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Abstract: The paper summarizes the research results on development national emissions factor for the Greenhouse Gas
Inventory (GHGI) Source Category “6A Solid Waste Disposal on Land”. The obtained results offer the opportunity to
improve the Intergovernmental Panel for Climate Change (IPCC) methodologies and Emission Factors for assessing
the GHG emissions originated from waste sector. The article contains relevant information on composition of landfill
gases at managed and unmanaged solid waste disposal sites, as well as the municipal solid waste composition results,
investigated during one year in the Republic of Moldova: from autumn, 2004 to summer, 2005.
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Introduction

Urbanization and economic development have increased waste generation in whole world. In the 21* century,
the treatment of waste has become a serious environmental concern and waste management continues to be an
important environmental challenge. Waste management and climate change are closely related. For instance, solid
waste disposal sites are one of the largest sources of greenhouse gas (GHG) - methane emissions. The methodology
used to estimate emissions from waste activities requires country—specific knowledge on waste generation, composition
and management practice. In this context the main objective for this study has been to compile results of the municipal
solid waste composition, as well as landfills gas (LFG) measurements on managed and unmanaged landfills in the
Republic of Moldova. These studies were carried out during one year, monthly for landfill gas measurements and
seasonally for waste composition analyses.

Results and Discussions
The obtained results from field studies indicated that solid waste composition slightly varied seasonally and is
indicated in the table 1.

Table 1: Seasonable waste composition results in the Republic of Moldova, 2004-2005

Autumn 2004 Winter 2005 Spring 2005 Summer 2005

) § ] =

- = = = 1 1 = 1 = ]

: 5 : . sy | 2 = ¢y | E ; by | = Ly

= E 2 e < g & < o ] wn < o g < =

% % % Y% Y % % % % % % Y

Paper 5.7 4.5 5.1 8.7 8.3 8.5 9.5 6.6 8.0 5.3 7.3 6.3
Glass 5.2 2.9 4.1 6.2 11 8.6 7.6 7.7 7.7 8.4 7.6 8.0
Plastic 10.8 8.6 9.7 11.5 15.4 13.4 13.4 10.5 12.0 11.1 16.2 13.7
Metals 3.9 2.2 3.1 4.0 3.7 3.9 2.7 5.4 4.0 5.0 6.2 5.6
Food remains 63.1 66.5 64.8 48.1 53.2 50.7 53.5 56.6 55.1 54.8 51.6 53.2
Garden waste 1.4 3.7 2.5 1.0 0.8 0.9 1.2 0.9 1.0 3.7 1.0 2.4
Textile 4.3 5.5 4.9 12.2 3.5 7.8 4.5 2.5 3.5 2.6 3.1 2.8
Wood 1.8 1.6 1.7 1.3 1.4 1.4 0.6 24 1.5 2.1 2.6 2.3
Construction 22 3.6 2.9 6.4 1.6 4.0 6.5 6.3 6.4 5.5 33 4.4
Leather 1.6 0.9 1.2 0.6 1.1 0.8 0.4 1.1 0.8 1.5 1.1 1.3

It should be mention that we consider householders generate the composition of waste, which is disposed at
landfill and not that. MSW are collected in the open containers and scavengers recover usually recyclable fractions. This
fact led to reduction of paper fraction in the MSW, but does not affect fraction of plastic packaging, which counted about
13% by weighing and even more times by volume. The food wastes represent almost 50% of the waste stream.

Data on municipal solid waste composition is used for the estimation of national value for DOC, which represents
the value of 0.146. The same value of 0.146 can be obtained if the Extended Buswell Equation is used as well (Table 3).

First measurements of biogas composition have been undertaken at Straseni landfill weekly during one month.
As no fluctuation of biogas components was observed, it was decided to monitories emissions monthly. Researches and
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LFG measuring on this landfill have revealed that the depth of a landfill and the thickness of the waste layer are very
important for the formation of LFG. It was demonstrated that a landfill with the thickness of waste layer around 5-8 m
generate a low concentration (around 20 per cent) of CH, (Figure 1).
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Figure 1: Dynamics of biogas measurement at Straseni landfill

In order to verify the results of chromatography analysis, using measuring devices «GASOTEST» TU 4215-
001-17763771-95 performed an additional measurement of CO2 and O2 concentrations. The graphic below illustrated

the results of both analyses (Figure 2).
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Figure 2: Comparison between express analysis and chromatograph of O, and CO, emissions at Straseni landfill

During the research period at Balti landfill the CH, emissions are constantly produced, their concentration had
fluctuated between 45-80%, depending by the level of taking measurements. For a deeper level like 5-9 m, the CHy
concentration practically is not influenced by seasonal temperature fluctuation, but at the level of 1 m it was observed a
reduction of CHy in the cold period of year (Figure 3).
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Figure 3: Dynamics of biogas measurement at Balti landfill

In addition, the CO, emissions have been measured by using the device ,,GAZOTEST” TU 4215-001-
17763771-95. For the first measurement, the biogas concentration (it was collected on 22.03.2005) was analyzed in
laboratory conditions. The obtained results revealed the following: the concentration of O, is 0.5-0.4%, while the CO,
concentration remained constant (11.6%) for all the taken samples: from 1, 5 and 9 meter levels (Figure 4).

51



14

12 -
10 —

o N A OO @
\

220305 210605 2106 05 14 07 05
—&— CO2 Gazotest 1m —— CO2 Gazotest 5m CO2 Gazotest 9m CO2 Gashrom 1m
=== CO2 Gashrom 5m —@— CO2 Gashrom 9m —+—02 Gasotest 1m — 02 Gasotest 5m
———— (02 Gasotest 9m 02 Gashrom 1m 02 Gashrom 5m 02 Gashrom 9m

Figure 4: Comparison between express analysis and chromatograph of O, and CO, emissions at Balti landfill

Samples collected on 21.06.05 and 14.07.05 have been analyzed directly at well, at the landfill. The obtained
results defer from the previous one. First of all, the O, concentration has changed in dependence of the level, from 1m
to 9m (6.8% and 5.4%, respectively), also the CO, concentration has increased from 8.0% to 8.7% for the 9-meter level.
At the same time, the obtained results are comparable with the results of the chromatography analyzes of the biogas
(Figure 5).
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Figure 5: Dynamics of biogas measurement at Chisinau landfill

Nevertheless the concentration of CHy at Chisinau landfill is lower than at Balti landfill, this fact might be
explained by the using of the technique of landfilling with separate waste layers at the first one. Generally it is expected
that the production of LFG on landfills with separate waste layers is less than on landfills with one waste layer, because
layers of covering materials has significant impact on the forming of LFG [1]. This assumption was confirmed by our
results what is indicated in the Table 2.

In addition to the chromatograph analysis, other measuring device (GAZOTEST TU 4215-001-17763771-95)
has been used on 15.07.2005 with the scope of detecting the presence of CO, and O, at Chisinau landfill. The obtained
results are presented below (Figure 6).
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Figure 6: Comparison between express and chromatograph analysis of O, and CO, at Chisinau landfill

The results of measurements at three landfills from the republic of Moldova revealed the variability of landfill
gas composition from one site to another. This fact might be explained, first of all, by landfill characteristics: in the case
of Balti and Chilinau, they are managed landfill while the last one, from Straseni town, it is unmanaged. The table
below contains the usual biogas composition and the obtained results characteristic for the Republic of Moldova [2].
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Table 2: Obtained results on composition of gases at three landfills in the Republic of Moldova (h=5-9 meters)

LFG
e composition
Gases Usual LFG composition LFG composition S tf aseni Average LFG
composition, % Chisinau landfill *, Balti landfill, % landfill composition, in RM, %
% o, ’
0
CH, 50-60 71-75/ 63-65 74-79 23-45 56-66
CO, 30-40 8-10/32-34 9-10 12-14 10-12
N, 5-32 10-16 10-16 50-60 15-30
0, 0-2 5-6/0.5-1 3-5 7-8 5-7

* Alternative results have obtained from CDM Projects “Landfill gas utilization at Chisinau landfill” (donor: DEPA,

Denmark Kingdom, beneficiary: Mayoralty of Chisinau).

It should be mentioned, that CH, generation depends also on the quantities of MSW disposed at landfill, in the
case of Straseni landfill the MSW it is many times less then at the landfills from Balti and Chisinau. The Extended
Buswell Equation was used for the estimation of methane fraction in landfill gas (the obtained results are presented in

Table 3).
Table 3: Fraction of methane in landfill gas (F)
CoHgO,N5S, + AJH,0 > A,CH, + A;CO, + ANH; + AsH,S
Ar=o-BlA-yi2+35/4+ 012, Ay =0l +PI8-y/4-35/8 - 4, As=al2-PI8+yl4+35/8+cld, Ay=5, As=o.
o= 17.933 5= 545 A= 69530 A= 545
p=  27.841 o= 29 A= ;0'013’ A= 29
y=  8.886 A= 79195
Factor of SH, 1
i((:)?]mpOSit Dry/wet Percent by weight (dry basis) Content (g/Mg wet waste)
Component % % C H (6] N S C H o N S
Food wastes 56,10 30 0458 | 0,064 | 0376 | 0,026 0,004 77i08 10771 | 63281 | 4376 | 673
Paper 7,00 94 0425 | 0060 | 0440 | 0003 | 0002 [P0 | 3048 | 2952 | 197 | 132
Cardboard 95 0,440 | 0059 | 0446 | 0,003 0,002
Plastics 12,10 99 0600 | 0072 | 0228 71 487 8625 | 27312
Textiles 4,70 90 0,550 | 0,066 | 0312 | 0,046 0,002 23526 2792 | 13.198 | 1.946 63
Rubber 100 0,78 0,10 0,02
Leather 1,10 80 0,600 | 0,080 | 0,116 | 0,100 0,004 | 5280 | 704 1.021 880 35
Yard wastes 1,70 35 0478 | 0,060 | 0380 | 0,034 0,003 | 2.844 | 357 2.261 202 18
Wood 1,80 80 0,492 | 0,060 | 0427 | 0,002 0,001 | 7.085 | 864 6.149 29 14
Total 2192'3 28061 | 142173 | 7.630 | 936
Molar mass (g/mole) 12i01 1,008 15,9994 14’;)06 36260
Total moles 17393 27.841 8.886 545 29
Test (balance)
C 17.933 0,0 CH,4 production per Mg wet waste C-->CH, 10.013,5 558 %
H 41747 0,0 ke o C->CO, 7.919,5 42 %
0 15.839 0,0 160,64 225,05 C total 179330 | 1000 %
Conclusions

The main conclusion and findings related to the consolidating data from landfill gas measurements and solid
waste composition at national level are presented below:
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1. Data on composition of municipal solid waste have been used for the estimation of national parameter of
DOC=0.146 and DOC=0.585, based on IPCC methodology and the Extended Buswell Equation.

2. Based on the comparison between express and chromatography analyses it could be concluded what the
chromatography analyses might be accepted for using, as the differences between the two methods is around
+10%, which is in frame of limited errors for measurement devices.

3. The obtained results for the LFG measurements during a year, offer the opportunity to update the IPCC EFs for
CH, emissions from landfills for the Republic of Moldova, by using the 0.6 instead of 0.5 value, which was used
before in the First National Communication to the UNFCCC [3].

4. The decision on using the value of 0.6 as EFs for CH, is confirmed also by the results presented into the Table 3
(the fraction of CH,4 in biogas is 55.8%, which is close to the average value of the LFG composition presented in
Table 2).

Experimental

Municipal solid waste (MSW) composition surveys were performed at transfer station in Chisinau municipality
and humidity analyzes at Central Ecological Laboratory of the State Ecological Inspectorate of the Republic of Moldova.
Waste characterization surveys provide the percentage by weight of each major category of waste in the overall waste
stream. Relevant details on the used methodology can be found in the article [4]. The obtained results are summarized as
well in the table 1 above. Based on the Revised 1996 IPCC methodology and by using the data obtained, the national
value for DOC (degradable organic carbon) was estimated.

Under UNDP/GEF Regional Project “Capacity Building for Improving the Quality of Greenhouse Gas Inventories
(Europe and CIS region)”, Georgia prepared and proposed the new methodology (approach) to estimate degradable
organic carbon (DOC) and fraction of degradable organic carbon dissimilated (DOCy) for waste components and for
total waste taking into account lignin content in waste (for both cases including and excluding lignin). The Approach
(Methodology) is based on results of the laboratory experiments conducted by Dr. Morton Barlaz [5-7] and on
investigations of I.Chandler et al. [8] and Van Soest [9]. “MSW Learning Tool” of the University of Central Florida [10]
also was used. In the methodology also is presented the method (based on the Extended Buswell Equation) for estimating
fraction of CH, in landfill gas (F).

Follow this model and using national data on solid waste composition, there were estimated the DOC, DOCf
values and biogas composition at managed and unmanaged landfills from the Republic of Moldova. Table 4 reveals the
obtained results [11].

Table 4: Degradable Organic Carbon and Fraction of Degradable Organic Carbon Dissimilated (DOC and
DOCy)

DOC DOC; DOGi DOC; * DOCy
Material %
g C/g wet waste | g C/g wet waste g C/g wet waste g C/g wet waste
A B C D E F
Second food 0,137 0,70 56,1 0,077 0,054
Leaves 0,326 0,15 1,7 0,006 0,001
Wood 0,393 0,36 1,8 0,007 0,003
Mixed Paper from 0,400 045 0,028 0,013
Residential sources 7
Textile 0,495 0,55 4,7 0,023 0,013
Leather 0,480 0,55 1,1 0,005 0,003
0,146 0,085
DOCr 0,585
DOC 0,146

Landfill gas measurements were performed at three landfills from Straseni and Balti towns and Chisinau
Municipality (the landfill is located near the Cretoaiea village). Landfill biogas was collected from special wells installed
in 2004 and investigated chromatographically at the Central Ecological Laboratory of the State Ecological Inspectorate,
which has a respective accreditation [12, 13]. Also, express analysis for CO, and CH4 were conducted directly at
landfills. The following equipments were used during measurements: aspirator “AM-5”, “GIAM-305" portable gas
analyzer, chromatograph “GAZHROM-3101" and ,,GAZOTEST” TU 4215-001-17763771-95.
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