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Abstract 
In the transition to a sustainable energy supply there is an increasing need to use biomass for 
replacement of fossil fuel. A key challenge is to utilize biomass conversion technologies in an 
environmentally sound manner.  Important aspects are to minimize potential formation of 
persistent organic pollutants (POPs) such as dioxins and dioxin-like compounds.  
 
This thesis involves studies of formation characteristics of polychlorinated dibenzo-p-dioxins 
(PCDDs), dibenzofurans (PCDFs) and naphthalenes (PCNs) in microwave-assisted pyrolysis 
(MAP) and torrefaction using biomass as feedstock. The research focuses are on their levels, 
distributions, fingerprints (homologue profiles and isomer patterns) and the underlying 
formation pathways.  The study also included efforts to optimize methods for extracting 
chlorinated aromatic compounds from thermally treated biomass. The overall objective was 
to contribute better understanding on the formation of dioxins and dioxin-like compounds in 
low temperature thermal processes.  
 
The main findings include the following: 

 Pressurized liquid extraction (PLE) is applicable for simultaneous extraction of PCDDs, 
PCDFs, PCNs, polychlorinated phenols and benzenes from thermally treated wood. The 
choice of solvent for PLE is critical, and the extraction efficiency depends on the degrees 
of biomass carbonization. 

 In MAP experiments PCDDs, PCDFs and PCNs were predominantly found in pyrolysis 
oils, while in torrefaction experiments they were mainly retained in solid chars with minor 
fractions in volatiles. In both cases, highly chlorinated congeners with low volatility 
tended to retain on particles whereas the less chlorinated congeners tended to volatize 
into the gas phase.  

 Isomer patterns of PCDDs, PCDFs and PCNs generated in MAP were more selective than 
those reported in combustion processes. The presence of isomers with low 
thermodynamic stability suggests that the pathway of POPs formation in MAP may be 
governed not only by thermodynamic stabilities but also by kinetic factors.  

 Formation of PCDDs, PCDFs and PCNs depends not only on the chlorine contents in 
biomass but also the presence of metal catalysts and organic/metal-based preservatives.  

 
Overall, the results provide information on the formation characteristics of PCDDs, PCDFs 
and PCNs in MAP and torrefaction. The obtained knowledge is useful regarding management 
and utilization of thermally treated biomass with minimum environmental impact. 
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