
2nd Oxyfuel Combustion Conference

The Prospects of Achieving Ultra-low Emissions from Oxy-Coal 
Power Plants

David Thimsen1*, John Wheeldon2

1Electric Power Research Institute, St Paul, Minnesota, USA
2Electric Power Research Institute, Wilsonville, Alabama,, USA

Key Words: Oxy -Coal Emissions; Near-zero emissions;  Minor Source Emissions

1. Introduction

The express purpose of selecting oxy-coal technology for a steam-electric plant is to produce a flue gas rich in 
CO2, some or all of which will be subsequently injected underground. Thus oxy-coal power plants will have little or 
no gas emissions to atmosphere. This feature has been noted and oxy-coal power plants have been often described as 
“near-zero” emissions power plants. This report quantifies what emissions levels might be achieved in comparison 

with published targets and USA regulatory emissions standards.

The low emissions from oxy-coal combustion offer the potential for large-scale power plants to achieve “Minor 
Source” standards. Smaller gas-fi red boilers are commonly permitted as a “Minor Source”. Such a classification 
would greatly reduce the duration and cost of the air emissions permitting process, and generally preclude the need 
for re-permitting as long as emissions are maintained below “Minor Source” levels. Achieving “Minor Source” 

status offers schedule and cost saving benefits over the life of the plant.  

2. “Near-Zero” Emissions

Emissions control technologies for conventional pulverized coal plants have improved greatly in recent years, 
and there are still lower “near-zero” targets proposed. The lowest permitted values in the USA for criteri a pollutants 
along with “near-zero” emissions targets from the (US) Coal Utilization Research Council (typical of several “near-

zero” emissions targets proposed by a number of organizations 2) are presented in Table 1. 

Another US air emissions regulatory standard is designation as a “Minor Source” for which the plant must emit
less than 100 tons per year (91 tonnes/year) of each criteria pollutant including emissions during start ups and shut 
downs. The criteria pollutants include the following: SO2, NOx, Particulate Matter (PM), CO, Volatile Organic 
Carbon (VOC) and other regulated Prevention of Significant Deterioration (PSD) pollutants. As indicated in Table 
1, any plant achieving “Minor Source status will have achieved emissions well below the current lowest permitted 
values and the “ near-zero” emissions targets proposed by the Coal Utilization Research Council extrapolated to a 

700 MWe (gross) coal -fi red power plant.
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Table 1
Current and Future Emission Targets for Coal-Fired Power Plants

(*) Estimated emission rates (short tons per year) for a 700 MWe (gross) power plant with 8,300 Btu/kWh (HHV) gross heat rate (41% HHV 

gross efficiency), 100% Capacity Factor. (While this capacity factor is unlikely to be achieved in practice, it represents the maximum emission 

for a calendar year.)

3. Oxy-Coal Power Plant Emissions

Conventional pollutant control processes such as wet flue gas desulfurization, low-NOX burners with selective 
catalytic reduction, and fabric filter bag houses can be employed for bulk pollutant control to produce a relatively 
clean raw flue gas from oxy-pulverized coal steam generators with a CO2 content in the range 70%-90% (dry basis).
The same will be true of oxy-fluidized bed combustion steam generators. If the injection site for storage is close to 
the plant and the geochemistry and regulations permit, it may be possible to compress and inject the dry raw flue gas 

into storage.  In this case, there will be no air emissions from the power plant. 

If purification of the raw flue gas is required, a partial condensation process will likely be employed to liquify the 
bulk of the CO2 allowing the other fixed gases (CO, O2, N2, and Ar condense at temperatures significantly lower 
than CO2) to pass to a vent stream along with residual CO2.  Additional equipment such as a membrane or pressure 
swing absorption systems might separate out the majority of the residual CO2 from the vent stream, raising the 
collection efficiency from ~90% to over 98%. (If some of the residual oxygen could also be removed cost-
effectively, this would lower the duty of the cryogenic oxygen plant.)

Table 1 also includes emissions data from a recent 700 MWe oxy-PC engineering study that included production 
of CO2 with sufficient purity for use in enhanced oil recovery. Note that anticipated steady state NOx, SO2, and 
particulate emissions are well below “Minor Source” levels The same is anticipated for all other criteria pollutants 
although reducing CO emissions to “Minor Source” levels will required implementation of processes to oxidize the 
bulk of the CO in the vent gas stream.. 

Polishing removal of the criteria pollutants from oxy-coal flue gas might be accomplished by technologies for 
which there is relevant commercial or pilot plant experience:

 The SO2/SO3 and NO/NO2 can be encouraged to react in the presence of water to form sulfuric acid and 
nitric acid, respectively, during the initial compression of the flue gas 6,7. (HF and HCl are water-soluble and 

3 CoalFleet Guideline for Advanced Pulverized Coal Power Plants; Version 7.   EPRI, Palo Alto, CA: 2009.   1019674.
4 The CURC-EPRI Clean Technology Roadmap, Coal Utilization Research Council. PowerPoint Presentation, November 2007.
5 Engineering and Economic Analysis of Oxy -Fired 1100°F Ultra-Supercritical Pulverized Coal Power Plant with CO2 Capture:  Interim 

Report.  EPRI, Palo Alto, CA:  2010. 1022191
6 Behaviors of NOx and SOx in CO2 Compression and Purification Processes – Experience at 30 MWth Oxy-Coal Combustion CO2 Capture 

Plant.  C. Thébault, et al.   1s t IEA Oxyfuel Combustion Conference, Cottbus, Germany, 8-11 September 2009.
7 Removal of SOx and NOx from Oxyfuel-derived CO2.   L. Murciano, et al.   1st IEA Oxyfuel Combustion Conference, Cottbus, Germany, 8-
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NOx 0.070 1780 0.1 2540 100 to be added

SO2 0.022 560 0.01 255 100 to be added

PM 0.015 382 0.01 255 100 no data but likely to be well below 100 t/y

CO 0.010 255 100 1,932

VOC 0.0025 64 100 no data but likely to be well below 100 t/y
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will be substantially removed at the same time.) Residual traces of S O2 and NO2 will condense with the 
liquified CO2. Residual traces of NO will pass through with the vent gas. 

 Particulate matter emissions from oxy-coal power plants are not reported in the literature. Particulate matter 
is likely to be removed during flue gas condensation ahead of initial compression. No particulate matter is 
anticipated in the vent stream. (This must be confirmed at scale.)

 Mercury may be removed in the acid mix but, as it is deleterious to the brazed aluminum parts of the CO2

condenser cold box, a sacrificial bed of activated carbon is commonly deployed to reduce the mercury to 
below detectable levels.

 CO production in oxy-coal flames will be comparable to production in air-coal flames. As CO has a dew 
point lower than CO2, it will largely pass to the vent stream of a partial condensation process. The O2 content 
of the vent stream is anticipated to be near 30% (vol). This suggests that the CO emissions might be reduced 
by catalytically oxidation.  

 VOC emissions from oxy-coal combustion are not reported in the literature but are generally two orders of 
magnitude lower than CO in conventional air-coal combustion. On this basis it is highly unlikely that VOC 
emission will exceed 100 t/y. (This must be confirmed at scale.)

The data in Table 1 show that, excepting CO, annual emission rates are below the Minor Source limit of 100 

tons. To achieve the standard for CO requires at least ~94% destruction in a catalytic oxidation unit.

Under current US regulations, emissions during these periods must be included in the annual emissions limit. 
Thus, to achieve “Minor Source” status emissions during start -up and shut-down will have to be maintained at levels 

comparable to the steady state values. 

It is considered possible to configure an oxy-coal unit to start-up and shut-down in oxy-firing mode. For start up,
CO2 drawn from storage would be circulated through the CPU and furnace before oxy-fi ring commences.  With the 
bulk pollutant removal systems and CPU in service, vent gas emissions would be comparable to steady state as the 
amount of CO2 sent to pipeline compression progressively increases with increased firing rate. This approach seems 
feasible but has not been subjected to engineering scrutiny. Shut-down would be somewhat less complex, including
withdrawal of coal/O2 feed and removing the CO2 recycle blower and CPU/pipeline compressors from service

followed by purging the boiler setting with air, if necessary. 

4. Conclusions and Recommendations for Further R&D

 Focus should be given to the practice of compressing, transporting, and storing relatively impure (70%-90%) 
CO2. If there are no geochemical or regulatory constraints to this practice, it may, in certain circumstances, be the 

low-cost option and a true ‘Zero-Emissions” coal -fi red power plant might be achieved with 100% CO2 capture.
 It should be possible to design and operate a 700 MWe oxy-coal power plant that achieves 98 percent CO2

capture and, at the same time, emits less than 100 t/yr each SO2, NOx, PM, mercury, CO and other PSD species.
The technology is in place to recover 90% of the CO2 and achieve “Minor Source” emissions levels for NOx, 

SO2, PM, VOC, Hg and other hazardous air pollutants. To meet the 98% CO2 capture and “Minor Source” 
emissions levels, additional technology development will be required to:

 Catalytically oxidize a minimum of ~94% of the CO in the vent gas stream. Catalytic oxidation technology 
is commonly deployed to reduce CO emissions from combustion turbine exhaust. It is likely that this 

technology could be adapted for oxidizing the (much higher concentration) CO in the vent gas stream from 
an oxy-coal power plant.

 Control emissions during plant start up and shut down sequences to levels comparable to steady state 
operation. Developing these procedures will be a significant engineering/operations challenge. It will

require careful design of these sequences of operation but is likely to be achievable.
 Capture CO2 emitted with the vent gas.

 The gas-phase NOx/SOx reactions during compression in the CPU will produce a blend of nitric, sulfuric, 
hydrochloric, and hydrofluoric acids with traces of heavy metals. How this reactive stream is to be utilized or 

disposed of needs to be identified.


