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1. Introduction

According to signed contract between JICA Study Team and Environmental Protection
Ltd: (EP) the EP carried out MSW sampling and analysis in area of Budapest during the winter
period. '

Environmental Protection Ltd.  (EP) has previously performed MSW sampling and
analysis during period of June 15-16, 1992 in Budapest area. ‘The data obtained are
representing the waste output and composition of summer period. As MSW output and
composition are season dependent JICA study team charged EP to perform a second MSW
sampling and analysis representing the winter period. The winter sampling was conducted
during period of Feb. 1-5. The samples were taken from the zones allocated during the summer
test period. The sampling and analytical procedures were in almost all cases identical to those
used during summer test period. The modifications in analitycal procedures are indicated in
sections of chapter 2.

The survey was conducted according to methodology given by JICA Study Team.
In the course of survey the following tasks were carried out:

« collection of MSW from 12 sampling zones (i.denticai to those used in summer
period) during 5 day long period (Monday-Friday) in specialized collection vessels,

« determination of MSW mass and volume output and bulk density from each zone
during this period,

« determination of mechanical composition (11 different classes) of collected waste
from each zone on Monday and on Thursday (2x12 samples) according to JICA

methodology,

» preparation of 10 kg laboratory samples in sealed hard-wall plastic containers from
collected wasté from each zone on Monday and on Thursday (2x12 samples)
according to JICA methodology,

« determination of effective moisture from laboratory samples according to MSZ
(Hungarian National Standard) 21976/3-81,

« grinding and honﬁogenization of air-dry laboratory samples and preparation of about
1 kg analytical samples,

« from analytical samples the following determinations were carried out:
> hygroscopic moisture according to MSZ 21976/3-81,

> ash content dand combustibles (ignition residue and ignition loss) according to MSZ
21976/5-81,

> elementary composition (carbon, hydrogen, oxygen, nitrogen and sulphur) by
automatic elementary analyzer (type:Fisons Carlo-Erba)



> determination of total chlorine content heat of combustion using isothermal bomb- @
calorimeter (Berthelot-Mahler method)

> calorific value calculated from mechanical composition of each laboratory sample.

The results of this survey were compared to data obtained during the summer test period
and data obtained from Analytical Laboratory of Municipal Public Services Enterprise (FKFV)
representing the MSW output and waste composition in Budapest area in period of 1987-1991
based on their own survey. -

2. Applied methoddlogies

2.1. Allocation of sampling zones, sampling

.¢§:“’-;~
Wy

. The sampling zones were allocated based on JICA methodology during the summer test
period. The following parameters were determined:

+ in residential areas number of inhabitants and number of households,
e inhotels the number of rooms and number of beds,

« in office and markets the office or shop space,

e in park area the park surface,

« in all sampling zones the coltection vessels and collection frequency currently applied
by FKFV.

The basic parameters of allocated sampling zones are summarised in Table 1.
Pictures taken at sampling zones are presented in Appendix L %

The actual sampling of MSW from allocated zones were carried out between February 1.
- February 5. {(Monday - Friday).

MSW was collected by resident in the standardised vessels used by FKFV (see Table 1.).
During sampling the waste from collection vessels was transferred to 0.77 m? volume covered
plastic containers and transported to Municipal Waste Incinerating Facility (HHM).

The volume of collected waste from different zones showed great deviations (from 0.05
m? to 5 m3). For increasing the precision of determinations and obtaining more representative
results the following modifications were made on the methodology given by JICA: '

« incase the amount of sample obtained after quartering method would be less than 10
kg amount reduction was not performed, .
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« the amount reduction by quartering method was performed proportional to the
original mass of collected sample, as a consequence the determination of mechanical
composition was carried out on samples amounts of 50 and 150 kg.

2.2 Determination of bu!k density
Bulk density was calculated from measured mass and vo]ume of non- compacted waste

samples.
The mass was measured by an industrial scale with &= 0.1 kg accuracy.

The volume was determined by ﬁll'ing the samples in standard vessels of uniform volume.

2.3. Determination of mechanical composition

The reduced waste samples were separated into 11 different groups given by JICA (1.
paper and cardboard, 2. textiles, 3. plastics, 4. glass, 5. grasses, 0. leather, 7. rubber, 8. metals,
9. kitchen garbage, 10. stones and ceramics, 11, others) with following modifications:

» in group No. 5 were separated all vegetable and green garden waste including grass,

« group 11, (others) included all waste that could not be assigned to previous groups
e.g.. complex waste composed of multiple materials, medicines and chemicals, fine

grained - materials (dust, ash, soil), waste inseparable by hand because of

contamination and mixing with other waste during collection and transport.

The mass of cach separated fraction was determmcd by scale {and same precision) as
described in section 2.2.

2.4. Determination of effective moisture

Laboratory samples of about 10 kg were prepared on Monday and T hursday from each
collection zone {2x12 samples) in sealed hard wall plastic containers with appropriate labeling.
The amount of laboratory samples was further reduced by quartering method to about 1 kg.
These samples were dried in drying ovens at 105°C for 72 hours then conditioned at ambient
air for 48 hours period. The mass of samples before and after drying was determined by
laboratory scale with £50 mg precision.

The effective moisture was calculated from mass reduction during the drying procedure.

2.5. Preparation of analytical samples
From dried and conditioned (air-dry) samples the bulky hard objects (e.g.: metals,
stones) were removed manually and the residues were ground first in a laboratory hammer mill




and than pulverised with blade mill. All other determinations were made using these analytical
samples.

2.6. Determination of hygroscopic moisture

Portions of analytical samples were dried at 105 °C until the mass steadiness was
reached. The mass of samples beforc and after drying was determined by analytical scale
(+0.0001 g precision).

Hygroscopic moisture was determined by making three parallel measurements from each
sample. The results given are the averages of parallel measurements.

The total moisture content was calculated from effective and hygroscopic moisture using
the following formula:

M = Mg + My * [(100-Mg)/100] )

where:

Mo is the total moisture [%]

M is the effective moisture {%]
My is the hygroscopic moisture [%]

2.7. Determination of ash content _
Portion of analytical sample is weighted with analytical precision (0.0001 g) and ignited
in laboratory furnace at 600 oC until mass steadiness was reached.

Both the National Standard (MSZ 21976/5) and JICA methodology recommends
ignition at 800 oC but according to our experience at this temperature the decomposition of
carbonates is substantial. The German methodology is recommending 775 oC as a glowing
{emperaturc.

Ash content was calculated from mass loss during the ignition.
- Combustible fraction was calculated according to the following formula:
Cf: IOO-A—MH (2)

where:

Cg is the combustible fraction [%],
A is the ash content {%],

My, is the hygroscopic moisture [%].



2.8. Calculation of heating value -

The heating value of waste samples were calculated on basis of mechanical composition
and average heating value of ‘constituents. The average heating value of air dry constituents
was taken from MSZ 21976/6-86:

Constituent | Heating value
[kifkg)
paper 17585
wood _ 20034
leaves 16509
| leather - 20587
rubber . E 26357 ' §;
plastics 33424
textile 17798
kitchen garbage l457§
¢lass, ceramics 150
metals _ 280
ash, slag, other unidentified 8820 |
The heating value of garden waste was calculated using'the data for leaves. %

The heating value was calculated for air dry samples and converted for original condition
(raw samples) using the total moisture content.

2.9. Determination of elementary composition (C,H,0,N and S}

The determinations were carried out using an automatic elementary analyzer type Fisons
(Carlo-Erba) EA1108. The analytical samples were further pulverised using a micro ball mill
and 2-5 mg of homogeneous samples were weighted in. The instrument is pérforming the total
analysis automatically and the raw data is processed by PC. The instrument is capable of
quantitative determination of carbon, hydrogen, oxygen, nitrogen and sulphur in concentrations
above 100 ppm. Detection limit for all five elements is 10 ppm.



The instrument is capable for measuring the heat of combustion and the heating value of
samples. But experience from summer test period indicated that because of very small sample
amounts the heating value determinations are very unreliable therefore during this test bomb
calorimeter was used for measuring the heat of combustion (see later in section 2.10.)
Accuracy of measurements using this instrument is;

Measﬁ_red value accuracy
100 ppm £ 10 ppm
0,1 % + 0,001 %
1,00 % + 0,002 %
10,00 % +0,1 %
50,00 % ' +0,3 %
90,00 % . +0,3 %

2.10. Determination of chloride content and heat of combustlon

The method used is based on isothermal bomb calorimetric method of Berthelot- Mahler
About 750-1000 mg of average samples is weighted in (this amount is considerably higher than
the amounts used by Fisons-Carlo Erba elémentary analyser). At the bottom of bomb 10 cm3
of 0.1 mol/l concentration sodium-hydroxide solution was placed and the bomb is pressurised
with 3.0 MPa of pure oxygen. The pressurised bomb is placed inside an isothermally sealed
casing and after reaching thé thermal equilibrium the sample is ignited by electrical impulse.
The sample is incinerated with very high velocity and high efficiency in the pressurised oxygen
atmosphere. The temperature increase inside the casing is measured with £0.001 °C precision
and the heat of combustion is calculated from the temperature increase.

During the incineration of sample the organically bounded chlorine is converted to
hydrochloric acid. The hydrochloric acid is absorbed in the sodium-hydroxide solution afer
vigorous shaking of bomb. The chloride ion content of solution is determined by
electrochemical titration (precision 0.5 gmol chioride/sample amount)form which the chlorine

content can be calculated.

4. Results of sampling and analytical composition

The results of MSW mass and volume output for each sampling day and each zone and
weekly averages for zones are summarised in Table 2, The calculated loose bulk densities of
MSW for each zone are also ndicated in Table 2,

The calculated specific waste outputs for 5 day long periods in each sampling zones are
seen in Table 3. The specific waste output is calculated from total waste amount in the given

zone and is expressed:
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Table 2. MSW mass and volume output and loose bulk density
| - winter test period |
one: A B E . F R1 H2 M1 M2 Total
S. |mass 82 82 99 86 109 98] 51 239 10 17 180 4f 1057
2 |votume 0.7] o.650 0.95 0.6 0.6 0.7 0.3 1.65( 025 0.2 2.5 0.4 9.5
density | 117.1] 126:2] 104.2] 143.3] 181.7] we.0] 170.0] 144.8]  40.0] 850l 720l 1000
s Imass 62 63 81 10 23 9 29 337 24 48 120 3 809
2 volume 0.4 0.5 0,77 6.1 0.4 0.3]  0.17] 3.08 0.7 1.1 2)  0.05) 9.57
density | 155.0] 126.0] 105.2] 1o00.0f s57.5|  30.0] 17e.8] 109.4{  3&.3]  43.6]  s0.0] 0.0
s {mass 24 2 57 19 46 20 15 264 8 33 155 2 665
i volume 0.3 0.4 0.72 0.2 0.3 0.3 0.2 2.3 0.24 0.7 2.2f. 0.03 7.89
™ ldensity 80.0| s5.0 9.2l 9s5.0] 153.3] ee.7|  7s.o] 114.8] 33| ara|  ros|  es7
= |mass 13 45 47 1] 3 24 30| 233 1] 45] 1m0 of 74
;3 volume 0.1 0.3 0.7 0.1 0.2 0.7 0.35] 2.24] 0.2 1.2 25|  0.03] 38.68
density | 130.0] 150.0{ e7.1] 100.0f 1ss.p]  34.3] ss.7| 104.0| s3.8l 375 veof  es.7
w5 Imass 32 23 110 29 68 21 21f | 333 13 43 182 2 877
2 volume 0.3 0.4 1.2 0.5 0.5 0.2 0.2  2.31 0.2 1.2 2.5{  o0.02] 9.57
density | 106.7]  57.5|  91.7]  58.0| 136.0] 105.0] 105.6] #s4.2] szl ss.s| e8] 100.0]
5 |mass 213 235 394 154 277 172 18] 1608 69 186 817 13
“ volume 18] 23 el as| 2.0l 22l w2l ansl a7l sa] 17| os
Avg.mass 42.6 47.0 78.8[ 30.8 554 34,4 29.2| '281.2| -13.8] 37.2] . 163.4 2.6
STD mass + 28.6] ¢ 25.9 + 26.8] » 31.8] +34.5] 2 36.0] » 13.6] +50.5] 6.2 « 12.6] 5 26.7] + 0.9
Avg. volume 0.36] 0.45] e0.87) 0.30] o0.40] o044l o.24| 2.32) o.34]  o.88]  2.34] 0.1
STD volume s 022 +0.13) s0.21] ¢ 0.23] +0.16| +0.24] £ 0.08 + 051 £0.20 10.83 »0.23 0.1
ave. density | 118.3] 1044l 90.8] w0e.7| vsas|  7sz| ver| 21| s08|  a23]  ev.s]  24us
STD density | » 27.8] » 43.7] 2 16.4) 2 30.3] 2 47.2| 2 470 « 60| 1 19.6] 2 10.3] £ 20.2] & 5.4] & 324

applied units: mass (kgl, volume [m31, density (kg/n3)

Avg. = average

S¥D = standard deviation
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Table 3. Specific MSW output
winter test period

2one Hass output| Avg. output Ho. of Specific
Cede, for 5 days per day| inhabitants autput
[kgli. kgl [kg/person/day)

A 213 42.6 20 0.47
B 235 47 111 0.42
c 394 '78.8 101 0.78
D 154 30.8 60 0.51
3 277 55.4 82 0.68
F 172 34 .4 55 0.63
Zone Hass output| Avg. output| No. of beds Specific
Coxle. for 5 days per day output
[kgl fkqgl [kg/bed/day]

H1i 146 29.2 - 36 0.81
H2 1406 281.2 492 0.57
2one Mass output| Avg. output|Office space Specific
Code. for 5 days per day {m2} output
(kg] ) fkg/m2/day)

mt 69 13.8 84 0.16
M2 186 37.2 300 0.12
817 163.4 2290 0.07

13 2.6
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- for residential zones as ke/person/day, %
- for hotels as kg/bed/day,
- for office and market zones as kg/m?/day (relative to office or shop surface).

Results of mechanical con1position and physical-chemical determinations are presented
on 12 data sheets in Appendix 1I (tables Al-Al12). Each table contains results of
determinations carried out from samples collected on Monday and Thursday from a given

sampling zone. '
The tables contains following data:
« mechanical composition of raw sample,

«  hygroscopic moisture, ash and combustibles content relative to air dry sample,

o total moisture, ash and combustibles content relative to raw sample,

« heating value calculated from mechanical composition relative to air dry and raw
sample,

« elementary composition {carbon, hydrogen, oxygen, nitrogen sulphur and chorine)
relative to air-dry sample.

The laboratory measurements were performed with analytical accuracy and the data
given in the tables are averages of three parallel measurements.

5. Discussion of results
Detailed discussion of following measured results are given:

«  bulk density,

« mechanical composition,
«  physical propertics,
+ heating value.

Results from this test (winter period) are compared to the data obtained during summer
test period and significant differences are indicated. Data from summer and winter test periods
are averaged and compared to data collected by FKFV during past years.

Comparative data have been available for above properties from Analytical Dept. of
FKFV. for a 5 year long period (1987-1991).
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5.1. General remarks about results

The general remarks about the collected data are similar to those noted in our previous
study. The quantity of collected samples varied substantially with the zone and time of
collection. This effect was partly compensated by modifying the amount reduction procedure
as described in chapter 2.1. As a consequence the differences in waste composition and output
have to be handled very carefully. Deviations in waste output and waste composition on
different collection days and different locations is rather random than significant therefore the
results obtained for zones of identical character were averaged. The mechanical composition
was calculated as a weighted average (proportional to the amount of waste in given zone), the
physical properties were averaged from original data using plain (arithmetical) average method.
The average data for mechanical composition and physical properties of MSW samples for
winter test period are summarised in Table 4. Average mechanical composition and physical
properties of samples are graphically presented on bar diagrams shown in Figures 1. and 2.

It should be noted that in park area (zone P) there was no maintenance work in the time
period of sampling so the collected waste represents the usual public and household waste.

5.2. Bulk density and Specific output

The total mass output and bulk density of collected MSW samples for summer and
winter test periods and their averaged values are summarised in Table 5.

The observed tendencies in bulk density are similar to data obtained during summer test
period, however in some sampling zones substantial differences occurred. This differences are
due to relatively low number of samples. It must be mentioned that the bulk density of waste is
also influenced by collection frequency (higher frequency means lower bulk density).

The specific MSW output for summer and winter test periods are summarised in Table 6.
The correlation between specific outputs in sampling zones for summer an winter test periods
seem to be very good.

5.3. Mechanical composition

The mechanical composition and physical properties of MSW samples from

° residential areas (zones A..F)
° hotels (zones H1+H2) -

. markets (zones M1+M2)

. ~ office (zone O)

. park area (zone P)

for winter and summer test periods are summarised in Tables 7. and 8., respectively.
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Table 4. Averaged mechanical composition and physical properties of MSW

winter test period

Hechanical composition [¥%) Zones
(Meigthed average)' A+B C+D E+F AuvaoF H1+H2 M1+K2 3] P A....P
paper 21.15 25.06 .36 17.38] 14,20 59.88 80.00 25.00 27.09
textile 3.80 8.81 1.23 4.62 2.26 0.00 Q.47 0.00 2.99
plastics 12.75 8.44 5.56 8.80]  4.89 7.79 3.72| - 16.67 6.97
glass 2.10 5,94 3.'70 3.96 7.21 C7.56 . 1.40 16.67 5.09
grass, greens 0.75 D..U() (.00 0.23 0.98 .0.00 0.00 0.00 0.42
lether 0.00 0.00 0.00 3.00 -0.00 0.00 0.00 0.00}. 0.00
rubber 0.00 0.00}. . 0;00 . 0.00 .00 0.00 0.00 0,00 .00
metals 2.371 6.19 2.41 3.68 1.02 3.i4 6.98 ©13.33 3,22
kitchen garbage 42,44 27.63 42. 6 37.29 57.21 14.07 5.12 21.67 37.83
stones, ceramics 1.83 5.63 1.54 3.02 3.44 2.33 0.00 0.00 2.74
other 12.81 12.31 37.04 21.00 8.79 5.23 2.33 6.6?. 13.43
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.60 100.00 100.00
Physical properties A+B l;.‘.'iD E+F A.L.F H1+H2 H1+M2 0 PP A P
averaged values

- moisture** (%) 46.60 43.93 53.10 47.88 44 .28 41.07 21.92 58,13 42.485
~ ash** [¥%} 10.68 9.79 7.18 9.02 10.38 6.18 Q.69 4,70 7.99
- combustibles** (%] 43.32 44 .96 39.73 42.67 45.34 52.75 68.41 37.17 49.27
- total (%} 100.00 98.68 100.00 $9.56 100.00 100.00 100.01 100,00 99.91
Bulk density [kg/m3) 111.35 96,75 108.35 105.48 120.55 41..55 . 49,80 24.50 72.38
Calculated heating value:

- air-dry waste [kJ/kq) 16053 10825 12650 13176 13285 16190 16370 12680 14340
- row wWwaste [KJ/kgl 8608 7968 5948 7508 7410 9528 12755 5095 8459

** related to raw waste
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TABLE 5. MSW output and bulk density
summer-winter test averages

2one Mass output| Mass output] Hass output[Bulk density|Bulk density[Bulk density
lcode. | summer test| winter test average| sumrer test| winter test average
[kg] kgl tkg) Ikg/m3) tkg/m3) tkg/m3]
A 310 213 261.5 175.4 118.3 146,9
B 306 235 270.5 98.3 104.4 101.4
c 344 394 369.0 75.1 90.8 83.0
D 224 154 189.0 141.0 102.7 121.9
E 202 277 239.5 122.2 138.5 130.4
F 238 172 205.0 161.4 78.2 119.8
11 134 146 140.0 98.5 119.7 109.1}
2 905. 1 1406 1655.6 148.4 121.4 134.9
K1 55.5 69 62.3 '51.1 40,8  46.0
M2 212.1 186 199.1 43.5 42.3 42.9
0 824 87 820.5 68.1 69.8 69.0
71.5 13 42.3 81.3 24.5 52.9

Table 6. Specific MSW output
summer-winter test averages

Zone Specific output
Code. (kg/person/dayl

stsmmer test] winter test average
A 0.47 0.69 0.58
B 0.42 0.55 0.49
C 0.78 0.68 0.73
D 0.51 0.75 0.63
E D.68 0.49 0.58
f 0.63 0.87 0.75
Zone Specific output
Code. {kg/bed/dayl

summer test] winter test average
H1 0.81 0.74 0.78
W2 0.57 077 0.67
Zone $pecific output L)
Code. tkg/m2/day} #01v/0!

summer test{ Winter test average
M1 0.16 0.13 0.15
He 0.12 .14 0.13
0 G.07 0.07 0.07
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Table 7. Mechanical composition and physical properties of MSW
summer-winter test averages

Mechanical composition [%) residental 2ones A..F hotel zones Hi+H2 market zones M1+M2
(Heigthed average) winter Stmher av'erage winter surimer average | winter " summer average
paper ) 17.38 15.64 ‘16.5'1 14.20 16,10 15.15 59.88 42.03 50.946
textile 4,62 9.12 6,87 2.261. 0.69 1.48 © 0.00 0.00 - 0.00
plastics 8.80 7.52 8.16 4. 89 4.92 4.90 7.79 11.59 9.69
glass . .'3.96 5.81 4.89 7.21 9.69 8.45 7.56 3.04 5.30
grass, greens : 0.23 10,09 5,16 0.98 0.09 0.54 0.00 0.80 0.00
lether 0.00 0,00 0.00 {.00 ..0.00 0.00 a.00 0.00 0.00
rubber 0.00 0.00 0.00 0.00] ©.00 0.00 0.00 0.00 0.00
metals . 3.68] @ 2.65 3.17 -1.02) . 1.94 0 1.48 3.14 15.94 9.54
kitchen garbage 37.29 25.83 31.56 57.21 59.31/ 58.26 14.07 9.42 11.74
stones, ceramics 3.02 1.54 2.28 3.44 0.67 2.06|- 2.33 0.00 1.16
other 21.00 21.80 21.40 B.79 6.59 7.69 5.23 17.98 11.61
Total 100.00]  100.00] 100.00] 100.00] 100.00] 100.00] 100.00[ 100.00| 100.00
Physical properties residental zones A..F hotel zones Hi+H2. . market zones Mi+M2
(plain averages) ‘winter summer average uihter SWHmer avefage winter smlﬁer ‘average
- moisture** (%) 47.88 57.87 52.87 44.28 54 .69 49.49] - 41.07 34.73 37.90
- ash** {#) 9.46 13.80]  11.63 10.38 6.55 8.46 6,18 5.68 5.93
- combustibles** [%] 42.67 28.33 '35.50 45.34 38.76]  42.05 52.75 59.59 56.17
- total (%) 100.60 100.00 100.00 100.00 100.00) ° 10G.00f- 100.00 100.00 10000
Sulk density fka/m3} 105.48 128.90 117.19 120.55 123.45 122.00 41.55 47.30 44,43
Calculated heating volue: ) .
- air-dry waste [kJ/kqg) 13176 14292 13734 13285 13850 13568 16190 15500 15845
- row waste [kJ/kg) 7508 6228 6868 74510 6585 6998 9528 10830 10179

** cptated to row waste
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Table 8. Mechanical composition and physical properties of MSW

summer-winter test averages

Mechanical composition (%]

offices, zohe O

parks, zone P

total of all zones A..P

{weigthed average) Wwinter summer average winter summer average Wwinter SlEmmed average
paper 80.06] 46.43|  63.22| es.00]  14.63]  19.82|  27.09]  20.12]  23.61
textile 0.47 1.43 0,95 0.00 17.46 8.73 2.99 4.95 3.97
plastics 3.72 3.57 3.65 16.67 14.63 15.65 &6.97 6,73 6.85
ghass 1.40 2.14 1.77 16.67 9.76 13.21 5.09 6.83 5.96
grass, greens .00 1.43 0.72 0.00 0.00 0.00 0.42 4.79 2.61
lether 0.00 0.00 .00 0.00 0.00 0.00 . 0.00 0.00 0.00
rubber 0.00 0.00 0.00]. 0.00 0.00 0.00 0.00 0.00 (.00
metals 6.98 0.71 3.8 1333 5.61 9.47 3.22 3.31 3.27
kitchen garbage 5.12 7.86 6.49 21.67 19.51 20.59 37.83 35.33 36.58
stones, ceramics 0.00 12.14 6.07 0.00 .00 0.00] - 2.7 1.88 2.31
other 233  24.29]  13.3t 5.67]  1s.a0f  12.53]  13.63]  16.06] 14.85
Total 100.00 100,00 100.00 100.G0 100.00 100.00 160.00 100.00 100.00
Physical properties offices, zone O parks, zone P total of all zones A..P
{plain averages) winter summer average winter summer average | winter SUMmer average
- moisture** (X} 21.92 41.18 31.55 58.13 40.40 49.27 42.65 45.77 44.21%
- ash** (%) 9.69|. 15.27 12.48 4.70 6.06 5.38 7.99 Q.47 B.73
- combustibles** (%) 68.401  43.55|  ss.o8l w77l ss.sal o 4s.38]  4e.27| w6l 4r.0d
- tofal [%) 100.00 160.00 100.00 100.00 100.00 100.00 ?9.91 100.00 0F.96
Butk density (kg/m3) 69.80 68.10 68.95 24.50 81.30 52.90 72.83 89.81 81.32
Calculated heating value:
- éirfdry waste [kd/kgl 16370 14475 15423 12680 12480 14340 14524 14432
- row waste [kJd/kg) 12755 9575 11165 5095 5095 8459 8925 8692

** related to raw Waste
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5.3.1. Paper content |

Paper is the main constituent of MSW samples from offices (zone O} and markets (zones
M1,M2) where the paper content was 80 % and 59.88 %. In these zones the paper quality is
homogeneous: in market zone mainly cardboard and packaging paper while in office zone
mainly computer printer paper. The seasonal variations in paper content in this sampling zones
are minimal. Generally speaking in this samphng zones the overall composition of samples has

very small seasonal variation.

The MSW samples from residential areas (A F) contamed in average 17 34 % paper. In

hxgh income residence areas the paper content is greater than the average value while in low
income areas the paper content is extremely low (6.36 %). In summer test period there were
no significant differences between high and low income ‘areas, the significant difference in

~ winter period can be explained by the fact that in low income areas solid' fuels are used for

household heating. The paper quality in these zones is rather heterogencous and it is highly
contaminated with other waste therefore it is not suitable for recycling,

5.3.2, Textile content

“Textile was occurring in all MSW samples except for samples collected in markets (zone
M1, M2) and park area (zone P). Textile content showed very big variations in different
samples (between 0.4 % and 8.7 %). The big deviation in textile content is due to small
amount of samples rather to differences in zones. Due to hlgh deviations the seasonal
tendencies can not be observed.

5.3.3. Plastics content

Some characteristic differences can be observed in plastics content of MSW samples
from different sampling zones. These differences are similar to those noticed during summer
test period. Samples from park area (zone P) had the highest plastics content (16,67 %) and it
is composed mainly from bottles. MSW samples from offices (zone O) had lowest plastic
content (3.72 %). Proportion of plastics in waste samples from residential areas (zones A.F) is
similar to data obtained for summer period (8.79 %) and it is virtually independent from social

circumstances in the sampling area.

53.3.4. Glass content

Glass content of waste sample from different sampling zones varied between 1.4 % and
16.67 %. 1t is very similar to the data for summer test (glass content between 2 and 10 %). The
highest glass content during both tests was noticed in park area (zonc P) which can be
explained by the characteristics in these zones. The glass content of waste samples from
residential areas (zones A..F) was between 2-4.5 %. The glass found in collected samples were
without exemption glass bottles which can not be returned to manufacturers.

SRR




5.3.5. Grass, gircens content

The greens content is almost negligible in waste samples from all sampling areas (see
remark about park area in section 5.1.). Waste from residential area (zones A.F) contained
about 1043 % greens during summer test period. The lower greens content of waste samples
care reflected in lower moisture content, too. In residential areas (zones A.F) the moisture
content is lower by 10 % in winter period from summer value.

5.3.6. Metals content

Waste samples from residential areas (zones A.F) contained about 3.68 % metal
residues. No deviations due to seasonal variations or social circumstances can be observed.

The extremely high metal content in samples from park area and offices (6.98 5 and 13.3
5} is not characteristic rather incidental and is due to small number of samples.

5,3.7. Kitchen garbage content

Proportion of kitchen garbage was highest (nearly 60 %)in waste from hotel zone and
lowest in waste coming from office zone. In waste samples from residential areas (zones A..F)
the proportion of kitchen garbage was around 37.04%, and no correlation was found between
amount of kitchen garbage in waste and the income of inhabitants. This value seem to be
unexplainable high in comparison to the similar data form summer test period ( about 26 %)
but also in comparison to the long term composition data obtained from FKFV.

5.3.8. Stones and ceramics conteni

Proportion of stones and ceramics in waste samples was between 1.5 and 3.4 %. These
values seems o be realistic in comparison to the long term data from FKFV.

Data from summer test period showed very big variations which are rather incidental
than characteristic for the given sampling zone, therefore no comparison can be made.

5.3.9. Rubber and leather content,

Rubber and leather was not found in collected samples. It is probably due to small
number of collected samples.

§.3.10. Others content

In samples from different zones a portion of2.33 % - 37.04 % could not be separated in
one of above categories and this residue was classified as "others”, Their proportion is strongly
influenced by mixing during transportation.

This group consist mainly from ash, slag, soil and other inorganic dust. The constituent
mixed inseparable during transportation were also assigned to group “other". The paper and
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plastics originating from kitchen waste amounted to about one fifth of the group "other". A %%
similar proportion of group "other” was coming from complex waste made out of multiply
materials and hazardous components occurring -in municipal waste (medicines, dry batteries,

etc. )

5.4. Physical properties

Total moisture of collected samples was between 21.9 and 58.1 % (in average 42.65 %).
The moisture content of samples containing high proportion of kitchen garbage is higher then
40 %. The average moisture content of winter sample is lower than moisture content of
summer samples, the difference is even more etpresscd in case of samples from residential

areas {(zones A.F)

Ash content of waste samples was between 4.45 % and 10.10 %. This valies are also
lower than corresponding values from summer sampling period.

From calculated heating value it can be concluded that waste from all zones are suitable
for incineration. The heating value calculated for row sample {original moisture content) is
between 5095 and 12755 ki/kg. This

5.4. Results obtained by JICA and FKFV methodology

Small number of samples taken during this survey can not satisfy the demands necessary
for representative survey. Therefore it was found advisable to compare the results obtained in
this survey to those collected by FKFV during longer time period. Analytical departinent of
FKFV has been doing qualitative and quantitative analysis of the municipal solid waste for
more than two decades at a rate of more than 150 samples/year.

According to FKFV methodology samples are taken evenly distributed during the whole
year from following zones:

+ residential area of inner city with old type buildings,
+ residential area of modern high-rise block buildings,

« residential area of family houses with gardens.

Mechanical composition and physical properties of MSW according to different
methodologies are summarised in Tables 9 and 10. Maximum #5.47 percent deviation was
found in mechanical composmon between FKFV data and summer + winter average values
from JICA survey (averages from residential zones A_F). Mechanical composition of waste
from residential areas according to FKFV and JICA results (in JICA survey average for
sampling zones A..F) on pie diagrams in Figures 3. and 4., respectively.
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Table 9. Average composition of MSW
comparison of JICA test results and FKFV data

Mechanical composition [¥) results from JICA tests* FKFY** Diff.
(weigthed average) winter summer average data
paper 17.38 15,64 16.51 18.72 - 2.21
textile 4.62 2.12 6.87 4,46 + 2.41
plastics 8.80 7.52 8.16 4.56 + 3.60
glass 3.96 5.81 4,89 5.00 - 0.1
grass, greens 0.23 10.09 5.16 7.18 - 2.02
tether 0.00 0.00 0.00 0.00 + (.00
rubber 0.00 0.00 0.00 0.00 + 0.00
metals 3.68 2.65 3.17 5.05 - 1.88
kitchen garbage . 37.29 25.83% 31.56 28.16] + 3.40
. stones, ceramics 3.0 1.54 2.28 0.00 + 2.28
other 21.00 21.80 21.40 26.87 - 5.47
Total 100.00 100.00 100.00 100.00

*Weighted averages for residental zones (A..F)

**avargeged data for years

19871991

Table 10. Average physical properties of MSW
~ comparison of JICA test results and FKFV data

**Avargeged data for years

** related to raw waste

1987- 1991

Physical properties .results from JICA tests* FKFy** Diff.
(plain averages) "~ winter SuETer | average data
- moisture*** [¥) 47.88 57.87 52.87 36,671 + 16.20
- ash*** (%) Q.46 . 13.80 11.63 28.19] - 16.56
- combustibles*** [¥%) 42,67 28.33 35.50 35.14 + 0.36
- total (%) 100,00 100.00 100.00 100.00 + 0.00
. fBulk density [kg/m3] 105.48 128.90 117.19 157.01 - 39.81
Calculated heating value:
- row waste [kd/kg) 7508 6228 6868 6730 + 137.75
*aAritmethical averages for residental zones (A..F)




Figure 3. Mechanical composition of samples, winter+summer averages
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Appendix 1.

Photos about MSW sampling and analysis in winter test period



Collection of MSW samples at Hotel Victoria (sapling zone H1)

Collection of MSW samples at Hotel Béke Radisson (sapling zone H2)



Collection of MSW samples at Csemege-Meinl Shop No 49 (sapling zone M1)




Collection of MSW samples at Budapest, X. Kozma u 15/I-1IT (low income residental area,
sapling zone code F)

Collection of MSW samples at Budapest, XIV. Ujvidék tér 6-14 (middle income residental
area, sapling zone code D)



Emptying the MSW Samples from 0.77m3 collection containers




At

Arrival of collection containers to the separation site on the territory of Budapest Waste
Incinerator

Emptyinng the 0.77 m? collection containe¥'s
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T

Separation of MSW samples into different classes
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MSW sample on separation floor during separation
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Weighing of separated fractions



Dried laboratory sample before and after homogenisation
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Appendix Il

Data sheets containing the mech'anical composition and
physical properties of MSW samples

Winter test period



Appendix 11

Table A1, Mechanical composition and physical-chemical properties of municipal

ZONE CODE: A

solid waste

Mechanical composition Honday sample Thursday sample Average

{ka) %1 tkg] % w|
paper .00 0.20 3.60f - 0.28 22.11%
textile - 1.50 0.03 - - 2.63%
plastics 2.00 0.05 0.80 0.06 4.91%
glass 1.00 0.02 - - 1.75%
arass, greens 0.50] . 0.61 - - 0.88%
{ether - - - - 0.00%
rubber - - - - 0.00%
metals 1.00 0.02 0.40 0.03 2.46%
kitchen garbage 21.50 0.49 7.60 0.58 51.05%
stones, ceramics 2.50 0.06 0.20 0.02 & T4%
other 5.00 0.1 0.40 0.03 9.47%
Total 44,00 100.00% 13.00 100,00% 100, 00%
Physical properties Monday sample Thursday sample Average
Effective moisture (%) 42.41% 62.24% 52.33%
Higroscopic moisture* . [¥%} 4. 71% 5.23% 4.97%
Ash content* [£3) 25.¥7% 11.62% 18.70%4
Combustibles* [%) 69.52% B83,15% 76.34%
physical composition: (%) . )

- moisture** [%) 45.12% 66, 21% 54.67%

- agh*®* [%) 14.84% 45.39% 9.61%

- combustibles** va) 40.04% 31.40% - 35.72%
* air-dry Haste
** raw waste
calorific data Monday sample Thursday sampie Average
Calculated heating value

- air-dry Waste tkJ/kgl 14030 15901 14966

- FOW Waste [kJskg) 7699 5690 64695
Heasuréd (air-dry waste)

- heat of combustion [kJ/kg) 14120 18000 16060
Chemical composition Honday sample Thursday sample Average
(air-dry base)

- nitrogen [%} 25.30% 3.26% 14.,28%

- carbon ) 45.33% 45.71% 45.52%

- hydrogen (&3] 7.40% 7.90% 7.65%

- gxygen (%) 15.50% 15.50% 15.50%

- sulphur (%] 0.12% 0.02% 0.07%
- chloride 23] 0.80% 0.87% 0.84%

- total 1% 94 .45% 73.26% B83.86%
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Appendix 11

Table A2. Mechanical composition alﬁd physiéal—chcmical propertics of municipal

solid.wastf_:

ZONE CODE: B
Hechanical compositien Horday sample Thursday sample Average
(kg) [%] (kg) {%1 1%}

paper 10.00 0.23 8.60 0.66 32,634
textile 3.50 0.08 0.60 .05 7.19%
plastics 6.00| 0.14 16.00 0.77 28.07%
glass 1.50 0.03 0.60 0.05 ©3.68%
grass, greens - - 0.60 0.05 1.05%
lether - - - - 0.00%|.
rubber - - - 0.00%
metals 1.501 . 0.03 0.60 0.0% 3.68%
kitchen garbage 18.00 0.41 15.50 1.19 58,773
stones, ceramics - - - oo 0.00%
other 5.00 0.11 8.50 0.65 23.68%
Total 45,50} . 103.41% 45.00 346.15% 158.774)
Physiéal properties Monday sample Yhursday sample Average
Effective moisture 03] 33.33% 38.61% 35.97%
Higroscopic moisture* (%) 4. 40% 3594 4.00%
Ash content* X 26 674 7.80% 16.14%
Combustibles* 1% 71.13% 88.61% 79.87%
Physical composition: (%)

- moisture** %) 36.26% 40.81% 38.54%

- ash** [%) 16.31% 4.79% 10.55%

- combustibles** (%] 47.42% 54 . 40% 50.91%
* air-dry waste
** raw waste
Calorific data Horclay ssmple Thursday sample Average
Calculated Heating value

- air-dry waste [kd/kg} 16380 17500 17140

- oW Waste [kJ/kg) 10440 10594 10517
HMeasured {air-dry waste) .

- heat of combustion  [kJ/kg) [ 1‘530'0] 17700 16500
Chemjcal composition Monday sample Thursday sample Average
(air-dry base) -

- nitrogen %] 1.52% 1.78% 7 1.65%

- carbon (%) 48.37% 46.32% 47.35%
= hydrogen (%) 7.90% 6.60% 7.25%

- oxygen () 21.40% 17.95% 19.68%]

- sulphur (%1 0.01% _ 0.00% 0.01%

- chlorine [4) 0.93% 0.354 0.64%

- total &) 80.13% 73.00% 76.57%
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Table A3. Mechanical composition and physical-chemical properties of municipal
solid waste

ZONE CODE: C

Mechanical composition Monday sample Thursday sample Average

{kgl [%) thgl (%) [%]
paper 12,00} . 0.27 18.80 1.45 54044
textile 2.50 0.06 4.80 0.37 12.81%
plastics 2.50 0.06 3.20 0.25 10.00%
glass 8.00 0.18 - - 14,04%
arass, greens - - - - 0.00%
tather - - - - 0,00%
rubber - - - - 0.00%
metals 0.50 0.01 1.60 0.12 3.68%
kitchen garbage J¥.00 0.39 15.60 1.20 57.19%
stones, ceramics 3.00 0.07 - - 5.26%
other 6.50 0.15 3.00 0.23 16.67%
Tatal 52.00 118.18% 47.00 361.54% 173.68%
Physical properties Morklay sample Thursday sample Average
Effective moisture C X 55.81% 30.32% 43.07%
Higroscopic moisture® - [%) 5.28% 6.358% 5.83%
Ash content* {%) 15.15% 3_40% 9.28%
Combust ibles* %] 76.57% Q0.22% 83.40%
Physical composition: (%]

- moistureX* e 8] 58.14% © 34,774 46.45%

- ash** %) 6.69% 2.37% 4.53%

- combustibles** (€3] 33.84% &2.87% 48 .35%
* air-dry waste
**¥ raw waste
Catorific data Monday sample Thursday sample Average
Calculated heating value

- air-dry waste [kJ/kgl 12420 16540 14480
- oW Waste tkdskgl 5199 10790 7994
Measured (air-dry waste) .

- heat of combustion [ks/kgl | 19860 17400 18630
Chemical composition Monday sample Thursday sample Average
{air-dry base)

< nitrogen [4) 4.03% 2.78% 3.41%

- carbon % 56.68% 49.51% 53, 10%

- hydrogen [%} 7.10% 6.90% 7.00%

- .oxygden {%] 13.90% 18.90% 16.40%

- sulphur %) 0.02% 6.01% 0.02%

- chlorine - (% 1.80% 1.10% 1.45%

- total o 83.53% 79.20% 81.37%
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Table A4, Mechanical composition and physical-chemical properties of municipal

ZONE CODE: D

solid waste

Mechanical composition: Monday sample Thursday sample Average

kgl (%) {kg) . [ (%}
paper 7.50]. 0.17 1.80 0.14 16.32%
textile 6.00 0.14 0.80 0.04 11.93%
ptastics 6.00 0.14 1.80 014 13.68%
glass 1.50 0.03 - - 2.63%
grass, greens - - - 'U.OOK

lether - - 0.00%
rubber - - - 0.00%
metals 6.00 0. 14 1.80 0.14 13.68%)
kitcheh garbage 9.00 0.20 2.60 0,20 20.35%
stones, .ceramics 6.00 0.14]- - 10.53%
other .00 0.20 1.20 0.09 17.89%
Tatat 51.00 115.91% 10.00 T76.92% 107.02%
Physical properties Monday sample Thursday sample Average
Effective moisture 4 33.43% 47.02% 40.23%)
Higroscopic moisture* (%) 7.40% 2.62% 5.:01% )
Ash content® 4] 8324 £6.38%) 27.35%)
Combustibles* . (%) B4.28% 51.00% 67 .64%
Physical composition: (%)

- moisture** %1 38.36% 48414 43.38%

- agh** (%) 5.54% 24.57% 15.06%

- combustibles** (¥} C56.11% 27.02% 41.56%
* air-dry woste
** raw waste
Calorific data Morday s;arnplf:E Thursday sample Average
Calculated heating value

- air-dry waste tkJ/skg) 12790 15500 14145

- row wWaste {kJ/kagl 7884 7997 7940
Heasured (air-dry woste)

- heat of combustion {kJ/kgl " 14520] 10100 12310
Chemical composition Menday sample Thursday sample Average
{air-dry base)

- pitrogen [%) 2.32% 1.12% 1.72%

- carbon -[%) 60.39% 33.52% 46.96%

- hydrogen o 7.90% 3,80 5.85%

- oxygen (&3] 15.40% 17.00% . 16.20%

- sulphur 84 0.02% . 0.01% 0.02%) :
- chlorine %) 0.10% 0.11% 0.11%

- total (%) 86.13% §5.56% 70.85%
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Table AS, Mechanical composition and physical-chemical properties of municipal

ZONE CODE: E

solid waste

Mechanical composition Honday sample Thursday sample Average
tkg) I% tkg) &3] (%1
paper 2.00 0.05 0.50 0.04 4.39%
textile - - 1.50 0.12 2.63%
plastics 3.50 0.08 0.50 0.04 7.02%
glass 2.50 9,06 0.80 0.06 5.79%
grass, greens - - - - 0.00%
tether - - - - 0.00%
rubber - - - - 0.00%
metals 1.00 0.02 0.20 0.02 2. 11%
kitchen garbage 12.00 0.43 15.00 1.1% 59.65%
stones, ceramics - - - - 0.00%
other 27.00 0.61 12.50 0.96 69.30%
Total 55.00 125.00%] 31.00{  238.46% 150,88%
Physical properties Monday sample Thursday sample Average
Effective moisture (%3] 46.38% 55.51% 50.95%
Higroscopic moisture*  [¥} 8.48% [ 6.61%
Ash content* %) 15.63% 10.53% 13.08%)
Combustibles* %] 75.89% B4 . T4% 80.32%
Physical composition:  [¥] .

- moisture** [EA] 50.93% 57.61% 54.27%

- ash** (%3 8.38% 4.68% 6.53%

- combustibles** %) 40.69% 37.70% 39.20%4
* air-dry waste
** raw waste
Calorific data Monday sample Thursday sample Average
Calculated heating value

- air-dry waste Tkd/kgl 12270 12300 12285

~ FowW Waste . tkJ/kgl 6021 5213 5617
Heasured (air-dry waste)

- heat of combustion [kd/kql 15110 17100 16105
Chemical composition Honday sample Thursday sample Average
(air-.dry base) ’

- nitrogen [%] 2.45% 2.41% 2.43%

- carbon [%1 57.92% 45 48B4 51.70%

- hydrogen L {#) 7.20% 6.90% 7.05%

- oXygen {#) 18.50% 15.11% 16.81%

- sulphur (%) 0.06% 0.06% 0.06%

- chlorine (%} 1.02% 0.44% 0.73%

- total %l 87.15% 70.40% 78.78%
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Table A6, Mechanical composition and physical-chemical properties of municipal
solid waste

ZONE CODE: F
Hechanical composition Honday sample Thursday sample Average

: lkg) 0% tka) 03] 1%
paper 4.00 9.09% 3.80 29.23% 13.68%
textile - - 0.50 3.85% 0.88%
plastics 3,00 $.82% 2.00 15,38% B.77%
glass 1.50 3.41% 1.20 9.23% 4. 74%
grass, greens - - - 0.00%

|lether . - - - 0.00%
rubber - - - - 0.00%]-
metals 1.50 3.41% 1.20 9.23% 4.74%
kitchen garbage 25.50 57.95% 8.80 67 .69% &0 184
stones, ceramics - - 2.50f | 19.23% 4.39%
other 16.50 37.50% 4.00 30.774% 35.96%
Total 52.00 1181841 24.00 184 .62% 133.33%]
physical properties Monday saiple Thursday sample Average
Effective moisture {%) 38.85% 60.61% 49.73%
Higroscopic moisture* [} & 67X 3.85% 4.26%
Ash content* [%) 17.08% 13.22% 15.15%
combustibles® %] 78.25% 82.93% 80.5%%
Physical composition:  [¥) .

- moisture** [%] 41.71% 62.13% 51.92%

- ash** [#) i0.64% 5.21% 7.83%

- combustibles** (%) 47.85% 32.674 40, 26%
* air-dry waste .

*x raw waste
Calerific data Monday sampte Thursday sample Average
Calculated heating value

- air-dry waste [kd/kgl 13240 12790 13015

- roy waste {kJd/kgl 7718 4844 6281
Keasured {(air-dry waste)

- heat of combustion [kJ/kg) 15000 17500' 16250
Chemical composition Monday sarrble Thursday sample Average
(air-dry base)

- nitrogen [%) 4,315 2.83% 3.57%

- carbon {%) 48.,21% 44 _6VE 46.41%

- hydrogen % 7.40% 6.60% 7.00%

- oxygen (%) 13.90% 16.01% 14.96%

- sulphur {%} 0.03% 0.06% 0.053%

- chlorine % 0.75% -1.05% 0.90%

- total (% 74.60% 71.16% 72.88%
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Table A7, Mechanical composition and physical-chemical properties of municipal

ZONE CODE: H1

solid waste

Mechanical composition Honday sample Thursday sample Average

) tkg) [%] kol X1 [%]
paper 8.00 18.18% 2.80 21.54% 18.95%
textile 1.00 2.27% 5.40 41.54% 11.23%
plastics 2.50 5.68% 3.40 26.15% 10.35%
glass 4.00 9.09% 7.50 57.69% 20.18%
qrass, greens - - - - 0.00%
lether -1 - - - 0.00%
rubber - - - 0.00%
metals 1.00 2.27% 0.60 4.62% 2.81%
kitchen garbage 15.50 35.234 7.50 57.69% 40.35%
stenes, ceramics 10.50 23.86% - - 18.42%
other 8.50 19.32% 2.80 21.54% 19.82%
Total 51.G0 115.91% 30.00 230.77%| 142.11%
Physical properties Menday sample Thursday samplé Average
Effective moisture . [eA] 35.71% 57.14% 46.43%
Higroscopi¢ moisture* [%1 4. 33% 5.98%1 5.16%
Ash content* {X] - 34.,26% 4 . B6% 19.56%
Combustibles* (5 61.41% 89.16% 75.29%
Physical composition: %1

- moisture** [%1 38.49% 59.70% 49,107

- ash** - {%] 22.03% 2.08% 12.05%

- combustibles** [%1 39.48% 38.21% 38.85%
* air-dry waste
** raw waste
Calorific data Monday sample Thursday sample Average
Calculated heating value

- air-dry waste tkJ/7kal 10780 13140 11960

-~ row waste . [kJ/kg] 6430 5295 5963
Measured (air-dry wWaste) .

- heat of combustion.  [ki/kgl | 16400 17350 16875
Chemical composition Monday sample Thursday sample Average
{air-dry base) '

- nitrogen 1 2.42% 2.32% 2.37%)

- carbon I %) 40.87% 43.05% 41,96%

- hydrogen . 1%} 6.70% 6.90% 6.80%

- oxygen ts 13.30% 17.81% 15.56%
- sulphur o) 0.01% 0.00%| 0,01%

- chlorine (%] 0.50% 1.15% 0.83%

- total (%] 63.80% 71.23% 67.52%




-8 -

Appendix 1

Table A8. Mechanical composition and physicail-chemical properties of municipal

ZONE CODE: H2

solid waste

Mechanical composition Morday sample Thursday sample Average
' tkgl 3 lkg) &3] %)
paper 24.00 54.55% 8.50 65.38% 57.02%
textile 0.50 1.14% - - 0.88%
plastics 2.00 4.55% 7.00 53.854 15.79%].
glass 5,00 11.36% 5.50 42.31% 18,424
grass, greens - - 1.00 23.08% 5.26%
lether - - - - 0.00%
rubber - - - - 0.00%
metals 0,50 1.14% 1.00 7.69% 2.63%
kitchen garbage. 78.50 178.41%]: 73.00 561.56% 265.79%
stones, ceramics - - - - 0.00%
other 6.50 14.77% .00 69.23% 27 19%
Total 117.00 265.91% 107.00 823.08% 392.98%
Physical properties Monday sample Thursday sample Average
Effective moisture {%) 62.22% 11.104] - 36.66%
Higroscopic moisture® (%) 5.18% 4114 & .65%
Ash content* 1% 6.64% 16, 74% 11.69%
Combustibles* (%] 88.18% 79.15% 83.67%

Physical composition: (%)

- moisture*® . [%) &4 .18% 14.75% 39.47%
- ash** [*%) 2.51% t4.88% 8.70%
- combustibles** [£) 335.314 70.36% 51.84%
* air-dry waste
*w raw Haste
Calorific data Monday sample Thursday sample Average
Calculated heating value

- air-dry waste [k'J/kg] 14539 14690 14610

- row waste [kJ/kgl 5205 125;23 88641
Heasured (air-dry waste)

- heat of combustion  (ki/kgl | 19900 14450 17175
Chemical composition Monday sample Thursday sample Average
{air-dry base)

- nitrogen (%) 2.52% - 0.42% 1.4T%

- carbon [%) 49,14% 39.51% 44.33%

- hydrogen 1% -7.90% 5.50% 6. 70%

- oxygen %) 15.20%] 22.90% 19.05%]

- sulphur €3] 0.00% 0.00% 0.00%

- ehlorine [%) 0.70% 0,20% G.45%

- totsl [%) 75.46% 68534 72.00%

&
=

"
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Table A9. Mechanical compesition and physical-chemical properties of municipal

ZONE CODE: M1

solid waste

Mechanical composition Monday sampte Thursday sample Average

[kg) (%) tkg) [%) [%}
paper 5.00 i1.36% 7.00 53,85% 21.05%
textile - - - - 0.00%
plastics 1.00 2.27% 2.00 15.38% 5.26%
glass - - - 0.50 3.85% 0.88%
grass, greens - - . - 0.00%
lether - - - - 0.00%
rubber - - - - 0.00%
metals 1.00 2.27% 1.00 7.69% 3.51%
kitchen garbage 1.50 3.4 3.00 23.08% 7.89%
stones, ceramics - - - - 0.00%
other 1.50 3.41% 0.50 3.85% 3.51%
Total 10.00 22.73% 14.00 107.69% 42 11%
Physicél properties Monday sample Thursday sample Average
Effective moisture - %) 11.11% 62.56% 36.84%
Higroscopic moisture®* - {X) 4.72% 4.59% 4,667
Ash content* 1% 8.68% 11.48% 10.08%
Combust ibles* 3] 86.60% 83.93% 85.27%
Physical composition: [#)

- moisture** {%) 15.31% 64 ,28% 39.79%

- ash** (% 7.72% 4.30% &.01%

- combustibles** (%) 756.98% 31.42% 54.20%
* air-dry waste
** raw Waste
Calorific data Monday sample Thursday sample Average
calculated heating value

- air-dry waste ikd/kg) 16800 17030 16915

- IOH Haste TkJ/kq) 14229 6083 10156
Heasured {(air-dry waste)} :

- heat of combustion _(k/kg) 15660 15300 15480
Chemical composition Monday sample Thursday sample Average
(air-dry base)

- nitrogen [%] 0.57% 2.71% 1.64%

- carbon (%) 40.17% C44.42% 42.30%

- hydrogen (%1 - 5.50% 6.60% 6.05%

- oxygen &3 21.80% 15.20% 18.50%

- sulphur 3 0.03% 0.00% 0.02%

- chlorine %] 0.40% 0.67% 0.54%

- total {%) 68 .4TH 69.60% 89.056%
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Table A10. Mechanical composition and physical-chemical properties of municipal

ZONE CODE: M2

solid waste

Mechanical composition Morday sample Thursday sample Average].
{kal (%1 Lkal [£3] 1%
paper 6.00 13.64% 33.50 257.69% 69.30%
textile - - -l - 0.00%
plastics 2.50 S.68% 1.20 9.23% 6.49%
glass 2.501 - 5.684 3.50 26.924 10.53%
grass, greens - - - . - 0.00%
Lether - - - - 0.00%
rubber - - - 0.00%
metals 0.50 - 1.14% 0.20 1.54% 1.23%
kitchen garbage 5.00 11.36% 2.60 20.00% 13.33%
stones, ceramics - - 2.00 15.38% 3.51%
other 0.50 1.14% 2.00 15.38%) . 4.39%
Total 17.00 3B.64% 45.00 3466.15% 108.77%
Physical properties Honday sample Thursday sample Average
Effective moisture (%) 44 4% 30.12% 37.28%)
Higroscopic moisture* (¥} 11.10% 5.66% B8.38%
|Ash_content* (%3 17.66% 4, 14% 10.90%
Combust ibles* (k3] 71.24% 90.20% 80.72%
Physical composition: %) .
s moisture** €3] 50.61% 34.08% 42_34%
- ash** (%} 9.81% 2.89% 6.35%
- combustibles** £ 3v.58% 63.03% 51.31%
* air-dry waste
** raw waste
Calorific data Monday sample Thursday sample Average
Calculatéd_ heatinsj value
- air-dry waste (kJ/kg) 15700 15230 15465
- row wWaste [kd/kg) 7755 10040 8898
Measured (air-dry waste) .
- heat of combustion [kJ/kg) 14140 15900 15020
Chemical composition Monday sample Thursday sample Average
(air-dry base)
: nitrogen [%} 1.77% 0.55% . 1.16%
- carbon ) 40.16% 42.91% 41.56%]
- hydrogen (%) 6.40% 6. 460% 6.40%
- oxygen % 17.50% 22.50% 20.00%
- sulphur 23] 0.02% 0.00% 0.01%
- chlorine {%) 0.73% 0.59% 0.66%
- total [£3] 66,58% 72.95% 69.774
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Table A1l Mechanical composition and physical-chemical properties of municipal

ZONE CODE: O

solid waste

Hechanical compesition Monday sample Thursday sample|. Average

[ke) (%1 tkgl [} [%)
paper 51.00 115.91% 35.00 269.23% 150.88%
textile - - 0.50 3.85% 0.88%
blastics 1.50 3.41% 2.50 19.23% 7.02%
glass 0.50 1.14% 1.00 7.69% 2.63%
grass, greeng - - - - 0.00%
lether - - - - 0.00%
rubber - - - - 0.60%
metals - - 7.50 57.69% 13.16%
kitchen garbage 0.50 1.14% 5.00 38.46% 9.65%
stones, ceramics - - - - G.00%
other - 2.50] - 19.23% 4.39%
Totatl 53.50] - 121.59% 54.00 415.38% 188.60%
Physical properties Honday sample Thursday sample Average
Effective moisture 0 20.30% 16.56% 18.43%
Higroscopic moisture*  [%) §.26% 4 _28% 4. 274
Ash content* - [%4) Q.47% 14.17% 11.82%
Combustibles* ) 86.27% 81.55% 83.91%
Physical composition: [X%)

- moisture** - 1%} 23.70% 20.13% 21.91%
_- ash** % 7.55% 11.82% 9.69%

- codbustibles** ) 68.76% 68.05% 68.40%
* air-dry waste
** raw waste
Calorific data Honday sample Thursday sample Average
caleulated heating vatue

- air-dry waste {kJ/kgl) 17840 14900 16370

- roW Waste (kJ/kal 134613 11900 12757
Measured (air-dry Waste)

- heat of combustion  ([kJ/kg] 19700 14030 16865
Chemical composition Monday sample Thursday sample Average
{air-dry base)

- nitrogen [ 0.27% 0.59% 0.43%

- carbon [%] 43_81% 41.21% 42 ,.51%

- hydrogen [%) 6.20% 5.90% 6.05%

- oxygen [#] 22.90% 21.30% 22.10%

- sulphur {%) 0.02% 0.00% 0.0%%

- chlorine . [%) 0.59% 0.34% 0.47%

- total 1% 73.79% 69.34% 71.57%
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Table A12, Mechanical composition and physical-chemical properties of municipal
solid waste

ZONE CODE: P
Mechanical composition Monday sample thursday sample Average
[ka] [%] (kg | [%] [%)
paper 1.00 2.27% 0.50 3.85% 2.63%
textile - - - - 0.00%
plastics 0.50 +1.14% 0.50 3.85% 1,75%
glass 1.00 2.27% - - 1.75%
grass', greens - - - - 0.00%
lether - - - 9.00%
rubber - - - - 0.00%
metals 0.60 1.36% 0.20 1.54% 1.60%
kitchen garbage .50 1.14% 0.80 6.15% 2.28%
stones, ceramics < - - - 0.00%
other 0.40 0.91% - .- 0,70%
Total 4.00 9.09% 2.00 15.38% 10.53%
Physicatl properties Monday sampie Thursday sample Average
Effective moisture (%) 56_60% 55.17% 55,89%
Higroscopic meisture® €3] 5_42% 4.,78% 5.10%
Ash content* %] 14, 40% 7.03% 10.72%].
Combustibles* (%] 80.18% 88.19% 84.19%
Physical composition: [
- moisture** {#) 58.95% 57.31% 58.13%
- ash¥¥ . (%) 6.25% 3.15% 4.70%
- combustibles** [%) 34.80% 39.54% 37.17%
* air-dry waste .
** raw waste
Calorific data Morday sample Thursday sample Average
Calculated heating value .
- air-dry uaste (kJ/kg} 11360 113560
- row waste [kd/kyl 4663 0 2332
Measured {air-dry waste} .
- heat of combustion (kJ/kg) 14000 17200} 15600
Chemical composition Monday sample Thursday sample Average
(air-dry base) ' .
- nitrogen f%) 1.58% 1.23% 1.41%
- carbon [%) 41.64% 44 . 86K 43.25%
- hydrogen [EA] 5. B0% 6.50% 6.15%
- oXygen (% 21.60% 18.30% - 19.95%
- sulphur 4] 0.01% 0.00% 0.01%
- chlorine %) 1,14% 0.74% 0.94%
- total [#3] 71,774 71.63% 71.70%

bt
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1. Introduction

According to signed contract between JICA Study Team and Environmental Pro-
tection Ltd. (in following EP) the EP carried out municipal waste sampling and ana-
lysis in the municipal area of Budapest. The survey was conducted according to
methodology given by JICA Study Team.

In the course of survey the following tasks were carried out:

« allocation of 12 sampling zones according to JICA methodology and sur-
vey of population in these zones,

+ collection of communal waste from these zones during 5 day long period
{(Monday-Friday) in specialized collection vessels,

« determination of waste mass output and bulk density from each zone dur-
ing this period, :

+ determination of mechanical composntion (I 1 dlfferent classes) of collected
waste from each zone on Monday and on Thursday (2x12 samples) accord-
ing to IICA methodology,

. preparatlon of 10 kg laboratory samples in sealed hard-wall plastic contai-
ners from collected waste from each zone on Monday and on Thursday
(2x12 samples) according to JICA methodology, :

» determination of effective moisture from laboratory samples according to
MSZ (Hungarian National Standard) 21976/3-81,

+ grinding and homogenization of air-dry laboratory samples and preparation
of about 1 kg analytical samnples,

« from analytical samples the following determinations were carried out:

- hygroscopic moisture according to MSZ 21976/3-81,

- ash content and combustibles {ignition residue and ignition loss)
according to MSZ 21 976/5-81,

- elementary composition (carbon, hydrogen, oxygen, nitrogen and
sulphur) and calorific data (heat of combustion and calorific value) by
automatic elementary analyzer (type: Carlo-Erba}

+ determination of 'toxic and alkali metal content from Monday and Thursday
welghted average samples by ICP-AES method,

s calorific value calculated from mechanical compos:tlon of each laboratory
sample.

The applied sampling-and analytical procedures (given by JICA) were compared
to currently valid Hungarian Standards (MSZ 21 976/xx series) and German metho-
dology (Miill und Abfall Handbuch 1990, p:10900-11028).

The results of this survey were compared to data given by Analytical Laboratory
of Municipal Public Services Enterprise (FKFV) regarding the communal waste out-



.

put and waste composition in Budapest area in period of 1987-1991 based on their
OWn SUrvey.

2. Applied methodologies

2.1. Allocation of sampling zones, sampling

The sampling zones were allocated based on JICA methodology. During alloca-
tion period the following parameters were determined:

+ inresidential areas (high, middie and low income) the number of households
and number of inhabitants,

« in hotels the number of rooms and number of beds,
» " in office and markets the office or shop space,
+ in park area the park surface, | _ |
+ inall sampling zones the collection vessels aﬁd_collection frequency curren-
tly applied by FKFV. _
Data about allocated sampling zone are summarised in Table 1.

Int Appendix 1. the photos taken at sampling zones are presented and the zones are
indicated on plan of Budapest.

The actual sampling of allocated zones were carried out between June 15. - June 19.
(Monday - Friday). _

Waste was put by local population in usual collection vessels supplied by FKFV
(see Table 1.).

Durmg collection the waste from each zone was transferred from these vessels to
0.77 m labelled plastic containers and transported to Municipal Waste Incinerating
Facility (HHM}.

The volume of collected waste from different zones showed § great deviations (from

0.05 m3 to5Sm’ ) For i tncreasing the precision of determmatlons and obtaining more
representative results the following modifications were made on the methodology

given by JICA:
+ in case the amount of sample obtained after quartering method would be
less than 10 kg amount reduction was not performed,

+ the amount reduction by quartering method was performed proportional to
the original mass of collected sample from this zone, so determination of

mechanical composition was carried out on samples with mass between 10

and 129.5 kg.
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2.2 Determination of bulk density

Bulk density was calculated from measured mass and volume of non-compacted
waste samples

The mass was measured by an industrial scale w1th 0.5 kg accuracy.

The volume was determined by filling the _samples in standard vessels of uniform
volume.

2.3. Determination of mechanical composmon

The reduced waste samples were separated into 1 1 different groups given by J ICA
(1. paper and cardboard, 2. textiles, 3. plastics, 4. glass, 5. grasses, 6. leather, 7. rub-
ber, 8. metals, 9. kitchen garbage, 10. stoncs and ceramics, 11. others) with' follow-
ing modifications: : '

+ in group No. 5 were separated all vegetable and green garden waste includ-
ing grass,

s group il (others) included all waste that could not be assigned to prcvnous
groups e.g.: complex waste composed of multiple materials, medicines and
chemicals, fine grained materials (dust, ash, soil), waste inseparable by hand
because of contamination and mixin g with other waste during collection and
transport.

The mass of cach separated fraction was determined by scale described in sec-
tion 2.2.

2.4. Determination of effective moisture

Laboratory samples of about 10 kg were prepared on Monday and Thursday from
each collection zone (2x12 samples) in sealed hard wall plastic containers with ap-
propriate labeling. The amount of laboratory samples was further reduced by quar-
tering method to about 1 kg. These samples were dried in drying ovens at 10045 °C
for 72 hours then conditioned at ambient air for 48 hours period. The mass of sam-
ples before and after drying was determined by laboratory scale with 50 mg preci-

sion.

The effective moisture was calculated from mass reduction during the drying
procedure.

2.5, Preparation of analytical samples

From dried and conditioned {air-dry) samples the bulky hard objects {e.g.: metals,
stones) were removed manually and the residues were ground first in a laboratory
hammer mill and than pulverised with blade milt. All other determinations were made
using these analytical samples.
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2.6. Determination of hygroscopic moistuie

Portions of analytical samples were dried at 105 °C until the mass steadiness was
reached. The mass of samples before and after drying was determined by analytical
scale (0.0001 g precision).

Hygroscopic moisture was determined by making three parallel measurements
from each sample. The results given are the averages of parallel measurements.

The total moistuie content was calculated from effective and hygroscopic mois-
ture using the following formula:

M7 = ME + My * [(100-Mg)/100] (1)

where:
« Mr is the total moisture [%}
» ME is the effective moisture [%]
» My is the hygroscopic moisture [%]

2.7. Determination of ash content

Portion of analytical sample is weighted with analytical precision (0.0001 g) and
ignited in laboratory furnace at 600 °C until mass steadiness was reached.

Both the National Standard (MSZ 21976/5) and JICA methodology recommends
ignition at 800 °C but according to our experience at this temperature the decompo-
sition of carbonates is substantial. The German methodology is recommending -
775 °C as a glowing temperature.

Ash content was calculated from mass loss during the ignition.
Combustible fraction was calculated according to the following formula:

Cf = 100 - A - My )

where:
« Cfis the combustible fraction [%).
« A is the ash content [%],
« My is the hygroscopic moisture {%].

2.8. Calculation of heating value

'The_heating value of waste samples were calculated on basis of mechanical com-
position and average heating value of constituents. The average heating value of air
dry constituents was taken from MSZ 21976/6-86:



Constituent Healing value
[kJikg]
paper 17685
wood 20034
leaves 16609
ieather 205687
rubber 26367
‘plaslics 33424
textile ' 17798
kHchen garbage 14575
glass, ceramics 150
metals ‘ - 280

ash, slag, other unidentified 8820

The heating value of garden waste was calculated using the data for leaves.

The heating value was calculated for air dry samples and converted for original
condition {raw samples) using the total moisture content.

2.9. Determination of elementary composition and calorific data

The determinations were carried out using an automatic elementary analyzer type
Fisons (Carlo-Erba) EA ! 108. The analytical samples were further pulverised using
a micro ball mill and 2-5 mg of homogeneous samples were weighted in. The instru-
ment is performing the total analysis automatically and the raw data is processed by
PC. The instrument is capable of quantitative determination of carbon, hydrogen,
oxygen, nitrogen and sulphur in concentrations above 100 ppm. Detection limit for

all five elements is 10 ppm. The instrument is directly measuring the heat of com-
bustionand the heating value is calculated from heat of combustion using the oxygen

and hydrogen content of sample. Accuracy of measurements using this instroment
1S '

Meoasured value accuracy
100 ppm + 10 ppm
0.1% +0,001 %
1,00 % +0,002 %
10,00 % +01%
50,00 % +03%
90,00 % x03%

Weighted average sample (proportional to waste output in sampling zones) for
Monday and Thursday were prepared from homogeneous samples and elementary
composition was determined for these two average samples, t0o.

2.10. Determination of metal content.

Weighted average samples (proportional to waste output in sampling zonés) for
Monday and Thursday were prepared from homogeneous samples and 21 metaland
semi-metal components including toxic heavy metals were determined from the
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average samples. Known amount of homogeneous samples were di gested with conc.
nitric acid and hydrogen-peroxide under pressure in PTFE bombs at about 180 °C.

The metal components in aliquot portion of digested samples were determined by
ICP-AES {Inductively Coupled Plasma Atomic Emission) technique.

4. Resuits of sampling and analytical composition

The r'es'ult's. of waste output for each sampling day ahd each zone during the sur-
‘vey are summarised in Table 2.

The measured loose bulk densities of waste for each sampling day and each zone
- during the survey are shown in T able 3.

 The calculated specific waste outputs for 5 day long periods in each sampling
zone can be seen in Table 4, The specific waste output is calculated from total waste
amount in the given zone and is expressed:

- for residential zones as kg/person/day,
- for hotels as kg/bed/day,
- for offi ice and market zones as kg/m /day (relative to office or shop surface}

Tables 5-16 contain the results of mechanical composition and physical- ~chemi-
cal determinations. Each table contains results of determinations carried out from
samples collected on Monday and Thursday from a given sampling zone.

The tables contains following data:

+ mechanical composition of raw sample,

+ hygroscopic moisture, ash and combustibles content relative to air dry
sample, _

» total moisture, ash and combustibles content relative to raw sample,

+ heating value calculated from ruechanical composition relative to air dry and
raw sample,

« elementary composition {carbon, hydrogen, oxygen, nitrogen and sulphur}
relative to air-dry sample. -

The laboratory measurements were performed with analytical accuracy and the
data given in the tables are averages of three parallel measurements.

Results of metal and toxic heavy metal determination are presented in Table 17.
The data in table are derived from weighted average samples {proportional to the
amount of waste in each sampling zone) for Monday and Thursday samples.
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Table 4. Specific waste output in samplig zones

2one  JComment HMass output| Avg. output No, of Specific

Code, for 5 days per day| inhabitants output

Tkgl [kq) [kg/person/day)

A High income area 310 62 90 0,69

8 High income area 306 61,2 111 G,55

s, |Middle income area 344 68,8 11| 0,68

D Middle income area 224 44,8 60 0,75
E Low income ares 202 40,4 az 0,49]

F Low income area 238 47,6 55 0,87

No. of beds Specific

output

{kg/bed/day)

H Hotel Viktoria 134 26,8 36 0,74

H2 Hotel Béke 1905, 1 381,02 492 0,77

Office space specific

{m2] output

tka/m2/day]

Mt Market.‘l 55,5 11,1 84 0,13

M2 Market 2 212,1 62,42 300 0,14

0 Qffice building 824 164,8 2290 0,07

P Park area 71,5 14,3




Table 5.

Zone code: A
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Mechaniecal conposition and
physical-chemical properties of waste

Hechanical composition Morday sample Thursday sample Average
tkg] &3] tkad ) (%)
papef 10,00 20,41 4,00 18,53 16,09
textile 7,00 14,29 4,00 10,53 12,64
plasties - 5,00 10,20 1,50 3,95 7,47
glass 1,00 2,04] 1,00 2,63 2,30
grass, greens 5,50 11,22 4,00 10,53 10,92
lether 0,00 0,00 0,00 0,00 0,00
rubber 0,00 0,00 0,00 0,00 0,00
Imetals 1,00 2,04 0,80| 2,141 2,07
kitchen garbage 12,00 24 49 12,ﬂ0 31,58 27,59
stones,' ceramics 0,00 0,00 6,02 0,00 0,00
other 7,50 15,31 10,70 28,16 20,92
Total 49,00 100,00 38,00 100,00 100,00
Physical properties Honday sample Thursday sample Average
Effective moisture [X) 55,71 62,89 59,30
Higroscopic moisture™ (¥) 5,14 3,66 4 40
Ash content* (%] 18,96 23,83 21,40
Combustibles* [%] 75,50 72,51 7%, 21
Physical composition:
- moisture**® (%) 57,99 64,25 61,12
- ash** [#) 7,97 8,00 7,99
- combustibles** [X] 34,04 27,75 30,90
* sir-dry waste
** ray Waste
Calarific data Monday sample Thursday sample Average
talculated heating value
- air-dry waste (kJ/kg} 16320 13870 15095
- row waste {kJ/kgl 7230 5150 6190
Measured {air-dry waste)
- heat of combustion (kd/kg) 21500 19800 20650
- heating value (kdska) 20200 18700 19450
Chemical composition Morxlay sample Thursday sample Average
(air-dry base)
- nitregen [%) 2,4945 1,9901 2,2423
- carbon [%] 37,8669 35,4903 36,6786
- hydregen [%) 5,896% 5, 3457 - 5,6213
- sulphur [%3 0,18469 0, 0153 0,101
- oxygen {¥%) 35,5895 35,7725 36,1810
- total [¥) 83,0347 78,6139

g

%
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Table 6.

Zone code: B
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Mechanical conposition and
physical-chemical properties of waste

Mechanical compositien Monday sample Thursday sample Average
kgl (%] [kal %) ¥
aper 5,00 15,38 11,00 26,19 21,48
textile 2,00 5,13 1,50 3,57 4,70
plastics 3,00 9,23 1,75 4,17 6,38
glass 3,00 .23 4,00 9,52 9,40
qrass, greens 0,50 1,54 1,50 3,57 2,68
lether 0,00 0,00 0,00 0,00 0,00
rubber 0,00 0,00 0,00 0,00 0,00
metals 1,00 3,08 i,00 2,38 2,68
kitchen garbage 13,00 40,00 13,00 30,95 34,90
sLones, ceramics 0,00 0,00 0,00 0,00 0,00
other 5,00 15,38 8,25 19,64 17,79
Total 32,50 100,00 42,00 100,00 100,00
Physical properties Monday sample Thursday sample Average
Effective moisture {%) 56,50 54,17 55,34
Higroscopic moisture™ [¥) 5,75 2,56 4,16
Ash content* (%) 15,30 60,86 38,08
Combustibles™ [¥] 78,95 36,58 57,77
Physical composition:
- moisture®** [%] 59,00 55,34 57,17
- ash**. [¥] 6,27 27,18 15,73
- combustibles** (%) 34,73 17,48 26,10
* air-dry waste
** raw Waste
Calorific data Morkday sample Thursday sample Average
Calculated heating value
< air-dry waste [kJ/kg) 14350 13490 13920
- row Waste [kJ/kgd 6240 6180 6210
Measured (air-dr? Waste)
- heat of combustion [kd/kgl 23200 12400 17800
- heating value [kJ/kg) 21900 11800 16850
Chemical composition (air-dry base) Honday sample Thursday sample Average
- nitrogen [¥] 2,2651 0, 9045 1,5848
< carbon [#} 40,9971 23,2914 32,1443
- .hydrogen (%] 6,3853 3,0995 4, 7424
- sulphur [%) 0,0029 D,2012 0,1021
- oxygen [%] 38,5020 23,0674 30,7847
- total %} 88,1524 50,5640




Table 7.

Zone code: C
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Mechanical conposition and
physical~chemical properties of waste

Mechanical composition Monday sanple Thursday sample Average
tkg) t kel 1) %)
paper 6,00] - 14,63 5,50) 24,55 18,14
textile 4,50 10,98 1,00 4,48 8,68
plastics 3,00 7.32 3,00 13,39 - Q.46
alass 5,50 13,41 G,20 0,89 . 8,99
yrass, greens 1,50 3,66 0,10 0.45 2,52
.lether 0,00} 0,00 0,00 0,00 0,00
rubber 0,00 9,00 0,00 0,00 0,00
metats 0,50 1,22 0,10 0,45 0,95
kitchen garbage @,00 21,95 5,00 22,32¢. 2é!08
' stones, teramics 1,00 2, 44 3,001 13,39 _ 6,31
other 10,00 26,39 4,50 20,09 22,87
Total 41,00 100,00 22,40 100,00 100,00
fhysical properties Monday sainple Thursday sample Average
Effective moisture (%) 52,03 61,90 56,97
Higroscopic moisture* [¥%} 4,48 3,84 4,16
Ash content* {¥%) 29,10 24,56 26,83
Combustibles* [¥] 66,42 71,60 69,01
Physical composition:
- moisture** [%] 54,18 63,34 58,77
-_ash** [¥%) 13,33 8,45 10,89
- combustibles* () 32,49 28,19 30,34
* air-dry waste
A% raw waste
Calorific data Honday sample Thursday sample Average
Calculated heating value
- air-dry waste (kd/kg) 12950 14700 13825
- row waste (kJd/kgl 6210 56060 5905
Heasured (air-dry waste)
- heat of combustion [ki/kg) 20400 19400 19900
- heating value [kd/ke} 19200 18300 18750
chemi cak composition (air-dry base) Monday sample Thursday sample Average
- nitregen %) 1,9156 1,4945 1,7051%
- carbon [%4) 36,0221 35,5532 35,7877
- hydrogen (%1 05,5700 5,0283 5,292
- sulphur (%) 0,8918 0,0025 0,4472
- oxyagen [%) 31,3417 34,2994 32,8206
- total [¥%) 75,7412 76,3779




Table 8.

Zone code: D
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Machanical conposition and
physical-chemical properties of waste

Mechanical composition Monday sample Thursday sample Average
kgl %) kgl [£4] %)
paper 6,00 10,34 3,00 10,91 10,53
textile 2,00 3,45 1,00 3,64 3,51
plastics 5,00 8,62 1,50 5,45 7,60
glass 3,00 5,17 1,50 5,65 5,26
grass, greens 13,00 22,41 1,00 3,64 16,37
lether 0,00 0,00 0,00 0,00 0,00
rubber 0,00 0,00 0,00 0,00 0,00
metals 3,00 5,17 0,50 1,82 4,09
kitchen garbage 11,00 18,97 5,00 18;18 18,71
stones, ceramics 2,50 4,31 0,00 0,00 2,92
other 12,50 21,55 14,00 50,91 30,90
Total 58,00 100,00 27,50 100,00 100,00
Physical properties Monday sample Thursday sample Average
Effective moisture {%) 62,23 37,58 49,91
Higroscopic maisture* [¥%} .5,88 é,ZQ 4 .06
Ash content* [%) 21,11 40,72 30,92
Combustibles* (%] 73,04 57,06 65,03
Physical composition:
- moisture** (%} 64,45 38,98 51,71
< ash** [¥] 7,50 24,85 16,18
- combustibles** [%] 28,05 36,17 32,11
* air-dry waste
** raw waste
Ctalerific data Monday sample Thursday sample Average
Calculated heating value .
- air-dry waste [kJ/kgl 13700 12140 12920
- roW Waste (kd/kg) 5180 7580 6380
Measured (air-dry waste)
- heat_of combustion [kJ/kg) 22900 14200 18550
- heating value (kd/kg) 21600 13400 17500
Chemical composition (air-dry base) Monday sample Thursday sample Average
- nitrogen LX) 2,2551 1,5161 1,8856
- carbon (%] 41,2405 26,30?0 33,7738
- hydrogen (%) 6,1069 3,6092 4,8581
- sulphur %) 0,0042 0,0904 0,0473
- oxygen (%) 33,9007 28,0096 30,9552
- total [¥) 83,5074 59,5323




Table 9.

Zone code: E

PR P

Mechanical aonposition and
physical-chemical properties of waste

Hechanical compositinn.‘ Honday sample Thursday samole Average
tkgl ) Ikg) £3 £%)
paper 7,50 27,99 1,00 5,95 19,50
textile 5,50 20,52 7,00 41,67 . 28,67
plastics 2,00 7,46 - 1,00 5,95 6,88
glass o550 1,87 0,30 1,79 1,83
grass, greens 1,80 6,72 0,20f 1,19 4,59
lether 0,00 0,00 0,00 0,00 0,00
rubber 0,00} 0,00 0,00 0,00 0,00
metals 1,00 3,73 0,80 4,76 4,13
kitchen garbage 3,501 - 13,06 2,00 11,90 12,61
stones, ceramics 0,00 0,00 0,00 0,80 0,00
other 5,00 18,66/ 4,50 25,79 21,79
Total 26,80 100,00 16,80 100,00 100,00
Physical properties Monday sample Thursday sample Average
Effective moisture [%] 67,86 40,81 54,34
Higroscopic moisture* (%] 4,85 2,03 3,44
Ash content* [¥] 18,48 49,73 34,1
Combustibles* [%) 75,67 48,24 62,46
Physical composition: :
- meisture** (%] 69,42 42,01 55,72
- ash** [%] 5,65 27,97 16,81
- combustibles** [X} 24,93 30,02 27,47
* air-dry waste
** raW waste
Calorific data Monday sample Thursday sample Average
Calculated heatiﬁg value
- air-dry Waste Ilekg] 5740 14760 15250
- row waste (kJ/kgl 5060 B740 6900
Heasured {air-dry waste)
- heat of combustion [kJ/kgl 23000 15400 - 19200
- heating value (kd/kgl 21700 14500 18100
Chemical composition Monday sa@ple Thursday séwpte Average
{air-dry base)
- nitrogen [¥] 21573 2,3090 2,2332
- carbon (%) 41,3455 28,1349 34,7402
- hydrogen {%) &, 1202 3,9860 5,0531
- sulphur_[%] 0,0065 0,2136 0,1101
- oxygen [%) 34,3218 26,5335 30,4277
- total [X3 83,9513 61,1770

:
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Table 10.

Zone code: F
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Mechanical conposition and
physical-chemical properties of waste

Mechanical composition Morklay sample Thursday sample Average
kgl %] kgl %) A
paper 5,00 16,13 2,00 5,41 10,29
textile 1,50 4,84 1,50 4,05 4,41
plastics 2,50 8,06 2,50 6,76 7,35
glass 0,50 1,61 4,00 10,81 6,62
grass, greens 0,50 1,61 13,00 35,14 19,85
lether 0,00 0,00 0,00 0,00 0,00
rubber 0,00 0,00 0,00 0,00 @,00
metals 0,50 1,61 1,00 2,70 2,21
kitchen garbage i5,50 50,00 8,00 21,62 34,56
stones, ceramics 0,00 0,00 0,00 0,00 0,00
other 5,00 16,13 5,00 13,51 14,71
Total 31,00 100,00 37,00 100,00 100,00
Physical properties Menday sample Thursday sample Average
Effective moisture (%] 60,94 60,53 60,74
Higroscopic moisture* [%] 6,98 3,17 5,08
Ash content* (%) 29,856 45,95 37,91
Combustibles* [%] - 63,16 50,88 57,02
Physical composition;
- moisture** (%] 63,67 61,78 62,72
L ash** (%} 10,85 17,56 14,21
- combustibles** (] 25,48 20,66 23,07
* air-dry waste
** raw waste
Calorific data Monday sample Thursday sample Average
talculeted heating value
- air-dry waste [kJ/kg) 15380 14100 14740
- row waste [kd/kg] 6000 5570 5785
Measured (air-dry waste)
- heat of combustion [kJ/kgl 16600 13500 15050
- heating value [kJ/kol 15600 12700 14150
Cheirical composition {air-dry base) Hondéy sample Thursday sample Average
- nitrogen (%] 2,3693 1,3913 1,8803
- carbon [%] 29,3891 24,7406 27,0649
- hydrogen (%] 4,5072 3,4698 3,9885
- sulphur %] 0,227 0,0024 0,1121
- oxygen (%] . 28,4601 21,1724 24,8163
- total (%) 64,9474 50,7765
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Zone code; H1

Mechanical conposition and
physical~chenical properties of waste

Mechanical composition Honday sample Thursday sample Average
Ika) £ tka) (%) o3
paper 13,50 33,75 3,50 25,00 31,48
toxtile 0,30 0,75 0,00 0,00 0,56
prastics 4,50 11,25 1,50 10,71 1,11
glass 7,00 17,50 2,00 14,29 16,67
gress, greens 0,30 8.75 0,001 @,00 0,56
lether 0,00 0,00 0,00 000 0,00
rubber 0,00 0,00 0,00 0,00 0,00
metals 0,50 1,25 0,50 3,57 1,85
kitéhen garbage 8,50 21,25 3,50 25,00 22,22
stones, . ceramics 0,00 0,00 9,25 1,79|. 0,46
other 5,40 13,50 2,75 19,64 15,09
Total 40,00 100,00 14,00 100,00 100,80
Physical properties Monday sample Thursday saﬁmple Average
|effective moisture [k] 44,00 4t , 54 &4, 27
Higroscopi'c moisture* [¥) 6,23 3,60 4,92
Ash_content* (%] ' 6,46 26,82 16,64
Combustibles* (%] 87,3% 69,58 78,45
Physical composition:
- moisture** (%} 47,49 46,54 £7,01
- ash* %] 3,39 14,34 8,87
- combustibles** [%] 49,12 39,12 44,12
* air-dry waste
** raw waste
Calorific data Monday sample Thursday sample Average
Calculated heating value .
- air-dry waste (kJ/kg) 14270 13390 13830
- row Waste EkJ/kagld 7990 7420 7705
Heasured (air-dry waste) '
- heat of combustion [kJ/kel 27100 18200 22650
- heating value [kJ/kg) 25600 17100 - 21350
Chemical composition Monday sample Thursday sample Averag'e
{air-dry base)
- nitrogen (%1 2,0802 3,6761 2,8782
- carbon [¥%} 48,5275 32,7643 40, 86459
- hydrogen [%) 7,2865 4 8148 6,0507
- sulphur [%) 0,0467 0,2253 0,1360
- oxygen [#) - 36,8852 30,1858 33,5355
- total (%) 94,8261 71,6643 '

&
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