Maris Klavins, Dmitry Porsnov, Valdis Bisters, Juris Kalviss,

and Raivo Damkevics

Keywords

Refuse derived fuels RDF e

1 Introduction

Fossil fuels use reduction and waste recycling are two great
challenges facing our society nowadays. A concept intended
to solve both problems is Waste-to-Energy (WtE) approach
(Brunner and Rechberger 2015). The routes to the energy
recovery can be grouped as thermo-chemical and biochem-
ical approaches and the selection of the WtE technologies
also depends on the waste composition. Waste sources can
be industrial and agricultural production and urban regions
but growing attention is paid to municipal solid waste in
OECD countries (Hoornweg and Bhada-Tata 2012) con-
sisting dominantly of organic materials (27%), paper (32%),
plastic 11%, glass, metal and other components. Most
widespread technologies for MSW thermal conversion are:
(1) MSW incineration; (2) co-combustion with other fuels;
(3) gasification; (4) pyrolysis (Astrup et al. 2015). Further,
the selection of the most appropriate technology depends
also on the wastes amounts and their logistics. MSW
incineration is a relatively widely used robust approach,
however requiring extensive purification of flue gases and
creating a problem of the combustion waste utilisation.
Incineration technologies cannot deliver cost effective small
scale solutions needed for distributed waste management
systems. As a prospective, the gasification approach can be
considered, especially when pre-treated urban wastes are
used (refuse derived fuels RDF) and local (decentralised)
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waste processing options are actual. Gasification of solid
recovered fuels can make a difference if coupled with effi-
cient gas cleaning and energy recovery. The efficiency of the
system lies at the integrated feedstock preparation, gasifi-
cation process and gas cleaning for a final product—car-
bonized solids, syngas and condensable liquids.

The aim of the study was to evaluate RDF gasification
and development possibilities, and validate the gas cleaning
system in conditions of feedstock wvariability of solid
recovered fuel applicable for small-scale installations.

2 Materials and Methods

Refuse derived fuel samples were collected from Latvia and
neighbouring countries: Lithuania and Estonia and were
characterised by elemental composition (C, H, N, O, S, Cl),
ash amount as well as heating value. The thermal decom-
position process of RDF was studied using thermo-
gravimetrical analysis. A laboratory scale set up was
developed to test the RDF samples gasification characteris-
tics and efficiencies. In gasification tests, the RDF samples
were pyrolysed in an electrically heated quartz batch reactor.
Composition of syngas was monitored and the process was
studied at differing temperature regimes with RDF and with
RDF + lime additions. Further, metals and trace elements in
RDF and in the formed ashes were analysed using dissolu-
tion in Aqua regia with a following analysis by ICP-OES.

3 Results and Discussion

Refuse derived fuel samples from Latvia and other Baltic
countries in general in respect to their elemental composition
are similar to RDF samples from UK, Netherlands, Sweden
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and Germany, however a significant variability has been
found if compared samples obtained from large cities and
countryside at first in respect to presence of metals and
proportion of plastics and wood residues. As some problems
might be considered like wastes disinfection, some limita-
tions to further processing might be created.

RDF samples calorific values on dry basis are close to
thse of coal and are sufficient to use only the RDF samples in
the pyrolysis process. The tudy of thermal decomposition
using thermo-gravimetrical analysis helps to reveal thermal
decomposition stages and support the selection of the ther-
mal decomposition process regime.

As challenges for pyrolysis application of the RDF can be
considered: (1) optimisation of the thermal decomposition
process; (2) reduction of the organochlorine formation;
(3) formation and removal of tars; (4) development of
methods for utilisation of ashes formed during the pyrolysis
process. To solve these problems, the following approaches
were suggested: (1) lime admixtures; (2) the pyrolysis pro-
cess optimisation (thermal regime, RDF loading rate);
(3) syngas plasma post-treatment. The suggested approaches
provided possibilities to obtain high-quality syngas with
achieve good energy efficiency of the pyrolysis process. The
above mentioned process is used to design the RDF gasifi-
cation unit using fluidised bed for small—medium scale
RDF processing.

Further, the bottom ash and fly ash composition were
analysed and metal and chlorine concentrations were deter-
mined. Metal speciation analysis has been achieved, to study
not only the total, but also the biologically available metal
fractions. Ash utilisation possibilities were studied and
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potential use
demonstrated.

in building industry applications was

4 Conclusion

The results of this study have shown that calorific values
of RDF samples are close to those of coal and are suffi-
cient to use of sole RDF samples in the pyrolysis process.
However: (1) lime admixtures; (2) pyrolysis process
optimisation (thermal regime, RDF loading rate);
(3) syngas plasma post-treatment can help to achieve high
quality syngas and utilise the formed wastes (ash).
Optimised gasification conditions are used to design
fluidised bed RDF gasification unit for small—medium
scale RDF processing.
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