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 Capture and sequestration of CO2
(Abstract)


Separating and capturing CO2 from flue gases was implemented in the late 1970s  as a economic source of CO2, especially for use in enhanced oil recovery (EOR), where CO2  has been injected into oil reservoirs to increase their productivity. Most of the commercial CO2 capture plants use chemical absorption process based on  MonoEthanolAmine (MEA),  developed over 60 years ago as a nonselective solvent, to remove acid gases (CO2 and H2S)  from  low-pressure gases. The process was modified to incorporate inhibitors to resist solvent degradation and equipment corrosion. The MethylDiEthanolAmine (MDEA) blend is expected to provide (30% higher CO2 removal efficiency than conventional MEA. The impact of adding post combustion CO2 scrubbing in PC boilers would mean 65(75 %  capital cost increase and 30(35% efficiency drop. That would result in (60% cost of electricity (coe) growth [slide 1+2].  


Pre combustion CO2 capture from syngas in an Integrated Gasification Combined Cycle (IGCC) system [slide 3] looks like a promising technology for new coal fired power plants. To enable more CO2 to be captured, the synthesis gas from the gasifier has to be fed to a catalytic shift reactor [slide 6], where most of the CO is reacted with steam  (CO+H2O(CO2 + H2) raising the dry H2 content from ( 35% to over 50% and the CO2 content from (10% to over 35 % by volume [slide 5+7]. In itself, this facilitates extraction of hydrogen by implementing a Membrane and/or PSA (Pressure Swing Absorption) system. The quantity of PSA off-gas pressure is significantly reduced. This allows flexible operation for H2 extraction. 

The shift catalyst not only converts most of the CO in the syngas to CO2 + H2  with the evolution of heat, but also:

· hydrolyses most of the COS to H2S and HCN to ammonia. Consequently it is not necessary to install a separate COS hydrolysis reactor to achieve the required sulfur removal,

· increases power output through improved waste heat recovery and reduced cooling load.

To retrofit an operating IGCC plant to remove 90% of the CO2 from the syngas several modifications of the baseline IGCC will be required [slide 4]. The capital cost of the plant will increase by 30(40%, net efficiency will decrease by 18(22% and cost of  electricity will rise by (30%. The authors representing Parsons Corporation and EPRI have considered an IGCC plant designed with CO2 capture and incremental hydrogen production [slide 8]. The baseline 90% CO2 removal case was modified to produce H2 from the additional shifted syngas, resulting from a 10% (Δ=19,8 t/h) extra coal feed. The amount of H2 produced from this coal increase will be (680·103 Nm3/d ( 60 t/d . The expected hydrogen cost will be        6,7 ¢/Nm3 (6,6 $/GJ or 0,75 $/kg)[slide 9]. This may be compared with the costs of conventional and future professional H2 production [slide 10].

An interesting approach to the development of coal-based plants, incorporating CO2 capture is the use of oxygen fired combustion . Instead of nitrogen flue gas recycle has to maintain a normal temperature profile in the boiler. Normally nitrogen, the major component of flue gas, enters into the boiler with combustion air and limits CO2 concentration.O2/CO2 combustion involves burning the fuel in an atmosphere of oxygen + recycled flue gas instead of in air. A molar ratio of CO2/O2 of about 3 is necessary to preserve the heat transfer performance and gas path temperatures, allowing this system to be applied as a retrofit. The mixed flow of oxygen and recycled flue gas is fed to the combustion chamber together with the fuel, which is burnt as in a conventional boiler. Accorging to the ANL – NETL concept [slide 11] majority of the flue gas is recycled from downstream the Flue Gas Desulfurization unit and mixed with new oxygen. The remaining part leaving the boiler is a CO2-rich stream that is ready for sequestration or use with only modest conditioning. Conditioning is required to dry the CO2, remove oxygen to prevent corrosion in the pipeline, and possibly other contaminants and diluents such as nitrogen, SO2 and NOx. Analizys is being conducted of all the engineering aspects of this system, including the effect of impurities, such as SO2 and NOx, and CO2 transportation, use, and options for long-term sequestration. The effect of impurities (SO2 and NOx) in the CO2 stream is a substantial problem. If the flue gas could be recycled before SO2 scrubbing, significant cost savings would be possible. 

According to the Lippendorf concept  70÷80% of the flue gas is recycled from downstream the feed water heater and mixed with new O2 [slide 12].  In contrast to the ANL – NETL concept the recycled flue gas is not cleaned neither in a FGD unit (Flue Gas 

Desulfurization) nor in an ESP (Electrostatic Precipitator). In spite of that the net electrical efficiency of the plant becomes ~34% which should be compared to 42,6% of the existing plant. This results mostly from the high power consumption of the air compressor before the ASU unit. Supposed a more efficient air separation technology will be developed, the project might be considered as a promising retrofit system. 

Pulverized coal plants are the most common type of power plant; therefore, a system that can be implemented to retrofit operating plants and enable CO2 recovery will have broad applicability, supposed it will be economically acceptable.

The problems of CO2 transport and storage are left for later analysis.
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