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The emission of greenhouse gases, especially CO2, has emerged as one of the largest environmental 
challenges in recent years. As coal fired power plants are categorised among the least carbon efficient 
energy producers in terms of CO2 emission per unit of electricity generated, an immediate technological 
response is anticipated. Fossil fuel based carbon capture and storage technologies will have to bear the 
significant share in power generation, if stabilisation or even reduction of CO2 emission is to be 

envisaged. One promising technology with a potential for near complete capture of CO2 is the oxyfuel 
combustion process. Due to the elimination of Nitrogen during oxyfuel combustion, the gaseous 
concentrations during oxyfuel combustion are increased. It has been confirmed by measurements that the 
concentration of sulphur containing compounds like SO2 and SO3 during oxyfuel combustion increases by 
a factor of 2-5 when compared to conventional air-firing. As the presence of SO3 is associated with low 

temperature corrosion through the condensation of sulphuric acid in the economiser or air heater, SO3

control during oxyfuel combustion will be required for the successful implementation of oxyfuel 
combustion technology. 
The project ‘Impact of High Concentrations of SO2 and SO3 in Carbon Capture Applications and its 
Mitigation’ with project partners Doosan Power Systems, E.ON New Build and Technology, University
of Leeds and IEAGHG aim s to investigate the issues of high concentration of SO2 and SO3 during 

oxyfuel combustion. The project is sponsored by the UK government (Technology Strategy Board) and
Vattenfall AB.
The overall objective of Doosan Power Systems within this project is experimental investigation on a 160 
kW t Emission Reduction Test Facility (ERFT) to determine SO3 behaviour, and to establish the 
performance of SO3 reduction sorbents during air and oxyfuel combustion. 
The furnace is fired vertically, and is 5.0 m long and 0.5 m in diameter. The burner, a residence time 

scaled-down version of a 42 MW t commercial Mk. III Low NOx axial swirl burner, is located at the top of 
the furnace. The furnace is refractory lined, with castable refractory backed by insulating board to control 
the thermal environment. A water jacket removes heat to a water cooler. For oxyfuel combustion, flue gas 
is recycled downstream of the Electrostatic Precipitator (ESP). The purpose of the FGR system is to 
replace the secondary air with oxygen-enriched flue gas for oxyfuel firing. Oxygen from a storage tank is 

injected into the secondary FGR upstream of the burner. Instead of a primary flue gas recycle, a mixture 
of O2 and CO2 supplied from the storage tanks and is used to transport the coal to the furnace.
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Tests were performed during air-firing and oxyfuel combustion using a medium sulphur bituminous coal, 
with and without the injection of sorbents. Four different sorbents each dry and pulverised were tested.

Two sorbents (A&B) were injected in the furnace (post flame region) and two sorbents (C&D) were 
injected in the flue gas duct (lower temperature region) at different feeding rates. To determine the SO3

reduction potential of the sorbents, SO3 measurements were carried out at the ESP inlet by using 
controlled condensation measurement technique. The controlled condensation sampling train can also 
measure SO2 and moisture content of the flue gas. With the aim of performing sulphur balance across the 
system, conventional gaseous concentration measurements were performend at the furnace exit, ESP inlet 

and the ESP outlet. Ash samples were collected the the furnace exit, ESP inlet, and from the ESP bin to 
determing the amount of sulphur present in the solid phase. In addition to the moisture measurement 
using controlled condensation sampling train, on-line moisture measurements were also performed in 
order to accurately determine the H2SO4 dew point temperature.   
Results from the measurements indicate that SO3 concentration during oxyfuel combustion is 
approximately 1.5 times higher than during air-firing. All of the sorbents used can effectively reduce SO3

(as high as 95% reduction) during air-firing as well as during oxyfuel firing at feeding rates much lower 
than conventionally used for SO2 reduction. The performance of sorbents injected in the flue gas duct 
(lower temperature region) were seen to be superior to the sorbents injected into the furnace [Figure 1]. 
This may be attributed to the formation of SO3 in lower temperature region (<1000OC), the location of 
injection of post combustion sorbents. The discrepancy in sulphur balance with respect to sulphur input 
during oxyfuel firing across the system is seen to be approximately four times higher than during air-

firing. Result however indicate that most of the sulphur loss is within the furnace.  
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Figure 1: SO3 reduction by the use of different sorbents during oxyfuel combustion


