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Abstract: At most of the installations for the mechanical and biological treatment of waste operated
in Poland, the 0–80 mm fraction, separated from the municipal waste stream, are completely stored
after biostabilization. Such an action does not fit into the EU strategy focused on circular waste
management. The purpose of this study was to assess the technical feasibility of recovering the
mineral fractions contained in the compost-like-output (CLO) on a technological line designed for
glass recovery. The research started in January 2019, lasted for the next 12 months, and covered
29 measurement series. The following two high-energy fractions were separated from the CLO:
10–35 mm light fraction after separation in the air separator (M-1) and 35–80 mm light fraction after
separation in the air separator (M-2). The stabilization processing on the glass recovery line allowed
for the recovery of two high energy fractions in the total amount of 24.5% of the processed, and it
stabilized the product’s mass. In terms of materials, the M-1 and M-2 wastes were a mixture of
organic, paper, and plastic materials. Under the Refuse Derived Fuel (RDF) classification, according
to the European Committee for Standardization, the tested waste fell within the following classes:
waste M-1: 4NCV2Cl4Hg and M-2: 4NCV1Cl4Hg.
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1. Introduction

EU law on municipal waste and packaging waste explicitly requires its selective collection as the
primary route to waste recycling, which aims to create a circular economic model for Europe.

The implementation of this model limits the importance of mechanical-biological waste treatment
(MBT) technologies on the waste market, resulting in a decrease in the amount of mixed waste
(municipal solid waste (MSW)) fed to MBT installations. However, these installations are and will be
necessary for many years in order to ensure that biodegradable waste is reduced, and to supplement
recycling levels in areas where the total cost of the systems and the various local implementation
aspects generally give unsatisfactory results for selective collection [1–6].

MBT installations are a bridge between the current state of the solid municipal waste management
(MSW) in Europe and the need to meet current needs, and the necessary intensive development of
recycling. This is confirmed by the operation of approximately 570 MBT installations with a processing
capacity of over 55 million tonnes in Europe at the beginning of 2017. At that time, it was planned to
commission another 120 facilities with a capacity of nearly 10 million tons per year by 2025 [7].

Installations using the biostabilization process of mixed municipal waste dominated the sector.
For example, in Poland at the end of 2016, there were 192 MBP installations with a capacity of about
11 million Mg of waste per year. The total throughput of methane fermentation installations did not
exceed 200.000 tpy, although this method has a number of benefits compared with composting [8].
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In these installations, the mechanical part separates organic waste from municipal waste, which
is biologically stabilized under aerobic or anaerobic conditions. Waste treatment allows secondary
raw materials to be recovered, as well as the high-calorie fraction, from which refuse derived fuels
(RDF)/solid recovered fuels (SRF) type fuels are composed directly in the MBT installation or in the
plant producing fuels from waste [9–11]. These fuels are used as an energy source in combustion or
co-combustion processes. Biologically stabilized organic fraction below 80 mm, extracted from MSW
called compost-like-output (CLO) in the article and ballast from sorting processes are removed to
landfills [12,13].

For example, in Poland, 61% of MSW (municipal solid waste) manufactured in 2018 was directed
to MBT installations. Almost half of this waste was disposed of in landfills (45.9%) [14]. In Spain,
48% of mixed waste was processed at MBT plants. The percentage of the fraction rejected in relation to
the mass of waste delivered to MBT plants was 63%, of which 95% was stored and the remaining 5%
went to energy recovery [15].

Generally, the production of CLO at MBT plants usually accounts for about a quarter of the mass
of the input waste stream, regardless of the MSW biostabilization method used [16]. This means that
in the EU, more than 15 million tonnes of CLO irretrievably goes to landfills every year.

There are no data in the professional literature on the morphological composition of CLO. Jędrczak
and Den Boer [14], conducting tests in 20 installations as part of the third stage of the MBT expertise in
Poland, determined that the share of limiting substances in the mass of stabilized products, expressed
as ignition loss, occured at a level of 24.4 up to 38.6% DM, with an average value of 29.6 ± 4.0% dm.
The organic carbon content ranged from 14.0 to 19.9% dm (average 16.0 ± 1.7).

At the end of 2018 at the Waste Management Plant in Marszów in the Lubuskie voivodeship, the
first installation in Poland for CLO processing was commissioned (Figure 1). Its creation was associated
with attempts to extract packaging glass from the CLO product and to achieve such parameters of
recovered glass that would allow for it to be sent directly for recycling [17].
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The purpose of this study was to assess the technical feasibility of recovering combustible fractions
contained in the CLO on a technological line designed for glass recovery, using processes commonly
used in MBT installations. To this end, the types and amounts of high-energy fractions that could be
separated from the CLO were determined, and their morphological composition, selected properties,
and results of the tests of their use were examined.

Refuse derived fuels (RDF) are defined as fuels from municipal waste. The term solid recovered
fuels (SRF) means, in accordance with EN-15359:2005 and PN-EN 15357:2015 standards, a solid fuel
with standardized quality characteristics, not generated from hazardous waste, used as an energy
source in the waste incineration or co-incineration processes. The most important types of waste used
as components for the production of SRF are paper, used tires, plastic waste, wood, and textiles—the
share of which in the thick fraction of MBP ranges from 45 to 70%.

SRF classification according to the European Committee for Standardization (PN-EN 15359:2015)
is based on three key parameters: calorific value, chlorine content, and mercury content.

The physico-chemical properties of SRF-type fuels produced depend mainly on the type of waste
from which they are made. The range of literature physico-chemical properties of SRF fuels is shown
in Table 1.

Table 1. Properties of solid recovered fuels (SRF) fuels [18].

Parameter Unit SRF Fuel

Calorific value MJ/kg 9.15–35.16

Total moisture content % 1.7–30.45

Ash content % 3.98–24.3

Chlorine content % 0.23–1.43

Mercury content mg/kg 0.03–0.45

Sulphur content % 0.10–0.95

It should be stressed that SRF fuels are legally waste. So far, the procedure for converting this
waste into a product has not been developed. Directive 2008/89/EC does not, in principle, provide this
possibility for waste fuels—the fuel production process is not considered a recycling process, and fuel
cannot therefore be considered a product.

2. Materials and Methods

Here, the research on the content of combustible fractions in the CLO focused on two types of
waste generated on the CLO processing line: light fraction after using the Zig-Zag air separator with a
granulation of 10–35 mm (waste M-1), and light fraction with granulation of 35–80 mm after using the
NIHOT air separator (waste M-2). The morphological composition of the MSW waste processed in the
MBT Marszów installation is shown in Table 2. The morphological composition of waste from other
installations cannot be reported because ZZO Marszów utilized CLO.

The tests were carried during in the period of 15 January 2019 to 21 January 2020. A total of
29 measurement series were carried out. The CLO produced in the MBT installation in Marszów was
processed in 23 series, and the CLO supplied from other MBTs located in various regions of Poland
was processed in six series.

The MBT plant in Marszów processes waste from 22 municipalities, with over 200.000 collective
inhabitants. A detailed description of the MBT system in Marszów are presented in the publication
“Efficiency of waste processing in the MBT system” [8]. In the mechanical part of the MSW installation,
after removing the terracing waste and after passing through the bag discruptor, the waste stream was
separated in an 80/280 mm drum screen into three fractions. The fractions > 280 mm and 80–280 mm
were subjected to treatment for the production of fuel from waste. The 0–80 mm sieve fraction was
administered by biological stabilization under aerobic conditions. The process was carried out in
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two stages. Stage I was an intensive waste stabilization in reinforced concrete bioreactors with full
automatic control of its course, for a duration of 3 weeks. Stage II was the maturation of waste in piles
in the open air for a period of 10–12 weeks, using a waste shovel [8].

Table 2. Morphological composition of waste.

Component Value Range Component Value Range

<10 fraction 9.3–22.4 14.6 4.5

10–20 mm fraction 2.9–9.5 6.2 2.5

Organic waste 6.7–24.1 18.7 5.4

Green 0.4–9.1 3.9 2.8

Wood 0.1–1.9 0.5 0.6

Paper and cardboard 6.7–12.5 8.8 1.9

Plastics 9.7–21.7 14.4 3.5

Glass 7.0–13.1 10.9 2.1

Textiles 0.4–3.3 1.6 1.1

Metals 1.4–3.0 2.1 0.6

Multi-material waste 0.4–3.4 1.3 1.0

Mineral waste 0.1–16.4 5.8 5.7

Hazardous waste 0.0–0.1 0.0 0.0

Other categories 0.0–5.1 3.1 2.0

Bulky waste 2.8–10.2 8.0 2.8

Total - 100.0 -

Detailed descriptions of the processing line of the CLO and devices used are presented in the
publication “Recovery of Stabilizer Glass in Innovative MBT Installation: An Analysis of a New
Technological Procedure” [17]. Waste after intensive stabilization was directed to the tests. In the last
week of this stage of the process, the waste treatment parameters were set at such a level that intensive
drying of the collected materials took place.

Waste supplied from other MBT plants also constituted a <80 mm fraction after the process of
intensive oxygen stabilization. For these plants, the collection areas of the MSW were different, as well
as the devices used and the parameters of conducting the biological stabilization process, as a result of
which the characteristics of the samples tested were also different (Table 3).
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Table 3. Characteristics mass and material composition of intermediate products obtained in subsequent stages of the processing of CLO from Marszów and material
entrusted from other mechanical-biological waste treatment (MBT) installations.

Waste Stream Fraction Mass (Tonne)
Share of Component (%)

Glass Organic Paper Plastics Inert Others <10 mm Metals

Waste from Marszów

CLO 47.5 ± 26.9 17.4 ± 2.1 3.3 ± 0.7 8.8 ± 2.2 7.3 ± 1.4 9.1 ± 1.7 1.2 ± 0.4 51.4 ± 6.7 1.5 ± 0.4

Fraction < 10 mm 25.3 ± 17.8 <1.0 - - - - - ~99.0 -

Fraction 10–35 mm 18.1 ± 8.3 42.9 ± 4.6 6.3 ± 1.0 18.5 ± 3.1 7.9 ± 1.5 18.7 ± 3.9 2.5 ± 0.5 0.5 ± 0.5 2.9 ± 0.7

Zig-Zag
heavy fr. 12.6 ± 7.2 58.7 ± 5.5 3.7 ± 1.3 2.1 ± 0.7 5.5 ± 2.1 22.5 ± 5.4 3.0 ± 0.8 0.7 ± 0.7 3.7 ± 1.0

light fr. (M-1) 5.5 ± 1.8 9.0 ± 1.2 11.7 ± 2.6 53.9 ± 19.9 12.9 ± 4.6 10.3 ± 3.1 1.2 ± 0.5 0.0 1.0 ± 0.3

Fraction 35–80 mm 4.1 ± 1.3 2.6 ± 0.4 8.6 ± 0.5 15.4 ± 1.0 45.9 ± 2.6 19.8 ± 4.4 3.1 ± 2.6 0.0 ± 0.0 4.6 ± 0.9

FE Separator
SM fr. 4.1 ± 1.0 2.5 ± 0.5 8.8 ± 1.3 15.6 ± 1.1 46.7 ± 2.9 20.8 ± 4.8 2.8 ± 2.5 0.0 2.8 ± 0.2

Fe 0.095 ± 0.035 5.7 ± 0.7 0.0 6.0 ± 3.4 9.3 ± 3.6 0.0 9.7 ± 2.8 0.0 69.4 ± 9.9

Air separator
heavy fr. 1.3 ± 0.5 8.1 ± 0.1 1.9 ± 0.3 2.4 ± 0.4 12.8 ± 1.9 66.4 ± 6.0 7.6 ± 8.8 0.0 0.7 ± 0.3

Fuel (M-2) 2.7 ± 0.7 0.0 11.9 ± 1.5 21.6 ± 0.5 62.1 ± 1.3 0.0 0.7 ± 0.0 0.0 3.8 ± 0.1

Entrusted Waste

CLO 17.5 ± 5.0 11.4 ± 2.4 3.1 ± 1.4 8.4 ± 2.4 7.9 ± 4.7 11.9 ± 5.8 1.2 ± 0.5 52.5 ± 13.3 3.6 ± 1.3

Fraction < 10 mm 9.2 ± 4.1 <1.0 - - - - - ~99.0 -

Fraction 10–35 mm 5.9 ± 1.7 30.9 ± 7.4 5.9 ± 1.4 18.9 ± 3.3 7.4 ± 1.7 26.2 ± 6.7 2.7 ± 0.8 0.2 ± 0.5 7.9 ± 2.3

Zig-Zag
heavy fr. 4.0 ± 1.4 42.4 ± 12.0 2.9 ± 2.4 1.7 ± 1.3 4.5 ± 2.9 33.4 ± 7.4 3.4 ± 1.2 0.3 ± 0.8 11.3 ± 3.6

light fr. (M-1) 1.9 ± 0.4 9.8 ± 1.3 11.7 ± 3.6 51.1 ± 13.9 11.8 ± 4.6 13.0 ± 3.4 1.5 ± 0.6 0.0 1.1 ± 0.2

Fraction 35–80 mm 2.4 ± 2.4 3.0 ± 0.5 7.9 ± 0.8 14.4 ± 1.2 42.9 ± 3.5 21.9 ± 3.3 2.3 ± 0.5 0.0 7.6 ± 3.2

FE Separator
after SM fr. 2.3 ± 2.3 2.9 ± 0.5 8.6 ± 0.6 15.1 ± 1.1 45.5 ± 2.7 23.7 ± 3.8 1.7 ± 0.2 0.0 2.5 ± 0.2

Fe 0.12 ± 0.07 4.3 ± 0.6 0.0 6.2 ± 3.1 9.0 ± 3.8 0.0 9.3 ± 2.5 0.0 71.2 ± 11.2

Air separator
heavy fr. 0.8 ± 0.9 8.2 ± 0.1 3.6 ± 3.8 2.3 ± 0.6 12.4 ± 3.1 68.3 ± 1.8 4.0 ± 0.3 0.0 1.2 ± 1.4

Fuel (M-2) 1.5 ± 1.4 0.2 ± 0.2 11.0 ± 2.5 21.7 ± 0.4 63.0 ± 2.0 0.5 ± 1.1 0.5 ± 0.2 0.0 3.2 ± 0.8
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3. Results and Discussion

The masses of CLOs from Marszów and entrusted from other MBT installations processed on the
processing line, as well as the sieve fractions and light fractions (M-1 and M-2) obtained during the
process, are presented in Table 3. The table also presents the material composition of the treated CLOs
and separated fractions.

The mass of the tested CLO samples from ZZO Marszów ranged from 28.4 to 154.5 tonnes and
averaged 47.5 ± 26.9 tonnes. This waste was very well dried. Its humidity ranged from 6.0 to 15.5
(average 10.0 ± 2.6%). The CLO from ZZO Marszów contained 51.4 ± 6.7% fraction < 10 mm, 9.1 ± 1.7%
debris and stones, and 17.4 ± 2.1% glass.

The weight of the entrusted CLO samples ranged from 10.3 to 22.0 tonnes and averaged
17.5 ± 5.0 tonnes. The humidity of the entrusted samples was more diverse and ranged from 9.6
to 32.0% (average 20.9 ± 9.6%). These CLOs contained 52.5 ± 13.3% of the fraction < 10 mm and
11.9 ± 5.8% of debris and stones. The share of glass in the entrusted material was 11.4% 4 ± 2.4% of
glass, and was almost 1.5 times lower than for the waste from Marszów (17.4% 4 ± 2.1%).

Using the double-deck VARIOMAT sifter, the CLO stream was divided into three fractions of
<10 mm, 10–35 mm, and >35 mm.

The fraction <10 mm constituted 50.9 ± 6.4 of the mass of CLOs from Marszów and 53.0 ± 13.5%
of the entrusted CLO mass. It was a mixture of ash and sand in large quantities of organic fraction,
which was dried and largely fragmented during the unloading of chambers, transport of CLO to
the screen, and grain screening operations (<10 mm). The high content of ignition loss (from 27.1
to 45.8% dm, on average 36.8% dm) confirmed the high content of organic matter in this fraction.
Air separation of this fraction on Trenso separation tables led to a mineral fraction of −40.7% (including
fraction < v5 mm, 32.9%; stones > 5 mm, 5.2%; and glass > 5 mm, 2.6%), a light fraction of 50.6%, and a
dust fraction of 8.7%.

The 10–35 mm fraction directed to the production of glass concentrate constituted 39.1 ± 5.6% of
the mass of the CLOs from Marszów and 34.5 ± 6.7% of the mass of the entrusted CLOs. The basic
component of this fractions was glass 42.7 ± 4.7% and 30.9 ± 7.4, respectively. In quantities greater
than 10%, the fraction contained debris and stones, as well as paper. The total share of paper, plastics,
and organics was 32.6 ± 4.6% and 32.2 ± 4.4%, respectively.

The fraction share > 35 mm in the mass of CLOs was small: an average of 9.2 ± 2.1% of the
sample from Marszów and 12.5 ± 9.9% of the sample entrusted. The basic components of this fraction
were plastics 42.7 ± 4.7% and 42.9 ± 3.5, respectively. In quantities greater than 10%, the fraction
contained paper, cardboard, and rubble stones. The total share of paper, plastics, and organic matter
was 69.4 ± 4.5% and 65.3 ± 5.4%.

The first combustible fraction was the light fraction after the Zig-Zag separator (M-1). In the
case of ZZO in Marszów, this waste constituted 12.6 ± 3.7% of the weight of the CLO. The waste was
dominated by paper and cardboard (53.9 ± 19.9%). Plastic (12.9 ± 4.6%) and organics (11.7 ± 2.6%)
were also found in large quantities (Figure 2). The impurities were primarily stones and debris (inert;
10.3 ± 3.1%) and glass (9.0± 1.2%; Table 3). This waste showed low moisture (12.2± 5.6%) and relatively
high ignition loss (56.9 ± 8.2%; laboratory analysis). In the case of the entrusted CLOs, M-1 waste
constituted 11.3 ± 4.1% of the CLO’s weight. Compared to the waste from Marszów, 2.8% less paper
and cardboard and 1.1% less plastics contained in the CLO product passed into it. The organic content
was the same at 11.7 ± 3.6%. The waste contained slightly more debris and stones (13.0 ± 3.4%) and
glass (9.8 ± 1.3%; Table 3).
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the NIHOT (M-2) separator.

RDF separated from the 35–80 mm (M-2) fraction accounted for 6.6 ± 1.9% of the mass of processed
CLO from ZZO in Marszów—30.5% of organic matter, paper, cardboard, and plastics contained in the
CLO passed into it (Figure 2), and their share in waste was 95.8 ± 1.7%. This waste did not contain any
glass or inert materials, but the proportion of metals was 3.2 ± 0.1 (Table 3). The waste had a moisture
content of 19.1 ± 11.6% and high ignition loss of 80.9 ± 6.1% (laboratory analysis). In the case of the
entrusted M-2 ballasts after the NIHOT separator, they constituted 11.9 ± 9.7% of the CLOs—35.0% of
all organic matter, paper and cardboard, and plastics passed into them. The share of these components
in waste was 95.7 ± 3.6%. Out of the impurities, metals were the most prominent, at 3.2 ± 0.8% (Table 3).
The analyses were carried out in the factory laboratory of ZZO Marszów and periodically, for control
purposes, in the Laboratory of the Institute of Environmental Engineering at University of Zielona
Góra, which is accredited for taking and analyzing waste samples. Waste analyses were performed
according to the standards and procedures in force in the accredited laboratory [19,20].

The work of the CLO processing line was evaluated in terms of the content and level of material
recovery (η) in the product (combustible ingredients). Material recovery is the quotient of its quantity
in the product in relation to its content in the input material (CLO). The results were presented and
discussed for the intermediates after each device in order to show the effect of each stage of the process.

Figure 3 presents the average levels of recovery of components from CLO’s in the subsequent
stages of the CLO process (A—waste from Marszów; B—entrusted waste).

The Zig-Zag type air separator was quite effective in separating paper, organics, and plastics from
the remaining stream of fractions, with a grain size of 10–35 mm. Paper recovery was 76.5% and 74.1%
of the mass in the feed for samples from Marszów and the entrusted samples, respectively. Organisms
were 45.2% and 49.2%, and plastics were 22.3% and 22.8%, respectively (Figure 3). The efficiency of
paper, organic, and plastic recovery from the 10–35 mm fraction on an air separator was on average
76.1 ± 8.4% (samples from Marszów) and 80.5 ± 14.4% (entrusted samples).

The purification of the 35–80 mm fraction on an electromagnetic separator was quite efficient
in the range of metals (16.8 and 8.9%) in relation to their content in the charge. The metal removal
efficiency was low, at 63.0 ± 9.5% and 34.4 ± 12.8%, respectively. The M-2 waste contained practically
no glass, stones, or debris. Debris occurred in one sample derived from the entrusted 2.8% CLO.
Pollutants were 3.5% (Marszów) and 3.2% (entrusted CLO’s), and other components were 0.7 and 0.5%,
respectively (Table 3).
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Figure 3. Recovery (η) of material components in subsequent stages of the CLO processing (average
values: waste from Marszów 13 series, entrusted waste 6 series).

In the CLO, 52.0% and 57.1% of plastics were present. After using the NIHOT air separator,
15.7% and 19.5% of paper, and 22.9% and 24.7% of organic matter were recovered in the stream.

The efficiency of paper, organic, and plastic recovery from the electromagnet fraction on the NIHOT
air separator was on average 90.3 ± 1.9% (samples from Marszów) and 90.8 ± 2.0% (entrusted samples).

The CLO processing on the Marszów line allowed for the recovery of two high-energy fractions
in a total of 19.2% of the processed CLO. The total recovery of three components (organic, paper,
and plastics) ranged from 70.2% to 95% (average 83.4 ± 9.1%) in the case of CLOs from Marszów,
and from 76.5% to 94.5% (average 85.1 ± 7.1%) in the case of entrusted CLOs.

The levels of recovery of these components on the stabilization processing line, in the cases of
samples from Marszów and other MBT installations, were as follows:

• organics from 51.7% to 87.5% (on average 71.1 ± 9.2%) and from 39.3% to 94.5% (on average
73.8 ± 19.8%), respectively;

• paper from 86.8% to 98.7% (93.4 ± 4.6% on average) and 88.1% to 98.4% (93.7 ± 3.7% on
average), respectively;
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• plastics from 53.3% to 94.7% (on average 76.7 ± 14.7%) and from 68.1% to 87.9% (on average
79.6 ± 7.3%), respectively.

The cement and energy industries are interested in only obtaining fuels with strictly defined utility
features, supplied continuously in large quantities, meeting the requirements for SRF (solid recovered
fuels) [21]. The elected properties of the M-1 and M-2 waste are shown in Table 4. The moisture of
the tested waste meets the expectations of the recipients (<20%). The fraction requires fragmentation
to grain <30 mm; therefore, it goes to the RDF production line, which is located in the sorting hall
at MBT Marszów. It is equipped with a magnetic separator, which effectively removes the metals
contained in the M-2 waste. There is no technical possibility to remove glass and inert fractions from
M-1 waste. However, this does not affect the deterioration of the parameters of the RDF produced.
In MBT Marszów, the annual production of alternative fuel from MSW sorting residues, selectively
collected waste (plastics and paper waste), is about 12,000 tonnes. Only about 10% of the mass is waste
from M-1 CLO, which contains about 270 tonnes of glass and inert waste, and about 5% of the mass of
RDF produced is M-2. The introduction of effective methods for cleaning M-1 and M-2 waste from
non-combustible fractions will result in an improvement in the caloric value of the SRF produced.

Table 4. Selected properties of M-1 and M-2 waste and RDF produced in MBT installation in Marszów.

Feature Statistical
Measurement

Measurement
Unit

M-1 M-2 RDF

Average Value Stand Dev Average Value Stand Dev Average Value Stand Dev

Caloric value
of NCV Average MJ/kg t.q. 12.60 1.30 14.90 1.50 16.70 1.70

Chlorine
content (Cl) Average % s.s. 0.343 0.120 0.168 0.059 0.618 0.155

Mercury
content (Hg) Median mg/MJ t.q. 0.13 0.05 0.11 0.03 0.065 0.015

Heat of
combustion

in a dry state
Average MJ/kg 16.30 1.60 18.80 1.90 18.60 1.80

Moisture Average % 14.80 3.0 15.60 3.10 7.80 1.60

Total carbon Average % 39.50 4.0 39.40 3.90 50.50 5.10

Ash Average % 27.40 4.11 25.70 3.90 20.03 3.00

Sulfur Average % 0.65 0.16 0.50 0.13 0.50 0.13

Under the SRF classification, according to the European Committee for Standardization
(PN-EN 15359: 2015), which is based on three key parameters (caloric value, chlorine content,
and mercury content [18]), the tested waste can be assigned to the following classes:

• M-1 waste: 4NCV2Cl4Hg;
• M-2 waste: 4NCV1Cl4Hg;
• RDF: 3NCV3Cl3Hg.

4. Conclusions

The ban on landfilling in 2030 of no more than 10%, introduced by an EU Directive, and the
ban on burning not more than 30% of the mass of municipal waste generated will necessitate a
change in the current management of the MSW in EU member states, where it is based on MBT
installations. The development of selective collection to achieve the required levels of recycling, and the
reconstruction of MBT installations in packaging waste sorting plants and biowaste composting, takes
time. It is possible, during this transitional period, to significantly reduce the mass of CLOs disposed
of in landfills by recovering and even recycling a large proportion of the mass of the components
contained therein. The research conducted on the CLOs in Marszów confirms and proves that from
this type of waste, in addition to recyclable glass [17], RDF can be recovered, which can successfully be
used, e.g., in cement plants.

On the CLO processing line, the following was recovered: the combustible fraction after the
Zig-Zag M-1 separator and the combustible fraction M-2 after the NIHOT air separator. In the case of



Energies 2020, 13, 4353 10 of 11

the CLO from ZZO Marszów, M-1 waste constituted 12.6 ± 3.7% of the mass of the CLO, and in the
case of entrusted CLOs, M-1 waste constituted 11.3 ± 4.1% of the mass of the CLO. RDF separated
from the 35–80 mm (M-2) fraction accounted for 6.6 ± 1.9% of the mass of the processed CLO from
ZZO in Marszów. In the case of the entrusted waste, M-2 waste after the NIHOT separator accounted
for 11.9 ± 9.7% of the weight of the CLO.

The processing of the CLO on the Marszów line allowed for the recovery of two high-energy
fractions from the CLOs, in the total amount of 19.2% of their mass and a calorific value of 13.3 MJ/kg
t.q., which is directed to the waste fuel production line. The positive effects of the experiments
on a semi-commercial scale resulted in the implementation of the technology into production on a
technological scale. Work is currently underway to optimize the performance of the equipment and to
recover mineral materials from CLO.
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