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Abstract

One of the greatest challenges of human today is to provide the continuous
and sustainable energy supply to the worldwide society. This shall be done
while minimizing all the negative consequences of the operation(s) to the
environment and its living habitants including human beings, taking from the
whole life cycle perspective. In this thesis work new solutions for treatment
biomass and waste are analyzed.

 
Based on the fundamental research on the conversion of various materials

(biomass: straw pellets, wood pellets; and waste: plastic waste, ASR residues
after pyrolysis), converted by means of different systems (pyrolysis in a
fluidized bed reactor, gasification in a fixed-bed reactor using highly preheated
agents) it is recommended to classify materials against their charring
properties under pyrolysis, in order to find the best destination for a given type
of fuel. 

 
Based on phenomenological research it was found that one of the important

effects, affecting performance of downdraft gasifiers, is the pressure drop
through the bed and grate. It affects, directly, the velocity profile, temperature
distribution and of the height of the bed, especially for the grate with restricted
passage surface, although it was not investigated in literature. The lower grate
porosity, the higher conversion of fuel and heating value of gas is produced.
However, the stability of the process is disturbed; therefore reducing the
grate porosity below 20% is not recommended, unless the system is designed
to overtake the consequences of the rising pressure inside the reactor. This
work proposed the method for prediction of a total pressure drop through the
fixed-bed downdraft gasifier equipped with a grate of certain porosity with an
uncertainty of prediction ±7.10.  

 
Three systems have been proposed; one for the treatment of automotive

shredder residue (ASR), one for the treatment of plastic waste (polyolefins)
and one for biomass (wood/straw pellets). Pyrolysis is an attractive mean
of conversion of non-charring materials (like plastic waste) into valuable
hydrocarbons feedstock. It gives directly 15-30% gaseous olefins while the
residue consisting of naphtha-like feedstock has to be reformed/upgraded
to olefins or other chemicals (e.g. gasoline generation) using available
petrochemical technologies. Pyrolysis of complex waste mixture such as
ASR is an attractive waste pretreatment method before applying any further
treatments, whereby useful products are generated (gaseous and liquid fuel)
and char, rich in precious metals. The solid residues are meant for further
treatment for energy and metals recovery. Gasification is a complementary
method for handling pyrolysis residues. However, metals can be removed
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before gasification. Pyrolysis of charring materials, like biomass, is a very
important step in thermo-chemical conversion. However, the char being
approximately 25%wt. contains still very high caloric value of about 30MJ/kg.
This in connection with the High Temperature Steam Gasification process is a
very promising technology for biomass treatment, especially, above 900oC. This
enhances the heat transfer towards the sample and accelerates kinetics of the
gasification. This, in turn, improves the conversion of carbon to gas, increases
the yield of the producer gas and reduces tar content. At higher steam to fuel
ratio the process increases the yield of hydrogen, making it suitable for second-
generation biofuels synthesis, whereas at lower steam to fuel ratio (S/F<2) the
generated gas is of high calorific value making it suitable for power generation
in a combined cycle.
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