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CO2 capture and storage

Technologies

CO2 capture and storage (CCS) involves three main stages:

1. Capture (also called sequestration) of CO2 from a power plant, fuel processing or industrial process. CO2 can be captured either before or after combustion.
2. Transport of the captured CO2 by pipeline or tanker. 

3. Storage of CO2 underground (deep saline aqufers, depleted oil and gas reservoirs, and un-minable coal seams). CO2 would typically need be stored at a depth of 600 metres or more.
The CO2 concentrations in flue gasses of coal-fired plants are typically13-14 %, while only 3 – 4 % in gas power plants. Therefore, post combustion CO2 capture is usually more viable for coal power plants, but more difficult and too costly for gas power plants. 

CO2 capture and pressurisation is quite energy intensive and results in increased fuel use for electricity generation. The energy efficiency losses determine to a large extent the cost of CCS. A large range of R&D efforts is ongoing, and it is still to early to pick a ‘winner’ among the options. 
Some key capture technologies are:

· Chemical absorption: An established means of CO2 capture from flue gasses is scrubbing by chemical absorbants that are regenerated by heat to release high purity CO2. Amine solutions are the most widely applied type of absorbents (commercial since the 1940’es).

· Membrane contactors: Chemical solvents absorb the CO2 after it npasses through a membrane, which seperates the gas stream and the solvent.

· Chemical looping: A metal oxide is used to supply oxygen and subsequently regenerated.

· Oxy-fuelling: Oxy-coal combustion involves burning coal in a mixture of oxygen and recycled flue gas. The CO2-rich gasses from the boiler (concentrations above 90 %) are cooled and the condensated CO2 removed.

These technologies can all be applied to the traditional coal-fired steam cycle. The IGCC (integrated gasification combined cycle) is an attractive alternative – in principle. Oxygen is used to gasify coal, and the syngas is fired in a gas turbine. The heat in the exhaust gas is used to power a steam cycle. For IGCC with CCS, the syngas would go through a shift reactor, which converts carbon monoxide to CO2 and additional hydrogen. CO2 would then be seperated and the hydrogen burnt in the gas turbine. Because the pressure of the shifted gas is high and the CO2 concentration also high, the efficiency penalty for CO2 seperation would be low. However, IGCC is today more expensive than the steam cycle, and the future cost of IGCC is not clear.
Captured CO2 must be pressurized to 100 bar or more for the transportation and storage.

In electricity generation, CO2 capture only makes economic sense in combination with large-scale, high efficiency power plants (ref. 10).

CCS is not yet commercially mature, and it is unlikely that full-scale commercial plants will be in operation by 2010. The below data for 2010 are therefore due for pilot projects only.

Technology data

Capture efficiency varies for different technologies. A typical value for coal-fired technologies 2010 – 2020 is 85% (ref. 10).
Energy efficiency losses, including CO2 compression, pulverized coal power plant
:

2004: 
8 – 13 % (ref. 22).

2010:
8 – 12 % (ref. 10).
2020:
  5 – 8 % (ref. 10).

Ref. 10 (p. 205) states the expected efficiency losses of various technologies:
	Technology
	Start year
	Efficiency loss

	Coal, steam cycle, chemical absorption
	2010
	-12 %

	Coal, steam cycle, membranes and chemical absorption
	2020
	-8 %

	Coal, circulating fluidized bed, chemical looping
	2020
	-5 %

	Coal, integrated gasification combined cycle (IGCC)
	2035
	-4 %

	Gas, combined cycle, chemical absorption
	2010
	-9 %

	Gas, combined cycle, oxy-fuelling
	2020
	-8 %

	Gas, combined cycle, chemical looping
	2025
	-4 %


On this background, RECaBS default values are:
2010: 
10 %.

2025:
  6 %.

Total costs

Today, the total cost of CCS is estimated at between 40 and 90 USD per tonne of CO2 captured and stored. For the most cost-effective technologies, capture costs are 20 – 40 USD/tonne, with transport about 10 USD/tonne. By 2030, costs could fall below 25 USD/tonne for coal-fired plants; the bulk of the cost is on the capture side (ref. 10).
On this background, RECaBS default values are:

2010: 
50 EUR per tonne of CO2 captured and stored

2025:
30 EUR per tonne of CO2 captured and stored

In the REcalculator these total costs are added to the operational costs of the coal-fired power plant as follows (CO2 emission factor = 0.8 tonnes CO2 per MWh electricity
):
2010: 
40 EUR per MWh electricity generated

2025: 
24 EUR per MWh electricity generated

Since both capture and storage use energy use and thus lead to production of more CO2, the cost per tonne of CO2 emission reduction is higher than the per tonne cost of capturing and storing CO2.

Investment costs at power plant
Additional investment need for CO2 capture, pulverized coal power plant:

2004: 
80% (ref. 22).

2010: 
No citable information yet identified.
2025: 
No citable information yet identified.

Operation and maintenance costs at power plants (CO2 capture)
No citable information yet identified.

Large-scale pipeline transportation costs
100 km pipeline:
2004: 
1 – 3 USD per tonne CO2 (ref. 22).

2004: 
1 – 5 USD per tonne CO2 (ref. 10)
2010: 
No citable information yet identified.

2025: 
No citable information yet identified.

Storage costs
2004: 
1 – 3 USD per tonne CO2 (ref. 22).

2004:
1 – 2 USD per tonne CO2 (ref. 10).

2010: 
No citable information yet identified.

2025: 
No citable information yet identified.

Environment

For SOx, NOx, and particles see the technology sheet for coal steam power.

It is assumed that the CCS technology will capture and store 85% of the CO2 that would otherwise have been emitted. This imperfectation includes possible leakages from the stores.

In REcalculator the CCS efficiency is handled by using an emission factor which is 15% of the emission factor for steam coal, i.e. 0.0147 tonne CO2 per GJ.
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� These figures are percentage points. If a power plant with an efficiency of 45% installs CCS with an efficiency decrease of 10%, the efficiency of the total system is 35% - not 40.5%.


� Based on a coal consumption of 8.16 GJ per MWh electricity (power plant efficiency 44%) and an emission factor of 0.098 tonnes CO2 per GJ coal (anthracite).





PAGE  
2

