
Fuel composition influence on the gasification 
process 
Part 1 : Thermo chemical modeling calculations –
Effects of slag and coating formation

Introduction
The ash content and the composition of ash forming elements in wood fuels (such 
as bark, sawdust, logging residues and slender trunks) can vary widely both 
between and within different fuel categories. Table 1 shows the composition of 
some typical wood fuel fractions.
Table 1. Composition of some typical wood fuel samples - ash and 
ash forming major elements (wt% of dry substance)

The ash forming main elements of wood fuel are dominated mostly by the  
elements Ca, K and Si (marked red in Table 1). Large differences in both the ash 
content levels of these elements exist between different wood fuel categories. 
These differences in ash composition can affect the characteristics of both the slag 
as well as particle formation, which may affect the function and performance of the 
gasification process.

Ash affects the functioning of gasification process
To ensure proper operation of a slagging downstream gasifier (entrained flow 
gasifier) it is required that the formed ash is completely melted and is able to flow 
down along the reactor wall (see Figure 1), since partial smelts (partially melted 
ash) can cause severe coating problems in the gasification reactor. In typical fixed 
bed gasifiers, such as the "down draft" gasifier (see Figure 2), it is desired to avoid 
that the ash begins to melt as this may give rise to slag formation in the grate and 
on the walls, which may interfere with the gasification process.

It is therefore important to know how different fuel compositions affect the formed 
ash / slag properties. Potassium which in the particle conversion process is 
converted into gas phase and thus the synthesis gas can later, after the reactor, 
condense to potassium-rich particles (see Figure 3). This may give rise to the 
coating formation in the next process steps where the temperature is lower than in 
the reactor.

The purpose of this initial working part has thus been to through thermo chemical 
modeling calculations determine the melting behavior of the formed bottom ash 
and alkali departure (K+Na) to synthesis gas in the gasification of four typical wood 
fuel samples.

Figure 1. Slagging down draft gasifier Figure 2. Down draft gasifier
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Method – Thermo chemical model calculations
Thermo chemical (global) model calculations were utilized in order to predict both 
the melting behavior of the formed bottom ash as well as the release of alkali 
(K+Na) to synthesis gas in the gasification of four typical wood fuel samples (bark, 
logging residues (fresh), logging residues (stored) and sawdust), for the fuel 
composition see Table 1. An air deficit equivalent to an air factor of 0.35 was 
utilized in the calculations which were carried out at temperatures between 800- 
1700 ° C at normal atmospheric pressure (1 bar).
These model calculations were performed with the program FACTSage-5.1. The 
program is based on a minimization of Gibb's free energy for the system under 
investigation. In the calculations thermodynamic data for gaseous compounds as 
well as stoichiometric condensed phases have been used, as well as for two non- 
ideal solutions (salt and oxide / slag) and seven non-ideal solid solutions. 
Thermodynamic data were taken from the FACT database.

Results - Preliminary modeling calculations
The results show that the silicon-rich stored logging residue presents ash / slag 
which is completely melted at temperatures which are are relevant to downstream 
gasification (1200-1300 ° C), whereas sawdust, bark and the fresh logging residue 
samples only partially melt (see Figure 4). The latter can lead to severe coating 
formation in the reactor vessel. All used fuel samples, except for the sawdust, 
show a tendency to melting behaviors (partial melting), which can lead to slag 
formation on the grate at temperatures relevant for downdraft gasification (1000 °C 
on the grate) (see Figure 4). All fuel samples, except for the silicon-rich stored 
logging residues, show high proportions of alkali leaving to the gas phase from the 
fuel particle during the gasification process (see Figure 5).
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Figure 3. Important ash transformation processes at pyrolysis / gasification of a biomass 
particle

Conclusions
The results from the modeling calculations show significant differences in both the 
ash melting behavior and alkali departure to synthesis gas between different typical 
wood fuels. This can give rise to differences in the function and performance of the 
gasification process. Adding silicon-rich fuel additives and / or co-firing with silicon- 
rich fuels (eg, straw fuels) can be an interesting opportunity to ensure high  
performance in the use of wood fuels in a slagging down draft gasifier.

Figure 4. Ash / slag melting behavior as a function of reactor temperature for various fuels

Figure 5. Proportion of the alkali contained in the fuel which is released in gas form to the 
synthesis gas at different temperatures
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