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ABSTRACT

Management of the sanitary landfills represents one of the main challenges of the waste sector in Kosovo. At
present, around 70% of the waste is disposed in sanitary landfills under semi-anaerobic conditions without gas
collections. Non-adequate management of the sanitary landfills is a common practice of the waste manage-
ment in the country. The paper presents determination of the explosion level of the methane in the Velekince
municipal solid waste sanitary landfill. The methane concentration measurements from three different passive
degassing wells of the landfill during the four months period (June-October 2017) were performed by using a
portable combustible gas meter 8800B. In contrast to the degassing point (well 2) where maximal concentra-
tion of 29,200 ppm corresponding to 58.4% of low explosion level for methane was recorded, degassing point
(well 3) showed a minimal concentration of 2.700 ppm and 5.4% of low explosion level, speaking for various
waste structure distribution and phase of biodegradation of the deposited material. The results recorded show
that the concentration of methane is within the lower explosive limits. Control measures and installing a ventila-

tion system in the landfill are recommended.
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INTRODUCTION

Urbanization, rapid economic growth, im-
provement in community living standards and
lifestyle changes of the urban population re-
sult in increased generation of solid municipal
waste (Darban Astane, et. al., 2017). Before
2000, the waste services from urban areas in
Kosovo were not developed and most of the
solid waste was deposited at unmanaged land-
fills. During the last two decades, the waste
disposal infrastructure has improved. Waste
management in sanitary landfills has increased,
while unmanaged landfills and open dumping
have been reduced. This improvement in waste
collection service has led to increased amounts
of waste disposed in landfills. However, the
waste collection, separation, recycling and
disposal infrastructure is not yet sufficient to
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serve the entire Kosovo territory. At present,
about 70% of total solid waste is disposed in
sanitary landfills (Veselaj, et al., 2014). As in
other countries of the world, the waste disposal
sites in Kosovo are considered as common an-
thropogenic sources of methane (Scheutz, et
al., 2009). Landfills are ranking as the third-
largest CH, source (Ritzkowski, et al. 2007).
The CH, emissions from managed landfills ac-
count for 1.8% of total European Union GHG
emissions. The GHG emissions from waste
management in Kosovo represent around 4%
of the total GHG national emissions (Berisha,
et al., 2015; UNDP Kosovo, 2012). The bio-
degradation of these wastes deposited lead to
the evolution of landfill gases, with high risk
of explosion (Huseyin, et al., 2018). This study
was conducted during 2017, in the Velekince
sanitary landfill in Gjilan.
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MATERIAL AND METHODS

Study area

The Velekince landfill, situated in the
Gjilan Region with geographical coordinates
x=0540771 and y=4697970 (Fig. 1). the waste
from the municipalities: Gjilan, Kamenica, Viti,
Novoberdo, Partesh, Ranillug, Hani Elezit, Ka-
canik, Shtime, Ferizaj and Shterpce is deposited
in the Velekince sanitary landfill. Total popula-
tion in the region is 352.554 inhabitants, where
only 50% are covered by the waste collection
service (MLGA, 2017).

The landfill was established in 2003. The
waste landfilling process started in 2006. The
landfill has a total area of about 25 ha, while

the current landfilling area is about 6.5 ha. The
landfill is expected to be used for the landfill-
ing of the waste until 2025 (KEPA, 2015; GIZ,
2015). The landfill does not have an active de-
gassing system installed. Some passive degas-
sing wells are installed in the waste disposal
area. The Gjilan region is characterized by a
prevailing continental climate with 700 mm/yr
of rainfalls and with yearly air temperature of
about 10.8 degrees Celsius (KHMI, 2018). The
data on the climate conditions of the Gjilan
Region for the years 2006-2017 are presented
in Figure 2.

The yearly amount of waste deposited in
the landfill of Velekince, as well as the total
amounted deposited waste for the years 2006-
2016 are in Table 1.
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Figure 1. Map of the study area
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Figure 2. Climate conditions in the Gjilan Region 2006-2017 (KHMI, 2018)
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Table 1. Waste disposal in the sanitary landfill in Velekinca 2006-2016 (Berisha, et al., 2015; KSA, 2017)

No. Year Waste disposal per year/tons Accumulative waste disposed (tons)
1. 2006 29,200 29,200
2. 2007 29,930 59,130
3. 2008 30,678 89,808
4. 2009 31,445 121,253
5. 2010 32,231 153,484
6. 2011 33,037 186,521
7. 2012 33,863 220,384
8. 2013 34,710 255,094
9. 2014 35,557 290,651
10. 2015 38,245 328,896
1. 2016 52,955 381,851
Figure 3 shows the solid waste composi- In-situ measurements of the
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Figure 3. Waste composition in the Gjilan Region (%) (MESP, 2017)
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Figure 4. Portable combustible gas meter 8800B
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featuring a broad range of precision (MPCA,
2011). Measurement of the methane emissions
from degassing wells from sanitary landfill
Velekince was realized with Portable Combus-
tible Gas Meter 8800B (Fig. 4, Table 2).

Table 2. Technical parameters of combustible gas
meter 8800B (Gas Meter 8800B Manual, 2016)

Parameters Description
Sensor Catalytic combustion type
Detection gas Combustible gas
Temperature measurement | Ambient temperature
) . Combustible gas:% LEL;
Display unit Temperature:°C
0~100% LEL, Temperature:
Range -15~50°C
. Combustible gas:1% LEL,
Resolution Temperature:0.1°C/0.1°F
Combustible gas:+5F.S;
Accuracy Temperature:£1.5°C
Response time 90<60 Seconds
Sound and light vibration
Alarm alarm
Operation temperature +15 - +50 °C

This piece of equipment registers and display
units in LEL (Lower explosive limit). The unit %
LEL was converted to ppm (parts per million) based
on the values 100% LEL = 5% methane and 5%
methane = 50,000 ppm methane (Kroes, 2016). The
methane explosive limits and methane flammability
range is presented in the Table 3 and Figure 5.

The measurements were carried out in three
different degassing wells of the landfill, installed
in the depositing area of the landfill during the
time period July-October 2017. Figure 6 shows
the positions in the landfill where measurements
were conducted. In each of the degassing wells, at
least 5 measurements and the average of the mea-
surements for each of the wells were recorded.

RESULTS AND DISCUSSION

Measurements of the CH, concentration from
the passive degassing wells in the municipal solid
waste landfill in Velekince during June-October
2017 are presented in Figure 7, showing that the
methane concentration is different in different parts

Table 3. Methane explosive limits and flammable range (Matheson, 2001)

Methane concentration

Methane flammability range

0-100% Lower Explosive Limit/LEL 0 —50,000 ppm 0-5% CH, by volume Lean
5-15% Upper Explosive Limit/UEL 50,000 — 150,000 ppm 5—15% CH, by volume Explosive
15-100% GAS 150,000 — 1,000,000 ppm | 15—100% CH, by volume Rich

Explosion limits of the Methane

0%

15% 100 %

by Volume by Volume by Volume by Volume
Non-Explosive (too lean) Explosive Range Non-Explosive(too rich)
[€&—— 0%of LEL > € D€ >
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Figure 5. The methane concentration monitoring scheme in a landfill without gas collection
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of the landfill, depending on the depth of waste layer
height in the landfilling area, the position of the de-
gassing well, and the anaerobic phase of decomposi-
tion of the organic waste. The maximal concentra-
tion of methane was recorded in the degassing well 2
in July with 29,200 ppm corresponding to 58.4% of
LEL, and the minimal concentration of the methane
was recorded in the degassing well 3 in October with
2.700 ppm and 5.4% of LEL with evident seasonal
variation (higher concentration in summer period).

- Sgnitary landfill in Valel{'i’ﬁéé,\(-ijil‘ag Regiqn\

Figure 6. Monitoring sites of methane
concentration in the sanitary landfill Velekince

Methane in the landfill is generated as a re-
sult of bacterial decomposition of organic waste.
The amount of organic waste deposited dictate
the amount and concentration of methane in the
landfill (Kumar, et al., 2004; Mutasem El-Fadel,
et al., 2002). The results recorded from the mea-
surements at the degassing wells of landfills show
that the concentration of methane is within the
lower explosive limits. Seasonal variations, in the
decreasing of the concentration of the methane in
the sanitary landfill studied during the time period
July-October 2017, was in correlation with wet
seasonal changes. Several factors and conditions
such waste composition, air temperature, topog-
raphy, pressure, pH and microbial interactions are
considered important for methane generation and
emission from landfills (EPA, 2001; Zawigja, et
al., 2011). Air temperature and rainfall are strongly
correlated with methane generation in the landfill
(Yang, et al., 2015). Temperature is the dominant
factor influencing landfill gas production. Drier and
warmer conditions would lead to an increase in the
landfill gas production (Bouzonville et al, 2013).
The seasonal variability of methane emissions into
the atmosphere is also characteristic of landfills
without an active ventilation system (Bogner, et
al., 2011). In seasonally cool and/or dry climates,
a reduced rate of CH, oxidation can be expected.
This is consistent with lower winter rates of metha-
notrophic oxidation (Ronald et al., 2000). Methane
is not only dangerous as a GHG, but is also highly
combustible. Methane is explosive between its
LEL of 5% (50,000 ppm) and its upper explosive
limit of 15% (150,000 ppm) by volume (Yaws,
2001). In the case of combustible gas concentra-
tion at 10 to 50% LEL from a port entry (~5,000 to
28,000 ppm) are recommended control measures

Methane concentration (ppm)
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MW Passive degassing well 2
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July August
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Figure 7. Average methane concentration, July-October 2017 (ppm)
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Table 4. Abbreviations
% Percent
°C Celsius
CH, Methane
CO, Carbon dioxide
EU Europe Union
GHG Greenhouse gas
Ha Hectare
LEL Lower explosive limit
LFG Landfill gas
MSW Municipal solid waste
PE Petroleum
Ppm Parts per million
S Seconds
T Temperature
UEL Upper explosive limit

and installing a ventilation system (MPCA, 2011).
In the boundaries of the landfill, methane concen-
trations are typically well above the UEL, reaching
as high as 50% by volume. However, as the meth-
ane travels away and diffuses into the surrounding
atmosphere, it does begin to dilute to non-explo-
sive concentrations. While these occurrences are
rare, the incidents of explosions suspected as hav-
ing been caused by the methane originating from
landfills have been reported (ATSDR, 2001).

CONCLUSIONS

The measurement of the CH, from sanitary
landfill for the Gjilan region was performed in
situ. The performed in-situ measurements of the
released amount of methane showed that the
observed the concentration of methane in the
municipal landfill is within the lower explosive
limits. Seasonal variations of the concentration
of the methane in the sanitary landfill observed
during time period July-October 2017 were in
correlation with wet seasonal changes. Control
measures and installing a ventilation system in
the landfill are recommended.

REFERENCES

1. ATSDR, 2001. Landfill gas primer: An overview
for environmental health professionals. Atlanta:
Agency for Toxic Substances and Disease Registry.
Chapter 4, 31-51.

2. Berisha, A.; Hajdari, R.; Behrami, S.; Veselaj, T.; Ka-
fexholli, B.; Restelica, S.; Hyseni, M.; Bajraktari, F.;
Latifi, L,; Morina, I.; Maxhuni, Mehmeti, M.; Spanca,
V.; Pllana, A.; Mahmuti,A.; Mustafa, N.; Raci, S.; Sha-
la, A.; Shala, Sh., 2015. State of the environment 2015,
Kosovo Environmental Protection Agency, 1-121.

3. Bogner, J.E.; Spokas, K.A.; Chanton, J.P., 2017.
Seasonal greenhouse gas emissions (methane, car-
bon dioxide, nitrous oxide) from Engineered Land-
fills: Daily, intermediate, and final California cover
soils. J. Environ. Qual., 40, 1010-1020.

4. Bouzonville, A.; Peng, S.; Atkins, S.; 2013. Review of
log term landfill gas monitoring data and potential for
use to predict emissions influenced by climate change.
21th Clean Air Society of Australia and New Zealand
Conference, September 2013, Sydney, Australia, 1-8.

5. Darban Astane, A.R.; Hajilo, M., 2017. Factors af-
fecting the rural domestic waste generation. Global
J. Environ. Sci. Manage., 3(4), 417-426.

6. EPA,2001. Methane generation from Victorian land-
fills. Publ. 755. Epa. Info. Bull., EPA Victoria, 1-3.

7. GIZ, 2015. Landfills in Kosovo-Landfill gas prog-
nosis and roughly cost estimation of gas utilization.
SEF-Energietechnik GmbH and GIZ, 1-43.

8. Huseyin, K.O; Mehmet, B.; Naim, S.; Semih, N,;
Goksel, D., 2018. Determination of seasonal varia-
tions of major landfill gas in Istanbul Kemerburgaz-
Odayeri Solid Waste Landfill. Fresenius Environ.
Bull., 272-276.

9. KAS,2017. Municipal Waste Survey 2016. Kosovo
Agency of Statistics, 1-15.

10. KEPA, 2015. Emissions of Green House Gas in
Kosovo 2008-2013. Kosovo Environmental Pro-
tection Agency, 1-29.

11. KHMI, 2018. Meteorological data for Kosovo, 2001-
2017. Kosovo Hidrometorological Institute, 1-14.
12.Kroes, P., 2016. Units of measure: LEL vs percent
by volume (% by) vs parts per million (ppm) vs parts
per billion (ppb). EHS Instruments Solutions, 1-2.

13. Kumar, S.; Mondal, A,N.; Gaikwad, S.A.; Devotta,
S.; Singh, R.N, 2004. Qualitative assessment of
methane emission inventory from municipal solid
waste disposal sites: A case study. Atmos. Environ.,
38, 4921-4929.

14. Matheson, 2001. Lower and upper explosive lim-
its for flammable gases and vapors. Matheson Gas
Products, U.S. Department of the Interior, Bureau
of Mines, 1-2.

15.MESP, 2017. Municipal Solid Waste Survey in
Kosovo Municipalities. Ministry of Environment
and Spatial Planning, 1-88.

16. MLGA, 2017. Municipality Performances Report.
Ministry of Local Government Administration, 1-140.

17.MPCA, 2011. Guidelines for monitoring landfill gas
at and near former dumps, Remediation Division

87



Ecological Engineering & Environmental Technology 2021, 22(5), 82—-88

Voluntary Investigation and Cleanup, Emergency
Response, Superfund, and Resource Conservation
and Recovery Act Corrective Action Programs.
Minnesota Pollution Control Agency, 1-10.

18. Mutasem, E.F.; Findikakis, A.N; Leckie, J.O., 2002.
Environmental impacts of solid waste landfilling.
Department of Civil Engineering, Stanford Univer-
sity, Stanford, California, U.S.A. J. Environ. Man-
age., 50, 1-25.

19. Operators manual, combustible gas meter 8800B,
2016. Digital combustible gas natural gas methane
leak detector analyzer with sound light alarm.

20. M. Ritzkowski, and R. Stegmann, 2007. Control-
ling Greenhouse Gas Emissions through Landfill
In Situ Aeration. Int. J. of Greenhouse Gas Control,
(3), 281-288.

21.Ronald, W.K.; Christopher, J.D., 2000. Seasonal
variability in CH4 emissions from a landfill in a
cool, semiarid climate. J. of the Air and Waste Man-
age. Assoc., 50(9), 1632-1636.

88

22.Scheutz, C.K.; Bogner, J.E.; De Visscher, A.; Ge-
bert, J.; Hilger, H.A; Spokas, K., 2009. Microbial
methane oxidation processes and technologies for
mitigation of landfill gas emissions. Waste Manage.
Res., 27, 409-455.

23.UNDP, 2012. Kosovo Greenhouse Gas Emissions
2008-2009. UNDP Kosovo, 1-16.

24. Veselaj, T.; Hyseni, M.; Berisha, A.; Behrami, S.;
Balaj, I.; Tahiri; F.; Makolli, V.; Pllana, A.; Gashi, P.,
2014. State of the waste and chemicals 2014, report.
Kosovo Environmental Protection Agency, 1-68.

25.Yang, L.; Chen, Z.; Zhang, X.; Liu, Y.; Xie,
Y., 2015. Comparison study of landfill gas emis-
sions from subtropical landfill with various phases:
A case study in Wuhan, China. J. Air Waste Manage.
Assoc., 65(8), 980-986.

26. Zawieja, I.; Wolski, P.; Wolny, L., 2011. Recovering
of Biogas from waste deposited on landfills. Ecol.
Chem. and Engine., 18(17), 923-932.



