Carbon sequestration 

Fired up with ideas
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Capturing and storing carbon dioxide could slow down climate change and also allow fossil fuels to be a bridge to a clean hydrogen-based future
	

	

	

	


Get article background
IF THE world is to tackle the problem of climate change in earnest, “clean coal” has to become more than just an amusing oxymoron. All fossil fuels contain carbon, but coal is by far the most carbon-intensive. This is troubling, since global warming seems to be driven by an increase in the level of atmospheric greenhouse gases, of which carbon dioxide (CO2) is the most worrisome. Coal is also the most abundant fossil fuel (see chart). If all known conventional oil and gas reserves (those in underground formations, obtained by drilling) were burned, the level of CO2 in the atmosphere would still be less than twice what it was before the beginning of the industrial revolution. Climate change associated with that level of CO2 might be tolerable. Burn all the coal, however, and it would be more than four times that starting-point—with larger, less predictable and quite likely more unpleasant climatic consequences.
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Much of that coal will, nevertheless, be burned. In particular, poor countries such as China, India and South Africa have large reserves that are almost certain to be used to fuel economic growth. So it makes sense to consider possible technical fixes to the problem. These will never be the whole answer; unless the correct incentives are applied, burning coal without such fixes is likely to remain cheaper than burning it with them. But combined with the right incentives, in the form of such things as carbon taxes, they could help to keep the rise in atmospheric CO2 to manageable proportions. They may also, surprisingly, help to usher in the green nirvana of a “hydrogen economy”, in which the fuel of choice is that non-poisonous, non-greenhouse gas.
Catch me if you can
Technological solutions to rising atmospheric CO2 (as opposed to, say, planting forests to soak the stuff up through photosynthesis) come in two parts. The first is capture: extracting the gas from the machine that is burning it. The second is sequestration: putting it somewhere it cannot easily escape from. 
Capture is the more expensive of the two, especially when it needs to be designed into a plant from the start. One method that can be retrofitted on to existing machinery (although it is probably worth doing so only for large emitters) is to “scrub” CO2 from an exhaust by passing it through a chemical, such as mono-ethanolamine, which has a particular affinity for the gas.
Smaller CO2 sources (such as car engines and homes), which account for about half the gas generated by burning fossil fuels, are unlikely to be susceptible to retrofitted scrubbing. And even in large plants, scrubbing is easier and cheaper when the exhaust has a high concentration of CO2—which is not the case for fuels that have been burned in air. Some have suggested using pure oxygen rather than air, but that is hardly an economically practical solution.
In some ways, though, a truly practical solution is even more radical: to change the way that energy is extracted from fossil fuels by separating the CO2 formation from the process of heat generation. That can be done by adapting a well-established chemical process known as steam reformation. This involves reacting a carbon-based fuel with oxygen and steam to produce a so-called “synthesis gas” that is composed of carbon monoxide and hydrogen (much of the latter comes from the water, rather than the fuel). That mixture can be separated quite easily, and the hydrogen burned in, for example, a gas turbine. Then, mixing the carbon monoxide with more steam in the presence of a suitable catalyst yields CO2 and still more hydrogen; again a mixture that can be separated quite easily.
It is this idea, known as the integrated gasifier combined cycle (IGCC) approach, that has environmentalists excited. It would require big changes to the design of energy-generating equipment, and so could not be introduced quickly. But it is not pie in the sky. And true visionaries will notice that, since it produces hydrogen, it permits the generation of electricity by fuel cells (chemical reactors that create electrical current from the reaction between hydrogen and oxygen, without any harmful emissions) as well as conventional gas turbines. Fuel cells are a critical component of most projections of what a hydrogen economy might look like.
Although the whole package seems idealistic, most of the technologies involved are in fact already in common use, in such processes as ammonia production. Indeed, there are several IGCC plants already operating in Europe and America (although they do not bother to remove CO2). Some firms are talking of building one in China. Robert Williams, head of energy-systems analysis at Princeton University, reckons that, even in countries such as China, where tackling global warming is not exactly a priority, such gasification could lead to “zero emissions from coal”, helped on its way by the extra revenues that may come from so-called “polygeneration” of clean synthetic fuels, hydrogen and electricity together.
Down under
Scrubbing and gasification can thus deliver CO2 in a form that can be disposed of. Actually doing so, though, remains a challenge. Leaks from CO2 repositories would hardly be as disastrous as leaks from a nuclear-waste dump. Nevertheless, to be effective, those repositories would have to stay gas-tight for centuries.
One way of disposing of the gas might be to sink it beneath the waves. The oceans already store a lot of CO2, so they might be induced to accept a little more. But it would have to be buried in water that is not likely to come to the surface any time soon. Some scientists worry, though, that dissolving vast quantities of CO2 in the bottom of the ocean could result in ecological damage; others fear that the gas will be regurgitated wherever it is put. An international research consortium planned to test such worries by releasing 60 tonnes of CO2 on the seabed near Hawaii—but noisy protests forced it to cancel the plan last month. Howard Herzog of the Massachusetts Institute of Technology, a member of the consortium, says that the team now hopes to shift to the North Sea.
A less speculative option would be to use depleted oil and gas reservoirs. These are layers of porous rocks topped by a cap of impermeable rock, usually in the shape of a dome. After decades of oil exploitation, there are plenty of ageing fields around. The advantages are many: the geology and technology involved are well understood; the exploration costs are small; and the reservoirs in question have already proved they can hold liquids and gases for aeons, since that is how the extracted hydrocarbons built up in them. What is more, injecting CO2 into such wells could produce a saleable by-product; a similar technique is already used by oilmen to squeeze extra output from declining sources. For example, EnCana, a Canadian oil company, pays the Dakota Gasification Company to pump CO2 produced at Dakota's coal gasification plant by pipeline to some of its wells. 
In what may prove to be a straw in the wind, an American emissions brokerage called CO2e.com announced this week the largest-ever public trade in the emerging greenhouse-gas market. Ontario Power Generation, a Canadian company, bought the right to the emissions-reduction “credits” associated with 9m tonnes of CO2. That gas, produced as a by-product of natural-gas processing, would normally have been vented into the atmosphere, but it will now be injected instead into old oil-fields in Wyoming, Texas and Mississippi. The power company has volunteered to cut its emissions of greenhouse gases, and sees these credits as a way to offset its fossil-fuel emissions.
A similar idea to burying CO2 in old oil wells is to inject it into coal seams that are too deep and uneconomic to mine. This has two attractions. First, the injected gas will be absorbed on to the surface of the coal, and so locked up more or less permanently. Second, the incoming CO2 often displaces methane that would otherwise not have seen the light of day. Capturing and selling that methane could turn this approach into a nice little earner. A scheme in New Mexico already uses CO2 in this manner. 
Also promising are saline aquifers located deep below the earth's surface. CO2 pumped into such places would dissolve, at least in part, in the salt water. In some such formations, it would also react with local silicate minerals to form carbonates and bicarbonates that could stay put for millions of years. Statoil, a Norwegian oil firm, has been pumping CO2 into a deep saline aquifer under the North Sea since 1996—the first time “geological” sequestration of this sort has been motivated by a fear of climate change, in the form of a Norwegian tax on carbon emissions. That tax created the incentive for Statoil to bury the stuff rather than continue releasing it into the atmosphere.
Geological sequestration, then, is not merely a speculative idea. In some cases it may even pay part or all of its own way, by releasing otherwise inaccessible fuel deposits. Recognising this, eight big energy companies, led by BP, have recently formed the CO2 Capture Project to promote research. The Natural Resources Defence Council, a big American green group, says it is keeping an open mind about this sort of sequestration. And there is one other important endorsement: “We all believe technology offers great promise to significantly reduce emissions—especially carbon capture, storage and sequestration technologies.” Thus spake George Bush, the man who said No to the Kyoto treaty on climate change.
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