398), gas
well no. 6 (sig=0,145), gas well no. 7 (sig=0,004as well no. 8 (sig=0,006), gas well no. 9

(sig=0,000), gas well no. 10 (sig=0,071) and gadl we.11 (sig=0,008). The amount of data

collected for gas wells number 3,4,8 and 10 presguoups, was not sufficient for the statistical

program to find a statistical connection for wells.

At the T' gas well analysis of variance proved significagguits between the group pairs as the
level of significance is P<5% for the examined paeters. There are significant differences
between group 3 and group 5, P<1%, and the signifidifference between group 3 and group 7 is
P<5%. In case of thé'2gas well there are significant differences P<1%wben the 7.-5., 6.-1. and
7.-1. group pairs. P<5% significant differences evésund between 7.-3., 6.-5. and 7.-4. group
pairs.
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3. Results

Table 9. Results of the statistical processesdoheas well

Significant Significant Methane content
Results of differences differences differences
homogenity between group| between group CH4[%]
examination airs airs
in *PES% level|in **Pgl% level "P<5% "P<1%
1. gas well| heterogeneos (Tamharje)  7.-3. 5.-3. 24,86% 24,31%
- - - - 0, 0, 0, 0,
2. gas well| homogeneous (LSD) ?g 7'_4' ?i 7'_5 24212202 28‘?56 g;;go//z 44‘_90&
3. gas well| heterogeneos (Tamharje) eh. eh. - -
4. gas well| heterogeneos (Tamharje) eh. eh. - -
5. gas well| homogeneous (LSD) 5.-4. 5-1]  5.-B. 12,85% 19,62953%
6. gas well| homogeneous (LSD) ns. ns. - -
7. gas well| heterogeneos (Tamharje) ns. ns. - -
8. gas well| homogeneous (LSD) eh. eh. - -
9. gas well| homogeneous (LSD) 6.-2. ns. 18,70% -
10. gas wel[ homogeneous (LSD) eh. eh. - -
11. gas wel| heterogeneos (Tamharle)6.-3. | 6.-5. - 30,33%10,47% -

ns = not significant, * = P<5%, ** = P< 1%, eh =leof data

In the 8" gas well analysis of variance proved significaggults, in the cases of 5.-3. and 5.-1.
group pairs | found P<1% significant differences,the case of 5.-4. group pair | found P<5%
significant difference. In the cases 8t &nd 7' gas wells after the statistical procession (SR8S f
Windows 11.0) | found no significant differences.the §' gas well analysis of variance proved
significant differences, P<5%, in the case of 6gfup pair. In the M gas well analysis of
variance proved significant differences in the sask6.-3. and 6.-5. group pairs | found P<5%
significant difference.

In the cases of the 11 gas wells | combined thehamet content values that | measured and the
volume of extraction and | carried out a linearresgion examination. Results can be seen in Table
10. From the values of the coefficient of correlas it can be seen that methane content of the
landfill gas is influenced by the changes of théuwte of the vacuum. The closeness of the
relationships is either loose or a middle closeratation (r=0,37-0,69). The most favorable
correlation relationship was found in case of tfleg@s well, r=0,69. There is positive correlation
relationship in case of all the gas wells which nge#hat by increasing vacuum compared to
barometric pressure the measurable methane canggificantly decreases and the level of oxygen
content increases, the change is unidirectional thedcorrelation is straight. It requires exact
regulations in order to recover the most optimadfdl gas yield and avoid fire or explosion.

Table 10. Coefficient of correlation changes by ga#is with regard to methane content and
volume of extraction

Linear equation R? r
1. gas well | y=2,5852x + 48,624 0,1984 0,4454
2. gas well | y =3,0598x + 29,557 0,1403 0,3745
3. gas well | y=3,0127x + 43,064 0,1473 0,3837
4. gas well | y=3,1633x + 54,144 0,1502 0,3875
5.gaswell | y=3,724x + 53,784 0,3762 0,6113
6. gaswell | y=1,5363x + 61,154 0,3153 0,5615
7.gas well | y=7,2115x + 56,224 0,4879 0,6984
8. gaswell | y=2,6813x + 61,082 0,2951 0,5432
9. gas well | y=5,4264x + 48,134 0,4478 0,6691
10. gas well| y = 3,0602x + 55,441 0,2174 0,4662
11. gas well| y = 4,7509x + 47,804 0,3626 0,6021
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3. Results

3.3.The quality and quantity changes of landfill gas wth regard to environmental conditions

3.3.1.The quality and quantity parameter changes of laingtis produced at the refuse dump with
regard to the average temperatures

In the first part of my examinations | tried to dimelationships between the changes in average
temperature intervals and the methane contenteofdbovered landfill gas (Table 11, Diagram 7).
As the refuse dump can be considered as a largeedator, changes of average temperature do not
influence directly the methane content of landfdls. But it is one of the most important parameter
among microbiological conditions. Minimum and mawimm values range between 1-68% LCH
content. | measured an average 48.43% methanentantthe 3% group (5-10°C) interval where
the most measurements were taken. The least fdeokatue, 48,37% methane content was
measured in the®group (10-15°C) average temperature interval. Aigest value was found in
the g§" group (20-25°C) 54,19% methane content with 99 smeaments. It can be seen from the
results that in the cases of groups number 1,8)d34 there are no major differences in methane
content betweer5°C and 25°C average temperature interval. In cdsgppropriate controlling
average methane content was 49,67% which fulfis rthnimum conditions of energy recovery.
Standard deviation was s=14,319% in the full ranof¢est, coefficient of variation is a volatile
result, CV=28,82% since | measured 1% methane obittethe 29 and 4" group. This might be
due to operating and microbiological processesenlandfill site which characterize the biological
processes of a particular refuse dump. To sum epcam state that because of the insulation effect
of the waste layers methane content of the landfl$ is not influenced directly by external
temperature conditions.

Table 11. Results of the examination of the retesiop between average temperature interval and
methane content

Average Coefficient 95%Confidence
CH, o Std. |. . .
Temperaturg¢ temperatur¢ n of variation .- linterval for mean Minimum | Maximum
. mean deviation
group interval | [pcs] [%] CV% [%] Lower | Upper| [%] [%]
[C] [%0] bound | bound
1. group <5°C 77 | 48,5% 32,44 15,752 44,94 52,18 17 66
2. group 5-10 °C 143| 48,48 32,45 15,719 45,83 51,08 1 68
3. group 10-15 °C 88| 48,3f 28,89 13,978 45,40 51,38 7 65
4. group 15-20 °C 88| 48,48 29,78 14,439 45,44 51,54 1 66
5. group 20-25 °C 99| 54,19 19,11 10,361| 52,14 56,2b 22 64
6. group 25-30 °C 22| 51,2 25,28 12,965 45,54 57,0p 10 65
Total 517| 49,67 28,82 14,319 48,43 50,9D 1 68
—B— average —— minimum — — maximum
CHJ g0 00
20.00 66,00 68,00 65,00 66,00 64,00 65,00
, N -
60,00 -
48,55 48,43 4837 4848 54,19
50,00 + = = -/.\'
40,00 51,27
30,00 17,00 ’\22,00
20,00
7,00 10,00
10,00 \ / \
1,00 1,0
0,00 ; 1 1 1 1 |

£5C 510C 10-15C 1520TC 20-25T 25-30C

average temperature interval groups[ °C]

Diagram 7. Results of the examination of the retahips between average temperature and
methane content
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3. Results

Between certain group pairs the analysis of vaggmroved there are significant results as level of
significance is P<5% in case of the examined patarsieWith regard to the homogeneity test the
sample is heterogeneous and | used the Tamhané ¢astied out the analysis between the groups
and the results can be seen in Tablel2.

Table 12. Differences of the methane content otésted groups and the results of the group pairs

l Average l 1| 2 3. 4. 5. 6.
Temperaturg temperatur
group interyal |9"OUP| group | group | group | group | group
[c°] <5 °C|5-10 °C| 10-15 °C| 15-20 °C| 20-25 °C| 25-30 °C
. group <5°C - ns ns ns ns ns
. group 5-10°C | 0,124 ns ns * ns

. group 10-15°C | 0,185 0,061 - ns * ns

. group 15-20°C | 0,074 0,051 0,111 - * ns

. group 20-25°C | 5,635 5,759 5,820 5,709 - ns

. group 25-30°C | 2,711 2,842 2,902 2,791 2,918 -
ns = not significant, * = P<5%, ** = P< 1%

OO WINF

The largest difference was measured between®rgrdiup (20-25°C) and thé®3yroup (10-15°C),
and the difference was 5,820% methane contensa mbticed large differences between tie 5
group (20-25°C) and the values of tH8 5-10°C) and the % groups (15-20°C), the difference was
5,759% and 5,709% in methane content, respectiebm Table 12 you can see that the smallest
difference in methane content, 0,051%, is betwbenvilues of the"tand 2° groups. There are
significant differences between th& roup (20-25°C) and the3group (10-15°C) (sig=0,024)
shows P<5% significant rate. There are also sicanifi differences between th& §roup (20-25
°C) and the ¥ group (5-10°C) (sig=0,010) P<5%. Furthermore digat differences can be found
between groups 5 (20-25°C) and 4 (15-20°C) (sig3D,®<5%.

For all gas wells | carried out a linear regresses@mination taking into consideration both
methane content and average temperature ratesréidia®). The relationship between the
characteristic methane content of the gas well #red average temperature intervals can be
calculated by the following equation: y=0,1948x+447, R=0,0106. The coefficient of correlation
is r=0,1029 and from the processed data we canlwdmcthat the external temperature fluctuation
influences only the upper few meters of the lahgfl it does not influence the inside temperature
of the waste dump and the methane content of tiffilegas. On the other hand temperature is an
important abiotic environmental factor for the wittes of micro-organisms and plays an important
role in the recovery of landfill gas.

CHa I gg 0

-
Li

D
D

o *y=0,1948x + 47,177

R? = 0,0106
| . .
*

-5 0 5 10 15 20 25 30 35
average temperaure interval [C]

Diagram 8. Changes of methane content in all gdis wweconnection with changes in average
temperature
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3. Results

The impact of the average temperature intervals othe methane content of gas wells

During the next part of my examination | looked fefationships between the methane content of
each gas well and the average temperature interkals this reason | connected the methane
content values of the 11 gas wells and the adhererage temperature interval groups. The results
can be seen in Table 13.

After evaluating the data | concluded that the ¢gesnof the average temperature intervals do not
influence the methane content of the gas wellsr&fa@e no significant differences in methane
content between groups 1-4. Between groups 5-6 denuencies can be seen but it does not
change the annual landfill gas yield. On the otieard average temperature intervals influence the
methane content of the landfill gas and the charestic biological surrounding of some gas wells
and the location of them in the refuse dump migitehsome influence on it as well. The least
favorable methane content value was measured ift*tigeoup of the T gas well where a 28,83%
methane content was measured. The highest metbatent, 63,43%, was found in th& group of

the 8" gas well which proves that despite unfavorableraye temperature if there is good
biological surroundings and location we can meakigieer methane content.

Table 13. Methane content at each gas well withnektp the temperature groups

1. [ 2. [ 3| 4 | 5 | 6 | 7.] 8 | 9 |10 |11
gas| gas| gas| gas| gas | gas | gas | gas | gas | gas | gas
well | well | well | well [ well | well | well | well | well | well | well
9roup 1 cn, | cH, | cH, | CH | CH, | CH, | CH. | CHL | CH, | CH, | CH,
[%] [ [%] | [%] | [%] | [%] | [%] | [%] | [%] [ [%] | [%] | [%]
.group |28,83| 31,96] 30,80| 51,40| 47,41 63,43[ 52,83| 59,03] 60,10| 60,01] 48,26
.group |46,35| 25,75| 40,15| 49,06| 50,95 62,35 52,85( 58,27| 52,22| 56,67| 38,06
.group |46,01] 29,44] 44,10| 50,41| 49,51 59,53( 48,03| 60,86/ 52,51] 53,06] 38,56
.group |53,94| 34,46| 48,11] 51,08| 53,79[ 58,10 53,39 59,56| 31,69| 47,13 42,01
.group | 54,27| 38,56| 53,00| 62,40| 56,16( 61,51{ 53,90[ 60,17| 41,98| 55,27 58,84
.group |60,80| 56,15| 44,85| 60,85| 51,20[ 61,70[ 57,20 48,50| 20,30| 44,75| 57,75
Total | 47,10 32,53 43,45/ 53,03|51,67| 61,12| 52,50| 58,99 46,63 54,15 45,16

Temperature

OO |WIN|F-

Analysis of variance proved significant results westn the group pairs, and the level of
significance is P<5% for the examined parametensing homogeneity tests | determined the
heterogeneity or homogeneity of the samples bygutsia Levenne test. On the basis of the results |
used the Tamhane or LSD test. The results canuelfm Table 14 which are the following® gas
well (sig=0,002), ¥ gas well (sig=0,196),3gas well (sig=0,195),"igas well (sig=0,000),"5gas
well (sig=0,006), 8 gas well (sig=0,103),"7gas well (sig=0,218),"8gas well (sig=0,004),"gas
well (sig=0,015), 18 gas well (sig=0,015), igas well (sig=0,000).

At the T gas well analysis of variance proved significaggults between the group pairs as the
level of significance is P<5% for the examined pagters. There are significant differences
between group pairs 5.-1. and group pairs 4.-119%<and the significant difference between
groups 2.-1. is P<5%. At thé“gas well analysis of variance proved significasiults between the
group pairs 6.-2. Significant difference is P<1%.tlAe 3 gas well, as the level of significance is
P<5%, analysis of variance proved significant ressulhich are the following: between the group
pairs 5.-1., 5.-2., 4.-1., 3.-1. P<1%, between grpairs 5.-3., 6.-1., 4.-2., 2.-1. P<5% is the
significant difference. | also examined the groirpsase of the 5" 6" 7" and & gas wells and
concluded that there were no significant differenisetween the group pairs.

At the 9" gas well the analysis of variance proved signiftaasults, which are the following: in the
cases of group pairs 6.-1., 2.-3., and 4.-1., 2th& significant difference is P<1%, in the caée o
group pair 5.-1. significant difference is P<5%.
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3. Results

At the 10" gas well the analysis of variance proved signifia@sults, which are the following: in
the cases of group pairs 6.-1., 4.-1. and 4.-difstgnt difference is P<5%. At the $gas well |
found significant differences in the cases of grpaps 5.-2. and 6.-2., P<5%, by using the SPSS
for Windows 11.0 program.

Table 14. The results of the statistical processingach gas well

Significant Significant Methane content
Results of differences differences differences
homogenity between group| between group CH,[%]
examination airs airs
in *PES% level [in **le% level "P<5% P<1%
1. gas well| heterogeneous (Tamharje) ~ 2.-1. 5-1. [ 4.-1. 17,51% 25,43985,10%
2. gas well| homogeneous (LSD) - 6.-2. - 30,39%
3. gas well| homogeneous (LSD) 5.-3. | 4-2.| 5.-1. 4.-1. | 8,90% | 7,95% | 22,20%| 17,31%
' 6.-1. | 2.-1 5.-2. 3.-1. [14,50% 9,35% | 12,84%] 13,30%
4. gas well| heterogeneous (Tamhare) ns ns - -
5. gas well | heterogeneous (Tamharne) ns ns - -
6. gas well| homogeneous (LSD) ns ns - -
7. gas well| homogeneous (LSD)) ns ns - -
8. gas well | heterogeneous (Tamhare) eh eh - -
5.-1. 6.-1 4.-1 18,12% 39,80%] 28,41%
9. gas well[ homogeneous (LSD) - 6.-2. 4.-2 - 31,92%| 20,53%
- 6.-3 4.-3. - 32,21%{ 20,82%
10. gas wel| homogeneous (LSD) 3; 6'_'1' ) 225%1%;? 15’_26%
11. gas wel| heterogeneous (Tamhane)6.-2. 6.-2. - 20,78%19,68% -

ns = not significant, * = P<5%, ** = P< 1%, eh=kaof data

In case of the 11 gas wells | carried out a linegressive examination taking both the methane
content of landfill gas and the average temperatates into account. The results can be seen in
Table 15. From the results of the coefficient ofrelation we can clearly see that the relationships
between the methane content of landfill gas andcttenges of the average temperature intervals
show a positive correlation in the cases of gadswkl6 and 11. Its value is r=0,18-0,57 so the
closeness of the relationships shows loose andlenxrelation. Although in the cases of tH 7
8" 9" and 18' gas wells we can state that the increase of teeage temperature reduces the
methane content of landfill gas so there is negatiorrelation, and its value is between r=0,04-
0,52. We can conclude that the results at the gadls o not affect the methane content of the
recovered landfill gas.

Table 15. Coefficient of correlations changes by walls with regard to methane content and
average temperature intervals

Linear equation R? r
1.gaswell | y=0,8902x + 35,725 0,2408 0,4907
2.gaswell | y=0,7714x + 22,672 0,1048 0,3229
3.gaswell | y=0,7512x +33,844| 0,3319 0,5761
4. gaswell | y=0,489x +46,783 0,1006 0,3174
5.gaswell | y=0,3479x 47,223 0,0745, 0,2729
6. gaswell | y=0,1243x + 62,706/ 0,0339, 0,1841
7.gas well | y=-0,0856x +51,411] 0,005% 0,0741
8. gas well | y=-0,0329x + 59,412 0,0018 0,0424
9. gas well y =-1,29x + 63,12 0,3319 0,571
10. gas well| y =-0,404x + 59,318 0,098 0,3130
11. gas well| y =0,6585x + 36,738 0,0949 0,3080
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3. Results

The quantity changes of landfill gas with regard tahe average temperature intervals

During my examinations | observed the quality aodrgity changes of landfill gas produced at the
refuse dump during the changes of average temperattervals. In Table 16 | presented the
average of the landfill gas methane content, preduic each month of the examination period, and
the monthly and hourly distribution of the recowktendfill gas with regard to average temperature
parameters. From the figures you can see that #rerbig differences. In the examination period in
2007 the average methane content of landfill gas w8,67% which meets the minimum
requirements for operating the gas engine, thd @tount of landfill gas was 269,993min
contrast with literature data, the expected 20-80% landfill gas recovery, depending on the
composition of the unloaded waste, we can only tonn2-3 ni/t landfill gas recovery due to the
environmental changes and the characteristic ocgaatter content of the region. The effectiveness
of the gas recovery system was checked monthltheowhole examination periods. The results are
the following: total number of working hours is 383 and if we connect it with the total amount
of recovered landfill gas we get 69,3%/mlandfill gas. The quantity and methane contéringes

of landfill gas during the examination period candeen in Diagram 9.

In January, because of the low average temperafdi@gam 11) the amount of recovered landfill
gas was 18150,41 ¥month as the biological processes in the landfiiv down, and the average
methane content is 53,91%. The average temperatufebruary was 5,83°C and due to the
favorable amount of precipitation the landfill gasovery was 24764,41%month with 53,60%
methane content. In March and April the amountofifill gas recovery was more or less the same
(20416,65-21562,23 #month) which might be because of the favourablesirenmental
conditions. Average temperatures change betwedh1B341°C and the methane content of landfill
gas changes between 47,05-49,12%. The landfillrgesvery system’s top utilization factor is
325,75-332,25h, and the gas recovery per unit n6e,67-66,91 rih.

May and June are the best operating time as thagedéemperature is between 18,35-22,17°C and
facilitate landfill gas production which means 28%5-27859,25 fifmonth landfill gas recovery.
Due to utilization factors and favourable enviromtaé conditions the amount of the recovered
landfill gas can reach 76,63-77,76/m

Table 16. Quantity and quality of landfill gas reeced at the refuse dump in 2007

Landfill gas | Landfill gas | Peak Precipitation Average | Landfill gas

Month CH,4 quantity | hours temperature| quantity
%] | [m%month] | [n) | [Mmm/month] |y [m¥h]

January 53,91 18150,41 292/50 26,5 5,65 62,05
February 53,60 24764,41 335,25 35,20 5,83 73,75
March 47,05 20416,65| 325,J5 48,80 9,46 62,67
April 49,12 21562,23| 332,25 10,30 13,41 66,91
May 54,92 27859,25( 358,25 98,30 18,35 77,76
June 53,65 25998,3§ 339,p5 111,00 22,17 76,63
July 49,24 22771,35| 396,81 32,80 23,58 57,38
August 51,19 23175,18] 290,p4 52,50 23,09 79,76
Septembel 46,30 16407,71| 233,84 68,80 15,14 70,16
October 46,98 22846,5 326,82 51,60 11,38 69,90
November 46,89 22998,25| 353,62 66,90 511 65,04
December 48,14 22966,35| 328,95 23,50 0,82 69,81
Total 49,67 269916,71 3913,8 52,2 69,32

Calorific value of landfill gad7 MJ/Nni=4,675 kWh/Nm=13,06 MJ/kg

21



3. Results
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Diagram 9. Change of quantity and methane contelandfill gas during examination period

In July and August landfill gas production decreas22771,35-23175,18 ¥month, due to higher
average temperatures (22,17-23,58°C) and the loauatmof precipitation. Methane content was
between 49,24% and 51,19% which is better in summanths as the organic matter content is
higher at this time of the year comparing to otmemths. The highest landfill gas production was
found in August, it was 79,76 ¥h and 51,19% methane content. The lowest averagbame
content was measured in September, 46,30%, the ranobuecovered landfill gas was 16407,71
m’/month. Average temperature was around 15,14°C twhicquite encouraging but due to the
failure of the gas recovery system the utilizatiactor became the lowest, 233,84h, which resulted
in recovering only 70,16 fh. Average temperature decreased to 11,38-5,22L9G8in October,
November and December. With the gas recovery systerking steadily | measured relatively
stable methane content, 46,89-48,14%, and | alssuned the necessary amount of landfill gas for
the operation of the gas engines, 22846,56-22998&°gfonth.

By combining the quantity of landfill gas and awgraemperature intervals | carried out a linear
regression examination. The results can be seebiagram 10. The relationship between the
guantitative changes of landfill gas and the averaggnperature intervals can be calculated by the
following equation: y=129,91x+21407, *#0,1628. Coefficient of correlation is r=0,42, the
closeness of the relationships is moderate.
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Diagram 10. Relationships between the quantityodlfill gas and changes in the average
temperature
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3. Results

3.3.2.The quality parameter changes of landfill gas proetliat the refuse dump regarding relative
air humidity

During my tests in the cases of all gas wells kexbfor relationships between the relative humidity
values provided by the meteorological station dredrhethane content of the landfill gas recovered
from the refuse dump. During the evaluation of dateonsidered it important to analyse the

temperature, dew point and relative air humiditiuea. The values can be seen in Diagram 11.
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Diagram 11. Average temperatures and relativelairitlity values at measuring times

The results of the examination of the changes Etive air humidity and methane content of
landfill gas can be found in Table 17 where it d@nseen that minimum and maximum values
change between 1-68% CHA4. The least favourableesakere measured at th® group (49,37%)
and the most favourable was found at tfegBoup (51,59%). In case of appropriate controlling
average methane content was 49,67% which fulfésctinditions of energy recovery regarding the
total number of gas wells. From the numbers in Biag 12 you can see that the in all cases,
changes of relative air humidity values do notuafice the methane content of landfill gas.

The coefficient of variation in the case df 8roup was CV%=23,59% as standard deviation was
$=12,172% and the minimum and maximum values ohamst content were between 13-66%. This
can be caused by the most favorable methane covéduinds in group 3 since the minimum and
maximum values of group 5 are favorable but thesiase of standard deviation and the decrease of
average methane content modifies the value of icosft of variation to CV%=28,64%. In the
cases of $and 4" groups | measured 1% methane content in the exdimmnperiod and because of
that in the whole test range the value of the caefit of variation is volatile, CV%=28,82%, and
standard deviation is s=14,319%.

Table 17. Results of the relationship between ikeddtumidity and methane content

Coefficient

95% Confidencg

.. | Relative CH, o Std. | - .
Humidity s n of variation ... | inteval for mear) Minimum [ Maximum

humidity mean o deviation o o

group (%] [pcs] (%] CV% (9] Lower | Upper| [%] [%]
[%0] bound | bound

1. group [ 50-60%| 66| 50,18 26,92 13,512 46,84 53,4p 1 65
2.group | 61-70%| 55| 49,3y 29,72 14,677| 45,4 53,3B 6 66
3.group | 71-80%| 110| 51,5p 23,59 12,172 49,29 53,8P 13 66
4. group | 81-90% (| 176| 47,85 32,47 15,541 45,54 50,1p 1 68
5.group| >90% [ 110( 50,52 28,64 14,469 47,79 53,2b 17 68
Total | 517| 49,67 28,82 14,319 48,43 50,9 1 68
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Diagram 12. Relationship between relative humiditgd methane content

Analysis of variance proved significant resultswen the group pairs, the level of significance is
P<5% for the examined parameters. On the basisrabheneity test the sample is homogeneous, |
used the LSD test. | also carried out analysis betwthe groups, the results can be seen in Table
18. During the statistical process of the data betwthe # and & groups | found 3,735%
difference in methane content and P<5% significkfifierence.

Table 18. Results of the methane content differamcethe group pairs

Humidity Relgtiv 1. 2. 3. 4. 5.
group humidity group group group group group
[%0] 50-60% | 61-70% | 71-80% 81-90% >90%

1. group 50-60% - ns ns ns ns
2. group 61-70% 0,768 - ns ns ns
3. group 71-80% 1,452 2,219 - * ns
4. group 81-90% 2,284 1,516 3,735 - ns
5. group >90% 0,388 1,155 1,064 2,671 -

ns = not significants, * = P<5%, ** = P< 1%

For all of the gas wells | carried out a linearresgive examination taking both methane content
changes and relative air humidity values into ant@Diagram 13). The relationship between the
methane content and the relative air humidity canchalculated by the following equation:
y=0,023x+51,478, andR0,0004. Coefficient of correlation is r=0,002 se van conclude that the
change of relative air humidity does not influetite methane content of landfill gas.

CH, [%]

80,00 -

y =-0,023x + 51,478
R? = 0,0004

0,00
40,00

60,00 70,00 80,00 90,00 100,00

relative humidity [%]

50,00

Diagram 13. Change of the methane content withrdetgarelative air humidity
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3. Results

The effect of relative air humidity on the methanecontent by gas wells

| looked for relationships between the characteristethane content of gas wells and relative air
humidity. Because of that | combined the 11 gadsaekthane content values and their belonging
relative air humidity values. Results can be found@able 19. The average methane content values
were between 32,53%-61,12%. 32.53%, the lowesevaks found in the case of th¥ as well.

In the cases of the other gas wells average mettamtent values are satisfactory with regards of

energy recovery.

Table 19. Relative methane content values of gdls wéh regard to relative humidity groups
1. | 2 3. | 4 5. 6. 7. | 8 | 9. | 10. | 11.
gas | gas | gas | gas | gas | gas | gas | gas | gas | gas | gas
well | well | well | well | well | well | well | well | well | well | well
CH, | CHy | CHy | CHy | CHy | CHy | CHy | CHy | CHy | CHy | CHy
[%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%6] | [%] | [%]
1.group| 6 |49,5236,83|44,32|57,97|54,07| 60,77| 53,15| 58,13| 27,08 52,48| 57,17
2.group| 5 |54,66]39,16|49,56|49,84|51,62|60,16| 56,58 55,1 | 35,98 46,62| 43,76
3. group| 10 | 52,89 33,25| 50,78| 58,22| 55,07| 60,89| 51,32| 60,59| 40,06| 52,52| 51,86
4.group | 16 | 43,34 22,01/ 41,54| 47,6 | 48,17 60,23| 51,97| 58,96| 55,62| 55,47| 41,46
5.group | 10 | 42,12 42,75| 35,58 55,19| 52,46| 63,45| 52,12| 59,9 | 55,87 58,45| 37,86
Total | 47| 47,1| 32,5843,45|53,03|51,67| 61,12 52,5 | 58,99 46,63| 54,15| 45,16

Humidity | n
group |[db]

Analysis of variance proved significant resultswen the group pairs, in the level of significance
is P<5% for the examined parameters. | carriedtioeitLevenne homogeneity test and the results
can be found in Table 20. At th& gas well analysis of variance did not prove sigaift results. In
the case of the"2gas well in one case, between groups 5.-4., P416tind significant difference.

In case of the "8 gas well | carried out the statistical analysisween the group pairs and the
results are the following: analysis of variancevgbo significant difference between group pairs 5.-
3., P<1%, between group pairs 5.-2. And 4.-3. 6 R&5%. At the % gas well between 4.-3. group
pair significant difference is P<5%. At th&" 56", 7" and 8th gas wells analysis of variance
between group pairs proved significant results rily mne case. At the™ gas well analysis of
variance proved significant results, which areftilwing: in the cases of group pairs 5.-2. and 5.
3. the significant difference is P<5%, in the cakgroup pairs 5.-1., 4.-1.,2,3 significant diffece

is P<1%. In the cases of the™and 11" gas wells by analysis of variance | found P<5%igicant
difference between group pairs 5.-2.

Table 20. Results of the statistical data procegssfreach gas well

Significant Significant Methane content
Results of differences differences differences
homogenity between group| between group CH4[%]
examination airs airs
in *PBS% level | in **Plil% level P<5% P<1%
1. gas well| heterogeneous (Tamharje) ns ns - -
2. gas well[ homogeneous (LSD) - 5.-4. - 20,73%
3. gas well| homogeneous (LSD) - 5-2] 5.-3. 13,9B%6,20%)
4. gas well | heterogén (Tamhane) 4.-3. - 10,62% -
5. gas well| homogeneous (LSD) ns ns - -
6. gas well[ homogeneous (LSD) ns ns - -
7. gas well[ homogeneous (LSD) ns ns - -
8. gas well| homogeneous (LSD) ns ns - -
9. gas well| homogeneous (LSD) 5.-2. 5.-1 4.-2. 119,89%| 28,78%| 19,63%
' 5.-3. 4.-1 4.-3. | 15,81%| 28,53%] 15,59%
10. gas wel| homogeneous (LSD) 5.-2. - 11,83% -
11. gas well| heterogeneous (Tamhane)  5.-2. - 10,259 -

ns = not significant, * = P<5%, ** = P< 1%
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3. Results

3.3.3.Changes of methane contentof landfill gas with réga barometric pressure

During my examination | tried to find relationshipstween the average daily barometric pressure
values provided by the meteorological station dme methane content values of the landfill gas
recovered from the refuse dump. The results arsepted in Table 21. Minimum and maximum
values range between 1-68% methane content. Tihestignethane content values were measured
in the ' group between 1000-1010hpa (52,68%). In tPfegPoup | measured 50,45% methane
content between 1010-1020hpa. The lowest valud748 methane content was measured in fhe 3
group, above 1020hpa. Coefficient of variation WA&%=23,74% in the case of thé& group as
standard deviation was s=12,509% and minimum angirman values ranged between 6-66%
methane content values. In tH& §roup | measured 1% methane content in the exaimnperiod

and because of that coefficient of variation isatité, CV%=31,72%. On the basis of the graphic
representation of data (diagram 14) we can conctbde changes of barometric pressure do not
influence the methane content of landfill gas sitieeinsulation function of the external soil layer
causes an environmental delay on the material uhdesurface.

Table 21. Results of the relationship between batdmpressure and methane content

. . Coefficient 95% Confidence
Barometric] Barometric CH, f - Std. . |f _ .
pressure | pressure n mean of variation deviation interval for mean Minimum | Maximum
group | [hpa] PO pop | 0| ey | LOwer | Uppert DO [
[%] bound | bound
1. group | 1000-1010 33 | 52,68 23,74 12,504 48,24 57,11 6 66
2. group | 1010-102Q| 242 | 50,45 26,47 13,354 48,76 52,14 6 68
3. group >1020 242 48,47 31,72 15,378 46,53 5042 1 64
Total 517| 49,67 28,82 14,319 48,43 50,00 1 68
CH, [% el \VErAge == == MiNiMuM == == maximum
80 1 66 68 68
70
60
50,45 48,47
50 52,68 e i i
40
30
20
10 <>6 6 1
0 >
1000-1010 1010-1020 >1020

barometric pressure groups [hpa]

Diagram 14. Results of the relationship betweeotatric pressure and methane content
During homogeneity test the samples showed a lgtasous result so during the statistical process
| used the Tamhane test. Analysis of variance batvggoup pairs did not prove significant results
(Table 22). I did not find significant differencater modifying barometric pressure groups.

Table 22. Methane content differences and restiljsoup pairs

Barometric | Barometric 1. 2. 3.
pressure pressure group group group
group [hpa] 1000-1010| 1010-1020| >1020
1. group 1000-1010 - ns ns
2. group 1010-1020 2,227 - ns
3. group >1020 4,201 1,974 -

ns = not significant, * = P<5%, ** = P< 1%
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3. Results

For all of the gas wells | carried out a linearresgive examination taking both methane content
values and average barometric pressure values@atmunt (Diagram 15). The relationship between
the methane content changes of a particular gdsawelthe barometric pressure can be calculated
by the following equation: y=-0,223x+277,22°=R,0126. The coefficient of correlation is r=0,11
so we can conclude that the changes of baromet&spre do not influence directly the changes of
guantity parameters of the produced landfill gas.tie other hand from the graphic representation
you can see the trend that the increase of baranpe&ssure might decrease the methane content of
landfill gas as by the increase of barometric presshe oxygen content of landfill gas increases
and the methane content decreases because of th#using into the landfill.
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Diagram 15. Changes of methane content of langHi#l with regard to barometric pressure
The effect of average barometric pressure changes onethane content by each gas well

During my examination | was looking for relationgsibetween the characteristic methane content
values of each gas well and the average baromptassure values during test period. So |
combined all the 11 gas wells’ methane contentesland their barometric pressure groups. The
results can be found in Table 23. The least faderahlue in the ¥ group was found in the"?
group, 24,27% methane content and the most favratlie was found at thd' §as well, 63,03%
methane content. In thé®2group the number of barometric pressure samples28aitems it is
adequate for drawing a conclusion. In this group ftbctuation of methane content was between
38,34-60,66%. The highest value was at tAg&s well, the lowest was at th& gas well. In the 3
group the number of the samples was 22, the highetane content, 61,41%, was measured at the

6" gas well the lowest, 25,73% was at thedhe.

Table 23. Methane content values of each gas wtdlnegard to barometric pressure
1. 2. 3. | 4. 5. 6. 7. 8. 9. | 10. | 11.
Barometric n gas| gas | gas | gas | gas | gas | gas | gas | gas | gas | gas

pressure well | well | well | well | well | well | well | well | well | well | well

group [pCS] CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4
[%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
1.group | 3 |56,4024,27|54,73|54,77|63,03( 62,30 56,73 53,83| 53,37| 52,03| 47,97
2.group | 22 |51,5740,46|46,47|53,01| 53,28| 60,66| 52,60| 58,29| 38,34| 52,34| 47,91
3.group | 22 | 41,37 25,73/ 38,89 52,82| 48,51| 61,41| 51,83( 60,40| 54,00| 56,25| 42,02

Total 47 | 47,1032,53| 43,45/ 53,03 51,67| 61,12| 52,50| 58,99| 46,63| 54,15/ 45,16

| carried out a homogeneity examination by the Ibevetest and | determined whether the gas
wells are homogeneous or heterogeneous (TableFa4)all of the gas wells | used the LSD test
except for the 8 gas well as its sample was heterogeneous so Itheethmhane test.
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3. Results

Table 24. Results of the statistical processesci gas wells

Significant Significant Methane content
Results of differences differences differences
homogenity between group| between group CH4[%
examination airs airs
in *PES% level | in **Pgl% level "P<5% TP<1%
1. gas well [ homogeneous (LSD) 3.-2. - 10,19% -
2. gas well | homogeneous (LSD) 3.-2 - 14,73% -
3. gas well | homogeneous (LSD) 3.-2. 3.-1. 7,58% 15,84%
4. gas well | homogeneous (LSD)) ns ns - -
5. gas well | homogeneous (LSD) 3.-1. - 14,52% -
6. gas well | homogeneous (LSD) ns ns - -
7. gas well | homogeneous (LSD) ns ns - -
8. gas well | homogeneous (LSD) ns ns - -
9. gas well | heterogeneous (Tamhare)3.-1 | 2.-1. - 15,65%15,029% -
10. gas wel| homogeneous (LSD) ns ns - -
11. gas wel| homogeneous (LSD)) ns S - -

ns = not significant, * = P<5%, ** = P< 1%

During the statistical process | found relationshigegtween the barometric pressure groups that
characterize each gas well. The results can beise€able 24. At the 3, 2" and ¥ gas wells |
found significant difference, P<5%, between groarp3.-2. Between 3.-1. groups at thedhd

9™ gas well P<5% and between 3.-1. significant déffee of group pairs is P<1%. At 46", 7",

g" 10" and 11" gas wells analysis of variance between group pditlsnot show significant
difference. Due to these facts we can conclude a@hahese gas wells there is no connection
between barometric pressure and methane contéime ¢dindfill gas.

In case of all the 11 gas wells | carried out @dinregressive examination taking both methane
content changes and average barometric presswresviaito account and the results can be seen in
Table 25. The relationship between the methaneeabrhanges of a particular gas well and the
barometric pressure can be calculated by the fatigwwquation.

From the processed data we can notice that banarpe#issure only shows moderate relationship in
the cases of the’13% and 8" gas wells and their values are the followin§gas well r=0,4, 8 gas
well r=0,49, &' gas well r=0,44. The results of the linear regmsgxamination at the gas wells
show negative correlation. The increase of the rbatdc pressure results in the decrease of
methane content values. From the results of nude8,9,10 and 11 gas wells we can say that the
closeness of relationships shows a loose correlditi between barometric pressure and methane
content but it does not influence the methane cdrklandfill gas.

Table 25. Coefficient of correlation changes by gadls with regard to methane content and
barometric pressure

Linear equation R? r
1. gas well y =-0,7708x + 833,47 0,1637 0,404p
2. gas well y =-0,5037x + 546,44 0,0403 0,200/
3. gas well y =-0,6815x + 738,75 0,2477 0,497p
4. gas well y =-0,1881x + 244,93 0,0135 0,116/L
5. gas well y =-0,5939x + 657,59 0,197 0,443B
6. gas well y =-0,003x + 64,164 2E-05 0,000L
7. gas well y =-0,0848x + 139,02 0,0049 0,0701L
8. gas well y =0,2166x - 161,96 0,0688 0,262p
9. gas well y = 0,3701x - 330,93 0,0249 0,157\
10. gas well y =0,1483x - 97,161 0,012 0,109p
11. gas well y =-0,3626x + 415,09 0,0261 0,161p
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3. Results

3.3.4.Changes of methane content of landfill gas withardgo different wind speed interval

During my examination | tried to find relationshipstween the different wind speed intervals and
the methane content values of the landfill gas vemd from the refuse dump. During the
construction of a landfill site the heights of tle¢aining walls can be as high as 15-30 meters. At
this height we can assume that the wind conditioight have the effect that despite extraction
methane can dissipate from the top layers of thepdurhis mostly happens during the loading of
the dump when the height of the 3m wide and 2m hagiparts on the outside edge of the retaining
walls gets higher than the height of the wastdérefuse dump. As a result the methane content of
the recovered landfill gas can significantly deseeand have higher oxygen content.

The results are in Table 26 where methane conteamged between 1-68%. The most favorable
value, 51,78% methane content was measured in"thgr@up in 0,6m/s>y<1m/s interval, with
n=99 sample size. The least favorable value, 47,3086 found in the®igroup — contrary to what

| assumed — in thesx<0,6 wind speed interval and in th8 group, 49,53% in thes¥2,4m/s wind
speed interval. From the results it can be seenithgroups 3,4,5 and 6 changes of wind speed
shows small difference in methane content sonersessary to examine the connection between the
volume of gas recovery and prevailing wind speeatiation of coefficient is CV%=22,81% in the
wind speed interval of the"2group (0,6>y<1). | measured the most favorable methane content
value in this case and the minimum and maximumesiuere between 14-66% methane content.

Table 26. Results of the relationships between wpekd intervals and methane content

_ Wind speed CH, Coefficignt Std. .95% Confidence . _
wind speed| . n of variation o interval for mean| Minimum | Maximum

interval mean o deviation o o

group [m/s] [pcs] [%] CV% [%] Lower| Upper [%] [%0]
[%0] bound| bound

1. group Vs, < 0,6 881 47,30 31,22 14,771 44,17 50,43 7 66
2.group | 0,6 >y,<1 | 99| 51,81 2281 11,832 49,51 54,23 14 66
3.group | 1>,<13| 99| 49,81 30,45 15,169| 46,79 52,84 1 66
4. group [1,3>\,<1,8 99 | 48,65 30,58 14,880 45,68 51,62 1 66
5.group |1,8>\y,<24| 66 50,95 29,26 14,908| 47,29 54,62 5 68
6. group Ve, >2.,4 66 | 49,53 28,79 14,260| 46,03 53,04 6 66
Total 517| 49,67 28,82 14,319| 48,43 50,90 1 68

During the homogeneity tests of the group pairsstmaples showed homogeneous results so at the
statistical process | used the LSD test, resulisbeaseen in Table 27. | found the largest diffeeen
between 2.-1. Group pairs with 4,57% methane cont®atween group pairs the analysis of
variance showed significant difference only betwgesup pairs 2.-1. P<5% .

Table 27. Results of wind speed group pairs andhamet content differences

: Wind speed| 1. 2. 3. 4. 5. 6.
Wind speed .
roup interva group | group group group group group
9 M/s] | ve=0,6/0,65w=1 | 15v<1,3| 1,3>w,<1,8| 1,85w<2,4| ve>2,4
1. group Vs, <0,6 - * ns ns ns ns
2.group [ 0,6>w,<1 | 4,571 - ns ns ns ns
3.group | 1>w,<13 ]| 2,512 2,059 ns ns ns

4.group |1,3>\,<1,8] 1,351 3,219 1,161 - ns ns
5.group [1,8>vy,<2/4| 3,650 0,920 1,138 2,299 - ns
6. group Vg, >2,4 2,232 2,338 0,279 0,881 1,418 -

ns = not significant, * = P<5%, ** = P< 1%
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3. Results

For all the gas wells | carried out a linear reghgs examination taking both methane content
changes and wind speed intervals into account (Bad.6). The relationship between the methane
content changes of a particular gas well and thedvepeed intervals can be calculated by the
following equation: y=-5,28369x+56,452%#0,1699. The coefficient of correlation is r=0,48the
closeness of relationships shows moderate comwalagtween the change of the methane content in
all gas wells and the changes of wind speed inteatathe refuse dump. On the basis of the linear
regressive examination we can conclude that thegdsof wind speed interval might decrease the
methane content of the landfill gas.

CH, [
75,00

y =-5,2869x + 56,452
R*=0,1609
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60,00 -
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o
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wind speed interval [m/s]

Diagram 16. Changes of the methane content of ilagds in different wind speed intervals
Changes of methane content values of wind speedentals by each gas well

During my examination | was looking for relationgsibetween the characteristic methane content
values of each gas well and the characteristic véipded intervals at the refuse dump. So |
combined all the 11 gas wells’ methane contentasaknd their belonging wind speed values. The
results can be found in Table 28. From the resuttan be seen that the least favorable value was
found at the B gas well between 1.-6. wind speed interval gri2§63-37,57%, the value of
average methane content was 32,53%. The most taearzethane content value was found at the
6™ gas well between geoups 1.-6. (58,06-63,85%)atleeage methane content was 61,12%.

Table 28. Methane content values of each gas wtilnegard to wind speed groups

1. 2. 3. 4 5. 6. 7. 8. 9. 10. 11.
Wind speed n gas | gas | gas gas gas gas gas gas gas gas gas
interval well | well | well | well | well | well | well | well well | well | well

group [pCS] CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4 CH4
0] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]

1. group 8 39,28 | 34,06 | 37,68 | 55,11 | 49,59 | 58,06 | 49,99 | 60,34 | 46,08 | 48,81 | 41,33
2. group 9 49,00| 37,57 | 48,04 | 57,63 53,06 59,32 55,01 60,61 44{79 54,59 975D,
3. group 9 48,74| 33,39 | 41,90 54,07 48,07 63,10 52,52 57,62 42{01 55,92 605D,
4. group 9 52,94| 23,63 | 45,71 | 48,18 54,54 61,3/ 54,31 55024 44|10 53,78 374[,
5. group 6 38,95| 33,87 | 41,27 | 57,82 53,13 63,86 52,20 61,838 56|38 59,00 624p,
6. group 6 51,63| 33,67 | 45,35| 44,32 52,00 61,80 49,67 60,p5 51|10 53,68 604[L,
Total 47 | 47,10 32,53 | 43,45| 53,03 51,67 61,12 52,50 58,99 46|63 54,15 164p,

During the statistical evaluation | found a relaship between the methane content values which
characterize each gas well and the wind speedvaltgroups. The results can be seen in Table 29.
The homogeneity test was carried out by the Levesieand | used the LSD test in all the cases as
the samples were homogeneous.
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3. Results

| found significant differences, P<5%, between 3gitbup pairs at the®Igas well, between group
pairs 2.-1. at the8gas well, between 6.-2. and 6.-5. group pairbet gas well and between 3.-
1. and 5.-1. group pairs at th8 gas well. At number 2,5,7,8,9,10 and 11 gas wh#sanalysis of
variance did not show significant differences.

Table 29. Results of the statistical processes.oh gas well

Significant Significant Methane content
Results of differences differences differences
homogenity between group| between group CH4[%
examination airs airs
in *PSS% level [in **le% level "P<5% TP<1%

1. gas well | homogeneous (LSD 3.-1. - 13,66% -
2. gas well | homogeneous (LSD ns ns - -
3. gas well | homogeneous (LSD 2.-1. - 10,36% -
4. gas well | homogeneous (LSD)) 6.-2. | 6.-5. - 13,31%13,49%
5. gas well | homogeneous (LSD ns ns - -
6. gas well |homogeneous (LSD}  3.-1] 5.-1. - 509% 5,78% -
7. gas well | homogeneous (LSD ns ns - -
8. gas well | homogeneous (LSD ns ns - -
9. gas well | homogeneous (LSD)) ns ns - -
10. gas wel| homogeneous (LSD ns ns - -
11. gas wel| homogeneous (LSD})) ns ns - -

ns = not significant, * = P<5%, ** = P< 1%

For all the gas wells | carried out a linear regnes examination taking both methane content
values and wind speed values belonging to wind dspetervals into account. The relationship
between the methane content changes of a partigatawell and the wind speed intervals can be
calculated by the following equation (Table 30)orArthe processed data we can see that the effect
of the wind speed interval changes on methane obimtethe cases of gas wells 4,5,7 and 10
correlation coefficient changed between r=0,57-0{66 closeness of relationship shows moderate
correlation. In the cases of gas wells 1,2,3,9 Ahdhere are loose correlation relationships and
correlation coefficient is between r=0,12-0,33.the cases of gas wells 6 and 8 there is tight
correlation and correlation coefficient is r= 0,046. On the whole we can say that the changes of
wind speed intervals in a particular area influenitee methane content of the produced landfill gas
since the airflow on the side of the landfill casis@cuum on the top of the dump and pulls the
valuable methane out of the waste dump so methamtertt can decrease.

Table 30. Coefficient of correlation changes by ga#is with regard to methane content and wind
speed intervals

Linear equation R? r
1. gas well | y=-1,5841x + 48,555 0,0152 0,1232
2. gas well | y=-5,3454x + 43,677 0,0643 0,2535
3. gas well | y=-3,3061x + 50,314 0,1117 0,3342
4. gas well | y=-7,9509x + 63,502 0,4232 0,6505
5.gas well | y=-4,642x + 57,368 0,3338 0,5777
6. gas well | y=-6,1143x + 64,857 0,5621 0,7497
7.gas well | y=-5,7277x + 60,316 0,4445 0,6667
8. gas well | y =-6,8312x + 64,912 0,5902 0,7682
9. gas well | y =-5,3243x + 53,621 0,0956 0,3091
10. gas well| y =-5,6265x + 60,562 0,3346 0,5784
11. gas well| y =-5,7035x + 53,283 0,0995 0,3154
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3. Results

3.3.5. The quality parameter changes of landfill gas proetll at the refuse dump regarding
precipitation intensity

During my examination | tried to find relationshifpetween the daily precipitation intensity
provided by the meteorological station and the meg¢hcontent values of the landfill gas recovered
from the refuse dump (Table 31). As there can paifstant differences whether landfill gas is
produced in wet or dry waste and there can be rdiffees in methane content as well so the
examination of this field is very important. MinimTuand maximum values ranged between 1-68%
methane content. The most favourable value was unedisat the 8 and 4" groups, with 1-5
mm/day precipitation methane content was 54,65490,148,91% methane content was found in
the ' group, with the most elements in it, with 0 mm/ghagcipitation. The least favourable value,
48,44% methane content was found in theyfoup with over 5Smm/day precipitation.

The coefficient of variation was CV%=22,33%, stawddeviation was s=12,207, the number of
elements was n=55 elements in ti&@Boup 3-5 mm/day quantity range. | measured tig@est
methane content values (G+54,65%), and minimum and maximum values were betwle’-66%.

Table 31. Results of the ralationships betweenipitation intensity and methane content

o o CH, Coefficignt Std .95% Confidence . _
Precipitatior] Precipitatiol n mean of variation deviat'ion interval for mean| Minimum | Maximum
group [mm/day] |[pcs] (%] CV% (%] Lower | Upper [%0] [%]

[%0] bound | bound
1. group 0 286 | 48,91 29,91 14,633 47,21 50,61 1 68
2. group 01-1 77| 49,78 27,43 13,65) 46,68 52)88 17 64
3. group 1-3 55 | 54,65 22,33 12,207 51,34 57,95 20 67
4. group 3-5 33 | 50,14 30,21 15,152 44,71 5551 1 64
5. group >5 66 | 48,44 29,83 14,450 44,84 51,p9 6 68
Total 517 49,67 28,79 14,319 48,43 50,90 1 68

In the cases of 3and 4" groups we can see the connection between pre@pitmtensity and
methane content of landfill gas, the results casd® in Diagram 17. In the cases of tHardd 2¢
groups where precipitation intensity is 0-1 mm/tlay average methane content values significantly
decreased (48,91-49,78%), as the value of the sa&gemoisture content for anaerobic degradation
decreased. On the other hand in thegBoup | observed that if precipitation was at xcezded 5
mm/day then biological conditions got worse andgbeoundings of the gas wells became watery
so their productivity and methane content signifitbadecreased. During the homogeneity tests of
the group pairs the samples showed homogeneoussresiat the statistical process | used the LSD
test.
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Diagram 17. Results of the relationship betweegipi@tion intensity and methane content
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3. Results

After the statistical evaluation the results wdre following: between group pairs 3.-1. and 5.-3. |
found 5,735% and 6,208% methane content differeBmmificant differences were also found in
these groups. Between group pairs 3.-1. (sig=0,0¥%% and between group pairs 5.-3.
(sig=0,018) P<5% significant difference was foumu.the other cases there was no significant
difference.

| combined the amount of precipitation data prodithy the meteorological station and the amount
of methane content (Table 16). During the data ggsing | concluded that with regard to the
guantity and quality of methane content the besbgdeof the year is May and June as the average
temperature and precipitation values have a gofhaeimce on the biological processes in the waste
dump. Because of this | carried out a linear regioestest regarding the changes of methane
content of all the gas wells and precipitation dédd@agram 18). The relationship between the
methane content changes and the precipitation dityertan be calculated by the following
equation: y=0,0442x+47,263,°80,1964. The closeness of the relationship showsienate
correlation as the coefficient of correlation i9/44. In case of positive correlation the increase
precipitation influences the methane content odféirgas.

56,00
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54,00
53,00
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51,00 a /
50,00 = 0,0442x + 47,263
49,00 o« — y = 0,0442x + 47,
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precipitation [mm/month]
Diagram 18. Change of methane content with regapdédcipitation intensity

| carried out further linear regression examinatidmere | tried to find a relationship between the
changes of monthly amount of landfill gas’]month] and precipitation intensity [mm/month]. My
results can be found in Diagram 19. The relatign&i@tween the change of the amount of landfill
gas and precipitation intensity can be calculatgdthe following equation: y=58,304x+20117,
R?=0,5026. The coefficient of correlation is r=0,7ddathe increase in precipitation leads to the
increase of the amount of landfill gas.
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Diagram 19. Change precipitation with regard toahmunt of landfill gas
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3.4.Evaluation of results

Before my examination | defined the sample sizetfar statistical analysis. | also defined the
standard deviation and average methane contenés/dtur a particular strand and estimation of
errors and probability level where | carried out tagts had to be provided as well. The levels of
probability during my tests were P<3% and P<5%thkn light of my results the required sample
size is n=363 in case of h=3% estimation of ereord in case of h=5% the sample size is n=131 in
the case of the examination of all the gas wells e different subfields. Due to that my n=517
sample size from all the gas wells is sufficient#ory out the examinations, statistical analysid a
to draw the conclusions. The method of forming grpairs can be seen in Table 5.

Statistical process was carried out by analysisrafance by using SPSS for Windows 11.0
program where the relationships between the forgredp pairs showed significant differences.
Homogeneity tests were made by the Levene testdhwparison of the group pairs was made by
the Tamhane and LSD tests. | also found it impartarcalculate the value of the coefficient of
variation in case of all gas wells. By analyzing ttoefficient of variation | tried to present the
standard deviation within each group pair. Thisidatbr can give an opportunity to compare
homogeneity tests between group pairs.

4.4.1 Changes of the quantity parameters of laingifi¢ with regard to the vacuum used

| found that the operating parameters of the ldingdéis extracting system used at the refuse dump
has an effect on the changes of the methane cooftené landfill gas. | determined the collection
value according to the barometric pressure takmgrenmental pressure conditions into account.
When the vacuum is higher than -0.9 mbar per gdkthe methane content values significantly
decrease. The relationship between vacuum valugtsh@nmethane content of landfill gas shows
r=0,52 coefficient of correlation which indicateoderate closeness of relationships. | examined
and analyzed the differences at all the gas wketiencluded that there are significant differences
between gas wells as there are big differencesdmgtwthe organic matter content around the gas
wells and their orientation. The results by gadsvedn be seen in Table 10 where | found loose and
moderate correlation relationships between the tifygrarameters of collecting and landfill gas.

4.4.2 The quality and quantity parameter changeladfill gas produced at the refuse dump with
reagard to the average temperature intervals

According to the average characteristic of weaffsameters at the refuse dump | found out how
the changes of average temperature intervals mfiighe methane content of the recovered landfill
gas. From the processed data | found that the elsanmigaverage temperature do not influence the
methane content of landfill gas as the coefficeintorrelation is r=0,1029. On the other hand the
increase of average temperature might increasengtbane content. As the refuse dump can be
considered as a large bio-reactor, changes ofrettemperature only influences the upper layer of
the waste and it does not influence the internadptrature of the waste. During the statistical
analysis | found significant differences betwees gells which can be seen in table 15. As the
orientation and the organic matter compositionhef gas wells are different at each gas well there
is a relationship between the changes of averagperture at some gas wells. | also found that at
the refuse dump in a particular examination ramgechanges of average temperature intervals has
an effect on the quantity of the produced landf@dt and coefficient of correlation is r=0,42.
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3. Results

4.4.3 Changes of the methane content of landfdlwgih regard to relative air humidity

After data processing | found that at the refusajlthe changes of the methane content, recovered
from the gas wells, are not influenced by relatwehumidity as coefficient of correlation is r=@,0
Relative air humidity change in case of methandatrby gas wells causes significant differences
but the volume of this effect on the methane caméthe total yield of landfill gas is not notable

4.4.4 Changes of the methane content of landfdlvgih regard to barometric pressure

After data processing | came to the conclusion llaabmetric pressure in the given region does not
influence microbiological processes that occur imitthe waste and as a result does not influence
the methane content of the recoverable landfill gasoefficient of correlation is r=0,11. In the
cases of the gas wells | became aware of signifidiffierences between barometric pressure groups
and their belonging methane content. From the tinsgression tests (Table 25) it can be concluded
that at certain gas wells there is a relationshepwvben barometric pressure changes and the
methane content of landfill gas because of thentateon of the gas wells.

4.4.5 Changes of methane content of landfill gashatrefuse dump with regard to wind speed
intervals

| diagnosed how the different wind speed intenalisthe refuse dump influence the methane
content of landfill gas where coefficient of coatbn is r=0,48. Between the variables there is
negative correlation which means that when windedpealues increase methane content values
decrease. This process can increase during thegaftthe landfill site when the height of the 3m
wide and 2m high ramparts on the outside edge efptisms gets higher than the height of the
waste in the refuse dump. By that the methane obtiethe recovered landfill gas can decrease
and have higher oxygen content. After linear regjosexamination (Table 30) | found a moderate
negative correlation in the cases of 4, 5, 6, 7 &mgaés wells. In the cases of the other gas wells |
found loose negative correlations. All things cdesed we can state that the wind speed intervals at
the refuse dump influence the methane contentnaffilhgas.

4.4.6 The quality and quantity parameter changesdfill gas produced at the refuse dump with
regard to precipitation

| found that quality and quantity parameters arffu@mced by precipitation intensity. If the
precipitation is high the methane content of ldhdfas increases and coefficient of correlation is
r=0,4429. The closeness of the relationships is araid, correlation is positive so the rise of
precipitation causes the rise of methane contelanauffill gas.

Furthermore, | found that the rise of precipitatiofluenced the quantity of the produced and
recovered landfill gas at the refuse dump and aefit of correlation is r=0,71. The explanation
for that is that moisture content for anaerobienfentation is indispensable. The closeness of the
relationships is strict, and the correlation isipes and the rise of precipitation causes the nse
the amount of landfill gas.
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4. New scientific results

4. NEW SCIENTIFIC RESULT

In my PhD research the new scientific results aaswmmarized as mentioned below

1.

3.

| found that during the operation of the gas recpwgstem at the refuse dump the operating
pressure values and the methane content of théllaygas are related. | found that the gas
recovery values of the extraction used in the dpeyassystem under operating conditions
influence the methane content of the landfill gesrrelation coefficient r=0.52and thus
the exploitable quantities which can be described the following equation:
y=3,5607x+51,72, &0,2644 and coefficient of correlation is r=0,52% Bicreasing the
volume of extraction the quantity of the recovelaatfill gas significantly decreases

By using statistical analysis | determined thatwntthe characteristic weather parameters of
a region the changes of the average temperatueevaté do not influence the methane
content of landfill gas at the refuse dump. Thatrehship between average temperature
intervals and methane content of landfill gas candbscribed by the following equation:
y=0,1948x+47,177, &0,0106 and coefficient of correlation is r=0,1028But certain
tendencies can be seen between the rise of avézageerature and methane content of
landfill gas, in these cases the orientation ofdas well is significant. According to the
examinations carried out under operating conditibfsund out that the changes of the
average temperature intervals influences the gyawitiproduced landfill gas. Relationships
have been established between the average temmechianges and the quantity of landfill
gas produced. The relationship between averageetatype changes and the quantity of
methane can be described with the equation: y=12921407, B=0,1628 and coefficient
of correlation is r=0,42. In this case there isositfive correlation which shows that if the
average temperature rises the quantity of langifl rises as well annually.

When processing the results of the experimentad# found that the changes in the relative
humidity neither affect the microbiological processaking place in the landfill, nor the
methane content of the landfill gas. The relatigndietween the relative air humidity and
methane content changes of the landfill gas carddmcribed with the equation: y=-
0,023x+51,478, &0,0004 and correlation coefficient is r=0,02. Dagridata processing |
found out that from the environmental parametersaaparticular refuse dump the
characteristic atmospheric pressure changes will afiect the methane content of the
landfill gas. Relationship between atmospheric sues changes and methane content
changes of the recovered landfill gas can be de=trby the following equation: y=-
0,223x+277,22, &0,0126 and coefficient of correlation is r=0,1utBhere can be seen
some relationships in the cases of some gas weliseen the increasing atmospheric
pressure and the landfill gas methane content heget changes do not show significant
differences in the quality of the annual landféisg

. Based on the statistical processes with regardind wpeed interval tests | concluded that

the wind speed changes specific for the landfidl affect the methane content of the landfill
gas. Relationships between wind speed changes attthne content can be described by
the equation: y=-5,2869x+56,452 °4,1699 and coefficient of correlation is r=0,48.
Between the variables there is negative correlatiowind speed increases the methane
content values decrease. Closeness of relationdtepseen wind speed changes and
methane content are moderate.
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5.

| found that the rainfall intensity rates influenttee processes taking place in a landfill, so
the amount of landfill gas and its methane contéfiter data processing | came to the
conclusion that rainfall intensity changes greatijuence the quantity of landfill gas and
between variables there is a tight relationshipe Télationship between the increase of
rainfall intensity and the quantity of landfill gasan be described with the equation:
y=58,304x+20117, &0,5026 and coefficient of correlation is r=0,7lor@lation is
positive between the relationships, if the intgnsitrainfall increases the amount of landfill
gas also increases. | also found that the increfsgnfall intensity influences the methane
content of landfill gas between the variables Inda statistically moderate relationship. By
the increase of precipitation intensity the methaoatent also increases which can be
described by the equation: y=0,0442x+47,263;0R.964 and coefficient of correlation is
r=0.4429.
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5. Conclusions and suggestion

5. CONCLUSIONS AND SUGGESTION

The purpose of my research is to examine the gyaatid methane content of landfill gas

originating from the characteristic organic maftpetential, weather parameters and exploitation
technology used in the region and by that, deteznmigeful relationships. Results are defined in
working dimensions where the quality and quantftiaadfill gas is defined by the efficiency of the

extraction system, environmental conditions, thenposition of waste and the technology of
unloading.

The results of my research draws the attentiomécfdct that the volume of extraction used at the
refuse dump influences the methane content ofdbevered landfill gas. In the cases of gas wells |
suggest a transition to a telemetry system withinaous control instead of a periodical regulation
of valves. It means that all the parameters aldwitguality of landfill gas, which are provided by

the gas measuring points at the gas wells aredstmmea computer. On the basis of the incoming
information the opening angles of the valves cartddeulated by the planned computer program.
The operating of the valves can be solved by actrédeengine so the opening values, determined
by the computer, can operate from the central dperaffice. The telemetry system would monitor

the data sent by the meteorological station andvttheme of extraction at the gas wells could be
determined on the basis of that. With the usag#& die most favourable quality and quantity

parameters can be guaranteed.

The conclusions drawn during my PhD research stedowdit the quality and quantity changes of
landfill gas with regard to average temperatureridls are the following. In case of unfavourable
weather conditions or low average temperature @digisable to return leachate that occurs at the
refuse dump into the waste in order to create fealda microbiological conditions. The volume of
extraction should be decreased in the unfavourabérage temperature domains so gas wells,
which recover only small quantities or low methanatent landfill gas because of the unfavourable
external temperature, can recover gas at an opértedction value.

Relative air humidity and barometric pressure cleangp not immediately influence the processes
inside the waste as they occur with a delay. Brduld observe a relationship between barometric
pressure changes and methane content and my doggeate the following in this field: by
processing weather parameters, forecasting andrahees of the volume of extraction we can
provide the most optimal gas recovery and methangat. The methane content of the landfill gas
is influenced by the characteristic of wind speeignvals and the changes of wind direction. My
proposals are the following: at the surroundingaarat gas wells leachate must be returned in the
waste and moisture content level must remain theesand within the range of gas wells covering
and closing must be done in order not to let ldihgiis into the air. With the increase of wind gpee
the elements of the extraction system have to lmedomated in a way that the volume of the
vacuum has to be increased until it levels off wita volume of the vacuum on top of the waste.
Precipitation intensity has an effect on the meghaontent of landfill gas and its quantity values.
My proposals are: when there is not much rainfglthie help of watering systems leachate should
be taken out from containers onto the top of thet&vao moisture can be maintained and flue-dust
concentration can be decreased. When precipitaidngh leachate should be vaporized by gas
engines’ waste heat so acidification, gas prodadiiod methane content decrease can be avoided.

Operators should take into account the volume theion and environmental parameters such as

average temperature, precipitation intensity anddwspeed in order to be able to plan the most
favourable recovery of landfill gas and methaneteon
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6. Summary

6. SUMMARY

In our country and world-wide the amount of wasse growing rapidly due to economic
development. It is true that the amount of seletyivollected waste is also increasing and also the
guantities of secondary materials as recycled naddeguantities - so they can get back into the
manufacturing process — however it is an importasit to dispose of the waste at an up-to-date and
environmentally friendly location. The theoreticahd practical phenomenon confirms that
processing the generated waste by modern Europaam-{dompliant technology systems can be
used as alternative energy instead of fossil ensogyces to produce electricity and heat. The other
aspect is to protect the environment, and therafigeemeasures and technologies, which provide
possibility for minimizing the potential environmeahproblems during the placement and disposal
of waste. The issue of landfill gases from the avlasie decomposition of municipal waste has been
dealt with since it was demonstrated that natural anthropogenic methane, carbon dioxide
emissions contribute to the development of thergrease effect phenomenon. The objective of my
research is to examine and assess the factorgmeilg the development of landfill gas production
at a waste disposal site that is characteristia giiven region. The landfill gas extraction was
examined under operating conditions and it was doaut which changes in the parameters caused
the change of quantity and quality characterisifdhe energetically utilized landfill gas.

In the results section | presented in detail the seientific findings specific to each location, ialn
were the following. | found that the gas recovenjlues of the extraction used in the operating
system under operating conditions influence thehared content of the landfill ggsorrelation
coefficient r=0,52) and thus the exploitable quantities. | determirtbd average weather
temperature changes within the parameters chaistattenf a particular region do not affect the
methane content of the landfill gas formed at thedfill site (correlation coefficient r=0,10).
Relationships have been established between thage/éemperature changes and the quantity of
landfill gas produced(correlation coefficient r=0,42When processing the results of the
experiments it was found that the changes of rkadatiumidity neither affect the microbiological
processes taking place in the landfill, nor the haee content of the landfill gas that can be
energetically utilizeqcorrelation coefficient r=0,02)l found that the atmospheric pressure changes
will not affect the methane content in the land§is (correlation coefficient r=0,11)The wind
speed changes specific for the landfill site affeetmethane content of the landfill gasrrelation
coefficient r=0,48).1 found that the rainfall intensity rates influenthe processes taking place in a
landfill, so the amount of landfill gas and its im&e content. The relationship between methane
content and rainfall intensity can be describedhwite equationy=0,0442x+47,263where
R’=0,1964and the correlation coefficient is r=0,4Z he relationship between rainfall intensity and
the quantity of landfill gas can be described itl equatiory=58,304x+2011 AvhereR?=0,5026

and the correlation coefficient is r=0,71

Overall, in a particular landfill, the meteorologicparameters are always changing; the organic
matter input parameters are characteristic of éiggon therefore the extraction efficiency can only

be changed by the control of the exhaust capatitgrefore, research has great importance in this
area of research to show which landfill gas paramsedre generated with the climatic parameters
and organic matter intake. Both the existing arappsed landfill sites might use the results of my

doctoral research for the best available land&l gxtraction and methane content.
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