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1. Introduction

Thermal processing is one of the methods of disposal of industrial
waste. This process reduces volume and weight of those waste, and also
allows to avoid their landfilling. However, by-products of thermal pro-
cessing are: volatile components (flue gas and fly ash) and solids (slag,
ash also called furnace waste), which are a source of contamination of the
environment [2,4,12,13].

During development of the project of thermal processing of par-
ticular waste, various aspects of efficiency of the process should be con-
sidered, which should meet, among others, technological and economic
conditions [19,20]. The aim of waste utilisation is recovery of their usa-
ble energy, maximum possible reduction of harmful substances produced
during this process and decrease of their volume. It is connected with the
pre-selection of waste.

Laboratory installation for thermal treatment of waste was de-
signed and made at the Department of Water and Sludge Technology and
Waste Utilisation of Koszalin University of Technology. It was used for
studies on incineration process of pre-selected industrial and municipal
waste. Also studies on the process of co-incineration of sewage sludge in
mixtures with different types of waste were conducted [5,11,18]. Studied
waste also included waste from organic chemistry industry such as plas-
tics, rubber and petrochemical waste, which include paints and varnishes.
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The paper presents the results of laboratory studies on the effi-
ciency of incineration of different compositions of mixtures of waste
from organic chemistry industry in terms of percentage reduction of their
weight. Studies were conducted using different percentages of each waste
in mixtures with sewage sludge, as the possibility of co-incineration of
sewage sludge and studied waste.

2. Methodology of studies
2.1. Materials

The following materials were selected for the studies:
e polymer waste
— rubber waste (waste tires) — industrial waste,
— paint waste — industrial waste,
— plastic waste — industrial waste, municipal waste,
e sewage sludge — municipal waste.

Waste tires were used as rubber waste. During studies only an ex-
ternal layer of tires was used, which is made of natural or artificial vul-
canized caoutchouc — polymer (elastomer) [8,16]. In the case of paint
waste, residues of oil-alkyd enamel, that is solvent alkyd-oil paint, one of
the most common paints used for decoration and protection of surfaces,
was used in the studies. Such waste may be classified as coating type
polymers (polymer suspension). Plastomers, commonly recognized as
representative sample of plastic materials in municipal waste, were plas-
tics during studies. Sewage sludge used in the studies was taken from
"Jamno" Wastewater Treatment Plant, which is an object operated by the
local water supply and sewage treatment company in Koszalin. Sewage
sludge has been dried to a water content of about 10% because the hy-
drated sewage sludge was characterized by high value of this parameter
(W' =~50%), which negatively affects the efficiency of combustion pro-
cess.

Materials, before incineration were ground to particle diameter
< 1,25 mm in order to unify their size.

Technical analysis of the materials used for studies was conducted
as a initial stage. It consisted of: determination of combustible parts
(u,% — organic matter) and non-combustible (n,% — minerals and water).
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The basic parameters characterizing solid fuels are: water content (W), ash
content (A), volatiles content (V), and the heat of combustion (Qs). The
sum combustible organic matter, ash and water content is 100% [10].
Analysis was performer according to following standards: PN-ISO 1213-
2:1999; PN-80/G-04511; PN-ISO 1171:2002; PN-80/G-04512; PN-G-
04516:1998; PN-ISO 1928:2002.

Additionally, qualitative analysis of the studied materials was
conducted using MiniPal PW4025 XRF spectrometer, which uses X-ray
fluorescence for identification of elements.

2.2. Study range

Studies on the of effectiveness of weight reduction of waste mass
in the process of their thermal processing were conducted on laboratory
installation. The main element of that installation is a laboratory, single
zone, tube furnace with horizontal heating system of a maximum contin-
uous operating temperature 1473K. The combustion process was carried
out in atmospheric air, which was fed into the furnace using diaphragm
pump, through a table rotameter, which measures the air flow intensity
within the range of 0.5-8.5 dm’® - min™.

Process studies were conducted under following constant parame-
ters of incineration:

T — temperature in the incineration zone of the furnace, °K — 1173.15
(900°C),

A — excess air coefficient — 1.1 (air flow rate 4 dm’® - min™),

m — index of the sample material mass in relation to the volume of the
furnace chamber, kg - m ™ — 1.3 (sample mass — 0.03 g).

Constants values of those parameters were determined on the base
of previous studies of incineration process of various materials (munici-
pal waste, sewage sludge and dust coal), using the same installation and
also analysis of the influence of changes of mentioned parameters on
concentration of pollutants in flue gases [5,11,18].

Studies presented in this work were divided into 4 stages:

I. Combustion of individual waste materials selected for the studies, as
a comparative basis for the subsequent stages;

I1. Combustion of 1% composition of waste — individual waste mixed with
another, one type of waste;
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I1I. Combustion of 2™ composition of waste — individual waste mixed
with other two types of waste,

IV. Combustion of 3™ composition of waste — individual waste mixed
with other three types of waste.

All compositions of waste selected for the given stages of studies
are presented in the Table 1. Table 2 presents mass proportions of mix-

tures compositions of waste in each stage (at the constant sample mass —
0.03 g).

Table 1. Compositions of waste in individual stages of studies
Tabela 1. Kompozycje odpadow w poszczegolnych etapach badan

Stage Studied waste Additional waste
paint —
I rubber —
plastics —
sewage sludge —
rubber
paint sewage sludge
plastics
II
rubber sewage s.ludge
plastics
plastics sewage sludge
rubber sewage sludge
paint rubber plastics
sewage sludge plastics
paint sewage sludge
rubber paint plastics
I sewage sludge plastics
rubber sewage sludge
plastics rubber paint
sewage sludge paint
rubber paint
sewage sludge rubber plastics
paint plastics
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Table 1. cont.

Tabela 1. cd.
Stage Studied waste Additional waste

. sewage .
paint rubber sludee plastics

. sewage .
v rubber paint sludee plastics
. . sewage
plastics paint rubber sludee
sewage sludge paint rubber plastics

Table 2. Percentage and mass proportions of waste mixtures in individual
stages of studies at fixed sample mass — 0.03 g

Tabela 2. Procentowe i masowe proporcje mieszanin odpadoéw

w poszczegolnych etapach badan przy zatozeniu stalej masy proby — 0,03 g

Percentage and mass share in a sample

Stage S\ijsitzd Additional waste
I 100%, 0.03 g —
II 50%, 0.015 g 50%, 0.015 g
111 50%, 0.015 g 25%, 0.0075 g 25%, 0.0075 g
v 50%,0.015g | 16,7%,0.005¢g | 16,7%,0.005¢g |16,7%, 0.005 g

Output parameter in each stage of studies was a percentage index
Am, % — sample loss of mass during combustion process of the selected
compositions of waste. This parameter was calculated using following

0_
= Om - 100%, where:
m

m” m — are, respectively, mass of the sample before and after incinera-
tion of waste.

However, attention cannot be paid only on the effectiveness of
thermal processing in terms of reduction of their volume, because in the
case of such type of installation, emissions of environmentally harmful
flue gases, which are produced during combustion of waste, must be also
taken into account.

formula Am =
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Therefore, during all stages of studies described in this paper, the
stream of exhaust gases from the furnace reactor was subjected to the
analysis with exhaust gas analyzer MADUR GA-21 plus. Following gas-
es were measured:
¢soz2 —concentration of sulfur oxide (IV), mg - m™ s
cnox —concentration of nitrogen oxides, mg - m_3,

cco —concentration of carbon oxide (II), mg - m .

In order to facilitate orientation and ability to compare the results,
all concentrations of pollutants in exhaust gas were converted to standard
contractual conditions of combustion at 11% of O, content in the ex-
haust.

3. Description and analysis of results
3.1. Technical analysis of the materials used for studies

Results of full technical analysis are presented in Table 3. Ac-
cording to standards, values of parameters characterizing the materials
are specified for the analytic state (a) when the moisture is in equilibrium
with the ambient humidity.

Analysis of the results in Table 3 shows much lower ash content
A" in waste plastic, as compared to other tested materials. It is connected
with the content of mineral (non-combustible) substances in the fuel.
Results of volatile V* and combustible substances contents in the ana-
lyzed materials show that studied waste paints had the lowest values of
those parameters, even in comparison with waste rubber and plastics,
although they are also polymers.

This comparative analysis is mainly connected with the content of
organic matter in discussed materials, that is analysis of elementary ele-
ments, such as carbon, hydrogen, nitrogen and sulfur. On the basis of
literature data concerning the qualitative analysis of fuels (waste fuels)
[9,14,17], it may be concluded that the waste plastics, despite low content
of nitrogen n* and sulfur s*, contain significant amounts of elemental car-
bon ¢*, which causes much higher organic matter content, which are also
volatile. This amount is comparable eg. with sewage sludge. Low content
of organic elements in the waste paint clearly shows a much lower con-
tent of volatile substances in that material.
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Table 3. Results of technical analysis of materials used in laboratory studies
Tabela 3. Zestawienie zbiorcze wynikow analizy technicznej materialow
wykorzystanych do badan laboratoryjnych

=
g - = z
PN g = - ) @ E=in
g 8 £ 5 s | 2. | ER
g 8 3 = 2. | E° | S22
= = S S 25| 8 € 5]
2 g g = S |22 22| 2=
EE Em“ S ﬁm" Og Osce O “ .,
S E > > == << |©O&| z&]| IO
Waste paints
035-125 | 170 | 08 | 3594 |398] 602 | 2491
Waste rubber
035-125 | 562 | 62 | 162 | 776 ] 224 | 3184
Waste plastics
05125 | 602 | 05 | 58 [937] 63 | 420
Sewage sludge (dry)
0.125-125| 543 | 106 | 320 |574| 426 | 1357

On the other hand sewage sludge contains a much bigger amounts
of volatile substances only due to a significant percentage of elementary
elements: sulfur s* and nitrogen n* [21]. Energetic properties of waste
(heat of combustion Q) also result from the content of organic matter.
The low content of the elemental carbon ¢ in the sewage sludge [21]
causes much lower calorific value, in comparison with waste polymer —
Table 3. This is confirmed by Bien and Wystalska [3]. According to their
studies heat of combustion of the digested sludge, containing 50% of
combustible parts, is about 11 MJ - kg™

Analysis of water content in the waste polymer shows the compa-
rability of those materials, because most plastics are water resistant. This
is the reason of low value of W* in such waste.
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3.2. Studies on reduction of waste mass

Figures 1 and 2 show a graphical interpretation of average values
of Am parameter for each studied waste in certain compositions. Tables 4
and 5, however, present basic descriptive statistics calculated for that
parameter.

Analysis of the results at first allows to observe that values of
mass loss of waste samples vary considerably, although all studied waste,
apart from sewage sludge, are by-products of organic chemistry industry.
Am parameter changes its value from 42% in the case of waste paint to
observed 96% during incineration of waste plastic.

100
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%0 T No-outlier range
o Outlier
# Extreme
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&= k3
70
=S
=
4
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50
&
40 *
30
waste paint sewage sludge
waste rubber plastics

Fig. 1. Values of Am parameter during incineration of studied waste (stage I)
Rys. 1. Wartos$ci parametru Am w procesie spalania badanych odpadow
(I etap badan)
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Table 4. Basic descriptive statistics calculated for Am parameter after
incineration of studied waste (stage 1)

Tabela 4. Podstawowe statystyki opisowe parametru Am dot. procesu spalania
badanych odpadow (I etap)

S| = = g g

= — = o

Sl 2| 2 8B E |52

S| © 9 ks = 5 | 8%

z | X < > = > 7N o
waste paint 251100,0| 42,3 | 42,6 | 41,0 | 43,0 | 0,8
waste rubber 2511000 77,6 | 78,0 | 77,0 | 78,0 0,5
sewage sludge 251100,0| 80,3 | 80,0 | 76,8 | 81,9 1,0
waste plastics 25 1100,0| 95,2 | 96,0 | 94,0 | 96,3 0,9

Due to the fact that waste plastics are characterized by the highest
mass loss in the combustion process (which is directly related to the low
value of the ash content index A" — about 6% for waste plastics),their
addition to studied compositions resulted in an increase of Am index for
all studied mixtures. Of course, the highest values of mass loss index
were observed at the highest (50%) share of plastic waste in the mixture
— the second stage of studies. In this case, addition of waste plastic to
waste paint (very high residue after combustion of such waste) caused as
much as approx. 60% increase in the value of Am index, while the same
addition to composition with rubber waste and sewage sludge caused
much lower (approximately 20%) increase of the value of the Am param-
eter, which in the case of incineration of only waste rubber and sewage

sludge (I stage of the study) was similar and amounted to respectively
78% and 80% — Figure 1.
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Fig. 2. Variability of Am parameter during incineration of studied waste
compositions; pa — waste paint, r — waste rubber; pl — waste plastics,

s — sewage sludge

Rys. 2. Zmienno$¢ parametru Am w procesie spalania badanych kompozycji
odpadow; pa — odpady farbiarskie, r — odpady gumowe, pl — odpady z tworzyw
sztucznych, s — osady Sciekowe

The fact that a much lower value of mass loss of waste paint dur-
ing combustion process compared to other studied materials was also the
cause of low values of that parameter in the cases when waste paint was
added to mixture compositions. It may be evidently observed in Figure 2.
The addition of 50% of paint waste to studied mixtures caused following
Am parameter values: about 55% of the mixture with waste rubber (30%
drop) and more than 65% in the composition with waste plastic and sew-
age sludge (respectively 27% and 17% drop).
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Table 5. Basic descriptive statistics calculated for Am parameter after
incineration of studied compositions of waste (stage 1I-1V)

Tabela 5. Podstawowe statystyki opisowe parametru Am dot. procesu spalania
badanych kompozycji odpadéw (etapy 1I-1V)

= - £

Waste 7;‘ E‘ gﬂ g é é Fc% §
.. — . = T <
compositions | 5 kS S 3 g % =
z | X < = = = | a3

ftg 25 1100.0 | 543 55.0 46.1 59.5 23
ft+o 25 | 100.0 | 67.1 67.0 65.0 68.1 1.0
fttsz 25 1100.0 | 69.9 70.0 69.0 71.0 0.9
gtf 25 1100.0 | 543 55.0 46.1 59.5 23
gto 25 |100.0 | 81.6 82.0 78.5 83.0 1.3
g+tsz 25 1100.0 | 89.9 90.0 89.0 91.0 0.9
o+f 25 |1 100.0 | 67.1 67.0 65.0 68.1 1.0
ot+g 25 1100.0 | 79.3 79.0 78.0 81.0 1.0
0+tsz 25 |100.0 | 93.6 94.0 93.0 95.0 0.6
tsz+f 25 1100.0 | 69.9 70.0 69.0 71.0 0.9
tsz+g 25 | 100.0 | 89.9 90.0 89.0 91.0 0.9
tsz+o 25 [100.0 | 93.6 94.0 93.0 95.0 0.6
ftg o 25 1100.0 | 60.1 61.0 55.1 63.7 24
ft+g tsz 25 1100.0 | 644 65.0 62.0 66.0 1.3
fto tsz 25 1100.0 | 69.1 69.0 68.0 70.0 0.8
gtf o 25 | 100.0 | 68.9 69.6 64.5 72.1 24
g+t tsz 25 [100.0 | 75.6 75.0 73.0 83.0 2.8
gto tsz 25 | 100.0 | 86.4 86.0 85.0 88.0 1.2
otg f 25 | 100.0 | 68.8 69.0 66.0 70.5 1.4
otg tsz 25 1100.0 | 843 85.0 83.0 85.2 0.8
otf tsz 25 | 100.0 | 754 76.0 73.0 77.0 1.4
tsz+g o 25 |[100.0 | 88.4 89.0 87.0 89.0 0.9
tsz+g f 25 | 100.0 | 80.7 81.0 80.0 82.0 0.7
tszto f 25 |100.0 | 82.6 82.0 82.0 84.0 0.7
ftg o tsz 25 | 100.0 | 48.0 47.0 44.0 58.2 3.8
g+f o tsz 25 | 100.0 | 59.7 60.0 56.0 64.1 2.8
otf g tsz 25 | 1000 | 640 | 640 | 593 | 67.0 | 2.4
ts2+f g o 25 | 1000 | 789 | 780 | 750 | 841 | 3.1
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Similar values were achieved for the decrease of efficiency of the
combustion of mixtures, when waste paint was added in the III and IV
stage of the study. Addition of those waste was respectively 25% and
16%. For example, in such case a decrease of incineration efficiency was
17% for 25% of waste paint added to the mixture with plastic waste and
sewage sludge and mixtures with sewage sludge and waste rubber, and
a25% decrease of the Am parameter when 16.7% of waste paint was
added to composition with sewage sludge, waste rubber and waste plastic
products. Considering the elemental analysis of waste paint (content of
non-combustible parts was much higher than value of that parameter, for
example in sewage sludge), such low mass loss during incineration pro-
cess of those waste is not surprising.

Analyzing the results of the incineration process of compositions
of selected waste with sewage sludge, slight changes of mass loss after
the combustion process in the case of a mixture of waste rubber with
sewage sludge should be noted. The average value of Am parameter of
those mixtures is about 80%, and only addition of waste plastics caused
an increase in the combustion mass efficiency to approximately 86%.

To sum up analysis of results of laboratory studies on the effec-
tiveness of waste disposal, it should be noted that the biggest reduction
was found for thermal processing of plastic waste and its composition
with sewage sludge and waste rubber. However the least preferred is ad-
dition of waste paint into mixtures of incinerated waste.

3.3. Studies on changes of pollutants concentration in exhaust gases

The results of the measurement of concentrations of selected ex-
haust gases produced during incineration of investigated waste composi-
tions are shown in Figures 3 and 4.
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Fig. 3. Variability of the concentrations of selected exhaust gases produced
during incineration of examined compositions: a) waste paint, b) waste rubber;
additional waste: pa — waste paint, r — waste rubber, pl — waste plastic,

s — sludge

Rys. 3. Zmiennos$¢ stezen wybranych gazéw spalinowych powstatych

w procesie spalania badanych kompozycji: a) odpadow farbiarskich,

b) odpadow gumowych; dodatkowe odpady: pa — odpady farbiarskie,

r — odpady gumowe, pl — odpady z tworzyw sztucznych, s — osady $cickowe
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Fig. 4. Variability of the concentrations of selected exhaust gases produced
during incineration of examined compositions: a) sewage sludge, b) waste
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s —sludge

Rys. 4. Zmienno$¢ stezen wybranych gazow spalinowych powstatych

w procesie spalania badanych kompozycji: a) osadéw sciekowych,
b) odpadow z tworzyw sztucznych; dodatkowe odpady: pa — odpady farbiarskie,
r — odpady gumowe, pl — odpady z tworzyw sztucznych, s — osady $ciekowe
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Analysis of the results shows that high temperature of incinera-
tion process of studied waste compositions and sufficient excess air dur-
ing the process resulted in minimal concentrations of carbon monoxide in
all stages of research. In contrast, the negative effect of the thermal pro-
cessing of examined mixtures of waste are: high concentrations of sulfur
dioxide in case of incineration of waste rubber (400 mg - m™) and high
concentrations of nitrogen oxides observed during sewage sludge incin-
eration (500 mg - m'3). Addition of those materials to mixtures with other
waste caused a significant increase in the concentrations of SO, and NOx.
For example, the lowest value of csp, was observed in the case of incin-
eration of plastic waste only. Addition of 50% of waste rubber and sew-
age sludge mixture to the composition with waste plastic caused increase
of SO, concentration up to 280 mg - m™.

Of course such dependence is a result of significant content of
fuel sulfur in the waste rubber and sewage sludge. This is confirmed by
a qualitative analysis of the examined test materials which were per-
formed using MiniPal PW4025 XRF spectrometer. Sample spectra ob-
tained from XRF spectrograph with clearly labeled sulfur energy lines
are shown in Figure 5. Spectra clearly show that rubber and sewage
sludge contain significantly more elemental sulfur than waste plastics.

Significant differences in concentrations of sulfur and nitrogen
oxides during incineration process of selected materials, observed during
experiments, are caused mainly by the type of combusted material. Pres-
ence of SO, in the flue gases is almost entirely caused by oxidation of
sulfur contained in fuel, admixtures and additives. Similar situation is in
the case of NOy, but here we have additional source, along with nitrogen
contained in the fuel, also the nitrogen from the air is oxidized. Incinera-
tion of waste plastic was associated with production of relatively low
values of cyoy (mainly thermal oxides), as "pure" polymer does not con-
tain elemental nitrogen. Nevertheless, fuel NOy may be produced, due to
application of antistatics to plastics. Those additional substances contain
elemental nitrogen and are added in order to eliminate the phenomenon
of electrification of surface of the plastic [22]. Chemicals which improve
the properties of plastics usually significantly hinder their disposal and
especially their thermal decomposition, causing an increase in the emis-
sion of harmful gases, eg. NOx.
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Studies on literature results of elementary analysis of fuels clearly
show, that sewage sludge is characterized by high content of fuel sulfur
(approx. 1,4%) [1,3,5]. Authors of many publications [16,23] also indi-
cate that in the case of waste rubber high concentrations of sulfur and
nitrogen as fuel elements are determined. Average content of elemental
sulfur in rubber waste can be up to 1.5%. Rubber is a product of vulcani-
zation of natural or synthetic cautchuc with addition of 1-5% of sulfur to
accelerators. It also contains plasticizers, fillers, pigments and other addi-
tives [8,23].

4. Conclusions

The final analysis of all laboratory studies presented in this pa-
per has shown that waste plastics which have the biggest mass loss and
lowest values of concentrations of exhaust gases produced during incin-
eration of those waste, are characterized by the highest degree of effi-
ciency of thermal decomposition process. But also other aspect must be
taken into account — the fact that during the thermal treatment of such
type of waste other toxic products (PCDDs, PCDFs, hydrogen cyanide,
ammonia) may be produced [15,19,20,22]. Their analysis was not in-
cluded within the range of studies presented in this paper. Therefore, it
i1s necessary to design waste incineration installations which will in-
clude complex nodes of flue gases treatment [6,7,10,25]. Such type of
installations should be designed on the base of the morphology of mu-
nicipal waste, energy balance of incinerator feed, in order to make the
process efficient and proper, not only for energetical, but also ecologi-
cal reasons [19]. This will require a certain composition of waste feed
into the furnace of thermal waste processing plant.
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Laboratoryjne badania nad skutecznoscig
termicznego przeksztalcania wybranych kompozycji
odpadow przemystu chemii organicznej

Streszczenie

W pracy przedstawiono wyniki badan laboratoryjnych nad skuteczno-

$cig spalania ré6znych kompozycji mieszanin odpadéw przemystu chemii orga-
nicznej w aspekcie procentowej obnizki ich masy. Badania te przeprowadzono
przy zatozeniu roéznych procentowych udzialdow poszczegdlnych odpadow
w mieszankach wraz z osadami $ciekowymi jako mozliwo$¢ wspotspalania ich
z tymi odpadami.
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Do badan wyodrebniono nastgpujace materiaty:
e odpady polimerowe
— odpady gumowe (zuzyte opony) — odpadowe przemystowe.
— odpady farbiarskie — odpady przemystowe,
— odpady z tworzyw sztucznych — odpady przemystowe, komunalne,
e osady $ciekowe — odpady komunalne,

Podsumowujac analize wynikoéw laboratoryjnych badan nad efektywno-
$cig termicznego przeksztatcania badanych odpadow, nalezy stwierdzi€, ze naj-
wicksza skutecznoscia zwigzang z redukcja pozostatosci po tej utylizacji cha-
rakteryzowalo si¢ termiczne przeksztalcenie odpadow z tworzyw sztucznych
oraz ich kompozycji z osadami $ciekowymi i odpadami gumowymi. Natomiast
najmniej korzystny jest udzial w spalanych mieszankach odpadow farbiarskich.

W trakcie wszystkich etapéw badan opisanych w niniejszej pracy, row-
noczesnie strumien gazoéw spalinowych wydostajacy si¢ z reaktora pieca, podda-
wany byt analizie za pomocg analizatora spalin typu MADUR GA-21 plus. Mie-
rzonymi parametrami byly stezenia tlenku siarki(IV), tlenkow azotu i tlenku
wegla(Il).

Ostateczna analiza wszystkich opisanych badan pozwolita stwierdzic,
ze odpady z tworzyw sztucznych posiadajac najwiekszy masowy ubytek
i najmniejsze wartosci stezen gazow spalinowych powstatych w procesie spala-
nia tych odpadow, charakteryzuja si¢ najwiekszym stopniem efektywnosci tego
procesu. Ale dodatkowo nalezy bra¢ pod uwage to, ze w czasie termicznego
przeksztatcania tego rodzaju odpadow powstaja dodatkowe produkty toksyczne,
zaréwno gazowe, ciekte jak i state, ktorych analizy nie zatozono w zakresie
badan niniejszej pracy.

Dlatego niezbg¢dne jest projektowanie instalacji termicznej utylizacji
odpadéw (wraz z kompleksowymi weztami oczyszczania spalin). Tego rodzaju
instalacje nalezy projektowa¢ w oparciu o morfologie odpadow komunalnych
oraz bilans energetyczny wsadu do pieca spalarni, tak aby proces ten byt efek-
tywny 1 wlasciwy, nie tylko ze wzgledow energetycznych, ale i ekologicznych.
Bedzie to wymagato okreslonej kompozycji wsadu do komory pieca zaktadu
termicznego przeksztatcania odpadow.

Stowa kluczowe:
odpady, osady sciekowe, termiczne przeksztatcanie, skutecznos¢ spalania

Keywords:
waste, sewage sludge, thermal processing, effectiveness of incineration
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