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Preface

Like the other books in this series (including my previous book on energy), this is not a guide for the beginner in the strictest sense. In this particular case a certain amount of basic scientific understanding (above all reasonable numeracy) is essential. The minimum entry-level for this book could be specified as an equivalent of the North American high school education; a year or two of university studies (no matter in what subject) would make for an easier read - but, as always, it is not formal qualifications but individual interest, inquisitiveness and willingness to learn that matter most. From that point of view readers who could profit from this book range from true beginners to people who know a great deal about a specific segment of the vast oil-centered enterprise but who would like to learn more about other aspects of this inherently interdisciplinary subject of scientific inquiry.

The book teems with numbers (I am sure too many for some tastes) but I make no apologies for this: real understanding of oil's origins, geology, exploration, extraction, transportation, processing, use and linkages to society and the environment can come only by appreciating the magnitudes of specific time spans, depths, volumes, durations, rates, cumulative totals, concentrations, prices, subsidies and costs that define and govern this vast global endeavor. As for the multitude of technical terms, I have tried to explain them (however briefly) whenever they are first used. All units and their abbreviations are listed in appendix A, and appendix B offers a dozen books for additional reading and a small selection of highly informative websites.

This is my twenty-fifth book, and writing it was enjoyable, but not particularly easy: for every interesting bit of information, for every number and for every conclusion that I have included I had to leave out several times the number of fascinating facts, explanations and useful asides pointing in unexpected directions. Squeezing the universe of oil into 60,000 words of text was an unending exercise in truncation and exclusion. And although this does not excuse all omissions and imperfections of the book, I ask both the experts (who might be incensed by the absence of matters they would have considered essential) and the true beginners (who would have wished for more extensive explanations) to keep in mind the fundamental restriction under which I had to labor. Finally, my thanks to Marsha Filion for giving me another opportunity to write (within the word count bounds) without any bounds, and to Douglas Fast for preparing another crisp set of appropriate images.


World of Oil

If history is seen as a sequence of progressively more remarkable energy conversions then oil, or more accurately a range of liquids produced from it, has earned an incomparable place in human evolution. Conversions of these liquids in internal combustion engines have expanded human horizons through new, and more affordable, means of personal and mass transportation. Anybody with a car in a country with decent highways can travel more than 1,000 km in the course of one day (in Europe this could entail driving in four countries). Any city with a runway long enough to accommodate large jets can now be reached from any other city on the Earth in less than twenty hours of flying time, and trips to Bali or Mauritius are no more exotic than those to Birmingham or Munich. Liquid fuels have created new landscapes of concrete and asphalt highways, overpasses, parking lots, shopping megacenters and endless urban sprawl.

Private cars also provide unprecedented access to choice. They make it easy to buy imported foodstuffs in a store at the other end of a town or to drive, on the spur of the moment, to a restaurant, symphony concert or a football game. They make it possible to live far away from a place of work, to set one's own schedule during vacation drives, to spend free time far from home by fishing or inside a garage installing monster engines and wheels or minutely reconstructing vintage car models.

Liquid fuels, through the combination of fast ships and massive eighteen-wheeler trucks, have brought us Chilean apricots and South African grapes in January and garlic and ginger from China and the Philippines all year round. Liquid fuels have also helped to rationalize productive processes ranging from farming to retailing, changes that include such remarkable organizational feats as just-in-time delivery of goods (large assembly plants working without expensive part inventories) and such profound macroeconomic changes as the runaway globalization of manufacturing where everything seems to be made twelve time zones away.

Modern life now begins and ends amidst the plethora of plastics whose synthesis began with feedstocks derived from oil - because hospitals teem with them. Surgical gloves, flexible tubing, catheters, IV containers, sterile packaging, trays, basins, bed pans and rails, thermal blankets and lab ware: naturally, you are not aware of these surroundings when a few hours or a few days old, but most of us will become all too painfully aware of them six, seven or eight decades later. And that recital was limited only to common hospital items made of polyvinylchloride: countless other items fashioned from a huge variety of plastics are in our cars, aeroplanes, trains, homes, offices and factories.

But if the new oil-derived world has been quasi-miraculous, enchanting and full of unprecedented opportunities, it has been also one of dubious deals, nasty power plays, endless violence, economic inequalities and environmental destruction. Ever since its beginnings, the high stakes of the oil business have attracted shady business deals (from J.D. Rockefeller's Standard Oil to Mikhail Khodorkovsky's Yukos) and begat some questionable alliances (be it the US and Saudi Arabia or China and Sudan). Oil ownership and the riches it provides have empowered dictators (from Muammar al-Qaddafi to Saddam Husain), emboldened autocrats (Vladimir Putin and Hugo Chavez being only the latest prominent examples), financed terrorists (including much of al-qaida's murderous activities), encouraged massive corruption (be it in Nigeria or Indonesia), promoted ostentatiously excessive consumption (mastered by the legions of Saudi princes as well as by new Russian oligarchs), engendered enormous income inequalities and done little for personal freedoms and the status of women.

Many (perhaps too many) books about oil have looked at these economic, social and political linkages. I will begin by briefly examining oil in this context before going on to explore the innumerable quotidian tasks of discovering, producing, transporting, refining and marketing the requisite volume of oil, a mass that now amounts to 4 billion tons a year. Once appreciated, these actions are no less fascinating than the world of political oil intrigues, and only their cumulatively immense ingenuity has made crude oil the single most important source of primary energy in our world.


Chapter 1Oil's Benefits and Burdens

Dominant energies and associated prime movers have left deep, and specific, imprints on society. The age of wood relied on low-density biomass fuels that were not always actually renewable as demand for heating and metal smelting led to often extensive deforestation and overuse of crop residues. Small mechanical prime movers powered by water and wind had a marginal role as human and animal muscles energized most tasks. The coal age introduced fuels that were more energy dense than wood, were available in a highly concentrated manner and in prodigious amounts from a relatively small number of mines, and could economically energize steam engines. These were the first inexpensive mechanical prime movers that not only replaced many stationary tasks that had previously been done by animate power, but also turned old dreams of rapid land and ocean travel into an inexpensive reality.

The introduction and diffusion of refined oil products marked an even more important qualitative shift in modern energy consumption. New fuels were superior to coal in every respect: they had higher heat content, were easier and safer to produce, cleaner and more convenient to burn and offered an incomparable flexibility of final use.

Crude oil, or more accurately a variety of refined oil products, has changed the very tempo of modern life. By allowing the introduction of more efficient prime movers they increased the productivity of modern economies and they accelerated, as well as deepened, the process of economic globalization. Their extraction and sales have fundamentally changed the economic fortunes of many countries, and they have also improved some aspects of environmental quality and added immensely to private and public comfort. The nominal price paid for these benefits - the cost of finding crude oil, extracting it, refining it and bringing the products to the market - has been, so far, surprisingly low.

The history of the oil business and of the price for crude oil paid by consumers are matters of rich documentary and statistical record and I will briefly recount some of their major events, shifts and trends. But the prices that countries and companies pay for importing crude oil and the prices consumers pay when buying refined oil products (directly as automotive fuels and lubricants, indirectly as fuels for public and freight transport and for energy embedded in the production of virtually anything sold today) tell us little about the cost of finding and producing oil, and they are obviously very different from the real cost that modern societies have paid for oil in terms of (what economists so coyly call) the externalities of its extraction, transportation, processing and combustion, as well for ensuring the security of its supply.

That is why in the closing section of this chapter I will describe some of the broader costs of oil's benefits: the environmental consequences of energizing modern economies with liquid fuels ranging from marine oil pollution to photochemical smog and to the combustion of refined products as major contributors of anthropogenic greenhouse gases; the economic, political and social impacts of both owning, and so frequently mismanaging, rich oil resources on the one hand and of being forced to buy them at what often amounts to extortionate prices on the other; and the political, military and strategic designs, calculations and decisions aimed at securing a steady flow of crude oil from the major producing regions and the wider repercussions of these activities.

What we have accomplished with oil

The beginnings of the oil era were not all that revolutionary: they started with a single product limited to just one major market as kerosene refined from crude oil became a major illuminant during the late 1860s and the 1870s. But it was not the only source of light, as city gas, made from coal, had been making great inroads in urban areas and soon afterwards both kerosene and gas were displaced by electricity. And neither the lightest nor the heaviest liquid fractions of crude oil were of much use in the early decades of the oil industry: gasoline was an inconvenient by-product of kerosene refining, too volatile and too flammable to be used for household lighting or heating, and there were no suitable small furnaces that could burn heavy oil for space heating. At least oil-derived lubricants offered cheaper and better alternatives to natural oils and waxes.

Only the invention of the internal combustion engines (gasoline ones during the 1880s and the diesel engine during the 1890s) made oil's lighter fractions potentially valuable but they became indispensable only two decades later, and then only in North America, with the emergence of large-scale car ownership and the diffusion of trucking (elsewhere the conversion from railroad to highway transport and the rise of car ownership began only after WWII). Less than two decades after the first motorized vehicles came the use of gasoline-powered reciprocating engines in flight and, within a generation after this fundamental breakthrough, the emergence of commercial aviation after WWI. During the 1950s this new business was revolutionized by the introduction of the gas turbine, a superior internal combustion engine.

Refined fuels powering massive diesel engines also changed both freight and passenger waterborne transport: all ships that were previously fuelled by coal, from river barges to transoceanic liners, and from fishing vessels to large container ships (whose introduction made marine shipping a key tool of globalization) have benefited from the cleaner, cheaper, faster, more powerful and more reliable manner of propulsion. Small gasoline-powered outboard engines created a new leisure activity in motorized boating. Freight and passenger trains benefited from diesel engines, as did numerous heavy-duty construction and off-road vehicles.

Obviously, refined oil products have had their most far-reaching impact in transportation and I will note the key technical milestones of these advances and describe the current fuel requirements of these activities. The automobile was a European invention and its beginnings go back to 1876 when Nikolaus Otto (see figure 1) built the first four-stroke cycle engine running on coal gas. The first light, high-speed, gasoline-powered, single-cylinder vertical engine using Otto's four-stroke cycle was designed by Gottlieb Daimler and Wilhelm Maybach in 1885 and in the same year Karl Benz built the world's first motorized carriage powered by his slower horizontal gasoline engine. After a complete redesign by Emile Levassor in 1891 the standard car design was virtually complete by the mid-1890s: the combination of four-stroke gasoline fuelled engine, electrical ignition and a carburettor launched the largest manufacturing industry in history whose expansion still continues.

An entirely different mode of fuel ignition was patented by Rudolf Diesel in 1892 (see figure 1). Fuel injected into the cylinder of diesel engines is ignited spontaneously by high temperatures generated by compression ratios between 14-24, a range twice as high as that of Otto's engines. Diesel engines work at a higher pressure and lower speed and are inherently more efficient: their best performance can surpass 40%, compared to just over 30% for the best Otto engines. Perhaps the second most important advantage is that diesel fuel is also cheaper than gasoline yet it is not dangerously flammable.

[image: Figure 1: Creators of the automobile age (clockwise): Nicolaus Otto, Karl Benz, Gottlieb Daimler and Rudolf Diesel]Figure 1. Creators of the automobile age (clockwise): Nicolaus Otto, Karl Benz, Gottlieb Daimler and Rudolf Diesel
Low flammability makes diesel engines particularly suitable in any setting where a fire could be an instant disaster (such as onboard ships) as well as in the tropics where high temperatures will cause little evaporation from vehicle and ship tanks. And the combination of high engine efficiency and low fuel volatility mean that diesel-powered vehicles can go farther without refuelling than equally sized gasoline engines. Additional mechanical advantages include the diesel engine's high torque, its resistance to stalling when the speed drops, and its inherent ruggedness.

But early diesel engines were simply too heavy to be used in automobiles and gasoline-fuelled machines were not an instant success either: for more than a decade after Levassor's redesign (and also after Charles Duryea built the first American gasoline-fuelled car in 1892) cars remained expensive, unreliable machines bought by small numbers of privileged experimenters. This changed only with Henry Ford's introduction of the affordable and reliable Model T in 1908 and with the expansion and perfection of mass production techniques after WWI. Greater affordability combined with higher disposable incomes alongside technical advances in car design and better automotive fuels led to an inexorable rise in car use, first in the US, and then after 1950 in Europe and Japan, and now throughout much of continental Asia.

The combination of America's affluence and perfected mass production gave the country a more than 90% share of the world's automotive fleet during the late 1930s, but the post-WWII economic recovery in Europe and Japan began to lower this share. In 1960, the US still had 60% of the world's passenger cars, but by 1983 Europe matched the US total and the continent is now the world's largest market for new vehicles while China became the fastest growing new car market during the 1990s. In 2005 passenger car registrations surpassed 700 million (see figure 2) and there were also more than 200 million trucks, buses and cars in commercial fleets. Because the typical performance of their engines remains rather inefficient their claim on refined fuels remains high.

[image: Figure 2: Worldwide car ownership, 1900-2005]Figure 2. Worldwide car ownership, 1900-2005Extended descriptionA line chart on a logarithmic scale. The vertical axis is the total number of motor vehicles, from 100,000 up to one billion; the horizontal axis runs from 1900 to 2005. Separate rising curves are drawn for the World, the USA, Europe, Japan and China. The USA dominates the first half of the century, climbing from about 100,000 vehicles around 1900 to more than 100 million by mid-century. Europe and Japan rise steeply after 1950, and China climbs almost vertically from a very low base after about 1980. The world total approaches one billion vehicles by 2005. The shared S-shape shows every region passing through the same phase of explosive early growth that later flattens.


Any brief recital of the key economic, social and behavioral impacts of global car use must include, on the positive side of the ledger, unprecedented freedom of travel, expansion of individual horizons, flexibility and convenience and the enormous contribution to the prosperity of modern economies where car building is the single largest industry (in terms of added value) and where activities associated with the ownership and driving of cars create a large share of gross domestic product. The two lead items on the negative side are a large death and injury toll (worldwide, about 1.2 million deaths every year, and some twenty million injuries to drivers, passengers and pedestrians) and various environmental impacts. Traffic jams, now nearly

Gasoline Consumption By Cars

The best practical efficiency of the four-stroke Otto cycle engine used in gasoline-fuelled passenger cars is around 32%, but engines in everyday use commonly achieve no more than 25%. Frictional losses cut the overall efficiency by about 20%, partial load factors (inevitable during the urban driving that makes up most car travel time) reduce this by another 25%; accessory loss and (increasingly common) automatic transmission may nearly halve the remaining total so that the effective efficiency can be as low as 7-8%. Besides, for most of their history cars have not been designed to minimize gasoline consumption, and this has been particularly the case in the world's most important car market: America's preference for large cars, decades of low gasoline prices and heavy Detroit designs resulted in declining performance of the post-WWII US car fleet.

In 1974 specific gasoline consumption (expressed in Europe in L/100 km) actually increased by about 15% in comparison with the machines from the 1930s; the US uses a reverse measure of performance, miles per gallon (mpg), and hence this rate declined between the mid-1930s and 1974. Only OPEC's oil price increases brought a rapid turnaround as new federal rules (known as CAFE, Corporate Automotive Fuel Efficiency) specified gradually improving performance: the average was doubled in just twelve years, from 13.5 mpg in 1974 to 27.5 mpg (8.6 L/100 km) by 1985. Expanding imports of more efficient European and Japanese cars further improved the overall performance. Unfortunately, the collapse of high oil prices in 1985 and then the economic vigor of the 1990s reversed this trend, as pick-ups, vans and SUVs (sport utility vehicles: a monumental misnomer), all used primarily as passenger cars yet all exempt from CAFE standards, gained nearly half of the US car market and dragged average fleet efficiency backwards.

Specific performance of these excessively large and powerful vehicles is mostly below 20 mpg (above 11.8 L/100 km), some of them weigh more than 4 t and need at least 15 L/100 km in highway driving (in 2005 GMC's Yukon and Chevrolet's Suburban and Tahoe were in this monster category). Moreover, the declining efficiency has been accompanied by a steady increase in average distance travelled per year: that rate barely moved between 1950 and 1975 (up by just 3% to 15,400 km/vehicle) but by 2005 it rose by more than a quarter to reach nearly 20,000 km. High gasoline prices in 2005 and 2006 led to a weak SUV market but one should never underestimate the addiction of American drivers to these monster machines.

Better alternatives are readily available: the bestselling Honda Accord needs less than 6.5 L/100 km, the Honda Civic 5.7 17100 km, and the hybrid Honda Insight just 3.3 L/100 km on a highway. The resumption of the 1973-1985 CAFE rate of improvement would have American cars averaging 40 mpg by 2015 and a more aggressive adoption of hybrids could bring the rate to 50 mpg (4.7 L/100 km), halving current motor gasoline consumption and sending global oil prices into retreat.

In 2005 gasoline accounted for about 25% of global refinery output, a total of roughly 900 Mt. The US share of global gasoline consumption was about 43% of the total: the country now consumes more gasoline than the combined total for the EU, Japan, China and India. The EU, with a population about 50% larger than the US and with car ownership nearly as high as in the US, consumed only about 13% of the world's gasoline. The key factors explaining this difference are a higher number of diesel engines, smaller and more efficient gasoline-fuelled vehicles, and average annual distance travelled by car being only about half of the US mean. Japan consumed 5% of all gasoline, China nearly as much (for a population ten times larger than that of Japan) and India claimed just 1%. These comparisons indicate the enormous potential demand for motor gasoline as car ownership increases in Asia's two most populous economies. They also make it clear that only a radical redesign of cars will be able to satisfy these enormous markets.


chronic in most large urban areas, loss of land (often prime farmland) to highways and parking lots and the destruction of traditional urban patterns are other common negatives.

The diesel engine has changed the world no less than its lighter but less efficient gasoline-powered counterpart. High weight/power ratio had delayed the use of diesels in passenger cars until after WWII but by the 1930s they were well on their way to dominate all applications where their higher mass made little difference, that is in shipping, on railways, in freight road transport and in agriculture.

Just before WWII one out of every four cargo ships was powered by diesel engines. Conversion to diesel accelerated after 1950 and today about nine out of ten freight ships are propelled by them, including the world's largest crude oil tankers and container vessels whose incessant traffic is the principal link between the producers and markets of the global manufacturing economy. The largest ships now have capacities in excess of 100,000 dwt and are able to carry more than 6,000 stacked containers at speeds approaching 50 km/h. Germany's Maschinenfabrik Augsburg-Nürnberg (MAN), Japan's Mitsui and South Korea's Hyundai are the leading producers of large marine diesels whose power continues to increase.

Combustion of diesel oil has multiplied the energy efficiency of railway transport as the replacement of coal-fired steam locomotives by diesel engines boosted the typical conversion efficiency from less than 10% to at least 35%. Trunk rail lines everywhere are now either electrified or use diesel-powered traction.

Diesels began to replace gasoline-fuelled vehicles in heavy road transport in 1924 when the first direct-injection diesel engine was made and when MAN and Benz and Daimler (two years before their merger) began to make diesel-powered trucks. By the late 1930s most of the new trucks and buses built in Europe were powered by diesel engines and after WWII this dominance was extended to every continent. Diesels also power most of the heavy duty machines used in construction and surface mining, a variety of off road vehicles (including trucks used in seismic exploration for oil), as well as those quintessential machines of modern land warfare, main battle tanks (although the US Abrams Ml/Al is powered by a gas turbine).

In 1926 Daimler Benz began to develop a diesel engine for passenger cars; their first model, a heavy saloon car introduced in 1936, became a favorite taxicab. Lighter, and also less polluting diesel engines were developed after 1950: consequently, the diesel engines in today's passenger cars are only slightly heavier than their gasoline-fuelled counterparts and they meet strict air quality standards. Although passenger diesels are still rare in North America, in Western Europe (with more expensive gasoline) they now have about 45% of the new car market.

A light gasoline-powered four-cylinder internal combustion engine built by the Wright brothers also powered the first flights of a heavier-than-air machine that took place at Kill Devil Hills, North Carolina on 17 December 1903 after Wilbur and Orville solved the key challenges of balance and control and proper wing design by building a series of experimental gliders. Military planes powered by high-performance reciprocating engines saw plenty of action during the closing years of WWI and commercial flight began during the early 1920s, less than two decades after the Wrights' pioneering lift-off, and by the late 1930s multi-motor hydroplanes were crossing the Pacific in stages. The performance of reciprocating aviation engines continued to improve until the late 1940s but their limits were clear: they had relatively high weight/power ratios, their reciprocating motion subjected the aeroplanes to constant vibration, they could not develop speeds in excess of 600 km/h and could not sustain flight at high altitudes, above the often violent weather.

Prospects for long-distance commercial aviation changed fundamentally with the invention of jet engines and with their rapid adoption by airlines. Although the adjective is misleading, because the machines can burn both liquid and gaseous fuels, the proper technical name for jet engines is gas turbines. They are, much like the engines that power land vehicles, trains and ships, internal combustion engines but they differ from Otto and diesel engines in three fundamental ways. In jet engines the compression of air precedes the addition of fuel in a combustor, the combustion goes on continuously rather than intermittently, and the energy of the hot air flow is extracted by a turbine that is connected to the compressor by a shaft. Gas turbines first compress the air (20-35 times above the atmospheric level) and raise its temperature (to more than 500° C) before forcing it through the combustion chamber where its temperature more than doubles. Part of the energy of the hot gas rotates the turbine and the rest generates forward thrust by exiting through the exhaust nozzle.

Specific kerosene consumption (usually measured per passenger-kilometer) has been steadily decreasing and the new

Gas Turbines In Flight

The actual construction of the first viable jet engine prototypes was a notable case of independent parallel invention as Frank Whittle in the UK and Hans Joachim Pabst von Ohain in Germany designed the first practical engines during the late 1930s. Von Ohain's version was first tested on 27 August 1939 in an experimental Heinkel-178 and Whittle's engine powered the experimental Gloster on 15 May 1941. Improved versions of these engines entered WWII service too late (in July 1944) to make any difference to the outcome of the war.

Most of the great innovative military jet engine designs - driven by demands for ever higher speeds, altitudes and maneuverability - originated in the US and the USSR, but the British de Havilland Comet, powered by four de Havilland Ghost engines, became the first passenger jet to enter scheduled service, between London and Johannesburg, on 5 May 1952.

At 640 km/h the Comet was twice as fast as the best commercial propeller aeroplanes but it carried only thirty-six people and its engines had a very low thrust making it prone to loss of acceleration during takeoff. But these drawbacks were not the reasons for the plane's catastrophic end. After three Comets disintegrated in the air between 1953 and 1954 all Comet flights were suspended and the fatal accidents were traced to the fatigue and subsequent rupture of the pressurized fuselage. When a completely redesigned Comet 4 began flying in October 1958 two other turbojets were in regular service, the Soviet Tupolev Tu-104 and the Boeing 707. The 707 was the first in a long line of the most successful commercial jet aircraft that includes the 737 (the bestselling jetliner in history) and the jumbo 747, the first wide-body jet (in scheduled service since January 1970). This enormous plane (maximum take-off weight of nearly 400 t) was made possible by the development of turbofan engines.

By changing the gas compression and adding extra fans ahead of the compressor, two streams of exhaust gas are created - high speed core exhaust which is enveloped by a volume of slower bypass air, this reduces noise and produces a higher thrust. While turbojets reach their peak thrust at the very high speeds needed for fighter planes, turbofans do so at low speeds, a great advantage in making heavy planes airborne. The rapid post-1970 worldwide expansion of commercial flying would have been impossible without the very high reliability and relatively low fuel consumption of turbofans.


Boeing 787 (Dreamliner) will be about 15% more efficient than its competitors. Still, the fuel consumption on long-distance flights is high: for a trans-oceanic flight nearly 45% (about 175 t) of a Boeing 747 is kerosene and at cruising altitude (typically 10-12 km above sea level) the aircraft's four engines consume about 3.2 kg of the fuel every second. Aggregate statistics show that during the last fifty years air travel had the highest growth rate among all transportation modes. The annual total of passenger-km flown globally by scheduled airlines surpassed 40 billion in the early 1950s and after doubling (on the average) in less than every six years it reached nearly 3 trillion in the year 2000 and 3.7 trillion in 2005 (see figure 3). At the same time, worldwide

[image: Figure 3: Exponential increase in total passenger-kilometers flown annually by scheduled airlines, 1920-2005]Figure 3. Exponential increase in total passenger-kilometers flown annually by scheduled airlines, 1920-2005Extended descriptionA line chart. The vertical axis is total passenger-kilometers flown each year by scheduled airlines, measured in trillions from 0 to about 3.7; the horizontal axis runs from 1920 to 2005. A single curve stays almost flat and near zero until about 1950, then climbs with accelerating, near-exponential growth to roughly 3.7 trillion passenger-kilometers by 2005 — the characteristic hockey-stick shape of post-war air travel.


air cargo services were just 200 million t-km in 1950 but by the year 2005 they were more than 140 billion t-km, nearly 90% of it on international routes. Aggregate fuel consumption in commercial aviation is less than a quarter of the total claimed by gasoline: in 2005 aviation kerosene was about 6% of total refinery output, in the US it was about 8%.

Nearly two-thirds of the world's refined products are now used in transportation (roughly 1.8 Gt in 2005) and in the US that share is now nearly 70%. The sector's dependence on Liquid fuels is even higher: in the US nearly 98% of all energy used in transportation comes from crude oil, and worldwide that share is nearly 95%. Yet it can be argued that the most profound transformation effected by Liquid fuels was the massive, and in affluent countries now pervasive, mechanization of agricultural tasks, a grand transformation of the most important economic activity that has been driven by a fundamental change of prime movers.

All pre-industrial agricultures (regardless of their particular organization or average productivity) were energized solely by solar radiation whose photosynthetic conversion produced food for people, feed for animals and organic wastes whose recycling replenished soil fertility. But this renewability did not translate into a reliable supply of food. Poor agronomic practices, low yields and natural catastrophes brought recurrent food shortages and higher yields required more human and animal labor.

AU traditional agricultures were highly labor-intensive, commonly employing in excess of 80% of all labor. Horse-drawn machines (gang ploughs, binders, harvesters and combines) gradually began to reduce this share during the nineteenth century but the most precipitous drop came with the adoption of tractors and self-propelled agricultural machinery. US labor force in agriculture declined from nearly 40% in 1900 to
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The Latest Oil Price Spike
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Oil As Casus Belli
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