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1. Introduction

Oxy-fuel combustion has been shown over the past decade to be a promising technology for capturing CO2 from 
coal -fi red power plants. However, the vast majority of research activities in this field have so far been focused on 

pulverized coal (PC) combustion. The studies have shown that there is no technical barrier prohibiting the 
construction of oxy-fuel pulverized coal combustors. The results of these studies as well as others have been 

summarized1 with reference given to some operational concerns including ignition and flame stability, and reduced 
net electrical power efficiency (~9 percentage points).

Circulating fluidized bed combustion (CFBC) is an alternate technology that could be used for oxy-fuel combustion. 
CFBC has some advantages as compared to PC for oxy-fuel combustion that may make it a better choice for CO2

capture in some cases. CFBC maintains a fluidized bed of coal, ash, sulphur sorbent, and sometimes sand. The bed 
material acts as a heat sink, capturing excess heat in hot spots, and providing the heat needed for drying, 

devolatilization and ignition of the fuel. The fluidizing gas carries particles of bed material including coal, ash and 
sorbent through the combustion chamber and into a cyclone where the majority of the particles are separated. The 

particles are directed back to the combustion chamber through a return leg that may includes a heat exchanger for 
capturing heat from the particles for steam production. The large heat capacity of return leg solids and the degree of 

cooling of those solids can result in a great deal of bed temperature control allowing fluidization with oxygen 
concentrations as high as 70 mol%. This high allowable oxygen concentration could enable oxy-fuel CFBC units to 

operate with low recycle flue gas ratios. In comparison PC oxy-fuel combustors must operate at relatively high 
recycle flue gas rates.

CFBCs have the benefit of being able to combust a wide variety of fuels. They are able to efficiently combust 
biomass materials such as wood and municipal solid waste. When burning these materials and sequestering the CO2

that is produced, oxy-fuel CFB combustors can effectively remove CO2 from the atmosphere. CFBCs can co-fire 
coal and biomass to achieve improved combustion performance and economics.
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Another advantage of oxy-CFB compared to oxy-PC units concerns the simpler implementation. Since CFB units

do not need sophisticated burner designs and management, it is considerably easier to convert existing CFB 
technologies and facilities from air-fired to oxy-fired operations.

In this paper, we will present, for the fi rst time in the open literature, the experimental results and operating 
experience obtained using a 0.8 MWth pilot-scale, oxy-fuel-fi red circulating fluidized bed. This work follows our 

previous studies of oxy-CFB combustion
2

using a smaller scale mini-CFB. A variety of feedstock was used and 
combustion trials were conducted under various conditions to study the combustion characteristics of individual

feedstock. Limestone was used for sulphur removal and its performance under oxy-fuel-firing conditions was one of 
the goals of these trials. Flue gas composition was constantly monitored and ash samples were taken and analyzed 

for each trial. In addition, samplings for metals and volatile organic chemicals (VOCs) were also conducted. Based 
on the obtained results, we will discuss various aspects of oxy-CFB technology, including its advantages over 

pulverized coal technology and also the potential operating challenges.

2. CanmetENERGY’s Oxy-CFBC Facility

A 0.8 MWth pilot facility has been retrofitted for the demonstration and evaluation of oxy-CFB processes. The 
CFBC has been designed to allow fluidization with either air or O2 mixed with recycled flue gas. It contains a 

0.406m ID refractory-lined riser and refractory-lined cyclone and return leg. The CFBC is equipped with a natural 
gas burner for pre-heating. Independent feed augers can supply multiple fuel types and a sorbent. Oxygen, CO2, and 

recycle flue gas flow rates are controlled by mass flow controllers. System control and data acquisition are
performed by Labview software via a FieldPoint instrument interface. The recycle flue gas system includes flue gas 

cooler, bag house, condenser, condensate knockout, and recycle gas blower. Gas analysis includes O2, CO, CO2, 
SO2 and NOx. Four water-cooled tubes can be inserted into the riser for bed temperature control. The CFBC also has 

the ability to allow extensive in-situ fl ue gas samplings such as trace metals and VOCs.
Feedstock used in the tests includes a petcoke, a bituminous coal and a sub-bituminous coal. Two typical bed 

temperatures were used: 850°C and 920°C. Limestone was used for sulphur removal and its performance under oxy-
fuel conditions was studied.

A typical test starts with the CFBC being pre-heated with natural gas with sand as bed material. When the lower bed 
temperature increases to about 800°C, natural gas is gradually replaced with the test fuel. When stable air-fired 

operation is established, operation is transitioned to oxy-fuel mode. This transition is accomplished by means of 
control valves that gradually replace air with O2 and recycled flue gas and is generally done in less than 20 minutes.

3. Results and Discussion

Typical flue gas compositions are shown in Figures 1 and 2:
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Figure 1 – Flue gas O2 and CO2 concentrations. Test fuel: petcoke, bed temperature 920°C.
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Figure 2 – Flue gas SO2, NO and CO concentrations. Test fuel: petcoke, bed temperature 920°C.

Once the oxy-fuel operation is established, flue gas CO2 concentration quickly rises to above 85%. Along with the 

rise in CO2 concentration, it is also noted that concentrations of SO2 steeply rise when the limestone feed is 
maintained at the same rate as in air-fi red mode. NOx concentrations are not significantly affected by operation 

mode and a modest rise in CO concentration is also observed. Further analytical results on metals, fly ash and VOCs 
will be available at the conference presentation.

On the operational level, it is observed that CO2 concentration is very sensitive to air ingress, as Figure 1 shows. As 
the induced fan operation ramps up even slightly, a noticeable dip in CO2 concentration can be observed. SO2

concentration is affected by both air ingress and bed temperature.
The tests also indicate that oxy-fuel mode may also lead to operational challenges such as increased tendencies for 

condensation and the associated corrosion concerns, air ingress as well as safety concerns  due to higher 
concentrations of various pollutants.

4. Conclusions

These tests represent the fi rst time in the open literature that oxy-fuel combustion has  been conducted using a 

circulating fluidized bed with full fl ue gas recycle. With these tests, we have demonstrated smooth transition 
between air-fi red and oxy-fuel-fired operation and stable oxy-fuel operation with CO2 concentrations reaching 

above 90%. The results showed that limestone performance for sulphur removal is impacted by combustion mode 
and that this impact is also fuel dependent. As demonstration projects proceed in both Europe and North America, 

these tests will provide invaluable data on combustion characteristics, pollutant formation and operating experience.
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