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1. Introduction 

The oxyfuel process is regarded as a promising solution to achieve high concentrations of carbon dioxide in the 
flue gas of fossil fired power plants in order to capture the carbon dioxide for storage or industrial applications and 
thereby avoid greenhouse gas emissions. An overview about the oxyfuel process gives [1]. Major research topics in 
terms of oxyfuel combustion are discussed in [2]. In 2010 Hitachi Power Europe’s DST-burner was commissioned 
at the oxyfuel pilot plant in Schwarze Pumpe. Several authors described the pilot plant before; see Burchhardt et al. 
[3] or Strömberg et al.[4].  

 
Table 1 shows an analysis of the fuel that was used during the combustion experiments. The DST-burner was 

designed on the basis of the DS® burner for firing systems with indirect fuel supply from a silo. The DS® burner was 
developed in the early 1990s and can be applied for firing all kinds of solid pulverized fuels. A concentric design 
with swirl devices in each burner section characterizes the burner design. An overview on the DS® burner 
technology gives [5]. At the pilot plant, the test burner allows for high particle concentration in the carrier gas (about 
4 kg/kggas) and comes with a good flexibility of different setting options such as an axial movable core air tube and 
adjustable swirl devices for the secondary and tertiary flow. Thus, optimal burner settings can be established for the 
different modes of operation. The burner design was adapted to the furnace and the other components of the firing 
system of the pilot plant, e.g. the fuel supply and aperture in the pressure part of the boiler. 

 

2. Tests performed 

The burner was operated in air and oxyfuel mode. Different oxygen concentrations in the feed gas within a range 
of 23 to 36 % by vol. were tested during oxyfuel operation. The heat fluxes to the furnace wall were investigated at 
different oxygen concentrations in the oxidizer streams and for air firing. Besides the standard fuel shown in Table 
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1, a comparable fuel with higher sulfur content was investigated. The concentration of SO3 in the flue gas and the 
acid dew point were measured at different positions along the flue gas path at SO2 concentrations > 20.000 mg/m³ 
(STP) during oxyfuel operation. Moreover, pulverized fuel from a pressurized fluidized-bed dryer was used for 
combustion tests. The particle size distribution of that fuel shows a very high proportion of coarse and woody 
components and, hence, impacts on the combustion behavior. 

 
Proximate analysis  Ultimate analysis 

Water 

[%] 

Ash 

[%] 

Fixed C 

[%] 

Volatiles 
[%] 

 C [%] H [%] N [%] S [%] Cl [%] O [%] 

10,2 5,6 38,5 45,7  57,5 4,16 0,63 0,61 0,02 21,3 

Table 1: Fuel analysis 

3. Results 

Figure 1 shows the operating range of the 
burner as tested as per November 2010 in the so-
called premixed operation mode, i.e. the 
combustion with the same mixture of oxygen and 
recirculated flue gas at all burner sections. The 
burner was operated in the range of wet basis 
oxygen concentrations in the oxidant between 23 
and 36 % by volume. The tests show the relation 
between the excess oxygen, the stoichiometric 
ratio and the emissions behavior at different rates 
of flue gas recirculation. The operation points 
shown in figure 1 represent combustion 
conditions that could be realized with emission 
values below the limits. The flame stability was 
ensured throughout the tests at all times. 
Isostoichiometric lines for the stoichiometric 
ratios of 1.10, 1.15 and 1.20 are indicated. An 
overview about the relation between the excess 
oxygen, the recirculation rate and the 
stoichiometric ratios gives [6]. An oxygen excess 
corresponding to a stoichiometric ratio of 1.15 
was sufficient for a safe operation with low 
carbon monoxide emissions. An optimization of 
the over fire air according to the boundary 
conditions of the furnace allowed even lower 
stoichiometric ratios.  

 
Results from heat flux measurements and the 

continuous monitoring of the steam parameters 
provide information about the heat transfer in the 
radiative and the convective section of the boiler. 

Figure 2 shows some results of the heat flux investigations. It shows the relative average heat flux to the front wall 
of the furnace which was measured by twelve continuous monitoring heat flux meters. Also the relative feed water 
attemperation upstream the second stage superheater, in order to keep the live steam temperature constant, is shown. 

 

Figure 1: Burner settings indicating the operation range 

Figure 2: Relative average heat flux and relative feed water 
attemperation at different oxygen concentrations in the oxidant 
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The oxyfuel operation with 29 % by vol. (wet) of oxygen in the oxidant is the basis of the comparison. The heat flux 
to the water walls of the furnace increases with increasing oxygen concentration and more heat is transferred to the 
water steam cycle in the radiative section of the boiler. As a result, the feed water attemperation decreases, thus 
indicating the decrease in available convective heat. 

 
 

Figure 3 shows the NOx emission rates for 
operation points with different oxygen 
concentrations in the oxidant. The stoichiometric 
ratio of the combustion process for all points is in 
the range 1.15 to 1.20. The local burner 
stoichiometry is around 0.95 ± 5 %. The average 
NOx concentration in the flue gas is 415 mg/m³ 
(STP) with a standard deviation of 40 mg/m³. The 
NOx emissions are kept significantly below the 
limit value of 0.54 kg/MWh, which is valid for the 
pilot plant. The rate of flue gas recirculation 
shows no significant effect on the NOx emissions. 
 
 

4. Conclusion 

The DST burner was designed with HPE’s standard CFD approach based on the operation experience with more 
than 1200 DS® burners. The results proved the outstanding flame stability over a wide load range and a very low 
level of NOx emission independent of the O2 concentration of the oxidant. The burner allows a wide range of 
different burner settings both in air and oxyfuel mode, the transfer between both modes is simple and fast. With 
these results at hand, large size oxyfuel steam generators can now safely be designed. 
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Figure 3: NOx emission rate at different oxygen concentrations in the 
oxidant 


