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1. Introduction

Oxy-firing of Pulverised Fuel (PF) in boilers involves the combustion of pulverised coal in a mixture of 

oxygen and recycled flue gas (RFG). It reduces net volume of flue gases from the capture process and to 
substantially increase the concentration of carbon dioxide (CO2) in the flue gases compared to the normal 

pulverised coal combustion in air. Oxygen combustion combined with flue gas recycle increases the CO2

concentration of the off-gases from around 12-14% for pf up to a theoretical 95% (practically 60-70%) [1]. Oxy-

combustion is likely to give increased fuel flexibility. The combustion products (or flue gas) consist mainly of 
CO2 and water vapour together with excess oxygen. It also contains other components such as reactive and inert 

components derived from the fuel such as SOx, NOx, fly ash, trace of metals etc.

A new research project, funded by E.ON and the Engineering and Physical Sciences Research Council 
(EPSRC), is evaluating existing methods of coal -based power production and developing cleaner processes 

using Carbon Capture Sequestration (CCS). Oxy-coal combustion as one of several CO2 capture technologies is 
proven, but basic research is needed to improve the cost and performance of this method. University o f 

Cranfield is working with five other higher education institutions to improve Britain's carbon capture and 
storage technique with oxy-fuel combustion technology. A 150kWth test combustor is currently being converted 

to oxyfuel in order to determine process environments and impacts on ash behaviour as conditions change. This 
study presents the results of investigations into the gaseous emissions characteristics from combustion of Cereal 

Co-product (CCP) mixed with coal (with various feedstock mix ratios) in a 150 kWth oxy-firing pulverised fuel 
combustor. Major species emissions from combustion (CO2,  O2,  H2O) and also minor emission species (SO2, 

CO, NO, NO2,  N2O, HCl, HF), were obtained and analysed for different fuel mixtures. Furthermore since 
emissions levels also depend on the combustion temperature the gas and rig temperatures were measured 

throughout the hot gas path and deposition probs. These initial obtained results have been compared in order to 
investigate the variability effects in an oxy-fi ring condition.
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2. Experimental Setup 

A 150kWh air-firing test combustor is currently being converted to oxy-fi ring at the Centre for Energy and 

Resource Technology (CERT) in Cranfield University. The experiments were carried out in this modified 
oxyfuel combustion rig facility.The chamber, which has an internal 30*30 cm-square cross section and internal 

height of 370 Cm, is shown schematically in Figure 1.The rig consisted of a main combustion chamber with 
fuels fed from the top. Air was pre-heated by a gas burner and then passed into the main combustion chamber 

burner. The flue gases leaving the combustor pass through water cooled heat exchanger assembly before 
entering a cyclone and then going through the extraction fans, one for recalculating 2/3rd of the  flue gases 

towards the chamber and another one for exiting the rest through the stack. Oxygen is introduced to the RFG 
between 120-200 l/min (about 20% of volume flow rateof the RFG). Gas and rig temperatures were measured 

throughout the hot gas path. Combustion gas emission samples for CO2,  O2,  H2O, SO2, CO, NO, NO2,  N2O, 
HCl, HF were obtained from a sampling port located at the side-access of the rig and analysed by on-line high 

resolution multi-component Fourier Transform Infra-Red (FTIR) gas analyser [2].

Fig. 1: Schematic diagram of the Oxyfuel combustion facility

Fuels are burned with a mixture of CO2-rich recycled flue gas, to act as diluents replacing nitrogen in order to 
moderate temperature, in addition to oxygen from air separation unit or oxygen bottles. The compositions of the 

El-cerrejon coal and Cereal Co-product biomass (CCP) used in this study are provided by E. ON Engineering 
plc in terms of the major elements (C, H, O, N, S, Cl).Pulverised fuel delivery system is able to deliver the 

pulverised fuels, eg: coal species and the CCP mixes containsof a vibrating bed with a cylinder assembly 
contains the fuel mixture and a venturivacuums the fuel from the CO2 flow running through it. This allows the 

fuel to be drawn into the pipe leading from the assembly and then blown into the combustion environment. 
Table-1 shows the fuels mixing ratios in this study. The operating parameters targeted were similar flue gas 

temperatures around the probe coupled with ~4% O2 in the combusted flue gases and ~2/3 flue gas recycle.

Table 1 – Test matrix of fuels investigated (all fuels are supplied by E.ON)

Fuel type
Mix Ratio 

(wt %)
Fuel details Application

PF Coal + CCP 100:0

80:20

60:40

40:60

20:80

0:100

‘El Cerejon’ (South American coal ) & 

Cereal Co-product (CCP)

Oxy-firing and 

Air firing



3. Results and Discussion

Constant fuel feed rates of about 12 kg/hr were applied for El -cerrejon coal (100 %, wt), CCP biomass (100 

%, wt) and mixed fuel (CCP:El-cerrejon coal, 20:80 %, wt), (CCP:El -cerrejon coal, 40:60 %, wt), (CCP:El-
cerrejon coal, 60:40 %, wt), (CCP:El -cerrejon coal, 80:20 %, wt) combustion test runs. Figure 3 shows of the 

major flue gas components (CO2, H2O and O2) produced with mixed fuel CCP:El-cerrejon coal, 80:20 %, wt as 
an example of results.  The minor gaseous species (e.g. Co, SO2, NO, HCl, N2O, NOx, etc.) during two hours 

of stable combustion will be presented and compared in the full paper.

Fig. 1: Major species emissions from combustion of El-cerrejon:CCP (80:20 %, wt).

Air ingress or N2 leakage is found to be an important factor for obtaining the higher concentration of CO2 in 

the flue gases. Despite the efforts consumed to resolve the, problem still some air leakage exists which is mainly 
from the recirculation fan box. Therefore oxy-firing rig is still under development and we hope to present the 

fi nal results of our experiments in the full paper in soon further.
The maximum recorded temperature on the hottest spot of the exhaust flue gases were measured to be 

between 800 to 900 ºC which is generally 100 to 200 ºC less than the previous air firing results. To achieve the 
similar combustion characteristics to an air-firing operation a secondary line of oxygen insertion is going to be 

added to the main burner rig entrance. In addition to that in a separate research the optimum Recycled Flue Gas 
ratio in an oxy-coal burner to achieve the similar combustion characteristics to an air-fired operation is going to 

be presented.
The full set of the comparison results will be presented in the full manuscript after performing completing the 

data processing and analyses.
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