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Review of energy issues (February 2007) 

Although mainly concerned with renewable options, the Special Section on sustainability 
and energy in the 9 February 2007 issue of Science (v. 315, p. 781-813) contains a wealth of 
interesting and informed reading. There is nothing substantial on geothermal energy, but 
the Special Section does address carbon sequestration from a geoscientific standpoint 
(Schrag, D.P. 2007. Preparing to capture carbon. Science, v. 315, p.812-813; DOI: 
10.1126/science.1137632). One side to the approach is deliberately burying the CO2. The 
other is to stimulate natural biological productivity in some way and either preserve vast 
new forests or hope that dead marine phytoplankton are buried in sea-floor mud before 
being digested.  As well as applying to the dominant and probably growing contributor of 
CO2, coal, artificially burial can be used with fuels derived from biomass, to give a negative 
balance to emissions. But such sequestration realistically applies only to point sources, i.e. 
to power stations, and they have to be sited close to rocks and structures with the potential 
to retain gas over lengthy periods. The most obvious storage targets would be in the form of 
petroleum traps. Known oil and gas fields are under serious consideration, especially since 
gas injection (a well-rehearsed technology) would help maintain their commercial viability. 
Sub-sea burial has some advantages, as high pressure combined with low temperatures can 
exploit the ease with which CO2 changes phase to a liquid, or enters ices as a gas hydrate, 
much like methane. 

However, geological solutions have tight limits. With over a trillion tonnes of CO2 seeming 
destined for release before the end of the 21st century, known petroleum reservoirs globally 
cannot possible take up the volume. As low place-value resources, their very remoteness 
from power stations also makes many of them non-starters – Arabia, Iraq, Alaska, Libya, the 
Niger Delta to name but a few.  For the UK, it may be that the almost completely 
unsuccessful onshore rounds of petroleum exploration here in the 1980s and early 90s may 
yet pay a dividend, for many suitable structural and stratigraphic traps were found with 
reserves that would not repay drilling. Disposal of their present fluid contents, whether 
hydrocarbons or saline brines, would still have be taken into account, if filled with power 
station emissions. The Bush regime in the US hypes ‘clean coal’, presumably with 
sequestration, as its way forward, ignorant of these and other difficulties. 

There is an alternative kind of reservoir to petroleum traps, on a suitably grander scale: 
continental flood basalts (Jayarama, K.S. 2007. India’s carbon dioxide trap. Nature, v. 445, p. 
350; DOI: 10.1038/445350a). Experiments suggest that CO2 reacts quickly with the 
dominant minerals in basalts, under the right conditions – supercritical temperatures and 
pressures. Although basalts are ‘tight’ to fluid transport, many CFBs overlie thick 
sedimentary sequences, so the gas could be pumped in underneath to react with the basal 
flows. Coincidentally, India, the world’s second largest coal user in future, has the massive 
Deccan Traps as well as plenty of coal. Estimates of a trapping potential for 15 years worth 
of global emissions have been made. There are many issues to resolve, such as the bulk 
permeability of the 65 Ma lavas and whether they will indeed be able to react with hot 
carbon dioxide. The Deccan is also notable for its considerable relief, dominance by 
agriculture and distance from coal supplies, all of which pose major challenges. Other vast 
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tracts of CFBs in Ethiopia, southern Africa, Siberia and South America are pretty remote 
from population centres too, by virtue of their high elevation and lack of valuable resources. 
The city of Belfast in the UK, however, is close to the Antrim basalts made famous by the 
Giants’ Causeway… 

 

The return of the Malthusians (July 2007) 

The lugubrious predictions of the Reverend Thomas Malthus in An Essay on the Principle of 
Population (1798) have yet to be confirmed in the field of food supply. In 1972 the 
somewhat shadowy Club of Rome commissioned a Malthusian examination of physical 
resources. That appeared in 1972 as Limits to Growth authored by Donella and Dennis 
Meadows, Jørgen Randers, and William Behrens III. It too offered a gloomy view of the 
future from an analysis of interactions between the Earth's and human systems using the 
World 3 systems model.  

Limits to Growth may well have united branches of science around the idea of the Earth 
system, but it has continued to draw scorn from geoscientists for its failure to understand 
the commercial extraction of metals. By now we would be living in a society bereft on most 
of them, had Meadows et al. been anywhere near the truth. Oddly, 35 years later – about 
the maximum time used for forward planning by mining companies – Malthus’s inheritors 
are back (Cohen, D. 2007. Earth's natural wealth: an audit. New Scientist, v. 194, 26 May 
2007, p. 34-41.). Today’s technology depends on a wider range of metals than that of the 
early 1970’s: tantalum for cell phones; indium in flat-screen TVs; platinum in fuel cells, and 
gallium plus indium in the next generation of photovoltaic solar cells. Comparing reserves of 
metals with extraction rates inevitably gives a finite lifetime of those reserves. Once again, 
many of them are a lot less than 30 years. So, despite a useful summary of the current 
situation, lessons of economic statistics remain to be learned. 

The most interesting statistics concern where some of these metals are most concentrated. 
Kazakhstan and South Africa control 95% of world chromium; South Africa has 88% of the 
platinum; more or less all tantalum is in Australia and Brazil, and if you need antimony China 
is the port of call for 60% of it. Uniquely, gallium is ubiquitous. Geographic limits to supply 
creates the conditions for cartels and price manipulation. Tantalum, in the form of its ore 
coltan, is one of the most portable and profitable metals. Along with diamonds and gold, 
much of the blood money responsible for more than 3 million deaths in Congo is associated 
with coltan smuggling. North America, Japan and Europe are short of nearly all metals. What 
is certain is that they will continue to consume the most per head, and other people are 
highly unlikely to get the technologies based on odd metals like hafnium  and terbium. 

 

Deep-sea mining (July 2007) 

One of the counter arguments to Limits to Growth in the 1970s was that its analysis was 
based on well-known kinds of mineral deposit: there might be many other kinds. At the 
time, manganese nodules on the ocean floors seemed to offer a great deal, and since they 
form continually they might be renewable resources. In fact manganese nodules are far 
from being an economic proposition 30 years on, but other submarine metal deposits are 
about to come on stream. Among the largest terrestrial sources of copper, zinc, lead, silver 
and gold are volcanogenic massive sulfide (VMS) deposits, and all formed in volcanically 
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active areas on the ocean floor. Many are forming today, or still lie beneath the sea in now 
dormant areas of hydrothermal venting. 

Old ‘black smokers’ off New Guinea are scheduled to be dredged up commercially from 
2009 (Schrope, M. Digging deep, Nature, v. 447, p. 246-247; DOI: 10.1038/447246a). 
Nautilus Minerals, the operator, will mine about 200 x 200 m to 15 m below the surface per 
year, about 40 time less than the volume that would have to be mined on land for an 
equivalent mass of metals. That is the biggest attraction of young massive sulfides; they are 
a superficial debris layer rather than being wedged between older and younger sediments in 
ancient on-shore deposits, that often dip steeply. Environmentalist adherents to Limits to 
Growth countered the submarine resource solution by fears of massive pollution and 
marine degradation. The fact is, base metals are pumped onto the sea floor at high 
concentrations by natural hydrothermal processes. 
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