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ABSTRACT  

Traditional waste treatment of solid municipal waste in Europe consisted of selective collection 

and sorting of packs; production of compost and/or biogas from the selectively collected biologically 

degradable fraction; as well as disposal and/or incineration of the residue. However, this traditional 

system does not sufficiently reduce the waste quantity to be landfilled; a significant portion of the 

waste is landfilled without being treated and the incineration of the residue is economically 

unfavorable because of its low caloric value and high moisture content. The above facts made it 

necessary to introduce the preparation technologies for producing refuse derived fuels from municipal 

solid waste; the biological stabilizing treatment of the residue of municipal solid waste to reduce its 

moisture content and to produce an alternative fuel of a higher quality. The paper gives a summary of 

the experience on mechanical preparation and mechanical-biological stabilization experiments of a 

great number carried out in Hungary. 

 

 

INTRODUCTION 
 

The most urgent problem in Hungary’s waste management is the treatment and 

recycling of municipal solid waste. In Hungary, about 4.5-5 million tones of household 

waste and industrial-commercial waste like municipal one are annually generated. In the 

developed countries, a significant proportion of this waste is UTILIZED as valuable 

secondary raw materials, as well as secondary energy source. 

In beginnings in Europe, a more or less uniform system of municipal solid waste 

treatment has been developed (Figure 1).  

According to this, municipal solid waste can be divided in three main groups from the 

point of view of uniform treatment: 

1) packs: 30…40% of the solid municipal waste; glass: white, brown, green; paper: 

printing products, cardboard, corrugated paper; light packs: metals: iron and 

aluminum beverage cans and, plastic packs; 

2) bio-waste: 40…50%; biologically decomposable materials (vegetable waste, food 

debris, etc.); 

3) residue: 10...30%. 

Accordingly, the main elements of the system are as follows: selective collection and 

sorting of packs; selective collection and treatment of the biologically decomposable 

proportion (composting and biogas production); incineration and/or landfilling the residue.  
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Figure 1. System of traditional MSW treatment 

 
This traditional system has several disadvantages: 

 It does not sufficiently reduce the waste quantity to be landfilled (if there is no 

burning). 

 A significant proportion of the waste (40…60%) is landfilled without treatment 

(residue). 

 Because of the above facts, the landfilling costs are high.  

 Forcing the separative collection (of packs and biologically degradable materials) 

and manual/mechanical sorting could make this system uneconomical too. 

 At the same time, the residue of municipal solid waste consists of agriculturally 

and energetically useful components, namely biologically decomposable and non- 

or hardly decomposable organic ones (the latter with a higher caloric value). 

 Because of the unfavorable burning properties of the untreated municipal waste 

residue (low caloric value and high moisture content), it is disadvantageous to 

incinerate it from both technical and economical points of view. 

The above facts lead to the new complex solutions: to introduce mechanical and 

mechanical-/biological  treatment of the residue of municipal solid wastes. So that the 

MSW (remained after separative collection) can be treated through: 

 mechanical,  

 biological, 

 or thermal processes, 

 or (most frequently) the combination of the above. 

Mechanical treatment (preparation) is usually the preceding (and succeeding) step of 

the biological or thermal treatment of the wastes. Mechanical processes are already used 

during waste collection. Already in this process, it is reasonable to separate the different 

material types as much as possible. During the treatment of residual MSW waste, it is 

reasonable to separate first the metals from the material flow, the fraction with a high 

calorific value and the less valuable fractions hampering the treatment, such as rock pieces, 

ceramics and glass. Mechanical treatment is needed for the recycling of each raw material. 
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The main target of biological treatment is to reduce the quantity of degradable 

biowaste, moisture content and the content of different volatiles. Another target is to 

minimize or fully eliminate the environment polluting emissions of possibly generating in 

the landfill leachate and methane. It can be achieved by the utilization of the activity of 

available aerobic micro-organisms and the enhancement of their function in such a way as 

to minimize the biologically degradable content of the initial material (waste) via aerobic 

microbial degradation as much as possible. This process is called the biological 

stabilization.  

The main purpose of aerobe biological treatment complementing mechanical processes, 

when CO2 and water vapor are generated from the organic materials due to their aerobic 

biodegradation, the full quantity of residue decreases by 40%, the moisture content 

decreases to one half/one third, and the calorific value of the treated material increases 

more than twofold.  

The combination of the mechanical and process is called mechanical-biological 

stabilization (Niederdränk, 2003; Thomé-Kozmiensky, 2002, Csőke et al., 2006). 

 

 

Figure 2. General (simplified) technological flow sheet of mechanical-biological 

stabilization 

General aim of mechanical-biological treatment (Figure 2): Producing a fraction rich in 

components with high calorific value and a fraction poor in components with high calorific 

value, and landfilling this product: producing a product to be landfilled that meets the 

requirements of landfilling. 

Usually, the material is stabilized biologically (composting) and the fraction rich in 

components with high caloric value is won from the stabilized material by screening and 

separation. 

 

LARGE-SCALE EXPERIMENTAL TESTS 
 

The main purpose of the mechanical-biological stabilization experiments carried out in 

Hungary was to elaborate the technology to produce secondary fuel from the municipal  



42 Barnabás Csőke 

 

 

residue after bio-stabilization, in such a way as to obtain deeper knowledge on process in 

order to control it. During the large-scale mechanical-biological stabilization experiments 

carried out at the Polgárdi Landfill,  the proper methodology of sampling and determining 

the material composition was elaborated. To determine the calorific value, a measurement 

procedure based on an experimental boiler, which enables one to determine the combustion 

parameters, as well as the chemical composition of ash and flue gas, was developed too 

(Csőke et al., 2003). We explored the relationship between grain size and calorific value 

concerning domestic solid municipal waste.  

 

Experimental mechanical-biological stabilization 

 

During mechanical-biological stabilization the necessary operations were carried out as 

follows: 

Pre-treatment: As the first step of mechanical-biological treatment, the comminution of 

the MSW using a hammer crusher was carried out. 

Building aerated pile: Then the comminuted and homogenized MSW was piled into a 

pile of 300–400 m
3
. Intensive aerobic degradation and stabilization took place here for 

3…4 weeks. The forced aeration was applied using aerating ducts. 

Placing the probes: After making the bed, the probes measuring the temperature and 

oxygen content necessary for controlling the aeration were placed. 

Covering the pile: The bed built and provided with probes was covered using a three-

layer GORE-Cover
®
 semi-permeable membrane cover.  

Aeration: After covering the prism, we started the aeration system operated by feeding 

back the data of the probes measuring the temperate and oxygen content. Aeration is of 

vital importance for a quick and odor-free decomposition and recycling of organic wastes. 

We applied a pressure aeration system which sucks the ambient air and blows it into the 

maturing material through in-floor aeration ducts running under the material. 

Operation:  During the two/four-week maturing period, aeration was operated 

according to the limit values for temperature and oxygen content. During the treatment 

period, it is not necessary to control the moisture content of the prism and to rotate the 

material. Because of the material loss during maturation, the membrane cover has to be re-

stretched several times. 

Demolishing the pile: The pile was demolished after the degradation period of 2–4 

weeks.  

 

Removal of the stabilate (CLO) compost like material  

 
First, the material of the demolished pile was screened. The fine end-product of the 

drum screen is compost like material, the bio stabilate which can be landfilled and used for 

agricultural and re-cultivation purposes (mainly for growing energy plants; currently, 

experiments in this direction are in progress). After removing the ferrous metals from the 

coarse product of the screen by magnetic separation, the RDF secondary fuel rich in 

components with high calorific value was obtained. The composition and properties of the 

products were tested. 
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RESULTS OF MECHANICAL-BIOLOGICAL WITH SELECTIVE 

COMMINUTION EXPERIMENTS 

 
According to the data of the mechanical-biological experiments, it can be stated: 

 During aerobic biological decomposition, the waste quantity decreases by 20…40 

% and water vapor and carbon dioxide exhaust. 

 The largest mass proportion – 45…50% – of the stabilate is formed by a compost-

like fines (< 20 mm). 

 The other considerable proportion (about 45%) is formed by a biologically non-

degradable or hardly decomposable coarse (> 20 mm) organic product rich in 

combustibles. 

 In this product, the moisture content decreased from 27…30% to 8…10%, while 

the calorific value increased from 3.5…6 MJ/kg up to 12…13 MJ/kg (with the 

indicated moisture content). 

 The metals represent 4–5% of the material balance. 

In terms of process technology, the details, namely the properties of the grain fractions, 

are very important. It can be stated (Table 1) that  

 the calorific value increases significantly with the grain size, while the ash and 

moisture content behave in the opposite way: they increase in the finer grain 

fractions; 

 concerning material composition, it is worth highlighting that plastic and textile is 

concentrated in the coarsest size fraction (> 100 mm), paper in the medium-size 

fraction (20…100 mm) and CLO in the finest size fraction (< 20 mm).  

Results of the selective comminution of coarse stabilate for advancing the quality of 

Refuse Derived Fuel by hammer crusher.  

Examining of the selective comminution of coarse stabilate  

During mechanical-biological stabilisation, the coarse (> 20 mm) secondary fuel 

product obtained at the drum screen was further size-reduced using a hammer crusher in 

order to produce, after crushing, a product rich in materials with high calorific value 

(plastic, textile, rubber etc.) by separation (selective comminution) for cement works. 

 

Table 1 

Process technology characteristics of grain fractions 

BIO-STABILISED WASTE  

Grain size 

x, [mm] 

Mass yield 

[%] 

Calorific value 

MJ/kg 

Moisture content 

[%] 

Ash content 

[%] 

< 50   54.2 6.3 10.6 41.2 

50–150 34.7 12.9 6.1 25.7 

> 150 11.2 20.4 3.3 27.5 

∑ 100.00 10.2 8.2 34.3 

∑measured  11.2  32.9 

RAW WASTE 

  Calorificvalue 

[MJ/kg] 

Moisturecontent 

[%] 

Ash content 

[%] 

∑measured  5.8 26.9 29.8 
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Figure 3. The grain size distribution of coarse stabilate along with the distribution of the 

combustible and non-combustible components 

 

Figure 3 and Table 2 visualizes the grain size distribution of coarse stabilate as well as 

the totalized distribution of the combustible and non-combustible individual components in 

the screen fractions, after additional comminution at the hammer crusher Doppstadt . 

 

Table 2 

Calorific values of coarse stabilate grain fractions comminuted additionally 

Grain size, mm Calorific value, MJ/kg 

 Comminution once Comminution twice 

> 200 16.3 19.4 

100–200 20.4 22.8 

75–100 12.8 18.2 

50–75 11.7 10.4 

20–50 10.7 11.5 

8–20 4.7 9.2 

< 8 0.6 5.8 

 

Figures 4 and Table 2 show that after crushing the combustible components (especially 

plastic and textile) become richer in the coarser fractions, and by separation at 60…80 mm 

one can obtain, with a yield of 40–50%, a product that is rich in combustible components 

and has high calorific value. 
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Figure 4. Waste preparation technology for RDF production 

 

The MSW residue is not collected separatively and the residue of the sorting plants are 

bio-stabilized together. From the stabilized material by means of preparation processes 

(screening, as well as magnetic, eddy-current and air-flow separation, selective 

comminution) stabilized bio-waste, metal products, a combustible fraction and – from the 

components undesirable in the above products like non-combustible inert (Figure 4) can be 

produced.  

 

CONCLUSIONS 
 

According to the above results, it can be stated: 

 One must strive for a full utilization of solid municipal wastes. 

 A favorable solution to this is offered by separative collection and further sorting, 

as well as the combined technological system of mechanical-biological 

stabilization. 

 The quality of RDF, the secondary fuel produced from municipal waste can be 

consciously controlled by means of process technology. 

 The combustible fraction extracted in this way can be thermally utilized in several 

industries (cement works, power stations, metallurgy, etc.), especially if it is 

formed – along with other industrial wastes – into a real, always well-

homogenized fuel with prescribed composition.   
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