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CCS already labours under something of a public relations disadvan​tage, due to its association with the unpopular petroleum, coal and electricity industries. It needs only to attract support from politicians, lawyers and real-estate agents to be completely condemned. CCS might suffer from its promotion by the Bush-era initiative on the 'Asia-Pacific Partnership on Clean Development and Climate', widely (and rather accurately) perceived as a literal and metaphorical smokescreen for pol​luting countries and industries to escape mandatory carbon curbs8 and dismissed as 'a nice little PR ploy' by none other than former presiden​tial candidate John McCain.9 The debate is further clouded by 'clean coal', a term trotted out by industry groups such as the American Coa​lition for Clean Coal Electricity. Indeed, coal has become vastly cleaner in recent years in terms of non-greenhouse pollutants such as sulphur dioxide. But to be meaningful at all, 'clean coal' has to include carbon capture on at least 85-95% of its emissions. Otherwise, as in Joel and Ethan Coen's satirical adverts,10 'clean coal' becomes a byword for hype, empty spin and evading environmental responsibility. Such bad press leads the public to be suspicious of carbon capture's environmental and safety credentials. There is a natural cynicism when industry proposes a solution so convenient to itself, however solid the scientific arguments. Scrutiny is intensified when the oil and coal indus​tries take the lead in campaigning against climate change bills, as dur​ing August 2009,n and score PR own-goals such as forging letters opposing environmental legislation. Part of this lobbying is a reaction to elements of the proposed legislation, rather than to the idea of limit​ing carbon dioxide emissions per se, but the subtlety of this message can easily be lost. Carbon capture may come to be seen—indeed, is sometimes already seen—as just one more tactic from the energy industry to delay or avoid taking real action on climate change.12 The major elements of the fossil fuel industry, particularly in the USA, were so slow to acknowledge the reality of climate change, denied the science at every turn, and still continue to spread doubt and misinformation, even allegedly generating fraudulent grass-roots campaigns.1" By doing so, they set themselves up to be the villains of the piece. To some extent, the global debate over carbon capture (and, indeed, over climate change legislation) is now being held hostage by the ideological clash in the USA between left and right. In Europe, a few mavericks apart, business and environmentalism agree much more closely than they might realise on the science of climate change, and the key solutions. Such public opposition can lead to lengthy delays, lawsuits, planning inquiries, permitting challenges and direct protests, against new CCS power plants, carbon dioxide pipelines and storage sites. A backlash from taxpayers or electricity consumers might be caused by percep​tions that heavy subsidies or rising power prices are being used to sup​port carbon capture. The substantial government aid being given to renewable energy in many developed countries may be more popular. Government programmes, as with America's FutureGen, may be more vulnerable to cuts amid the fickle winds of political fortune than those led by companies planning for their future. Recovery from the financial crisis will, at some point, have to be paid for by spending cuts and tax increases, and this may crimp funding for new technologies, however environmentally vital.
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These clusters can save costs, couple power and (often smaller) indus​trial sources, optimise re-use of waste heat, share common pipelines and sinks, simplify permitting and gain greater public acceptability. Installations requiring pure oxygen supply—synfuels, hydrogen genera​tion, IGCCs, oxyfuel power plants, and oxyfuelled cement, steel- and glass-making—could be grouped to share a single oxygen plant. Heat from steel- and glass-making can be used to regenerate C02-capture solvents. 'Polyfuels' plants, capable of producing electricity, heat, syn​thetic fuels, hydrogen and pipeline-ready carbon dioxide, can be par​ticularly efficient and responsive to market demand. If air capture begins to emerge, a few small units could be added to take advantage of available compression and pipelines, in order to test the technology at modest cost. The creation of such industrial clusters may require sup​portive public policies, and be facilitated by building alliances between industries that historically have had little to do with each other. Industry, in particular, will also have to consider capacity-building. Geoscientists, technicians and engineers will be in particularly heavy demand, and, for engineering in particular, businesses will have to compete with other 'green jobs1 in wind, solar, nuclear48 and so on. Engineers will have to be able and creative to design highly efficient systems, and to capture the opportunities that exist in integrating heat recovery, building 'poly-generation* systems and combining power plants with industrial capture. For geosciences, most of the skill set already exists in the petroleum business, but the average age there is high, usually estimated to be over fifty, and many people are coming up to retirement. During the recent economic boom, human resources, especially of experienced engineers, were in short supply. If the same constraints come to apply again, during a rapid transition to future energy sources including CCS, then it may prove better to design sim​ple, robust systems rather than highly optimised ones which are harder to build and operate. As well as these human resources, there is also a need for lawyers, financiers, commercial people and negotiators, biologists (for assessing environmental risks and developing bio-sequestration), social scientists (for building public acceptability), accountants, consultants, regula​tors, communications and PR staff, and researchers including chemists and materials scientists. Many of these will have to be people with experience in related fields, who can easily adapt to CCS. For instance, the petroleum consultancy Senergy also offers carbon storage studies. The management consultancies McKinsey and Boston Consulting Group and accountancy firms Ernst and Young and KPMG have pub​lished significant studies on CCS.49 Increasingly, as the industry grows and matures, university students will seek supporting qualifications. Encouragingly, the University of Edinburgh already offers a Masters Programme in Carbon Capture and Storage50 and the University of Durham in northern England include CCS in their undergraduate teaching programmes and as part of the training within the newly established (2009) Centre for Doctoral Training supported by the UK's Engineering and Physical Science Research Council (EPSRC).51
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Universities, professional training and development organisations and recruiters will benefit from teaching professionals the various skills associated with CCS, and connecting them to employers. Venture capi​tal may have some role, particularly in supporting some of the niche technologies mentioned above, and perhaps in funding direct carbon fuel cells, for which a mere $20 million might be enough to get to a prototype.137
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Bio-sequestration has a radically different risk profile from carbon capture. The technology is simple and requires no particular scientific advances. The costs are low, at least at first. The approach is popular with the general public in developed countries, and could offer major benefits (financial and environmental) to the poor in the developing world, but faces some big social and organisational challenges. And the permanence of sequestration varies by technique, but is generally low: most bio-sequestration methods are highly vulnerable to short-term leakage.

