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Abstract—Information about composition of RDF
worldwide was collected using literature analysis. RDF
samples produced in Latvia and Estonia were collected,
those fractional and elemental composition analyzed
using standard methods. Comparing obtained results with
worldwide data we have found that the quality of local
RDFs in general is higher than typical values, while elevated
content of chlorine must be mentioned as a problem. Results
also show that majority of chlorine in studied samples
exists in organic form. Recommendations to overcome this
problem have been developed.
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I.

Introduction

Waste is a resource that still must be considered as
strongly underused in Baltic states. Refuse derived fuels
(RDF) is the light fraction of solid wastes enriched in
organic content and calorific value using multiple technical
approaches, such as manual sorting, screening, sorting by
air stream etc. Use of RDF not only reduces amounts of
waste that requires landfilling, but also might be a source
of energy that is free of charge or even have a negative
value. It is estimated, that in the case of Latvia, use of
RDF could replace imported fossil resources and cover
up to 3.5 % of states total energy needs [1]. The main
consumers of RDF today are cement plants, sometimes
this fuel might be used in traditional energetics as well,
while cement plants have strict quality requirements, that
are not always easy executable for waste management
companies, while simple incineration with lower quality
requirements is undesirable, not only from the point of
view of environmental pollution, but also considering
the need to bring our economies closer to the concept
of circular material flows. Development of novel waste
management approaches, based on pyro-gasification
technologies is needed to implement mentioned concepts.
Deep understanding of the composition of feedstock in
the case of pyro-gasification is much more important than
in the case of simple incineration [2].
In our study we have defined typical composition of
RDF, by using data from worldwide scientific literature.
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RDF produced by different waste management companies
in Latvia and Estonia have been analysed, using
standardised physically-chemical methods, composition
of these fuels established. Valuable information about
strengths and deficiencies of analysed fuels as well
as about reasons of these qualities have been got by
comparison of obtained values with typical composition.
II.

Materials and Methods

Samples of RDF were collected in 4 RDF processing
facilities in Latvia (the names of facilities are not
disclosed; results are presented only after statistical
treatment). Collection of samples performed after the
shredder (or after biotreatment in cases of Estonian
samples). In every factory, 20 samples (around 1 kg
each) taken and then mixed together. Moisture of samples
detected using drying at 105⁰C (Standard method CEN/
TS 15414-2:2006). Fractional composition characterized
using manual sorting: 1 kg of sample in 5 replicates have
been sorted, results averaged. Elemental composition
analyzed using standard methods: calorific value EN ISO
18125, sulphur and chlorine content LVS EN ISO 16994,
nitrogen, carbon and hydrogen content LVS EN ISO
16948, oxygen content calculated. Proximate analysis
made using thermogravimetric method described in [3].
Composition data of RDF outside Baltic states
was collected using literature review method. Typical
fractional composition estimated using the data provided
in [4]-[10]. Typical elemental composition, proximate
composition and calorific values were estimated based
on data provided in [9]-[29] geographically covering
industrial countries of Europe, North America and Asia.
III.

Results and discussion

As we see on the Figure 1., fractional composition of
RDF in Baltics differs strongly from typical worldwide
values. The most important differences are related with
the content of plastic and lignocellulose (paper cardboard
and wood) fractions. Content of lignocellulosic wastes
in RDFs collected in Baltics is approximately two times
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lower than typical values found in literature, while content
of plastics is about 2 times higher. Content of food fraction
in Baltic RDFs is significantly lower, than average. The
main qualitative characteristic of RDF: its heating values
(HV) in Latvia

Figure 3 Comparison of the content of main elements in studied samples with the worlwide literature data.

Legend:
A: Plastics
B: Paper, cardboard and wood
C: Textiles
D: Other coarse compounds
E: Food wastes and fine fraction
Figure 1. Fractional composition of RDF in studied samples compared
with the typical values.
Figure 4. Comparison of the content of undesirable non-metalic
elements in studied samples with typical values.

Figure 2. Comparision of calorific values of studied samples with the
typical values.

and Estonia are significantly (≈3 MJ/kg) higher (Figure
2.) than it is typical worldwide. Taking into account, that
plastic fraction is the one with the highest HV, while
lignocellulosic fraction shows lower HV [9], this fact may
be explained with the first finding of this study.
Analysis of the content of main organic elements
(Figure 3.) show that the content of carbon in studied fuels
must be considered very high: this element constitutes
up to 65% of studied fuels: much more than average
typical value (≈50%). Content of oxygen show opposite
tendencies: its value is under 20%, while typical values
are around 30%. Hydrogen content in studied samples is
slightly higher than typical values. Also these differences
arise from dissimilarities in fractional composition. Fossil
based materials, such as plastics are the main sources
of carbon and hydrogen, while oxygen dominantly is
supplied by cellulose based materials such as paper and
cardboard [29]. Analysis of the content of undesirable nonmetallic elements (Figure 4) shows that values of nitrogen
and sulphur content are absolutely typical, while content
of chlorine is 3 times higher than typical values. Chlorine,
is a key element causing high temperature corrosion in
Waste to Energy plants based on incineration [30], as well
as on gasification [31]. Chlorine also must be considered
as the most serious issue regarding the use of RDF in

cement kilns, since it weakens the cement and causes
the corrosion of steel bars in reinforced concrete [32].
The main source of organic chlorine in RDF is the nonpackaging plastics fraction, while the dominating sources
of the inorganic chlorine are fractions of food and garden
wastes [30]. Typically, around one half of the chlorine
content comes from poly(vinyl chloride) (PVC), while
the second half are chlorides of alkali metals coming
from organic waste [33]. Taking into account that ratio of
food waste and plastic fractions in studied materials are
not typical, it may be concluded, that absolute majority
of chlorine in RDFs produced in Latvia and Estonia is
organic and is arising

Figure 5. Comparison of moisture content (as received) of studied
RDFs with typical values worldwide.

Figure 6. Comparison of proximate composition (dry) of studied sam-
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from high PVC content in plastic fraction. They are
multiple ways to dissolve this problem. As it was pointed
by [34], one way is to supplement the pre-treatment system
with sorting by means of near-infrared spectroscopy (NIR)
to reduce the share of PVC directly. The second way is
indirect reduction of PVC content by increasing recovery
of fractions low in chlorine (such as paper and cardboard),
or by addition of biomass with low chlorine content.
Decrease of calorific value and increase of moisture must
be mentioned as the main disadvantages of this way. The
third possible approach is a low temperature thermal
treatment of RDFs known as torrefaction, mild pyrolysis
or destructive drying. Torrefaction as an approach useful
for upgrading low quality waste derived fuels received a
wide attention from the scientific community in last years
[35]-[37], and was showed to be highly effective for
increasing attractiveness of RDF as energy source. The
effects of torrefaction include increase of grindability
due to disappearance of fibrous structures, [36], increase
of heating value and improvement of combustion
characteristics [35]-[37], significant decrease in chlorine
content [35]-[36], reduction in the oxygen content,
increase in the carbon content [35], as well as significant
decrease of heterogeneity [36]. Fuel obtained as a result
of RDF torrefaction shows better fuel characteristics
than coal. Dechlorination in the process of torrefaction
is explained with conversion of organic chlorine to HCl
and evaporation of acid [38], thence it may be direct
solution for the observed problem. Torrefaction may be
used as separate pre-treatment stage, bus as well may
be incorporated into two staged pyrolysis-gasification
process.
As it is shown on Figures 5-6, contrary to elemental
composition, proximate composition of studied RDFs
may be considered as absolutely typical.
IV.

Conclusions

Fractional composition of RDFs produced in Latvia
and Estonia differ from typical values. It is characterised
by significantly higher content of plastics as well as lower
content of cellulose. This fact results not only in highquality features of studied fuels, such as high calorific
value, hydrogen and carbon content, but also in significant
problem: high chlorine, that make this fuel/feedstock
almost unusable. Differences in ratios of plastic fraction
and food waste fraction in comparison with typical RDF
composition, clearly show that absolute majority of the
chlorine in studied materials is organic.
V.
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