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Reactor design considerations for entrained 
flow biomass gasification

Introduction
In the spring and summer of 2010, a 1 MW @ 10 bara PEBG pilot plant is 
planned to installed at ETC in Piteå. In the reactor part (Texaco reactor 
type) organic materials are converted into syngas, a mixture of hydrogen 
and carbon monoxide. Basically, the fuel source reacts with a limited  
amount of oxygen in a refractory-lined reactor at temperatures between 
1200 - 1500 C and at elevated pressures (10 – 50 bar). The aim with 
these extreme conditions is to destroy the hydrocarbons (HCs) and other 
organic polymers in the fuel and avoid the formation of undesirable 
organic by-products, i.e. tars and light HC. Furthermore, at such high  
operating temperatures, the residual ash of most of the conventional fuels 
melts to form an inert glass-like slag. For some fuels with high ash melting 
temperatures, additives in form of silica based  compounds have to be 
added in order to obtain an ash that melts at these temperatures.

The objective with the present INFO sheet is to present an overview of the 
reactor design parameters that needs to be considered in entrained flow 
biomass gasification according to the PEBG concept. More information 
around the ETC-PEBG plant can be found in an earlier INFO from the 
HighBio project (#33).

Reactor process objectives
The objectives that have to be considered in the PEBG process 
regarding the reactor design are:

• Safe and stable plant operation.
• Long enough fuel residence time in the reactor in order to have 
complete conversion of the organic material in the fuel.
• Minimize reactor volume to lower manufacturing and maintenance 
costs.
• Minimize reactor diameter to reduce pressure shell thickness.
• Low refractory and burner wearing  to avoid  unnecessary reactor  
maintenance.

All of these objectives have to be considered in the design of the reactor 
in order for an efficient and cost effecting operation of the process.  

Reactor design parameters
In order to fulfill the objectives above, certain reactor design parameters 
have to be correctly adjusted. Firstly, the shapes of the dome and burner 
quarl in the top of the reactor need to be considered. These affect the 
ignition of the recirculating gas and resulting flame shape in the near 
burner region and, hence, also the stability, burner wear and fuel heating 
rate. The reactor mantel length (L) and diameter (D) determines the total 
reactor volume and reactor shell thickness to stand the pressure 
resistance. Here, the L/D ratio is often used as a characteristic value for 
the larger scale shape of the reactor, which greatly affects both the bulk 
gas and fuel particle residence times as well as the resulting toroidial 
recirculation zone. These responses are also affected by the cone angle 
and reactor outlet diameter (d).

In addition to the geometrical reactor design parameters discussed  
above (see also figure 1 on the next side), the burner configuration is 
also important in regard to the considered objectives.  The design of the 
fuel entrance (fuel fed either pneumatically or mechanically), oxidant  
entrance (oxygen and/or steam), swirl register, and burner cooling  
greatly affects the objectives.
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Response variables 
Depending on the chosen reactor design,  the resulting reactor  
performance can be characterized by several response variables 
(marked in italics). Most of theses are difficult to determine exactly 
but may, however, be estimated by either simple spread sheet 
calculations or from advanced CFD simulations of the reactor. 
Using the latter technique, the size distributed fuel particle 
residence times can be determine. Furthermore, the centre and 
strength of the recirculaton zone may be obtained from CFD 
simuations as well as flame shape. All of these responses are 
greatly affected by the degree of swirl from the burner. More simple 
characteristics such as average outlet pipe velocity and The 
resulting reactor may be based on spread sheet calculations.

Concluding remarks
In spring and summer of 2010, a 1 MW @ 10 bara PEBG pilot 
plant is planned to installed at ETC in Piteå. One of the most 
important part of the plant is the gasification reactor. In order to 
have a safe, stable and efficient process the reactor design 
parameters have to be carefully chosen. There are several design 
parameters to consider and several resulting responses to be  
evaluated prior to construction and possible modifications. This 
INFO sheet briefly covers the most important parts.
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Figure 1: Geometrical reactor design parameters.
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