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Carbon Sequestration


Humans have been releasing carbon dioxide into the atmosphere since the discovery of fire. With the exception of major ‘alternative’ energy sources such as wind, water, solar, and nuclear power, all of our historical and current energy sources can be reduced to finding stores of carbon, in wood, coal, or oil, for example, and burning it in oxygen to produce heat. This chemical reaction inevitably produces carbon dioxide. 
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For most of human history, the small amount of CO2 released from burning wood and other fuels to cook food and heat homes was not enough to be a significant forcing effect on the global climate. However, in the past century, humans have become more and more reliant on these carbon-based fuels to produce electricity and power transportation. Although some scientists and influential politicians insist this is still a controversial topic, most credible scientists have been convinced that this huge increase in CO2 emissions is having an effect on the global climate. A glance at the figure to the right, published by the Intergovernmental Panel on Climate Change, is enough to suggest that the temperatures on the Earth are rising in a way they have not in the past 1000 years. The global climate is always changing, but the change evident in the figure is unlike the more gradual changes seen in historic data.  


Since 1950 the global average temperature has risen about 0.5ºC and will rise another 0.4 to 0.7ºC even if atmospheric concentrations of CO2 do not rise any further, which is highly unlikely given our addiction to fossil fuels (Hansen 71). Contrary to those who dream that global warming will bring more sunny days at the beach, global warming is unlikely to be beneficial, at least in the long term. In 2003, the United States Geologic Survey reported “global warming studies predict that climate changes resulting from increases in atmospheric CO2 will adversely affect life on Earth” (USGS 1). Rising sea levels and unpredictable changes in global weather patterns are only the most likely effects of global warming. 


Alternative sources of energy must be found if we are to avoid huge and unknown effects on the global climate. Wind, solar, and water are all promising technologies, but they are unlikely to be ready to provide sufficient power soon enough to have a significant effect on CO2 concentrations and global warming. According to Howard Herzog of MIT, without an immediate conversion of the global energy economy from oil and coal to nuclear and hydrogen storage (a very unlikely situation), we will continue to burn fossil fuels for “at least the next 50 years, if not the next 100 years” (Herzog NAE 117). 


Carbon sequestration methods offer promising benefits to potentially offset the effects of continuing to burn fossil fuels. These technologies extract a portion of the CO2 emissions inevitable from the burning of fossil fuels and sequester them in geologic formations in the earth, deep in the ocean, or in plants and soil on the surface so they do not contribute to global warming. There are four promising options for carbon sequestration. Carbon dioxide can be pumped into oil or natural gas reservoirs to replace extracted oil or gas, into coal beds, replacing the methane adsorbed on the surface of coal particles, injected into the very deep ocean or saline aquifers, or absorbed by plants and soil through changes in agriculture practices.

Oil Reservoirs
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The technology for pumping carbon dioxide into oil reservoirs is a well-established one. Carbon dioxide injection is used in oil recovery projects to increase the well's productivity by increasing the mobility of the oil inside. CO2 dissolves in oil and the "resulting mixtures can then displace oil efficiently in the zones swept by the injected CO2 " (Orr 18) creating zones of low viscosity, fast flow that aids the recovery of oil. The current objective of carbon dioxide injection into oil reservoirs is to minimize the CO2 used, but if the objective were to sequester as much atmospheric CO2 as possible, much more CO2 could be injected. In the United States alone, during 1998, "oil field workers pumped a total of about 43 million tons of carbon dioxide into the ground at more than 65 enhanced oil recovery (EOR) projects" ( Herzog Sci. Am. 75). While this carbon dioxide is not very much compared to the 6 billion tons  of CO2 released by the United States in a year (Goodland 5) , the fact that oil producers attempt to minimize the amount of CO2 injected suggests that the capacity for sequestration in depleted or nearly depleted oil wells is much larger. 

Most of the carbon dioxide injected into oil wells is transported by pipeline to West Texas from underground formations near the Four Corners area.  It is not recovered from power plants or other carbon dioxide producers, but it would not be difficult to use emitted instead of naturally occurring carbon dioxide if a supply were readily available. 

Coal Beds
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It has long been known that methane is found in coal beds. Most of this methane is adsorbed on the surface of the particles of coal. CO2 adheres more strongly to coal than methane, which suggests that CO2 could be pumped into unminable coal seams, replacing the methane, which then might be recovered (USGS 2). This approach has its advantages. Methane is known to be adsorbed on coal for “geologic periods of time” (Orr 19) so it is likely that CO2 would as well. 


This method is being tested in the Four Corners area. The CO2 has “been injected for a considerable time with minimal breakthrough, but serious problems with water and water handling have been encountered” (Orr 20). Unlike injection into oil or gas reservoirs, coal seams are not inherently sealed, so some leakage of CO2 into the surrounding environment is inevitable. This environment can include water reservoirs that can be contaminated by carbonic acid formed from CO2 and water. Leakage of CO2 into the atmosphere is also dangerous. CO2 is heavier than air and is potentially fatal at concentrations above about 7%, so if it is trapped in low-lying areas it can become an invisible death trap (Wiki). 


This method of carbon sequestration is promising because of the potential to harvest methane from otherwise unusable coal seams, but it is not a mature technology. The test in the Four Corners area is not complete, and there have been problems that need further study. Sequestration in oil and gas reserves, coupled with the increased yield from those reserves possible with CO2 injection is likely to be a much more useful technology. 

Sequestration in Norway

In October of 1996, injection of carbon dioxide into Sleipner offshore oil and natural gas field began. This was the first sequestration project begun because of climate considerations. The natural gas pumped up at Sleipner, in the center of the North Sea off the coast of Norway, contains about 9% carbon dioxide. Users of natural gas prefer less than 2.5% carbon dioxide, so it must be extracted from the gas pumped up from the reservoir before it can be used. In the past, this carbon dioxide would simply be released into the atmosphere, but economic and environmental concerns made sequestration a viable alternative. 


In 1996, Norway instituted a carbon tax equivalent to about $50 per ton of carbon dioxide, which provided an incentive for firms to make it economically feasible to sequester the carbon dioxide instead of releasing it. The current carbon tax has been lowered to $38 in 2000, but the project continues as the infrastructure is already in place. This project sequesters about one million tons of carbon dioxide every year, which amounts to about 3% of Norway’s emissions (Herzog, Sci. Am. 74-75). The economic incentive provided by the carbon tax stimulated the design and construction of a plant that is more environmentally friendly than a conventional plant. 

Other Sequestration Proposals
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There are other proposals for sequestration. Deep-ocean sequestration is the most promising of these. Below about 1,000 meters, ocean temperatures decrease significantly with increased depth. Because the water below this depth mixes very slowly with the water above, any carbon dioxide injected or dissolved below 1,000 meters will stay trapped for hundreds or thousands of years. In this proposal, liquefied carbon dioxide is either dissolved to form a dilute solution between 1,000 and 2,000 meters or injected into “carbon dioxide lakes” below 3,000 meters. The dilution strategy minimizes environmental effects while the lake strategy maximizes the length of time the carbon dioxide will stay at that depth. (Herzog, Sci. Am. 75-76.) Because of changes in the ocean environment due to increased concentrations of carbon dioxide, there is the potential for widespread, unknown effects on plant and animal life in the ocean. These effects may, in turn, change the carbon balance in the ocean, which may lead to increased carbon dioxide in the atmosphere, exactly the opposite of the goal of sequestration. With so many unknowns, more research is necessary to establish the feasibility of this method of sequestration. 


There is a potential for changes in agricultural practices to store more carbon in plants and in the soil. The U.S. Department of Agriculture estimates that up to 180 additional million tons of carbon could be stored in soil simply by changing farm management practices (US Senate 15). However, the storage time in soil and plants is on the order of hundreds of years, compared to thousands of years in deep-ocean or geologic storage. 

Difficulties Extracting Carbon Dioxide

According to Gardiner Hill, of the British Petroleum Group (more recently known as Beyond Petroleum), 75% of the cost of sequestration lies in the extraction of carbon dioxide from exhaust streams. There are two major methods of CO2 capture currently under investigation. Pulse combustion decarbonization uses a chemical process to “scrub CO2 from flue gas and compress it to make it available for geologic storage” (Hill 25). Precombustion decarbonization is a process that takes fossil fuels and “reforms it to make hydrogen and CO2” (Hill 25). The hydrogen extracted can then be used in a hydrogen economy, or burned locally for power or heat, while the CO2 can be sequestered (Hill 25). 


Storage is a simpler problem to solve than extraction because much is already known about geologic reservoirs of natural gas and oil, and consequently, there is more information available about storage possibilities than extraction methods. Injection also has the potential to increase recovery of oil or natural gas, so there is a much larger economic incentive to pursue injection methods than extraction processes. Although extraction from the atmosphere is a theoretically possible approach to the reduction of CO2 concentrations, it is also an impractical one. While atmospheric concentrations have increased by 40% from pre-industrial levels, CO2 makes up only about 0.04% (by volume, in 2004) of the atmosphere (“Carbon Dioxide”). This means a more practical approach is to scrub the exhaust coming out of power plants or other large sources of CO2. By requiring power plants to install carbon dioxide scrubbers and sequester the recovered gas, they would likely fund research into cheaper and more efficient processes while also internalizing the cost of carbon emissions. 

Economics: Internalizing Emissions Costs


In “The Tragedy of the Commons,” Hardin argues, “freedom in a commons brings ruin to all.” In our current economic system, emitters of CO2 are free to release as much as is profitable without including the global environmental cost of those emissions in the cost of their product. Without an economic incentive, we rely on the power plant owners to reduce their emissions because they know it is the right thing to do, not because the will lose money otherwise. Without a strong economic incentive, there is little chance that power plants or other emitters will reduce their emissions through sequestration or any other means. 


The economic incentive provided by the carbon tax in Norway makes sequestration economically viable, resulting in the natural gas extraction process designed to sequester CO2 impurities instead of releasing them. Staoil, the energy company that implemented this sequestration project did so because it was cheaper than paying Norway’s carbon tax, not for environmental reasons. A carbon tax requires the end user to bear the cost of carbon emissions rather than the world at large:  simply put, the users pay for what they use instead of the whole world paying for the power use of that portion of the population most able to pay for it. Requiring sequestration or making it economically viable would internalize the costs of emissions while also reducing the effect of emissions on the global environment, thereby providing benefits to society at large. 

Goodland and El Sarafy report that “new extremes of temperature, rainfall and winds” (Goodland 6) cost the reinsurance industry $60 billion in 1996 alone, and extremes are more common now than they were nine years ago. While there are potential benefits to agriculture in the Northern Hemisphere for small amounts of warming because of a longer growing season and increased crop yields, these benefits disappear as warming increases. There is widespread consensus among researchers not funded by energy companies that global warming is real, we are causing it, and it will be bad for the global climate and economy. (Mooney 34). 


In 1997, the Global Environment Facility, which funds alternative energy and other environmentally friendly projects in developing countries by subsidizing a portion of the difference between those and more conventional methods, estimated the environmental cost of one ton of carbon emissions to be between $20 and $25 (Goodland 7). The Department of Energy’s target cost of sequestration is $8 per ton, “a price at which the emissions could be captured and stored in the United States without increasing the cost to produce electricity by more than 10%” (Polakovic), but the current cost is approximately $30 per ton. The United States emits about 1.6 billion tons of carbon dioxide every year, which is about a quarter of the world’s emissions (Polakovic). 


While the current cost of sequestering one ton of carbon is high compared to one estimate of the environmental cost of that carbon in the atmosphere, that cost will go down as technology improves and there is more interest in sequestration. As we see from Norway’s example, if there is an economic incentive to sequester the carbon instead of releasing it into the atmosphere, sequestration is a viable alternative to paying taxes on emissions. 

Conclusion


Some environmentalists, concerned that adopting carbon sequestration on a large scale would lead to abandoning efforts to find alternative sources of energy and to reduce consumption have are concerned that sequestration is “like tackling obesity by developing yet more low-calorie foods instead of cutting excessive consumption” (Carey 82). This is a legitimate concern. While sequestration helps to alleviate the problems caused by CO2, they also release other pollutants. 


Most methods of carbon sequestration do nothing to increase available fuel stores. Storage in oil reservoirs does increase the recovery of oil from dwindling source, but there is still limited recoverable oil. Limited supplies of oil and natural gas, coupled with a possible solution to the problem of CO2 emissions could lead to an increase in the use of coal, which we still have in abundant supply. Because of coal’s problems with other pollutants (like mercury and sulfur), this is not desirable. One imagines there is a possibility of sequestering those pollutants with the CO2, but this avenue does not appear to be a topic of interest to those involved in carbon sequestration research. 


Carbon sequestration is not a permanent solution. The capacity of the Earth for carbon storage is just as limited as its stores of oil, gas, and coal. We can continue to find new capacity for a long time, but just as the world oil finds are declining and raising the price of oil, so will sequestration options become more limited and expensive as we exhaust the easy options. Sequestration can be used as a bridge to an economy based on alternative sources that do not release CO2, allowing us to burn fossil fuels for a little longer while possibly mitigating the effects of global warming.


The cost of recovering carbon dioxide from power plant or other emitters is high, but it is lower than the cost of recovering from the consequences of those emissions. The world may have no choice but to recover those unavoidable emissions built-in to our addiction to fossil fuels. We are dependent on fossil fuels and suddenly abandoning those in favor of "cleaner" fuels would disrupt the economy much more than a gradual increase in energy costs as a result of requiring sequestration of increasing amounts of carbon dioxide. 


Last year, Al Gore gave a speech about global warming and the environment. He said, “We are now at a true fork in the road. And in order to take the right path, we must choose the right values and adopt the right perspective.” In examining issues as complex as global warming, it is difficult to know the right values and the right perspective. However, with the stakes so high, how can we not pursue every possible avenue to begin to find a solution? Geologic sequestration is not a miracle solution for global warming, but it might help and we owe it to our great-grandchildren to try everything we can think of. 
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