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Abstract

The heating values of municipal solid waste generated in three towns with a population of
less than 50 000, situated in Galicia {Spain), were measured with & static borb calorimeter.
Samples of raw refuse were burnt either as received or after sorting of the different combusti-
ble components. A study was made of samples from contralled and uncontrolled landflls.

The calorific values were compared with those corresponding to a commercial residual de-
rived fuel int order to study the possibility of using municipal solid waste as a source of recoy-
cred energy.
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Introduction

Mumicipal solid waste (MSW) is defined as the waste material produced by
the different activities in towns and their surroundings. It includes all forms of
garbage. In Galicia (Spain), the recent increase in MSW [ 1] (about | kg per per-
son per day), added 1o the difficulties specific to this region (scattered centres of
population, poor road infrastructure, lack of infrastructure to deal properly with
MSW, the climatic features, etc.) has brought about irreparable environmental
damage. Most of the prohlems arise as a result of the uncontrolled disposal of
waste. This is a direct cause of the pollution of the surface and subterranean
water, the proliferation of rodents and disease carrying insects, stench, fires, the
loss of fertile land, etc.

All these problems have led the government and soctety to consider urgent
measures to fight these environmental problems. One solution that is being con-
sidered is thermal treatment of MSW to produce energy. This technique is widcly
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used in many other countries. The Galician innovation would be the possibility
ol installing thermal treatment plants in townships. The encigy obtained through
the burning of MSW can be transformed into electric or calorific energy. Our
studies are directed towards the production of electric energy; this is why the
calorific power of MSW is a key parameter that conditions both the design of a
MSW treatment plant and the amount of clectric energy to be obtained therefrom.

Two heating values are employed. The higher heating value (HHV) is defined
as the quantity of heat generated by complete combustion, in a bomb calorimeter,
of unit mass of sample in an oxygen atmosphere, assuming that both the water
contained in the sample and that generated from the combined hydrogen, remain
in liquid form. It is assumed that the combustion products consist of a gas phase
(containing oxygen, carbon dioxide, sulphur dioxide and nitrogen}, a liquid
phase (water in equilibrium with its vapour and saturated with carbon dioxide)
and a solid phase of ash.

During combustion, the water contained in the refuse and the water generated
from hydrogen in the combined state remains in the form of steam. It is therefore
important to define the lower heating value (LHV), assuming that water stays in
the form of steam (this assumption is used particularly in Europe). The two val-
ues are related by the following equation:

LHV=HHV-24 48(W+9H)kT kg '

where W is the percentage of moisture in the sample. 24.48 kJ kg_] is the heat of
vaporization of water at 25°C and H is the percentage of hydrogen in the sample.

Experimental

MSW samples were collected from three small towns, Moafia, A Guarda and
Ponteareas, situated in the surroundings of Vigo (Galicia, Spain). These samplcs
were packed in labeled and perfectly closed polyethylene bags to avoid the loss
of moisture. They were sent to our laboratories by the Vigo Municipal Waste
Service. In order to obtain bulk samples representative of the three towus, the
bags were collected from street containers, following a statistical method which
takes into account the population and MSW production of the different districts
into which the towns had previously been divided.

Once in our laboratories, the different bags were opened and the material in-
side was spread on a large plastic sheet. Large components, plastic and glass bot-
tles were reduced to small pieces, and all the material was then carefully mixed
by shovelling and raking, in order to obtain a homogeneous sample.

The final samples [2] from each of the three towns were reduced by coning
and quartering and then separated into two fractions. Fraction A corresponded to
the material as-received, and fraction B was that resulting after sorting of the dif-
ferent components. Fraction A was dried at 105°C for 12 h in order to determine
its moisture content, a key parameler in the determination of calorific values.
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Once the moisture content had been determined, the unburnable materials were
removed and the resulting sample was processed by a cutting mill, this yielding
adry sample which was chemically analysed and burnt in a bomb calorimeter for
the determination of HHV. Fraction B was manually sorted into its components:
paper and carboard, plastics. wood, hones, fermentahle components, fabrics,
fine particles fess than 9.52 mm, and fine particles less than 20 mm. Each of these
fractions was dried, processed by a cutting mill, chemically analysed and burnt
in a bomb calorimeter to determine calorific valnes.

Knowledge of the daily MSW production in each zone and the calorific val-
ues of the different MSW components allowed us to prepare a laboratory residual
derived fuel (RDF-L) in order to study the possibility of nsing this as a recover-
red cnergy source within the aims of the European Community waste strategy.
This means that the energy recovery operations should be carried out by using
the produced energy as far as possible. This implies the necessity of considering
whether only wastes with a minimum calorific value should be allowed to be in-
cinerated. The incineration must be carried out in such a way that the material
residues can be disposed of in an environmentally sound manner [3]. The results
on our RDF-L were compared with those measured on a commercial residual de-
rived fuel (RDF-C).

Method

Gram-size pellets derived from MSW [4] were used in bomb calorimeter ex-
periments. T'he pellets were prepared by pressing the blended powder. These pel-
lets were burnt in a static bomb calorimeter filled with pure oxygen, the amount
of energy transferred being measured according to the procedure reported by
Hubbard eral. [5]. This was used by our research group in previous studies [6-8].
The static bomb calorimeter was a sealed Parr 1108 instrument made of stainless
steel. The bomb was submerged in a chromium-plated vessel containing 4631 g
of efficiently stirred water, the temperature of which was measured to an accu-
racy of 107 K at intervals of 15 s by an ASL S 391/100 platinum resistance ther-
mometer and recorded by ASL F-36 resistance bridge connected to an Amstrad
PC 2086 computer.

The calorimeter was placed in an isothermal jacket with an air-gap separation
of 1.2 cm between all surfaces. The jacket was provided with a stirring system
and the circulating water temperature was kept constant with a Tronac PTC-41
temperature controller provided with a probe and a heating-cooling device.

The peliet sample was placed into a stainless steel crucible within the bomb.
The ignition was achieved through a platinum wire to which was attached a cot-
ton thread fuse in contact with the sample. All the bomb experiments were per-
formed in oxygen at 3.04 MPa with 1.0 cm’ of distilled water on the bottom.

The electrical energy for ignition was determined from the change in poten-
tial difference across a 1256 UF capacitor discharged from 40 V through the
platinum ignition wire.
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Stirring, ignition and heating devices were made in our laboratory. The empirical
formula used for the cotton thread fuse: CH, 55600 sas—AUS=16250kJ kg™ Cor-
rection for nitric acid formation: —=59.7 kJ mol™ [3]. The temperature rise meas-
ured in a typical experiment was corrected for stirring and exchange heating.

The same procedure was followed to measure the calorific value for the RDF-
C, whose characteristics are given,

The energy equivalent of the calorimeter was determined from the combus-
tion of a standard reference sample of benzoic acid, BCS CRN-190P, from the
Burcau of Analysed Samples Ltd., which had a certified specific energy of com-
bustion under standard bomb conditions of 26431 8+3.7 | gfl_

The energy equivalent of the calorimeter was determined from five calibra-
tion experiments to be E£,=22402.5£1.9J K™ (0.0085%), where the uncertainty
quoted is the standard deviation of the mean.

Results

Table 1 shows the MSW production of the three towns studied and their indi-
ces with respect to the total production and the percentages of combustion mate-
rials m them.

Table 1 MSW production, indices and combustible material content

Daily preduction/ Indices/ Combustible material/
Tlday Fo content %
Moafia 61.27 69.43 26.40
A Guarda 17.41 19.73 7221
Ponteareas 9.57 10.84 88.14

Production indices {%): 100 zone production/total production
Combustible material content (%): 100 vone combustible material/total zone production

The compositions (%} of the different components manually sorted from the
MSW received are given in Table 2. Significant differences in paper-cardboard.
fermentables and plastics contents can be observed. These differences are mainly
due to the differences in the socioeconomic characteristics of the three towns.

The results of analyses relating to moisture content (%), density, ash content,
elementary chemical analyses and volatile metals for the three towns and the two
RDF materials arc shown in Table 3. It should be pointed out that RDF-C' is prac-
tically dry, while RDF-L contains 35.49% of moisture. On the other hand, the ash
content is 24.79% in RDF-C and 19.92% in RDF-L. These values must be con-
sidered in a discussion of the calorific values.

The calorific values of the raw MSW samples and of the different sorted com-
ponents are given in Table 4. The absence of values in some columns is due to the
virtual absence of these components from the received MSW. As cxpected, all the
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Table 2 MSW composition

Moaria A Guarda Ponteareas

Paper-cardboard 15.35 59.23 47.12
Fermentabies 51.86 9.66 7.83
Fabrics 1.23 - s

Wood 037 - -

Plastics 9.43 12.98 41.02
Bones T.15 - -

Fines <9.52 mm 0.76 1.95 0.53
Fincs <20 mm 0.73 4.50 1.02
Inerts 13.02 11.68 2.48

{%}: 100 mass of component/sample total mass

Table 3 Results of anatyses of total samples (fraction A), RDF-L and RDF-C

Moisture/% Density/kg m > Bomb ash/%
Moaiia 35.29 860 22.17
A Guarda 36.04 980 16.19
Pontearcas 35.79 123 12.61
RDF-L 35.49 925 19.92
RDF-C 1.00 1200 24.79
Flementary C H O N S Cl
analyses %
Moaiia 32.27 4.90 61.34 1.39 0.10  0.33
A Guarda 42.37 6.44 50.50 0.49 0.20 070
Ponlearcas 45.40 6.75 46.60 0.82 043  1.60
RIDYF-L 35.77 5.41 37.51 1.15 0.16 1.00
RDF-C 35.50 5.30 28.72 1.20 0.28  0.60
Volatile metals Zn Mn Po Cu cd

ppm

Moafia 54.74 B.55 119.79 15.37 3.42
A Guarda 258.00 4.73 33.13 16.56 7.10
Ponteareas 58.86 6.92 33.08 48.47 10.38
RDF-L 95.90 7.61 92.53 19.21 4.92
RDF-C 262.97 23.90 86.06 100.41 16.73

Moisture (%)=100 (initial mass of collected sample —mass of sample after drying)/initial mass of col-
lected sample Ramb ash (%)=100 (mass of crucible and contents after combustion  mass of empty
cructble)/mass of pellet
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Table 4 Mean HHV and mean LHV of the different compornents

Mean HHV/&] kg™’

Moafia

A Guarda

Pontcareas

Raw

Wood
Paper-Cardboard
Plastics

Bones
Fermentables
Fabrics

Fines «9.52 mm

17619219 (1.20%)
178304153 (0.85%)
18389194 (0.519%)
370231624 (1.70%}
11975487 (0.73%)
177054180 (1.00%)
244331153 (0.62%)
108954295 (2.70%)

17852190 (1.10%)

18173475 (0.41%)
305394388 (1.30%)

18540%104 (0.60%)

164454352 (0.32%)
300324260 (0.86%)

20137+142 (0.70%) 19624+186 ((.93%)

113761232 (2.00%) 142604362 (2.50%)

142524435 (3.00%) 126654275 (2.20%)
A Guarda Pontcarcas

Fines <20 mm 101714270 (2.60%)
Mean LHV/K] kg™’ Moafia

Raw 0458+142 (1.30%)
Wood V664199 (1.02%)
Paper-Cardboard 9996+61 (0.61%)
Plastics 207894433 (2.09%)
Bones 6037+ 37 (0.94%)
Fermentables 96414117 (1.21%)
Fabrics 14107499 (0.70%)

Fines <9.52 mm

Fines <20 mm

58524176 {3.00%)
S378+175 (3.2565)

9117£121 (1.33%)

9390148 (0.51%)
159674248 (1.56%)

10364166 (0.64%)

5464%149 (2.72%)
THEIRH2TR (3.64%)

0847+144 (1.47%)

8487132 (0.38%)
16163%165 (1.02%)

99034119 (1.21%)

68154232 (3.419%)
6284%176 (2.81%)

14107499 (0.70%) (mean heat valuetstandard deviation of the mcan)

calorific values are in good agreement with literature values. The differences be-
tween HHV and LHV are mainly due to moisture content.

Table 5 presents HHV and LHV for RDF-L and RDF-C. It can be seen that,
while HHV and LHV for RDF-C are very similar, these calorific values widely
differ for RDF-L. The reason is the moisture content (35.49%) of RDF-L. Ta-
ble 6 shows the variation in LHV as a function of combustible material, ash and
moisture content correqpondmg to the three towns and the lwu RDF samples. It
can be seen that RDF-C glves the highest value (14536 kl kg~ "y and among MSW
Ponteareas 9847 kJ kg'. This can be understood in terms of the moisture content
and combustible material percentage.

Table 6 reveals that an increase in combustion material content is related to an
increase in LHV and a decrease in ash content. Obviously, this is a consequence
of the higher temperature that may be achieved, thereby increasing the energy
production. A comparison of RDF-C and RDF-L shows that the LHV of the for-
mer is the higher; this is related with the practically zero moisture content of
RDF-C. This absence of moisture is due to the industrial treatiment of this fucl,
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Table 5 Calorific values of RDF-C and RDF-L

HHV/ LHV/

kIl kg™ k) kg™
RDF-C 15887 14536
RDF-L 17553 9263

Table 6 ILHV related Lo combustible material bomb ash and moisture contents

Combustible material/ LHV/ Bomb ash/ Maisture/
% kI kg™ % Yo
Moafia 26.38 9458 22.17 35.29
A Guarda T2.21 9117 16.17 3604
Pontearcas 88.14 9847 12.61 35.79
RDF-L 42.34 9263 19.92 35.49
RDF-C 40,00 14536 24.79 1.00

Moisture (%)=100 (initial mass of collected sample — mass of sample after drying)/initial mass of col-
lected sample

Bomb ash (%)=100 (mass of crucible and contents after combustion — mass of empty crucible)/mass
of pellet

Combustible material (%): 100 zone combustible material/lotal zone production

Table 7 Mcan calorific values of MSW in uncontrolled landfills in the studied zones

HHYV mean 2024355 kT ke !
LHV mean 11107.08 kI kg™
Elementary analyses/ N H 5 C O 1
%
MSW 1.97 7.44 0.45 44.32 43.10 1.20
Yolalile Mn Cu Ni Zn Pb Cr Cd Fe Al
metals ppm
MSW 39.95 51.58 31.38 11733 8B53 7240 1.62 1504.75 4852.88
Densig/ Bomb ash/ Moisture/
kg m % G
MSW 1050 7.36 33.04

Motsture (%)=100 (initial mass of collected sample — mass of sample after drying)/initial mass of col-
lected sample

Bomb ash (%)=100 {mass of crucible and contents after combustion — mass of empty crucible)/mass
of petlet
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whilc our fucl was directly prepared from the as-received waste without any
treatment. On the other hand, the ash percentage and volatile metal content (Ta-
ble 3) are lower in RDF-L. The higher contents of ash and heavy metals may be
due to the industrial treatment of RDF-C in order to increase the calorific values.

In order to acquire more information about the calorific values of MSW, sam-
ples were also collected from some of the uncontrolled landfills existing in the
area, following a statistical method similar to that previously mentioned.

Table 7 lists calorific values, elementary chemical analyses and heavy metal
contents. These residues have higher heating values than those in sanitary land-
fills, but their heavy metal contents are obviously significantly higher, owing fo
the nature of this waste.

Conclusions

The calorific values measured for MSW generated in the small towns studied
make these residues very valuable for use in energy recovery plants. In this way,
landfills will be significantly reduced and the generation of MSW and its hazards
will be prevented. At the same time, there will be no risk to human health and the
environment, provided that there is strong control of the emission of dangerous
components.

A comparison of the datarelating to RDF-C and RDF-L shows that the former
has a higher LHV and a lower combustible material content. This is because of
the practically zero moisture content resulting from its industrial treatment.
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