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1. Introduction

Doosan Power Systems is committed to delivering a low carbon future through ongoing research, development and 
demonstration of advanced carbon abatement technologies that are both technically and economically viable for 
power generation.  Doosan Power Systems has adopted an evolutionary approach to the design and implementation 
of OxyCoal™ technology combining well proven and commercially available components with state-of-the-art 
advances in technology, and has led a number of UK Government supported collaborative projects to develop 

commercial oxyfuel combustion technology.

2. OxyCoal-UK: Phase 1

The OxyCoal-UK: Phase 1 “Fundamentals and Underpinning Technologies” project, completed in 2009, was led by 
Doosan Power Systems and supported by funding from the UK Government Technology Strategy Board, and was 
seen as the fi rst step in providing confidence to proceed to full -scale demonstration of oxyfuel firing technology.  
The project achieved the aims of developing a competitive oxyfuel firing process, based on the integration of well 
proven and innovative power plant design components, addressing critical technology gaps, and generating the 

practical understanding and experience to mitigate or eliminate technical risks and uncertainties.

3. OxyCoal 2

The recently completed OxyCoal 2 “Demonstration of an Oxyfuel Combustion System” project was led by Doosan 
Power Systems and supported by funding from the UK Government Department of Energy and Climate Change.   
The project successfully designed and manufactured a 40MWt OxyCoal™ burner appli cable to new build and 

retrofit advanced supercritical oxyfuel plant.  

The Doosan Power Systems’ 40MW t OxyCoal™ burner is a first generation burner for oxyfuel, based on current 

low NOX air-fired burner technology – which is widely installed in coal fired utility plants worldwide with many 
years of operating experience – to ensure compatibility for retrofit purposes.  A requirement of the 40MWt

OxyCoal™ burner is the ability to operate at full load under both conventional air firing and oxyfuel conditions.  
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The first generation 40MWt OxyCoal™ burner uses a uniform ‘simulated air’ flue gas composition, where the molar 

O2 content of the primary gas is maintained as per primary air, i.e. 21%v/v.  The overall stoichiometric ratio and flue 
gas recycle (FGR) rate have been chosen so that adiabatic flame temperatures, radiant and convective heat transfer 

are theoretically equivalent to air firing.  Consequently the 40MWt OxyCoal™ burner was designed to best exploit a 
range of operating conditions for both air and oxyfuel firing.

To allow testing of an OxyCoal™ burner, the Doosan Power Systems Clean Combustion Test Facility (CCTF) was 
upgraded with the addition of equipment and instrumentation required for oxyfuel firing.   The conversion to 
oxyfuel included the addition of an O2 storage facility, comprising: three liquid O2 storage tanks each with a 

capacity of approximately 50 tonnes; and eight ambient vaporizers to supply gaseous O2 for injection into primary 
and secondary FGR streams.  The primary and secondary FGR streams replace the primary air and main combustion 

air respectively, each having a dedicated fan.  A transport FGR stream replaces the transport air stream.  The 
transport and primary FGR streams also have additional flue gas cooling systems fitted to condense moisture, 

followed by in-duct heating to mitigate PF feeding problems.  A proportion of the secondary FGR stream can be 
redirected to an overfire FGR system for two-stage combustion.  

4. Isothermal testing

Isothermal testing was undertaken to investigate the burner aerodynamics in terms of swirl number and pressure 
drop (k-factor) characteristics of the secondary and tertiary air streams.  The measurement of velocity profiles 

supported computational fluid dynamics (CFD) modelling activities.

5. Combustion testing

To prove the full -scale 40MWt OxyCoal™ burner firing bituminous coal in both air and oxyfuel firing operation in 

terms of flame stability and control and operability, combustion tests were undertaken in January 2010.  Two coals 
were used:  Kellingley coal is widely used in UK power stations and has been used on the CCTF to develop, 

optimize and performance test low NOX air-fi red burners; El Cerrejón coal, a Columbian bituminous coal, was also 
used as it is a widely available world traded coal.

A furnace camera is fitted on the furnace side wall for flame observation and was used to continuously monitor the 

fl ame root location and general flame shape during both air firing and oxyfuel operation.  Observation ports along 
one side of the furnace on the burner centreline were used for visual checks of flame length.  The 40MWt

OxyCoal™ burner at full load has the same flame length for both air and oxyfuel firing.  At steady state, the air and 
oxyfuel flames were well rooted to the flameholder and similar in shape across a wide range of operating conditions.

The burner’s operational envelope was investigated with respect to start -up, shutdown, turndown and transition 

between air and oxyfuel firing.  During burner proving, several methods for the transition were investigated and 
although one method was preferred for the CCTF, most of those investigated are practically applicable to oxyfuel 

boiler plant.

The firing load of the OxyCoal™ burner was turned down in discrete stages from 100% load to 40% load - a 
comparable turndown to Doosan Power Systems’ commercially available air firing low NOX axial swirl burners 

currently operating around the world.  For each load reduction increment first the coal flow (thermal input) was 
reduced, followed by the primary FGR flow and finally excess oxygen level.  The primary FGR turndown was 

typical of a normal E-mill installation (i.e. the flow was decreased linearly from 100% at mill full load to 70% of the 
full load value at 50% burner load using a linear interpolation between these two points for intermediate load 

settings).  Steady state part load tests were performed at 32MWt, 24MWt, 20MWt and 16MWt (approximately 80%, 
60%, 50% and 40% burner load, respectively).  As expected, flame length reduces as load is reduced.  A stable, 

rooted flame was maintained for all loads down to 40%.
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6. Parametric testing

On a volumetric basis (vppm) oxyfuel firing economiser exit NO concentration is approximately trebled compared 

to air firing economiser exit NO concentration, largely due to the dilution effects of removing N2 from the 
combustion process.  However, on a heat input basis (mg/MJ) oxyfuel firing economiser exit NO is reduced by 

approximately 50% compared to air firing economiser exit NO.  Both oxyfuel firing and air firing show a trend of 
higher economiser exit NO at higher burner stoichiometric ratio.

Economiser exit SO2 concentration is approximately trebled compared to air fi ring on a volumetric basis (vppm) 

oxyfuel firing  However, on a heat input basis (mg/MJ) oxyfuel fi ring economiser exit SO2 is reduced by 
approximately 25% compared to air firing economiser exit SO2.  This reduction is largely due to dissolution of SO2

in the FGR cooling system and absorption of SO2 on fly ash.

On a volumetric basis (vppm) oxyfuel firing economiser exit CO concentration is similar to, or slightly higher than, 
air firing economiser exit CO concentration, both being typically below 200 vppm dry.  For oxyfuel firing it is likely 

that there is more dissociation of CO2 to form CO at high temperatures within the flame due to the high CO2 content 
of the flue gas.  However, on a heat input basis (mg/MJ) oxyfuel firing economiser exit CO is approximately equal 

compared to air fi ring economiser exit CO.  Both oxyfuel fi ring and air firing show the widely observed trend of 
rapidly increasing economiser exit CO at lower burner stoichiometric ratio.

Although economiser exit carbon in ash (CIA) is high, particularly at low burner zone stoichiometric ratios, when 

the CIA is converted to unburnt loss the value is below 1% GCV, due to the relatively low ash content of El 
Cerrejón coal.  More significantly unburnt loss is comparable for oxyfuel and air firing.  The CCTF has a relatively 

short burnout zone residence time compared to a utility furnace and the gas temperature in the burnout zone is 
signi ficantly lower, hence it is anticipated that unburnt loss would be lower on full scale utility plant compared to 

the CCTF.

7. Ongoing oxyfuel development and commercial activities

In addition to these successes, Doosan Power Systems has undertaken a range of collaborative projects to further
develop our OxyCoal™ commercial offering:

 Optimisation of Oxyfuel PF Power Plant for Transient Behaviour.   This ongoing project investigates the 
operability of a utility-scale (800MWe) oxyfuel power plant with regard to transient behaviour.  Results to 
date have contributed significantly towards control strategy development for advanced super critical

oxyfuel power plant

 Optimised OxyCoal Combustion.   In combination with technical expertise, mathematical modelling is 
being used to investigate feasible means of achieving efficiency gains, pollutant emissions reduction and 
fuel flexibility. The project activities are at the forefront of efficient oxyfuel combustion systems for future 

coal -fi red power plant.  

 Impact of High Concentrations of SO2 and SO3 in Carbon Capture Applications and Mitigation.   This 

project focuses on the behaviour of sulphur species under oxyfuel conditions.  

This paper will detail: our progress on these ongoing oxyfuel development activities; the key results from OxyCoal-
UK: Phase 1 and OxyCoal 2; as well as discussing our OxyCoal™ commercial power generation activities in Asia 

and Europe.
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