Will Ocean Fertilization To Remove Carbon Dioxide From The Atmosphere Work?

Reducing atmospheric carbon dioxide, a greenhouse gas linked to global warming, by fertilizing the oceans with iron may not be as attractive a solution as once thought according to a report in Science magazine. 

In their observations released on April 4, Ken Buesseler of the Woods Hole Oceanographic Institution and Philip Boyd of the University of Otago in New Zealand report that iron fertilization as a means to "lock up" carbon in the oceans should be explored but note that the most basic question of "Will it work?" needs to be addressed before such a strategy is undertaken on a commercial scale. 

The controversial idea gained momentum in the 1980s, not only among climate and ocean scientists but with ocean entrepreneurs and venture capitalists who saw potential for enhanced fisheries. Plankton take up carbon in surface waters during photosynthesis, creating a bloom that other animals feed upon. Carbon from the plankton is integrated into the waste products from these animals and other particles, and settles to the seafloor as "marine snow" in a process called the "biological pump." Iron added to the ocean surface increases the plankton production, so in theory fertilizing the ocean with iron would mean more carbon would be removed from surface waters, where it is exchanged with the atmosphere, and carried to the deep sea. 

But will ocean fertilization work? Buesseler and Boyd point to three open-ocean experiments in which iron was used to fertilize large sections of the Southern Ocean, the oceans surrounding Antarctica. The 13-day Southern Ocean Iron Enrichment Experiment (SOIREE), 21-day Eisen or Iron Experiment (EisenEx-1) and the most recent month-long US led Southern Ocean Iron Experiment (SOFeX) all produced significant increases in planktonic biomass and decreases in dissolved inorganic carbon in the water column. However, there was limited evidence that the particles carried large quantities of carbon to the deep ocean. The authors raise concerns over the space and time scales needed for commercial applications and the inefficiency of this process. 

Buesseler participated in several iron fertilization experiments, and studied thorium, a naturally occurring element that is "sticky" by nature and serves as an easy-to-measure proxy for carbon export in seawater. Recent thorium experiments he and colleagues conducted in the Arabian Sea and around Antarctica show that many factors affect carbon uptake by plankton in surface waters. For example, biological communities and plankton production vary with location and season, so the balance between carbon uptake by the marine plants and carbon export on sinking particles is highly variable and typically only a small fraction of the carbon sinks to the deep ocean. The studies of the Arabian Sea and Antarctic waters support this new data and demonstrate that simply adding iron to the ocean may not result in enhanced removal of carbon dioxide from surface waters to the deep ocean. 

There is growing commercial interest in trying an industrial-scale fertilization experiment. Territorial waters of the Marshall Islands in the South Pacific and off Chile have been proposed for large scale iron fertilization projects, and some businesses have suggested that countries could profit by trading carbon credits with industrialized nations. Others claim increased fisheries will be a positive result of adding iron to the surface waters. 

"The experiments enabled us to make an initial determination about the amount of iron that would be required and the size of the area to be fertilized," Buesseler said. "Based on the studies to date, the amount of iron needed and area of ocean that would be impacted is too large to support the commercial application of iron to the ocean as a solution to our greenhouse gas problem." 

"If adding iron to the ocean stimulates plankton that simply grow and die in the surface ocean, then it is a lot like proposing to grow grass to curb greenhouse carbon dioxide," Buesseler added. "When the grass is mowed or dies off in the winter, all of the carbon is returned back to the atmosphere. If you can grow a tree, you have a longer-term carbon sink, much like if you created an ocean bloom that resulted in carbon that naturally sinks to the deep ocean, a solution that can impact atmospheric CO2 for many decades or centuries to come. Knowing whether ocean fertilization is more like growing grass or trees is the question yet to be answered." 

Adding iron to the ocean is likely to alter the ocean in unforeseen ways, Buesseler noted, and says the issue needs to be discussed by many people, from commercial interests, economists and fisheries biologists to national governments, climate modelers and ocean scientists. 

"It may not be an inexpensive or practical option if what we have seen to date is true in further experiments on larger scales over longer time spans," he said. "The oceans are already naturally taking up human-produced carbon dioxide, so the changes to the system are already underway. We need to first ask will it work and then what are the environmental consequences?" 

http://www.sciencedaily.com/releases/2003/04/030410073330.htm
Ocean studied for carbon dioxide storage

Monday, May 10, 1999

	
Researchers are studying the feasibility of storing liquid carbon dioxide deep in the oceans.


Researchers at the Monterey Bay Aquarium Research Institute are studying the possibility of storing excess carbon dioxide from the burning of fossil fuels in the cold, high-pressure environment of the deep sea. 

Carbon levels in the Earth's atmosphere have gone up about 25 percent since the Industrial Revolution primarily due to the burning of oil, coal and natural gas to supply about 80 percent of the world's energy needs. 

These increased emissions of carbon are believed responsible for a one degree Fahrenheit increase in the global average temperature and if nothing is done to reduce the excess carbon, the Earth will continue to warm, resulting in a host of environmentally damaging consequences, according to some scientists. 

Since scientists already know that the oceans naturally absorb carbon dioxide, they believe that one cost-effective way to mitigate global warming is to store the excess carbon dioxide in a liquid form in the depths of the ocean. 

Ocean chemist Peter Brewer and his colleagues at the Monterey Bay Aquarium Research Institute and Stanford University designed and executed some of the first experiments to test theoretical predictions about the behavior of liquid carbon dioxide in the depths of the ocean. 

Under cool temperatures and high pressures, carbon dioxide and other greenhouse gases react with water to form a solid ice-like compound called clathrate hydrate. 

At shallow depths liquid carbon dioxide will rise to the surface. But based on laboratory experiments with carbon dioxide hydrates, researchers imagined that liquid carbon dioxide put deep in the ocean would form a stable layer on the seafloor with a skin of solid hydrate as a boundary, like a pond covered by ice in winter. 

Brewer and his colleagues generated carbon dioxide hydrate from gas and liquid at depths ranging from 350 meters to 1,000 meters in Monterey Bay. At these shallow depths, they discovered that liquid carbon dioxide with a skin of hydrate is indeed less dense than seawater and will rise toward the surface and back into the atmosphere. 

Brewer's most recent work, conducted last summer, concentrated on the behavior of liquid carbon dioxide at much greater depths where it is denser than seawater. In these experiments, the researchers injected several liters of liquid carbon dioxide into a glass beaker at a depth of 3,600 meters. 

A video camera aboard the remotely operated vehicle that deployed the beaker relayed surprising information back to the researchers -- the liquid carbon dioxide was highly reactive with the surrounding seawater, significantly increasing in volume within the first hour of the experiment. 

As water molecules combined with carbon dioxide molecules, gas hydrate formed and accumulated at the bottom of the beaker. The expanding volume of hydrate plus remaining liquid carbon dioxide caused globules of liquid carbon dioxide to spill over the top of the beaker, where they bounced to the seafloor and were carried easily away by the currents. 

"Nothing like this was predicted," said Brewer. 

Brewer and colleagues will conduct subsequent experiments this summer to test new hypotheses generated from previous results. They also have begun collaborations with ecologists from the institute to study the possible effects of liquid carbon dioxide on deep-sea organisms. 

Ocean disposal for excess atmospheric carbon dioxide is gaining interest internationally with the recent adoption of the 1997 Kyoto Protocols to the United Nations Framework Convention on Climate Change. The enormous natural carbon buffering system of the ocean suggests that the deep ocean could absorb the amount of carbon that would cause a doubling in atmospheric concentrations and change its concentration by only two percent. 

Brewer is optimistic that ocean disposal, while expensive, is a safe and viable option for deterring the harmful buildup of atmospheric carbon dioxide. "It's imperative to conduct research that will help us understand the fundamental science, the risks and the opportunities," he said. 

An article on this research was published in the May 7 issue of the journal Science.
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http://www.chemsoc.org/networks/learnnet/jesei/oceans/home.htm :  Carbon Cycle

	Ocean sequestration of carbon dioxide could damage marine ecosystems 

The injection of carbon dioxide produced by industry into the ocean would lower pH, at best reducing the calcification rates of coral reef and marine calcareous micro-organisms, and at worst having a profound effect on ecosystems, according to a scientist at the University of Toronto in Canada.

Dr L D Danny Harvey, of the Department of Geography at the University of Toronto, investigated the effectiveness and consequences of four carbon sequestration scenarios. These included a business-as-usual scenario, followed by three with increasing levels of restraints on carbon dioxide emissions. 

Using a system of modelling carbon in the atmosphere, Harvey found that of the carbon dioxide injected into the ocean, 87% would remain in the water. However, the ocean is a natural sink for carbon dioxide, and had the carbon dioxide instead been emitted into the atmosphere, 70% would have been taken up by the ocean after 200 years, and 87% after 2,000 years. 

According to Harvey’s four scenarios, there would be a fall in pH of between 0.14 and 0.66. “Even the smallest of these decreases is likely to adversely effect coral reef and marine calcareous micro-organisms by reducing calcification rates,” he says. The impact on the marine ecology of the larger falls in pH would be likely to be severe, he adds. 

“Minimisation of these effects requires injecting CO2 from a large number of dispersed points rather than from a small number of large injection sites,” points out Harvey. 

The problems of the loss of gas back to the atmosphere, and the lowering of pH could be eliminated by reacting the captured gas with seawater containing crushed carbonate minerals, before it is injected into the ocean, he says. Nevertheless, this solution is still likely to have its own environmental impacts, he says, and would require substantial infrastructure. 

However, Harvey states that ocean sequestration could play a useful role, but only as a supplement to strong reductions in emissions. 
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Southern Ocean soaks up carbon dioxide

Friday, January 28, 2000

By John Roach
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Manmade carbon dioxide in the ocean makes the water more acidic. The acidity is corrosive to calcium carbonate, an essential ingredient of shells and coral reefs.


Manmade carbon dioxide is being soaked up by the cold waters of the Southern Ocean and transported to the deep waters of the subtropical ocean, researchers report in today's issue of Science. 

The thirst-quencher, it turns out, might not be kind to the marine environment. Manmade carbon dioxide makes the water more acidic. The acidity is corrosive to calcium carbonate, an essential ingredient of shells and coral reefs. 

The new research is helping scientists solve an old mystery. Early computer models show carbon dioxide being soaked up by the Southern, or Antarctic, Ocean even though water samples from the ocean do not show the presence of carbon. 

"Early results suggested that a lot of carbon was going in (the ocean) at 60 degrees (south latitude), but when people went there, they didn't see any," said Ken Caldeira, a climate scientist at Lawrence Livermore National Laboratory in Livermore, California. "But they saw lots at 40 degrees." 

How did the carbon get there? 

Ocean water is layered, with warm water on top of cold, denser water, Caldeira explained. When a balloon filled with cold, dense water is lifted up to warmer, less dense water, it sinks back down. Push down on the balloon and it will float back up. 

Caldeira refers to this phenomenon as a "restoring force." "If you move (the balloon) sideways, there is no restoring force," he said. 

Carbon, like a balloon, can easily slide along a layer of constant density. This mechanism, technically referred to as "isopycnal transport," is how carbon moves from the Southern Ocean to deep subtropical ocean waters, according to Caldeira. 
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Carbon, like a balloon, can easily slide along a layer of constant density. This mechanism, technically referred to as "isopycnal transport," is how carbon moves from the Southern Ocean to deep subtropical ocean waters.


Since carbon dioxide easily dissolves in cold water, pockets of the chilly Southern Ocean soak it up. This layer of cold water moves deeper and deeper as it runs north into the tropics, explaining why the carbon is found so deep in the subtropical ocean. 

Some scientists predict that the Southern Ocean's ability to drink up carbon dioxide may be hindered by global warming. "The fear is that if you warm things up too much, more precipitation will make the surface of the Southern Ocean less dense. You may start shutting off the entrance of carbon dioxide into the ocean," said Caldeira. 

However, other studies show that if the world continues to warm, more microscopic plants that use carbon dioxide will blossom and compensate, he added.

Copyright 2000, Environmental News Network
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U.S., Japan, Norway Sign First Kyoto Agreement; Will Jointly Sponsor Tests for Long-Term CO2 Disposal

The U.S. Department of Energy (DOE) — along with sister organizations in Japan and Norway — signed the first major research agreement on options for long-term carbon dioxide (CO2) disposal today in Kyoto, Japan. 

Separately, the United Nations Framework Convention on Climate Change opened in Kyoto on December 1. Approximately 150 nations are gather to negotiate the world's first binding international treaty to limit greenhouse gas emissions, consisten with the objective of the 1992 Framework Convention on Climate Change.

The newly signed research agreement supports the objectives of the Framework Convention's Climate Change Initiative — Task Force 7 — to evaluate long-term options to capture and dispose of greenhouse gas emissions and eventually to stabilize atmospheric concentrations of greenhouse gases.

CO2 is a greenhouse gas associated with the production and use of fossil fuels. The agreement partners the United States with Japan and Norway to participate in a field evaluation of deep water CO2 disposal, or sequestration, in the ocean. The field test will address the technical feasibility and the environmental impact of CO2 ocean sequestration, a process of pumping liquefied CO2 more than 3,000 feet below the ocean's surface through a series of pipes. Researchers anticipate the CO2 will remain in the deep ocean for several hundred years. Deep water sequestration potentially could be available to roughly 30 percent of U.S. power plants located throughout the coastal states.

Sequestration technology is a very promising approach to reducing CO2 in the atmosphere. This ocean sequestration project — along with the solicitation of research proposals for novel, low-cost sequestration technologies that U.S. Energy Secretary Federico Peña announced recently — represents a strong U.S. effort in this area.

"We have many technological tools to address pollution and climate concerns," Secretary Peña said as he announced the new climate change initiative at Carnegie Mellon University on September 15. "But to achieve our ultimate goal os stabilizing atmospheric concentrations of greenhouse gases, we must also look to long-range concepts that can sequester or reuse carbon from industrial processes and fuel combustion gases. We want to look beyond what is currently feasible with today's technology."

Field tests of the ocean sequestration project are scheduled to begin in mid-1998. The partnership agreement is being signed by the Energy Department's Federal Energy Technology Center (FETC), a part of the Office of Fossil Energy; Japan's New Energy and Industrial Technology Development Organization (NEDO); and the Research Council of Norway (NRC).

Implementing research organizations for the agreement are: the Massachusetts Institute of Technology, for the United States; the Research Institute of Innovative Technology for the Earth and Pacific International Center for High Technology Research, for Japan; and the Norwegian Institute for Water Research, for Norway.

The project is estimated to run four-and-one-half years at an estimated cost of $3.8 million. The expected funding distribution is: NEDO (Japan)-$2.6 million; the Office of Fossil Energy's FETC (United States)-$850,000; and NRC (Norway)-$350,000.

-End of Techline-

For more information, contact: 

Hattie Wolfe, DOE Office of Fossil Energy, (202)586-6503, e-mail: hattie.wolfe@hq.doe.gov
http://www.fossil.energy.gov/news/techlines/97/tl_co2seq.html
OCEAN SINK FOR CARBON DIOXIDE MAY BE BIGGER THAN THE LAND SINK. 

Around twice as much carbon is emitted by fossil-fuel burning and deforestation as ends up in the atmosphere. Some 7 billion tonnes of carbon comes from fossil-fuel and forest-burning, and we know that only 3.4 billion tonnes of carbon stays up in the atmosphere as carbon dioxide each year. How much of the rest goes into the land-plant sink, and how much goes into the ocean sink, has in detail always been a mystery. 

A new estimate for carbon uptake suggests 2.1 billion tonnes of carbon goes into the oceans, with a billion tonnes of carbon going into the land sink. This new estimate differs with earlier studies which estimated that only a billion tonnes of carbon are being taken up by the oceans, with more than two going into land plants. 

Science magazine, in a commentary on the issue, elaborates on the implications of this work with respect to biological feedbacks: "Whatever is going on, researchers are eager to sort it out before one or more of these mysterious sinks stops working. The fertilization effect of carbon dioxide, for example, might run up against some physiologic limit. Then the excess carbon would come out of hiding, suddenly turning up in the atmosphere." 

This new study uses carbon isotopes. Both fossil fuels and plants are lighter in carbon-13 than atmospheric carbon dioxide, so that the decrease in carbon-13 over time in ocean waters gives a measure of how much anthropogenic carbon dioxide (i.e. from fossil-fuel and forest-burning) is being taken up by ocean waters. 

(P. D. Quay, B. Tilbrook and C. S. Wong, "Oceanic uptake of fossil fuel CO2: carbon-13 evidence," Science, v. 256, p. 74, 3 April 1992; "Fugitive carbon dioxide: its' not hiding in the ocean," Science, v. 256, p. 35, 3 April 1992). 

NOTES: The continuing uncertainty over the size of the two main sinks means that any attempt to quantify the "comprehensive approach" and "net emissions" concepts in carbon dioxide emission-limitations, as advocated currently by many governments, will be difficult to the point of impossibility. And it flags a positive feedback - perhaps a profound one - not factored into the climate models: another reason for exercising a precautionary approach to greenhouse-gas emissions. 

GREENPEACE Climate Impacts Database

http://archive.greenpeace.org/climate/database/records/zgpz0620.html
Carbon Dioxide Mitigation Technologies
(Industrial-Scientific Collaboration) 




Presently there is considerable discussion both in scientific and industrial circles as how best to limit anthropogenic emissions of carbon dioxide due to its role in global atmospheric greenhouse warming. A wide range of technologies are being investigated that increase the efficiency of electrical production, decrease the energy needed to power electrical components, limit carbon dioxide and other greenhouse gas emissions etc. etc. 

Under the aegis of National activites, as well as The International Energy Agency (IEA) Greenhouse Gas Programme, research is also being conducted into a broad range of mitigation options and future R&D requirements, including policy and market implications. A large number of political and industrial considerations will have to be taken into account if a formulation of global priorities are eventually to be agreed. Whether events will lead to the need for such a formulation is clearly not possible to forecast at present, it will probably depend on political, social and industrial conditions that might occur if global climatic change were to be demonstrated in an clear and unequivocal manner, and a serious attempt to decrease carbon dioxide emissions were considered necessary. 

One series of options that have attracted considerable attention are those of separation and disposal of carbon dioxide. Among others these range from the use of aquifers, storage combined with enhanced oil recovery, pumping into empty gas reservoirs, and ocean disposal. In the recent IEA international Conference on Greenhouse Gases Mitigation Options (London, August 1995) this latter option was considered a scientifically elegant CO2 mitigation option for the deep ocean in that it accelerates the natural process of transfer of carbon dioxide to the ocean. It was clearly stated, however, that a full understanding of the complex chemical, biological and oceanographic factors has to be acquired before proposing such an option. 

Under such conditions what is the potential role of industry, given that the lead times to develop new products is long and costly, and where funding for research is increasingly competitive? One answer is to contribute to these scientific discussions with ideas that could be perhaps eventually implemented industrially, and which help maintain and strengthen links between industry and science in the area of Global Change. 

An example of this type of activity is the work that ACRI has been undertaking concerning the use of solid carbon dioxide penetrators for the disposal of this atmospheric gas in deep ocean sedimentary formations. This idea has been proposed as an industrial patent by the Joint Research Centre, Ispra, Italy. ACRI in collaboration with Ecole Nationale Superieure de Techniques Avancees, Paris, France, has developed a preliminary conceptual design of an industrial disposal system. Some of the more fundamental science considerations have been investigated by the Joint Research Centre, Commission of the European Communities and the Italian aero-space firm Aermacchi. The results of these studies were presented at the recent IEA Greenhouse Gas Conference in London, UK. 

It needs to be clearly stated that under present international legislation (United Nation Convention on the Law Of the Sea UNCLOS, London Dumping Convention etc.) such a disposal option would not be presently permitted. Further, any proposed use of deep sub-seabed geological formations is one that would need a global social consensus which would be unlikely without unequivocal demonstration as to its long term safety and overall benefit to society. 

However, it needs to be underlined that from a purely technical point of view the proposed solution should, if proven feasible and safe, effectively isolate the carbon dioxide from the overlying ocean waters using the natural barrier properties of the surrounding stable soft clay or carbonate rich sediments. Thus the risk of the eventual return of carbon dioxide to the atmosphere through upwelling of ocean waters can be effectively excluded. Disposal would thus be permanent. A further advantage could be the creation of a waste disposal industry using this type of technology and financed on the polluter-payer principle. The technology appears to be easily within present day carbon dioxide industrial engineering capabilities. Whether in view of the volumes of waste material potentially involved such a solution would be economically viable is clearly at present difficult to assess. 

As an example of an industrial-scientific contribution to international considerations on possible mitigation options, the present preliminary studies aim at focusing discussions on the long-term storage capabilities of deep marine geological formations. Whether this or any other option is eventually considered acceptable or not depends on open discussion by all sectors of society of the advantages and weaknesses of all the alternatives. 

A detailed description of the penetrator option and a conceptual design of an industrial disposal system, as well as the justification for the industrial JRC patent application are shown below. 

· Patent 

· Permanent storage of carbon dioxide in the marine environment: the solid CO2 penetrator. 

· Conceptual design of an integrated solid CO2 penetrator marine disposal system. 

· Model 


Links: 
Marine Carbonate Formations at ME Unit, JRC 
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