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 Here in North America and elsewhere, we may be approaching the end of the petroleum age.  By this I mean that by the end of the current century, the cost curve per unit of energy could shift in favor of alternate energy sources.  Undoubtedly, considerable sources of natural gas and crude oil will still be available for exploitation, but I predict that these traditional energy sources may no longer be economically competitive.  So many unexpected things can happen in the next 96 years that I won’t bet money on my prediction; nonetheless, this letter is about some of the initiatives begun on alternate energy that could lead to new economically viable sources. 

 

 The majority of the world’s population lives near the seacoast, which offers certain advantages and disadvantages.  Examples of the former are generally milder climates because the ocean’s heat storage capacity is greater than that of the land; continental shelves have traditionally been a major food source for humans of fin and shellfish; and finally, coastal harbors are ideal terminals for the exchange of ship-borne bulk cargoes.  In some parts of the world, however, the coast is a dangerous place to live because of the threat of damage to shore side structures from hurricanes in the Atlantic and typhoons in the Pacific. 

 

 Being near the ocean shore has the potentially great advantage of tapping the nearby energy generated by waves and tides.  Plans to tame the latter were promoted during Franklin Roosevelt’s administration (1933-45), especially the proposal to build a barrage across Passamaquoddy Bay—an arm of the Bay of Fundy between southern New Brunswick, Canada and the eastern tip of Maine.   This Bay is famous for its tidal range—10 or more meters between high and low tides.  Roosevelt’s family had a summer place on Campobello Island just across the border in New Brunswick and he regularly watched the twice-daily tidal surges.  Roosevelt’s Campobello neighbor, Dexter P. Cooper, was fixated on the idea of harnessing this tidal power and, backed by General Electric, Westinghouse and turbine manufacturers, he successfully persuaded Roosevelt to initiate the project.  Roosevelt in turn directed the Army’s Corp of Engineers (COE) to start the project.  A site was chosen and barracks were built to house newly employed workers as part of Roosevelt’s WPA efforts to create jobs.  Unfortunately, limits were set on what the COE could do, including the requirement that only one bay be closed and no Canadian bays be included. 

 

 The Corps labored mightily on plans, but in the end the construction problems proved insurmountable and the project was abandoned.  The harnessing of salt-water currents meant that the steel and copper used in the turbines and valves would be subject to great galvanic action.  (Metals made from different minerals in contact with each other corrode rapidly in salt water.)  Furthermore, maximum current surges at half tides (both  
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incoming and outgoing) are set by the lunar cycle and have no relation to the timing of peak electrical demand on the grid (basically during daylight.)  In conventional river dams where excess power is generated at night when demand is low, the surplus is used to pump water up to an artificial lake above the dam.  During peak power demand, the lake water is released through penstocks to generate the extra power to meet demand.  Had the COE been able to dam two bays (one on the Canadian side), water stored at high tide behind one dam could have been released when the other bay was emptying at low tide in a manner similar to the high altitude lake storage system used in conventional hydroelectric projects. 

 

 Despite the failure of this 1930’s project, a small tidal power plant was built by the Canadians at Annapolis Royal, Nova Scotia, at the east end of the Bay of Fundy where the tidal range is the highest in the world—12 to 15 m.  This is the only tidal power plant in the western hemisphere and has a 20-megawatt capacity—or about 1% of Nova Scotia’s electric power capacity. 

 

 I have related this story to show that in the past technology then was not sufficiently advanced to harness tidal power.  Conditions have changed, however, and the time may be right for another try.  At the head of the Bay of Fundy a 5 km wide channel flows past the north side of Cape Split.  At peak flow the tidal current moves at 8 kts. (about 9 mph) and the volume of water pouring through that channel (two times/day) equals the combined flow of all the streams and rivers on earth (4 cubic kilometers per hour).  It is a tempting place for a new effort. 

 

 Meanwhile, Britain and other northern European countries, despite their recent access to North Sea oil and natural gas, are still trying to exploit tidal power.  According to a report in New Scientist (27 September 2003), next year a pilot machine called the Snail will be sunk off the Scottish coast.  The Snail project will attempt to solve the persistent problem of how to anchor the turbine to the sea floor.  Traditionally, the more massive the sunk turbine, the more securely it can be attached to the bottom; the bigger the turbine mechanism, the more difficult it is to maneuver it to exactly the right spot for attachment to the sea bed—especially in the rough waters of offshore Scotland.  Snail is relatively small and light, being only 15 m high and weighing just 20 tons.  It will be sunk in water deep enough to avoid changing tidal flow patterns and will be kept in place by three sets of hydrofoils whose planes are at right angles to the tidal current.  Thus when angled downward towards flow direction, the current forces Snail down on its seafloor substrate.  When the tide reverses direction, the hydrofoils are reset to continue this downward force generated by the reversed current with the turbine rotated 180 degrees to catch the new tidal flow.  A prototype will be tested next year off the west coast of the Orkney Islands in northern Scotland.  Despite the strength of the tide at peak flow, tides have the unstable aspect of ceasing to flow at all twice a day when they  
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reverse.  Furthermore, peak generation of the turbine’s output bears no relation to prime power demand time on the grid.  However, once properly anchored and debugged, enough Snails installed in Scottish waters could generate as much electricity as a half dozen nuclear plants and without the problem of disposing of waste nuclear fuel. 

 

 Tidal currents are not the only potential ocean energy source; waves may also be used in the future.  The rough waters off the Orkney’s at Billia Croo will soon be the site for the first test of machines to convert wave-power to electricity.  With funding from the British government and the European Marine Energy Center, engineers involved believe they have at last developed a storm-proof mooring system and cables armored sufficiently to hold up against whatever conditions the local storms can generate.  These two crucial components—mooring system and cable strength—have both failed in past efforts; these efforts to use wave-generated electricity lag way behind those using wind and tidal power sources.  Currently, there is only one shore-based wave-powered generator supplying electricity to the UK’s grid—on the Isle of Islay off the Scottish west coast.  Engineers believe that an offshore facility can generate power better than an onshore one that must use the pounding surf near shore. 

 

 Two wave-activated devices will be tested.  One, called Limpet, depends on the vertical wave motion to force air through an upright cylinder, which in turn powers a turbine to generate electricity for the grid.  This is the type currently operating on Scotland’s Islay Island. 

 

 The second device, named Pelamis, is a bit more complicated.  Pelamis, incidentally, is the generic name for the poisonous sea snake of the Pacific coast of Mexico and Central America.  The machine consists of a string of five cylinders, 3.5 m wide and 30 m long (total length 150 m).  Each section is connected with a hinged joint attached to hydraulic rams within the cylinder.  As waves cause each cylinder to bend at its joints, the rams pump high-pressure oil through hydraulic generators. 

 

 The electricity generated by the pumping action of rams is transferred by armored cable to the seabed mooring from which power passes to the grid through the shore station.  The action of the ram pumps at the joints can be minutely controlled to ensure maximum pumping efficiency according to wave size.  Flexible mooring attachments allow the 150 m long Pelamis to swing continuously at right angles to the approaching waves.   

 

 The two devices described above are prototypes and are currently estimated to generate electricity at about twice the cost as that produced by conventional nonrenewable sources such as coal or oil.  The important point, however, is the investment now being made in Britain and elsewhere in Europe in alternate energy  
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sources.  Thanks to the political power of America’s farm lobby, the US seems to be concentrating on alternate fuel produced from corn.  Clearly, it will be decades before windmills, wave machines and solar panels can compete with carbon petroleum products.  At the current rate of consumption, I believe my grandchildren will be alive when the cost curve starts to cross and energy sources, such as I have described, will be commonplace in Europe, parts of Asia and, I optimistically hope, in our country too 
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