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Abstract 

To compensate the drawback of high flue gas recirculation rates in oxyfuel processes, the concept of controlled 

staging with non-stoichiometric burners (CSNB) was investigated. A combination of over- and substoichiometric 

burners avoids inadmissible high flame temperatures even with oxygen concentrations above 40 vol.-% in the 

oxidizer. The non-stoichiometric burners are arranged that at the combustion chamber end the overall stoichiometry 

is like usual slightly overstoichiomtric that full burn out is secured. This work presents the experimental results of 

the characterization of oxycoal flames and the staging concept in a stoichiometric range between 0.55 and 2.15. 

Temperature- and gas composition profiles of the non-stoichiometric flames are shown and a comparison to air- and 

oxyfuel-flames with low oxygen concentrations (high flue gas recirculation rates) is drawn. 
"Keywords: oxyfuel; csnb; stoichiometry; temperature profiles"  

1. Introduction 

The oxyfuel process, that is burning coal in a mixture of oxygen and 

recycled flue gas, is next to the Post-Combustion and Pre-Combustion 

one of the most promising Carbon Capture Technologies. 

Next to the high energy consumption for the oxygen supply and the 

CO2 processing unit are the high temperatures of combusting with pure 

oxygen a drawback of the oxyfuel process. Several options exist to 

lower these temperatures. 

• Internal flue gas recirculation at the burner (rather low 

potential) 

• External flue gas recirculation (state of the art) 

• Non-stoichiometric operating burners (CSNB) 

The concept of controlled staging with non-stoichiometric burners 

(CSNB) uses the third option. While leaving the near stoichiometric 

operation of the burner, inadmissible high flame temperatures could 

be avoided. To secure complete burn out at the combustion chamber end over- and sub-stoichiometric burners are 

arranged in such a way that the global stoichiometry of the furnace is slightly over-stoichiometric as in usual coal 

combustion. In that way the necessary recirculation rate can be reduced drastically down to 50 %. 
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Figure 1: Facility flow chart 



2  

This paper focuses on flame temperatures and emission formation of coal flames 

operated under oxygen limitation and excess with high oxygen concentration in the 

oxidizer (low recirculation rates). These non-stoichiometric flames are compared to 

usual air flames and to oxyfuel flames with low oxygen concentration which meet 

the temperature profile of air combustion. Additionally the results from the burner 

interaction characterization will be presented (CSNB concept). In order to prove 

the viability of CSNB following questions should be addressed. 

• Can flame temperatures be controlled by stoichiometry even with high 

oxygen concentrations in the oxidizer? 

• What is the emission behavior of non-stoichiometric oxycoal flames like? 

• Is the CSNB concept a feasible way for reducing the necessary 

recirculation rate for controlling flame temperatures? 

2. Experimental set-up 

The experiments were realized in a vertical, cylindrical air cooled combustion chamber with an inner height of 4m 

and an inner diameter of 700mm as shown in Figure 1. The cooling air jacket is divided in eight parts which can be 

individually supplied with cooling air. On each of the eight levels which are 500mm apart four ports offer access to 

the interior of the combustion chamber. Up to three burners can be mounted vertically in the ports. On each burner 

level there is a multifunctional port which consists of a camera system and a flame detector. The remaining two 

ports can be used to insert measuring probes along the flame axis and vertical as shown in Figure 2.  

Temperatures are measured by a suction pyrometer type IFRF. The in-flame gas profiles are obtained with a SIDOR 

700 of SickMaihak, the oxygen concentration by M&C and the NO and NO2 concentration by a chemiluminescence 

analyzer of EcoPhysics. In all experiments the fuel was pre dried German lignite. Two different types of burners 

were used, one optimized for high oxidiser streams occurring in air- and overstoichiomtric mode (burner 2.1) and 

one for substoichiometric operation (burner 3.2). 

3. Results 

Figure 3 shows preliminary experimental results for one sub-stoichiometric (oxy_40%_0.55) and one over-

stoichiometric (oxy_40%_2.15) flame characterisation with high O2 concentrations, in comparison to the bench 

mark cases of near stoichiometric combustion with air (air_1.15) and oxyfuel combustion with low oxygen 

concentration in the oxidizer (oxy_30%_1.15). (Explanation for nomenclature: Oxidator type_vol.-% O2 in 

oxidator_burner stoichiometry). 

The key question of the research is flame temperature control by varying the burner stoichiometry? While the shape 

of the profiles at the chamber wall (from 700mm inwards) is mainly influenced by the flame dimensions, in this case 

especially the flame length, could the maximum temperatures of each profile be fairly good compared. The 

maximum temperature of the air case and the oxy_30%_1.15 are pretty close to each other at about 1250°C. With an 

oxygen concentration of 30 vol.-% O2 in the oxidizer, the higher heat capacity of the oxyfuel combustion 

atmosphere is even out, compared to the air-case. The maximum temperatures of the cases oxy_40%_0.55 and 

oxy_40%_2.15 are roughly 100°C higher but still moderate and technically feasible in consideration of an oxygen 

concentration of 40 vol.-% in the oxidiser. 

Concerning the emission behaviour of the flames (O2, CO, NO) the oxy_30%_1.15 shows the least emissions of CO 

and NO while remaining a constant low O2 profile over the flame length. This indicates the intensive combustion 

due to the rather high O2 concentrations compared to air. The non-stoichiometric flames show the expected emission 

behaviour with on the one hand very high O2 and NO concentrations in the over-stoichiometric case and on the other 

hand very high CO concentrations in the substoichiometric case. These emissions are in the concept of controlled 

staging relevant for the next burner level to even out the stoichiometric balance. How effective the burn out and the 

NO reduction will be at the combustion chamber exit has to be further clarified. 

Figure 2: Combustion chamber cross 

section 



 Jan-Peter Bohn/ Energy Procedia 00 (2011) 000–000 3 

4. Short prospects 

To give a short answer to the questions raised in the introduction one can state that the local flame temperature could 

be controlled fairly well by varying the stoichiometry. The emission behaviour is with great differences to the 

stoichiometric combustion as expected. The emission behaviour of a combination of non-stoichiometrc burners will 

be further investigated at the beginning of 2011. 

 

Figure 4: Comparison of flame characteristics 
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