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SUMMARY

In the face of intense development of our 
civilization, municipal waste contributes gre-
atly to environmental pollution. In Poland, 
especially in large conurbations, municipal 
waste is a major category of waste. This paper 
discusses trends in municipal waste manage-
ment, resulting from applicable standards in 
the European Union which are intended, fi rst 
of all, to minimize landfi lling. Problems rela-
ting to the handling of thermal processing 
and mechanical-biological treatment (MBT) 
of waste are described. Waste processing, 
intended to generate energy by co-combu-
stion, is also presented. Moreover, this paper 
refers to the legal regulations that waste pro-
cessing plants are expected to comply with. 

Introduction

The intense civilizational development and the 
ever improving quality of life both in urban and ru-
ral areas, have incessantly been boosting demand 
on electric energy and generating higher and hi-
gher volumes of noxious waste. Municipal waste 
is one of the major categories of waste generated 
in Poland and one of the basic sources of environ-
mental pollution. Therefore, it is indispensable to 
defi ne its characteristic parameters and trends in 
such waste management. Eurostat data [1] indicate 
that the average amount of municipal waste gene-
rated per capita in Poland is one of the lowest in the 
European Union and was 314 kg in the year 2012. 
The value is comparable to those in Estonia, Latvia, 
Czech Republic, Slovakia, Slovenia, Romania, and 
Croatia. In contrast, developed countries of the 
European Union, such as Denmark, Luxemburg, 

Cyprus, and Germany, with approx. 600 kg muni-
cipal waste per capita, are leaders among waste 
generating countries (Figure 1). The considerable 
disproportion in waste generation in the respective 
countries is largely a consequence of diff erences in 
their economic development. 

It is necessary to adjust waste management 
practices in Poland to the European Union stan-
dards and requirements. Therefore, it is necessary 
to take measures of which the primary objective is 
to minimize landfi lling. According to the European 
Waste Hierarchy referred to in the Directive of the 
European Parliament and of the Council 2008/98/
EC [2], landfi lling is the fi nal and least desirable 
waste disposal method. The document introduces 
fi ve steps of the waste management hierarchy and 
indicates priorities which are meant as a legal foun-
dation to prevent generation of waste (Figure 2). 

Fig.1. Amount of municipal waste generated per capita in EU in 2012 
[1]. 

Fig.2. European Waste Hierarchy according to the Directive of the Eu-
ropean Parliament and of the Council 2008/98/EC [2]. 
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In the year 2012 in Poland, the share of landfi l-
ling was as high as 75% of all waste disposal me-
thods, while the average value for all EU states was 
only 34% [1] (Figure 3). 

It should be emphasized that there are virtual-
ly no municipal waste incinerating plants in new 
member states of the European Union, including 
Poland; the dominant method of disposal in those 
countries is by landfi lling.

According to the 2014 National Waste Mana-
gement Plan [3] and the provisions of the Council 
Directive No. 1999/31/EC of 26 April 1999 [4], one 
of the objectives of municipal waste management 
is reduction of the percentage of landfi lled biode-
gradable municipal waste, as compared with the 
amount of waste generated in 1995, in accordance 
with the values below (by weight):
• to 75% max. in 2010,
• to 50% max. in  2013,
• to 35% max. in 2020.

Another, equally important, issue tackled in the 
document is the necessity to reduce the amount 
of municipal waste disposed of by landfi lling to a 
maximum of 60% of the total generated waste by 
the end of 2014. The provisions of the Directive de-
fi ne measures which enable the implementation of 
such assumptions; specifi cally, they include: recyc-
ling, composting, biogas production, and recovery 
of materials/energy.

The 2014 National Waste Management Plan [3] 
provides guidelines on limiting the landfi lling of 
municipal waste in the various regions. The docu-
ment indicates the regions of municipal waste ma-
nagement which should be served by municipal 
waste disposal plants, equipped with waste pro-
cessing facilities having suffi  cient processing ca-
pacities for the complete service in such regions. In 
large conurbations and regions of which the popu-
lation is 300 thousand or more, the preferable me-

Fig.3. Municipal waste management methods in the European Union 
in 2012  [1]. 

thod to dispose of mixed municipal waste should 
be by thermal processing. In smaller regions, with a 
population of at least 150 thousand, the preferable 
waste disposal method should be by mechanical-
-biological treatment (MBT).

2. Thermal waste disposal

The term “thermal waste disposal”, according to 
the Waste Law [5], is understood as incineration of 
waste by oxidation or by other processes, including 
pyrolysis, gasifi cation, and the plasma process, pro-
vided that the substances generated during such 
processes are later incinerated.

The use of thermal waste processing largely 
helps reduce the volume of biodegradable waste 
to be disposed of by landfi lling and also reduces 
the potential of waste for gas generation, leading 
to lower emissions of methane. Thermal waste pro-
cessing has the unquestionable advantage of pre-
venting uncontrolled penetration of organic and 
microbiological toxic substances as they are eluted 
from landfi lls due to precipitation or other factors. 
The waste incinerating plants based on thermal 
waste disposal methods with or without energy 
recovery comprise not only the waste processing 
equipment but also fl ue gas treatment systems, 
control systems, process monitoring systems and 
devices for the collecting, pre-treatment and stora-
ge of waste being delivered for thermal processing.

Currently used thermal waste disposal methods 
help reduce the volume of waste from 80% (exc-
luding slag processing) to as much as 95% (inclu-
ding slag processing) [6]. Thermal waste processing 
plants handling municipal waste have become an 
indispensable element of an advanced waste ma-
nagement system, having been successfully used 
in highly industrialized West European countries 
since mid 1960’s. At present, the largest shares of 
municipal waste incinerating plants in their waste 
management structures are reported in Denmark, 
Luxemburg, Sweden, Holland, France, Belgium, 
and Germany [1]. In a majority of new member sta-
tes of the European Union, including Poland, the 
functioning waste management system comprises 
a very small number of waste incinerating plants, 
if at all. A detailed diagram showing the percenta-
ges of waste disposal methods used in the various 
member states of the European Union is shown in 
Fig. 3.

37



38

INŻYNIERIA ŚRODOWISKA

At present, there is only one operating waste 
incinerating plant in Poland: located in Warsaw-Tar-
gówek, it has a capacity of 60 thousand tons/year. A 
dozen more municipal waste processing plants are 
going to be built in Poland and most of the projects 
are underway already; they are listed in Table 1. 

According to the Regulation of the Minister of 
Economy of 21 March 2002 [8], thermal processing 
of waste is intended to provide a suffi  cient level of 
waste processing, expressed as the maximum con-
tent of non-oxidized organic compounds, determi-
ned as:
• total organic carbon in furnace ash and slag – a 

maximum of 3%, or
• percentage of combustible parts in furnace ash 

and slag  – a maximum of 5%.
The Regulation has also established the mini-

mum temperatures for the thermal processing of 
waste.  

Uniform requirements regarding emissions of 
air pollutants from all kinds of incinerating plants 
were established in the Regulations of the Minister 
of Environment of 22 April 20011 on standards of 

Location

Capacity
[thousand 
tons /year]

Commen-
cement of 
construc-

tion project

Commissio-
ning schedu-

led for

1 Białystok 120 2013 2016

2 Bydgoszcz 180 2013 2015

3 Gdańsk 250 2015 2019

4 Konin 94 2013 2016

5 Koszalin 92 2017 2019

6 Kraków 220 2013 2015

7 Łódź 200 2015 2018

8 Olsztyn 100 2016 2019

9 Poznań 210 2014 2016

10 Rzeszów 180 2014 -

11 Szczecin 150 2013 2015

12 Warszawa 
Kawęczyn 200 2017 2020

13 Warszawa 
Targówek* 40 1997 2000

* revamping of the plant was started in 2012; completion is schedu-
led for 2015,  projected capacity 400 thousand tons/year.

emissions from plants [9]. The Regulation indicates 
limiting values for emissions of dust, inorga-
nic contaminants,  heavy metals, dioxins, and 
furans, as well as gaseous organic substances 
expressed as total organic carbon.

Even though the thermal processing of waste 
leads in eff ect to reduced volumes of waste and 
to energy recovery, the process itself generates 
secondary waste in the form of slag and ash (ap-
prox. 20-25% of the initial weight of incinerated 
waste), as well as dust and residues from fl ue 
treatment systems (approx. 5-10% of the initial 
weight of waste).

Slag and ash are usable as an aggregate in 
road building. Ash and dust along with fl ue tre-
atment products having a content of heavy me-
tals are classifi ed as hazardous waste. Methods 
for handling waste arising in thermal processing 
include vitrifi cation, which provides products 
whose properties are similar to those of glass 
[10].

Incineration of waste is a very complex pro-
cess because waste is highly heterogenic. Re-
gardless of the nature of waste – municipal, 
industrial, or medical – incineration involves 
atmospheric emissions of considerable amo-
unts of chemical compounds, including a con-
siderable percentage of toxic and cancerogenic 
substances. Mixed municipal waste has a high 
content of organic matter, which obviously le-
ads to emissions of carbon dioxide and steam, 
as well as carbon monoxide in the case of in-
complete combustion. Nevertheless, owing to 
the complexity of its matrix, the structure of wa-
ste includes, just as frequently, elements other 
than carbon and hydrogen, such as sulfur, nitro-
gen, chlorine or fl uorine; this leads to emissions 
of sulfur dioxide, nitrogen oxides, hydrogen 
chloride, or hydrogen fl uoride. The presence of 
non-combustible substances in the incinerated 
waste contributes to emission of dust. Unfortu-
nately, the thermal processing of waste leads 
also to a very high amount of intermediate pro-
ducts of oxidation and decomposition, which 
will not further decompose at high temperatu-
res, even at 1000oC. This explains why fl ue gases 
comprise as many as 350 various organic chemi-
cal compounds, such as cancerogenic dioxins or 
polycyclic aromatic hydrocarbons (PAH), which 
pose a serious hazard to the environment [11]. 
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On the other hand, currently available solutions 
enable pollution due to gaseous emissions in 
technological processes to be reduced by more 
than 99%. 

3. Mechanical -biological treatment of waste

A diff erent, alternative solution for mixed mu-
nicipal waste disposal is based on its mechani-
cal-biological treatment. It is defi ned collective-
ly as processes which include grinding, sieving, 
classifi cation, and separation, set up in various 
confi gurations, intended to mechanically sepa-
rate the mixed municipal waste fl ow into frac-
tions which can be used as a whole or in part as 
a material and/or source of energy and a biode-
gradable fraction, which requires further biolo-
gical treatment [12]. The essential steps of pro-
cessing of mixed municipal waste using the MBT 
technology include its mechanical sorting and 
biological stabilization of biodegradable waste. 

MBT with aerobic digestion is intended to 
separate 2 grain size fractions, of which the fi rst 
(grain size in the range 80-100 mm) is a subgra-
in, intended for biological stabilization and the 
second (grain size above 100 mm) is a high-calo-
rifi c fraction, sorted to separate part of material 
(such as paper, plastics, glass, metals) for recyc-
ling. What remains after classifi cation is proces-
sed to obtain a solid secondary fuel (commonly 
termed “alternative fuel”) and is used for energy 
recovery in the power industry, cement manu-
facturing or for thermal disposal in municipal 
waste incinerating plants [13].

The step of biological treatment of the mi-
xed municipal waste sub-grain is based on bio-
chemical reactions, such as mineralization and 
humifi cation, which run in the presence of mi-
croorganisms. Final products of biological sta-
bilization are termed “stabilizates”. By analogy 
to thermal disposal of waste, MBT is intended 
to minimize the weight and volume of waste, 
reduce its water content, gas-generating poten-
tial, and elutability. Moreover, the process stabi-
lizes organic matter and eliminates pathogenic 
microorganisms.

The content of organic matter in the total 
weight of waste is a reliable measure of waste 
stabilization after MBT. It is expressed as loss on 
incineration (LOI), total organic carbon (TOC) 

in dry matter [14], or 4-day demand on oxygen 
(AT4 parameter) which determines the respira-
tion activity of material. 

Regulation of the Minister of Environment of 
11 September 2012 on mechanical-and-biologi-
cal pre-treatment of mixed municipal waste [12] 
established the following requirements for sta-
bilizates obtained by MBT:
1. loss on incineration of the stabilizate is lower 

than 35% of dry matter, and organic carbon 
content is lower than 20% of dry matter, or

2. loss of organic matter in the stabilizate rela-
tive to organic matter in waste, as measured 
by loss on incineration or organic carbon con-
tent, is higher than 40%, or

3. the value of AT4 is lower than 10 mg O2/g of 
dry matter. 
The required values according to the Regula-

tion can be achieved with the use of natural or 
artifi cial waste composting processes [15]. Tech-
nologies for composting in natural conditions in 
so-called prisms, and two-step technologies in 
bioreactors (for instance in Mut-Herhof, Dyna-
comp, Kneer, Horstmann systems) are useful for 
composting both green waste and the separa-
ted biodegradable fraction of municipal waste 
[16].

4. Waste processing with energy recovery by 

co-combustion

The utilization of fuels generated from wa-
ste in industrial processes is a very important 
element of waste management system in the 
aspect of disposal and reuse of waste. Such fuels 
are referred to as secondary solid fuels, alternati-
ve fuels, or substitute fuels. Alternative fuels can 
be made from the portion of waste which has 
a suffi  cient calorifi c value. They are made from 
processed industrial or municipal waste as well 
as from dried sludge, tyres, animal-bone meal.

The term “alternative fuel”, referred to in the 
Regulation of the Minister of Environment of 
27 September 2001 on the Waste Catalog [17], 
is understood as a combustible waste, code 19 
12 10; it is classifi ed as a subgroup arising in 
mechanical waste processing. In the aspect of 
manufacturing of alternative fuels, of special in-
terest is the waste of which the thermal proces-
sing shows a positive energy balance, understo-
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od as a surplus of the energy obtained over the 
energy delivered to the process [18].

Waste-based fuels are useful for co-combu-
stion with coal in power boilers, in cement manu-
facturing plants, and in power facilities which are 
suitably adapted for their combustion [19]. The ce-
ment plants where co-combustion is used for ma-
nufacturing processes are listed in Table [2.] 

Each process imposes diff erent criteria for the 
parameters of the fuels used in it. Both in the po-
wer industry and in cement manufacturing, es-
sential parameters which aff ect criteria include 
the calorifi c value (which determines the ther-
mal path of the process) and the levels of chlo-
rine and mercury (which are essential to emis-
sions of contaminants). Shown in Table 3 are the 
preferred values of the parameters of alternative 
fuels for the cement industry.  

In addition to certain criteria, related to che-
mistry and energy, waste-based fuels are expec-
ted to meet requirements which are applicable 
to specifi c receiving facilities, for instance, the 
physical form of the fuel (grain size and grain 
size distribution); the specifi cally required valu-
es are usually negotiated between the fuel ma-
nufacturer and its consumer [19]. 

The co-combustion process uses alternative 
fuels along with conventional ones, providing 
optimum conditions for utilization of waste to 
generate thermal energy.

Waste processing to make fuels is intended 
to valorize energy-related parameters of the 
waste feedstock and to reduce the concentra-
tions of hazardous substances in the resulting 
products by concentrating the substances in 
byproducts being carried away from produc-
tion plants [21].

Waste processing to generate alternative fu-
els, adjusted to the specifi c process in which the 
fuels are to be used, enables avoidance of tech-
nological problems resulting from its complexi-
ty or instability. The choice of a specifi c process 
of technology for making fuels from waste is the 
subject of discussion and studies. The use of a 
suitable technology is connected with the type 
of feedstock and the expected quality of the re-
sulting product of processing.

Typical parameters of fuels made from wa-
ste by various manufacturers are shown in 
Table 4. 

Group Manufacturer

1 Lafarge
Cementownia Małogoszcz
Cementownia Kujawy

2 HeidelbergCe-
ment Cementownia Górażdże

3 CRH
Grupa Ożarów
Cementownia Rejowiec

4 Dyckerhoff Dyckerhoff  Polska Sp. z o. o.

5 Cemex
Cementownia Chełm
Cementownia Rudniki

6 Polen Cement Cementownia Warta

7 Miebach Cementownia Odra

8 Polska Energetyka 
Holding SA Cementownia Nowa Huta

9 Mapei Górka Cement

Table 2. List of existing incinerating plants in production facilities in 
Poland, according to [7].

Parameter Preferred values for alternative 
fuels ,as delivered

Calorifi c value [MJ/kg] < 20

Moisture [%] > 15

Ash [%] Not defi ned, because of the 
nature of waste

Sulfur [%] <1

Table 3. Parameters of alternative fuels, preferred in the cement in-
dustry [20]. 

Parameter PASi 1

[22]
PASr 2

[22]
SBS 
1 3

[23]

SBS 
2 4

[24]

BIOBS 
5

[23]

PP1 6

[24]
Italian 
SRF 7

[24]

Calorifi c 
value [MJ/

kg]
9,15 24,38 13,3 19,9 11,6 17,5 17,6

Moisture 
[%] 30,45 3,19 24,9 15,4 25,0 30,0 11,7

Ash  [%] 24,13 7,98 9,7 10,1 11,6 7,3 16,5

Chlorine [%] 0,24 0,23 0,38 0,61 0,22 0,23 0,79

Sulfur [%] 0,28 0,23 0,19 - 0,13 - -

Table 4. Selected parameters of typical waste-based fuel types [22-24].

1 PASi – fuel made by mixing a sorbent such as sawdust or tobacco 
dust and waste: paints, varnishes, heavy distillation fractions, diato-
maceous earths saturated with petroleum-based waste;
2 PASr – fragmented alternative fuel, made from waste, such as: pa-
per, card board, plastic fi lm, rags, textiles, plastic packaging, tapes, 
cables, cleaning cloth;
3 SBS 1 – fuel made from highly calorifi c fractions of municipal waste; 
average values for the years 2009-2011;
4 SBS 2 – fuel made by RWE Umwelt from highly calorifi c fractions of 
mixed municipal waste;
5 BIOBS – fuel made from highly calorifi c fractions of waste having a 
high content of biogenic fractions of various kinds of biowaste; ave-
rage value for the year 2011;
6 PP1 – fuel made by Essent Milieu from mixed municipal waste (frac-
tions of paper and plastics);
7 Italian SRF – fuel made by Ecodeco, Pirelli and Herhof/Fusina from 
dried, mixed municipal waste;

piece przemysłowe & kotły VII-X/2014

[23] Glorius T., Production 
and Use of Solid Recovered 
Fuels – Developments and 
Prospects, Berlin, 2012, 
http://erfo.info/fi leadmin/
user_upload/erfo/docu-
ments/other-projects/Ber-
lin_Glorius_January_2012.
pdf (20.09.2014).
[24] Van Tauber-
gen J., Milieu E., Glorius T., 
Waeyenbergh E., Classifi ca-
tion of solid recovery fuels, 
European Recovered Fuel 
Organization, 2005, http://
erfo.info/fi leadmin/user_
upload/erfo/documents/
standardisation/Classifi -
cation_report.270205.pdf 
(20.09.2014).



Moller Sp. z o. o.   |   ul. Dyrekcyjna 10/4   |   40-013 Katowice

Telefon +48 32 20 00 152   |  Telefax +48 32 20 00 153

Email: info@moller-group.pl

www.moller-group.com

Technika

Instalacje

Engineering

Montaz

The use of alternative fuels is benefi cial to 
the environment because of the opportunity to 
save non-renewable natural resources, reduce 
landfi lling, as well as emissions of greenhouse 
gas. Moreover, the use of alternative fuels is 
cost-eff ective: consumer companies use fuels 
which are less expensive than conventional fu-
els, and fuel manufacturers promote economic 
growth by creating new jobs.

5. Summary

The objectives to be attained in waste mana-
gement are expressly established in Directive 
2008/98/EC: the essential requirements include 
the preventing and minimizing of waste genera-
tion, preparing for re-use, recycling, and recove-
ring by other methods, such as energy recovery, 
and disposal. 

An integrated system for municipal waste 
management comprises the important step of 
waste processing.

To comply with requirements of the Europe-
an Union, Poland has to reduce the amount of 
biodegradable municipal waste which is dispo-
sed of by landfi lling, in relation to the amount of 
waste generated in 1995 to a maximum of 35% 
by the year 2020.

The objective can be attained using several 
routes of waste management, which include 
thermal waste disposal in regions where the 
population is a maximum of 300 thousand, 
mechanical-and-biological pre-treatment in 
regions with a population of 150 thousand 
or more, and making alternative fuels by the 
processing of high-calorific fractions of wa-
ste. The waste management system should 
be developed to include more co-combu-
stion processes, which enable the utilization 
of the combustible properties of waste; this 
is expected to provide measurable benefits, 
if only for the depleting resources, including 
energy materials, while the demand on ener-
gy keeps growing.

Poland, with its high percentage of the biode-
gradable waste generated, has a high potential 
for energy recovery. The applicable legal requ-
irements imposed by the European Union lead 
us to believe that the potential will be fully uti-
lized in future.
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