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  Taking a Dispassionate Look at LNG




  EVERY time I told people involved in any way with liquefied natural gas (LNG) that my goal was to write a dispassionate view of the issues surrounding LNG, they laughed, often with outright guffaw. Within the world of LNG, there is no dispassion. All participants know what they think, and they’re not likely to be influenced by another view. But, what about the rest of us? We hear talk of LNG as if it would be the saving of the world, and we also hear heartfelt diatribes from others who see LNG as being the cause of, if not the end of humanity, at least of their local way of life.




  “We’re not a very good target for terrorists,” said the prospective developer of one project, tapping into a very important issue in many people’s minds. Much print and public discussion is given to the question of whether or not an LNG tanker or plant would be attractive to malefactors with a desire to make a big statement. Unfortunately, in this particular case, the developer had already misled his listeners when he reportedly explained that in the event of an attempted explosion, the gas would evaporate and emit carbon monoxide and methane into the air.1 While he is right that natural gas can indeed evaporate away (though one wonders where the carbon monoxide came from), there’s more to the story. His disingenuousness does his industry no good. It is important that people present the facts honestly.




  It is my intent to take a look at the world of LNG in a straightforward and matter-of-fact manner, to show what it is and how it works, in the hope of defusing some of the frenzy and hype surrounding proposals for new import facilities. My entrée into the subject was through tugboats—tugboats play a key role in the importation of LNG, and their operators tend to be supportive of the industry, both for financial reasons and because of their belief in their own abilities. Their positive views counter-balanced any anti-LNG tendency I might have started with. I now, truly, have no axes to grind. I have listened to many of the most serious and knowledgeable people involved in every aspect of the field, and although I am no scientist and do not even remotely resemble an engineer, I believe I have made some sense of the issues in front of us today.




  In North America, we use tremendous and ever-increasing amounts of energy, and no sign of that trend changing is apparent, no matter how obvious the need for change may seem. Significant policy changes will need to be made on the national level, either to reduce our use of energy or to come up with a more permanent technological solution, or, most likely, both. While that policy choice is undoubtedly the most important issue for consideration, it is beyond the scope of this book.




  At this moment, halfway through the first decade of the twenty-first century, more than twenty new LNG projects are under consideration in the United States, and, in fact, another eighteen already have been approved by FERC (the Federal Energy Regulatory Commission)—or the Coast Guard (USCG), in the case of offshore facilities. How many of these will get built is an entirely different issue, one that will ultimately be decided by the financial people. The future and current-day economics (and politics) of energy in general and of LNG in particular are also well beyond my capabilities. In addition, I make little attempt to analyze technical (and political) issues such as whether there is a sufficient supply of natural gas available to justify construction of LNG facilities in the United States or elsewhere. I must assume that the companies who wish to build such things know more about this than I do. They certainly have a much larger stake in making the right assessment.




  It does seem, however, that anyone who’s looking to LNG to lower the price of natural gas significantly is likely to be disappointed. LNG has too many built-in expenses—liquefaction, transportation, and regasifying. While in the past there have been some very good deals on natural gas overseas, which allowed the other costs of LNG to be absorbed, the nations and companies that have the resource are no longer as enthusiastic about selling it so cheaply. Who can blame them?




  LNG cannot be the answer to all our problems, no matter what, but it is being offered as one of several answers for at least a few more decades. I make no recommendations about particular new projects one way or the other. When I began researching the controversy surrounding LNG, I wanted to take a look at the facts that will help people figure out how they should feel about those projects both in general and in particular. But in doing that, I came up with some conclusions of my own. These views will be apparent.




  U.S. Energy Basics2





  SINCE forever, we humans have looked for ways to increase our physical capabilities. We started by using levers and wheels and beasts of burden—and, of course, fire came along at some point, with wood as fuel—and later, we coerced wind and water to work for us as well. We have only gotten more clever over time, and found more and more ways to do more and more, using less and less of our own muscle power. Never so quickly had this trend increased as during the nineteenth and early twentieth centuries, when new energy sources were discovered and made manageable. In that time, our lives changed entirely. In the United States in particular, during the course of just a hundred years, fossil fuels—hydrocarbons—and their accompanying industrial revolution transformed a rural society of largely self-sufficient farmers with no international significance into an urban, international superpower. And now, dependent as we are on other nations for much of our energy supply, we face the reversing of at least some aspects of that progression.




  In this country during 1900, an average of 122 million Btus of energy was expended for each one of us; by 1949, the figure was 215 million Btus, and by 1973, that per-capita usage had increased to 350 million.3 (A British thermal unit (Btu) is the amount of heat required to raise the temperature of one pound of water by one degree Fahrenheit. This term is commonly used in the United States if nowhere else. For comparison, 96 pounds of coal are required to create 1 million Btus, or 7.21 gallons of diesel or heating oil, or 8.07 gallons of gasoline, or 970 cubic feet of natural gas, or 293 kilowatt-hours of electricity. Municipal solid waste and wood or wood waste average a million Btus per 200 pounds, and a million Btus from discarded vehicle tires would require only 74 pounds.)




  Aside from actual drops in times of energy “crisis,” the rate of use per person has stayed fairly level since the seventies. But between 1949 and 2000, the United States came close to doubling its population, from 149 million to 281 million, increasing the call for energy simply by adding to the number of people demanding it.




  For many years, this country’s primary source of energy was wood; by the middle of the nineteenth century, this was changing to coal. Coal was plentiful, and, until miners got the idea that they shouldn’t work for pittances underground in extremely dangerous conditions, it was inexpensive. But after World War II, petroleum began to provide a larger and larger share of our energy supply, and in 1951, for the first time, petroleum became dominant in the United States, which was then the world leader in oil production. Coal, increasingly and ever more efficiently mined from the surface, particularly west of the Mississippi, was still in demand for electrical generation if nothing else, and during the oil crisis of the 1970s, coal again took over the top spot in U.S. energy.




  Until the late 1950s, as a nation, we were still self-sufficient for our energy requirements, but since that time, we’ve imported more and more, mostly in the form of oil. Since its peak in 1970, our own oil production has been dropping steadily. We imported more oil than we produced for the first time in 1994, and by 2000 we were bringing in more than twice the oil we had imported just fifteen years earlier, some eleven million barrels a day. Just over half of that comes from OPEC nations Saudi Arabia, Venezuela, and Nigeria. And after a relatively flat crude oil cost that started in the mid-seventies and lasted many decades, more recently the price in constant dollars has bounced all over the place. Since 1994, the yearly average for crude oil has ranged from a low of $15.99 a barrel4 to over $75 in the summer of 2006. Transportation, of course, accounts for a huge portion of our energy use, nearly all of it petroleum in the form of diesel or gasoline. Currently, transportation accounts for about twice the petroleum consumption of residential, commercial, and industrial purposes combined.




  It’s true, as some say, that, despite our consumption, the earth will never run out of oil. In fact, a number of earlier predictions of a time of diminishing production have come and gone, and still more petroleum is pumped every year. However, thinking that there will always be a ready supply of oil is rash. Even with increasing prices, a time will come when the oil remaining worldwide will not be economically feasible to extract. Sooner or later, its production, like that of all the nonrenewable resources, will maximize and then fall off until it disappears altogether. We read more and more about this concept, called “Peak Oil.” This theory predicts a maximizing of oil production worldwide in the near future, to be followed by a rapid decline.




  In 2000, the U.S. Geological Survey (USGS) released what the U.S. Department of Energy (DOE) calls “the most thorough and methodologically modern assessment of world crude oil and natural gas resources ever attempted.” Forty geoscientists, many with industry backgrounds, conducted the five-year study, which was reviewed at every stage by others involved in the business. The Energy Information Administration (EIA) then produced an analysis of the resources.




  The EIA and USGS studies estimated the peak of oil production at some time between 2026 and 2047, depending on annual demand and, therefore, production growth rate, with essentially no further production after 2100 or 2125 at the latest. The EIA’s study concludes: “The world production peak for conventionally reservoired crude is unlikely to be ‘right around the corner’ as so many other estimators have been predicting. Our analysis shows that it will be closer to the middle of the 21st century than to its beginning. Given the long lead times required for significant mass-market penetration of new energy technologies, this result in no way justifies complacency about both supply-side and demand-side research and development.”5




  If they’re right, we have about a hundred years until it’s all done, and maybe only twenty or forty until peak production is reached. It might be sooner. In 2004, China suddenly used a tremendous amount more oil than it ever had before; India and China are obviously industrializing at a very rapid pace. One can question the EIA’s definition of “right around the corner.” Even twenty to fifty years isn’t such a long time.




  As for natural gas, for several years the United States has produced about eighteen trillion cubic feet (Tcf) of natural gas a year, and we have used about twenty-two Tcf annually. By far the greatest share of our imported natural gas comes from Canada (thereby giving Canada the honor of being second only to Russia as the largest exporter of that commodity).




  The future of natural gas is subject to just as much speculation as is that of petroleum. As of the beginning of 2004, in conjunction with Oil & Gas Journal, the EIA estimated the proved world reserves to be around 6,079 Tcf, about three-quarters of which is in the Middle East, Eastern Europe, and the former USSR. (Proved reserves are those resources that are reasonably certain to be recoverable, given current technology and economic conditions.) Significant other resources may, in fact, be developed—new finds or, more likely, known resources that are not now economically harvestable, but may become so in the future through new technology or because of higher prices. However, there’s no way to confidently make estimates of those.




  Although thought to be but 4 percent of the world total, significant proved natural gas reserves still exist in North America. About 40 percent of our present resource is now “off limits,” either in regions with no access, like the Rockies, or in areas that we have specifically chosen not to harvest—Alaska, the Florida side of the Gulf of Mexico, and off and along both the Atlantic and Pacific coasts. These resources are not generally included in the inventory.6




  Imports of natural gas have stayed more balanced than have those of oil. Although we presently account for nearly a quarter of the worldwide natural gas consumption, for the last several years natural gas has made up somewhat less than a quarter of the total energy used in the United States. Manufacturing accounts for the largest share; it is utilized in plastics, fertilizer, laundry detergents, synthetic rubber, and other products. Natural gas heats over half our homes and is used in commercial buildings, too. A small percentage is used for transportation, and the amount of natural gas used to fire electrical generation plants is now about equal to that used residentially.




  Even the most conservative estimates would allow for over forty-five years’ supply from domestic sources at the current rate of use. However, all predictions suggest a significant increase in demand in the United States in the next quarter century, particularly for electrical generation, because recently built electrical plants throughout the country are primarily gas fired. (Former Federal Regulatory Commissioner Nora Brownell points out an interesting aspect of the situation in the Northeast in particular: significant new gas-fired electric generation capability was constructed in recent years without a clear plan as to where the natural gas was coming from. Now, there’s a shortage.)




  The EIA predicts that in twenty years, overall demand will be 40 percent higher than today’s, doubling the shortfall to about eight trillion cubic feet in North America by 2025. The bulk of that increase will have to be met from overseas as liquefied natural gas, LNG. Consequently, by 2025, almost three-quarters of the net U.S. imports of natural gas are expected to come from LNG. At the same time, worldwide demands will also increase; EIA’s prediction is that planetary natural gas usage in 2025 will be nearly 70 percent higher than it was in 2002.




  As for electrical generation in the United States today, very nearly half our electricity is still being produced with coal power, and nuclear plants account for almost a fifth. Renewable energy sources make up about 10 percent, between hydroelectric and others (primarily wood and waste, and to a small degree geothermal, solar, and wind). Another fifth comes from oil and natural gas, mostly the latter.




  Coal’s share may drop; utility companies are becoming more concerned about emissions, and coal is the worst offender in that regard. Nevertheless, coal is plentiful. At today’s level of use, the 275 billion short tons of whose existence the EIA is conservatively confident would last more than two hundred years. If the trend to burn less coal continues, and more coal is identified or found economically viable, there’s no saying when it would run out. If coal’s contributions to air pollution aren’t limited, though, perhaps no one will be around to care.




  No method of producing energy is without ill effect of some kind—displacing natural forest habitat or threatening wildlife or creating heat or spent nuclear fuel that has then to be disposed of—but currently of most concern are the so-called greenhouse gases that, by blocking infrared radiation from Earth into space, are raising the temperature on the earth. (As long ago as 1272, England’s King Edward I attempted to ban the burning of coal, because he recognized that in addition to providing warmth, it produced smoke that made eyes red and uncomfortable. Despite a penalty of death, the effort didn’t work; wood had become too scarce and expensive. Other attempts were also made to ban or limit coal burning, but reform wasn’t enacted until after a four-day smog in 1952 killed about four thousand Londoners.)7




  Of the fossil fuels used to generate electricity, natural gas has the fewest ill effects. It burns more cleanly than coal or oil and emits far lower levels of harmful by-products into the air. Burning an equivalent energy value of either coal or oil dumps considerably more carbon dioxide into the atmosphere and vastly more nitrogen oxides, sulfur dioxide, and particulates than does the use of natural gas. No mercury is emitted from natural gas combustion, though burning natural gas does produce somewhat more carbon monoxide than burning oil does.




  The only fuel powering a significant share of the country’s electrical generation that has less negative impact on the atmosphere than natural gas is nuclear power, but that has its own problems as well—concerns about accidents, disposal of spent fuel rods and other radioactive waste, and the general “not in my backyard” syndrome. Still, there is increasing interest in nuclear power in the United States, even on the part of former opponents, who have recognized its potential for ecologically clean power production. But unless licensing becomes easier again, nuclear power will be slow to develop here.




  In many other countries, a very significant and increasing part of their energy portfolio is in nuclear plants. As of 2005, Japan made 29 percent of its electricity from nuclear power and thirteen new plants were under construction or contract. Seventy-eight percent of France’s electricity was from nuclear plants. Sweden’s was over half from nuclear sources—but they’re now phasing out their entire nuclear capacity because they feel it’s unsafe. Yet in terms just of the numbers of kilowatt-hours generated, the United States had everyone else beat by a wide margin; in 2004, we generated more than 788 billion kWh by nuclear means, out of a worldwide total of 2,618 billion.8




  Incidentally, electricity is a remarkably inefficient use of energy. Two of every three units of power are lost in the conversion process—that means that for every million Btus of electricity you produce, you’ve used three million in fuel. The rest is lost as waste heat. Five percent of the electricity finally produced is used in the generation plants, and another 9 percent is lost in transmission. Relatively little actually makes it to the end user.




  The Future—Can We Go on as We Are?




  Many prognostications have been made about energy, some entirely unconcerned about shortages and others foreseeing serious crunches in the immediate future. The realistic ones acknowledge, at least begrudgingly, that the United States is unlikely to change its ways any time soon. There will be more and more demand for energy in general, and that energy has to come from somewhere. There are concerns not only about quantities of energy but about increasing costs and price spikes (such as after the 2005 hurricanes). Leaving politics out of it, which of course we can’t, it’s clear that to rely too heavily on any one source is unwise, even though some have more potential than others.




  Renewables and Alternative Fuels




  Renewable and alternative fuels, either nontraditional or extremely traditional, like wood or peat, are getting more attention again. They certainly would seem to have an obvious appeal in this time when we’re concerned about running out of hydrocarbons, although not all are actually increasing regularly in their contribution to the energy needs of the country. In 2003, 6.1 percent of the nation’s energy came from renewables: nearly half each of biomass and hydroelectric, with a smattering of solar, geothermal, and wind power thrown in, contributing less than 0.5 percent of the total. But the actual consumption wobbles. During the fifteen years between 1989 and 2003, inexplicably it was in 1996 that renewables had the highest total contribution in Btus (7.129 quadrillion Btus), and in 2001 they had the lowest (5.272 quadrillion Btus).




  Hydroelectric Power




  Hydroelectric plants have a long history, but few new ones of any size are likely to be constructed in the United States, because the rivers on which they are constructed suffer severe environmental impacts. It seems nearly impossible that big dams that flood people’s property the way the Tennessee Valley Authority did during the Depression would be either feasible or permitted; they are extremely expensive as well as devastating to the local environment, and public opposition is far too great. Even facilities that simply divert water from its normal course and run it through a turbine may be causing harm to fish and other aquatic species. Many of these smaller dams are being removed from rivers across the country, but as other energy sources are becoming more expensive, some hydro-electric plants might be refurbished or constructed anew. The Federal Energy Regulatory Commission (FERC) has before it a few applications for new hydro projects at existing dams, and at this writing, schemes are under consideration for damless, tide-generated facilities in down east Maine and the Canadian Maritimes. (President Franklin Roosevelt may have had a good idea when he directed the Army Corps of Engineers to build a Passamaquoddy Bay tidal energy project in the 1930s, though it didn’t bear fruit during his era.)




  Hydroelectric power does have the potential for some expansion, but certainly not on a scale to decrease the call for hydrocarbons.




  Biomass




  At this time in the United States, biomass is the other significant source of renewable energy. Wood, in many forms, municipal and other waste, and alcohol fuels, mostly ethanol, all fall into this category, along with agricultural by-products, old tires, and a few less common materials.




  Ethanol, derived from corn, is being added to gasoline, and its use doubled from 1999 to 2003; by 2004, it had risen to a whopping 2 percent of the oil used in the transportation sector. Even doubling or tripling this contribution would make little dent in the total picture, but it is a goal worth working toward and efforts are being made for this to happen. Estimates of the energy balance of corn-based ethanol—the number of Btus expended among equipment manufacture, fertilizer, and diesel fuel required to produce a similar number of Btus of ethanol at the pump—vary widely. Recent work at UC Berkeley showed that producing ethanol from corn is more efficient than producing gasoline, and ethanol from other sources has far greater potential. California is considering requiring that all new cars sold in the state be capable of running on an 85 percent ethanol fuel; many vehicles are already available that can do that, and, at about $100, converting an engine to burn high ethanol content fuel is inexpensive. This is an area with prospects for significant impact on U.S. gasoline use. In Brazil, half the fuel needs of cars and trucks are met by ethanol produced from sugar cane and other crops.9




  Solar




  Certainly some technologies will become more economically viable as energy, in general, costs more, and solar is one of them—photovoltaic cells capture the energy the sun continues to pour on us even in our most wasteful moments. The production of photovoltaic cells worldwide has been growing gently since 1976, but starting in the late ’90s, it has soared. The year 2003 saw a 32 percent jump from the year before worldwide, but, interestingly, production in the United States dropped 14 percent due to various causes, financial and otherwise, not least of which was the lack of dedicated funding from the government for the Million Solar Roof Initiative of 1997.




  For more than ten years, Japan has been on the forefront of the solar movement, with its government offering major incentives. In 1992, a program paid for half of the installation costs of residential solar systems. That subsidy has been lowered since, but 168,000 residential systems were installed under the program, and their price has lowered dramatically.10 Europe’s solar use is growing fast, too, and Germany is the second largest market for the cells.




  Costs of producing solar cells have been dropping and will continue to fall as production increases, unlike the production costs for many other energy sources. But solar systems remain more expensive than traditional ones, and until other energy rates go up considerably, this will likely remain the case.




  Geothermal




  Geothermal energy is in use in the United States today; geothermal heat systems keep hundreds of thousands of buildings at a comfortable temperature, and a small amount of electricity is generated using geothermal energy. In 2003, a little less than 0.4 percent of the total electrical sales came from geothermal sources. That is equivalent to about twice what was produced by wind power, and less than a tenth of what came from biomass. Thermal energy sufficient for electric generation is location specific—in the United States, Nevada appears to have the most potential—but to tap that source would take the same kind of geological exploration as does petroleum, which is hardly inexpensive. The resources are available to some degree throughout the country, and certainly increasing our use of geothermal energy for space heating could cut our dependence on hydrocarbons.




  Hydrogen




  Hydrogen is infinitely renewable, it is clean, and according to some, it promises a technology of great potential. Others characterize the attention given to hydrogen as simply hype. “It’s all smoke and mirrors,” says one chemical engineer, pointing out that there are only two reasonable sources of hydrogen: electrolyzing it from water (and what’s the source of the electricity to do that?) or using natural gas as the raw material (and then you’re back to the beginning).




  The DOE held a conference in February 2002 entitled “A National Vision of America’s Transition to a Hydrogen Economy”—the rest of the title sums up the problem—“to 2030 and Beyond.” Despite President Bush’s promise of commonplace hydrogen-based automobiles by 2020, most of the engineers slogging away at the problem seem to believe it will take more like thirty to fifty years to make the transition, even with a real commitment on the part of government and industry (a commitment that’s presently lacking). Technologies for production, delivery, storage, and conversion must be developed—and a great deal of infrastructure is critical, as it is an unusual consumer who will want to play before the whole arena is set up and functioning. People are working on it, though.




  The bottom line for renewables and alternative fuels is that Americans support the concept of going green, but they can be counted on to vote with their pocketbooks. Take the deregulated power offerings, for example; small is the number of customers who opt for environmentally friendly (but more expensive) electricity. Nuclear power may come back into favor eventually, but at this moment, without turning even more to coal (and its serious environmental threats), no alternatives to oil and gas are available that are of reasonable scale or economically feasible.




  Probably the most sensible and responsible solution to our energy demands down the road would be to drastically improve conservation and efficiency of energy use, and there are many and varied ways to that end, but that is a political football well beyond the scope of this book.




  Who’s in Charge, Anyway?




  If anyone’s in charge, it’s probably supposed to be the Federal Energy Regulatory Commission (FERC). Its website describes FERC as “an independent agency that regulates the interstate transmission of electricity, natural gas, and oil. FERC also reviews proposals to build liquefied natural gas terminals and interstate natural gas pipelines as well as licensing hydropower projects.”11 FERC’s predecessor, the Federal Power Commission, was established in 1920; since that time, the number of employees has increased from one, an executive secretary, to more than twelve hundred, but as at the start, there are supposed to be five members of the commission itself. They are to have five-year, staggered terms, and no more than three are to be of one political party. As of February 2006, when literally dozens of LNG applications were before them, not to mention their myriad other responsibilities, only three members were sitting on the committee, all appointed by George W. Bush. One was a Democrat. There had been at least one vacancy for three years; the second came open in June 2005. Asked about the vacancies, a White House personnel staffer said, “We’re working on it.” He sounded as if he’d like to blame the Senate, as that body must approve a nomination, but he did admit that, as of then, the White House had put no names forward. However, within a few months they had filled the commission.




  At this time, it is in the hands of this commission to approve siting of LNG import facilities. We will hear a lot more about FERC in the course of this book.




  Natural Gas from the Beginning




  THROUGHOUT history and long before anyone knew what it was, natural gas seeped to the surface and made itself noticed. Probably the best-known early Western example was in ancient Greece, on a plateau on Mount Parnassus, which from about 1400 BC through 381 AD was the site of the Apollonian Oracle at Delphi. Greek myth says that it was at this site that Apollo slew Python, the dragon snake that had taken over Parnassus. Henceforth, Apollo spoke from the temple through an oracle, always an older woman known as the Pythia, who sat on a tripod stool over an opening in the earth, breathing fumes said to be from the decaying body of Python.




  Consulted by people on issues of all kinds, important and trivial alike, each priestess or oracle would be in a trancelike state as she made her prophecies and answered supplicants’ questions. High priests would interpret the pronouncements, which were spoken in riddles—or at least in unclear words, as if intoxicated. Upon further payment by the answer-seeker, the responses would be added to, if not clarified.




  During the time that the oracle was active, observers believed that the Pythia was given her powers of prophecy from the pneuma, the gas, vapor, or breath, which induced divine possession. Pliny, Plato, Strabo, and Plutarch all reported a sweet-smelling emission. For centuries, scholars accepted this explanation until it was debunked in 1900. No evidence remained of any chasm or emission, and even if there had been such, said English classicist Adolphe Paul Oppé, no natural gas could have caused a state that looked like spiritual possession. His pronouncement was accepted as truth for nearly a hundred years. At the end of the twentieth century, however, geologists found exposed fault faces crossing at the site of the oracle; analysis of the local water and rock structure and its makeup provided reasonable evidence that methane, ethane, and ethylene were present. A toxicologist joined the team of researchers and found many parallels with today’s teenagers who get high on glue or the fumes from paint thinner, as well as with earlier experiments on the anesthetic properties of ethylene.12




  A number of temples of Apollo have been found to have been located over vents of odd gases (e.g., at Hierapolis, Dydyma, and Claros). Other historic shrines were also constructed on grounds that from today’s point of view appear to have been the sites of natural gas seepage. In ancient days, these were noticed primarily when ignited by lightning. “Eternal” fires were the inspiration for the Zoroastrian fire worshippers, who built a number of temples in Azerbaijan. In Iran, such fires were seen as much as eight thousand years ago.




  The decaying body of Python apparently spread throughout many parts of the earth; evidence of natural gas, along with oil and tar with which gas is often found, has been seen in seeps to the surface on all continents save Antarctica. (There is good reason to expect that Antarctica has hydrocarbon deposits as well. “Like all continents,” I was told by one geologist, “it’s been everywhere.” Evidence exists of rain forest vegetation in the past, and fossilized remains of crocodile-like animals have been found. It might, however, take more energy to retrieve the oil and gas than would be recovered.)




  Ancient Egyptians used liquid oil for lighting and as a medicine for wounds. The Greek name for the Dead Sea is Lake Asphaltites, because of the gooey lumps of tar that washed up on the lakeshore. For thousands of years, tar from the pits of La Brea, California, was used by Native Americans to waterproof boats and baskets. Natural gas was burned at least twenty-five hundred years ago when the Chinese used bamboo pipes to carry it from shallow wells to evaporate seawater to create potable water. French explorers in the early seventeenth century found Native Americans burning seeping gases around Lake Erie.




  In 1821, near Lake Erie in Fredonia, New York, William Hart noticed bubbles coming to the surface of a creek and dug the first successful natural gas well there—all of twenty-seven feet deep. His efforts led to the first natural gas company, Fredonia Gas Light Company. For most of the rest of the century, gas was used only for lighting.




  It was in the middle of the nineteenth century, in the backwoods of Pennsylvania, thousands of years after the earliest use of oil, that the modern oil industry got its start, and its time had almost—but not quite—arrived. Whale oil, previously the primary source of fuel for lighting, was disappearing fast and had become very expensive. The oil that could be derived from coal was also costly. During this time as well, researchers at Yale and elsewhere were learning how to purify and distill oil into several distinct products, each with their own potential uses.




  The first commercial oil well was drilled near Titusville, Pennsylvania, also not too far from Lake Erie. In 1858, self-styled “Colonel” Edwin L. Drake thought to search below the surface near an oil spring. First digging by hand and then using existing drilling mechanisms, he persisted beyond what many considered to be reasonable, looking for oil. The next year, after his last backer had written instructing him to pack up his equipment and stop work but before he received that letter, at sixty-nine and a half feet below the surface, he found a significant flow of oil.




  (We now know that his luck was extraordinary. Had Drake drilled a few dozen feet to one side or another, he would have entirely missed the pocket of sand that held oil. There were other oil-bearing formations more than a hundred feet lower in the earth and three hundred feet below that, but for economic reasons he never would have reached them even if his equipment could have managed it.13 But luck is a large part of the story of oil and gas exploration.)




  There was no shortage of oil in western Pennsylvania (only of whiskey barrels in which to store it),14 and a boom economy grew. Life still wasn’t simple for Colonel Drake, however. Who wanted his oil? How would he deliver it? How would he store it until he could ship it out? This last was a serious problem. In fact, one night the many barrels and wooden vats in his storage area exploded. Ultimately, Drake died a pauper, a fate awaiting many other would-be oil tycoons in following years.




  Just as natural gas and oil became plentiful, the market for both came on hard times as great numbers of coal-fired plants started turning out electricity, a far simpler means of lighting cities and homes, and the price of petroleum plummeted. The boom was over, as was the land speculation that went with it. In one town, Pithole, Pennsylvania, a farm sold for $2 million in 1865—and at auction thirteen years later, it brought $4.37.15




  The invention of the automobile changed everything for the oil business. By 1920, the owners of 23 million automobiles were demanding fuel, and oil-derived gasoline had been shown to be the most practical. Yet, there was still little demand for natural gas, which was often considered to be simply a nuisance in the search for oil. It wasn’t until 1885, when Robert Bunsen invented his burner, that it became feasible to use natural gas for cooking or heating, though it was still difficult to transport the stuff. Much gas that was found was simply vented, burned, or abandoned.




  With the development of pipelines to transport the commodity, however, natural gas became truly useful. One of the longer early pipelines was built from central Indiana to Chicago in 1891, but it wasn’t terribly efficient. Although improvements were made steadily, it wasn’t until after World War II that new technology and metallurgy made the pipeline transportation of natural gas reliable and efficient. Starting then, the vast network of pipelines that crisscross the country and surrounding waters grew rapidly. According to the U.S. Department of Transportation, there are now more than 1.4 million miles of gas pipeline in the United States, along with another two million miles of oil pipeline.




  What Is Natural Gas, Anyway?




  Natural gas is made up of hydrocarbon molecules, which are chemical compounds consisting only of carbon and hydrogen. Included in the hydrocarbon class are all the fossil fuels: coal, petroleum, and natural gas. There are several types of coal, and petroleum also varies in its composition, and can be refined into various products including gasoline, kerosene, asphalt, naphtha, paraffin wax, and fuel and lubricating oils. Similarly, natural gas varies considerably as it comes out of the ground.




  Beyond their common fossil fuel base, natural gas has nothing to do with the “gas” we use in our automobiles, more properly called gasoline, which is refined from oil. Natural gas is colorless, shapeless, and odorless in its pure form. It is nontoxic, despite the Delphic experience; perhaps the psychedelic effects at Delphi came from some other associated material. As it comes out of the earth, natural gas is made up of several gases in varying ratios, depending on its particular source. Typically, the greatest part of natural gas is methane, from 70 to 90 percent, with the balance being the “heavies”: ethane, propane, butane, and a few other denser hydrocarbons. Mixed in there may be a little bit of nitrogen, oxygen, and hydrogen sulfide (that’s the one that stinks), and perhaps a trace of other, rare gases such as ethylene, and often water comes along for the ride. By the time it is delivered to a home in the United States, natural gas has been refined and is nearly pure methane; most of the other materials have largely been removed and an odorant has been added for safety. Propane, ethane, and butane are sold separately.




  To many geologists, if not to the business people, oil and gas are simply the same thing and are considered in one breath. Often they are formed in the same manner and in proximity to one another.




  It takes millions of years and a long sequence of lucky coincidences to produce useable oil and gas. It starts with thousands of years’ worth of accumulated organic material, dead plants and animals perhaps, from swamps or the ocean. This gets buried in mud and other sediment in vast amounts, and the more quickly it is buried, the better—overnight is wonderful, although exceedingly rare—because burial stops decomposition. The weight of the cover puts tremendous pressure on the original organic material, which is also exposed to very high temperatures either from deep in the earth or from nearby volcanic activity. The pressure and heat break down the carbon bonds in the organic material, and eventually, tens or even hundreds of millions of years later, you may have oil and gas.




  It might seem hard to imagine the quantities of material necessary to cover the source material sufficiently to have such an impact—but consider that a flood can drop four or five inches of soil onto a river-bottom cornfield in a few hours. The Mississippi River dumps hundreds of millions of tons of soil and terrigenous detritus (material derived from the land, especially by erosion) into the Gulf of Mexico every year. Much of the Gulf has sedimentary deposits tens of thousands of feet deep. Add to that the normal movements of the earth, shifting plates and even continents, and the whole process becomes a little more comprehensible. Still, by the time oil being created today is fully cooked, I’ve been told, humans will no longer be around as a species.




  Natural gas is also derived closer to and even on the earth’s surface, biogenically, as tiny microorganisms in oxygen-free environments chemically break down organic matter into methane. These bacteria make their home in anaerobic conditions, such as swamps and rice paddies and landfills and the insides of cows, and they produce gas. There’s much joking about cows’ flatulence, but in fact, the belching of ruminants as they regurgitate their cuds for another chew produces significant quantities of methane. (We make faces when we think of the stench, but it’s not the methane that smells so. Bacteria in bovine rumens also let off hydrogen sulfide, and that is certainly smelly stuff.) Methane makes up the second largest share of atmosphere-influencing, “greenhouse” gas produced today (behind only carbon dioxide, which comes from burning other fossil fuels). Although there is disagreement about how significant the methane in the atmosphere from domestic animals is, efforts are being made to minimize ruminants’ burping by changing their feed. At the same time, there are efforts under way to capture the gas created by bacteria in manure by processing the animal waste in anaerobic methane digesters. Methane from anaerobic digesters has been used to produce electricity in Europe for years, and increasing numbers of American farms are now installing them, thus decreasing the release of greenhouse gases both directly, by capturing the methane naturally emitted from manure, and indirectly, by lessening demand for electricity from coal- or oil-fired power plants.




  And what about LNG? What exactly is it? Liquefied natural gas is simply natural gas that has been cooled to a temperature so low that it has liquefied, just as steam condenses to water when it gets below the boiling point. In the case of natural gas, the temperature required is about –260°F. Once liquefied, its volume is only one six-hundredth that of natural gas. That’s like putting the volume of three basketballs into a golf ball. This is its advantage: in cryogenic form, natural gas can be transported over long distances by ship, allowing it to be delivered to places where pipelines are impossible, and it can also be stored in far smaller spaces. When warmed up, it turns back into natural gas. It has all the properties and usefulness of ordinary natural gas, with the added advantage that often a higher percentage of the heavier hydrocarbons, plus all the water and other impurities, have been removed. It is only for convenience of transport or storage that the gas is liquefied.




  Finding Petroleum




  Certainly the easiest way to find oil is to accidentally walk into a puddle of the stuff, but most of those easily accessed sources were discovered—and exhausted—early on. Drilling at random hasn’t much chance of discovering anything, though there have always been people who tried drilling on their back forty, hoping to hit. Psychologists and animal trainers say there’s nothing like intermittent reinforcement to encourage a behavior, and enough speculative wells turned up oil in the early days that a few entrepreneurs could always find backers for their next venture. Certainly there were vastly more “dry holes” with no oil to be seen, however. It is not entirely inappropriate that early Texas wildcatters have been called crackpot promoters and snake oil salesmen.




  The term wildcatter is actually an honorable descriptor in the oil and gas business, and simply refers to a person engaged in speculative exploration in an area not known to be productive. But serious wildcatters are not flying blind; most likely, they are geologists who have specialized in this game, and have an understanding of both the land they’re interested in and the habits of petroleum.




  “Petroleum exploration is a very good way to lose a tremendous amount of money,” says Frank Whitehead, a British petrophysicist with a knack for bringing things down to an understandable level. “There’s no ‘let’s be lucky, let’s drill a well or two.’ Even if you drill with good knowledge, there’s probably not going to be anything there—and you need to drill ten wells before you get a good idea.” Of course, there are huge profits to be made, too, and the big players can afford more exploration to make more discoveries from which to make more money.




  The easiest way to find petroleum is to look right next to an existing source, and even that can be unproductive. A reservoir may be huge—it might be a mile across, or in Saudi Arabia it might be hundreds of miles across—but it is not uniform across its width, and it does have limits. “You drill an eight-and-a-half-inch-diameter hole—you don’t know what’s two feet away,” says Frank.




  “If you don’t like dirt and rocks, there’s no reason to be a geologist,” explains Mary Forristall, a paleontologist who worked in the petroleum arena a few years back. (Paleontologists, who study the history of life on earth, get involved in the oil and gas business because of their interest in fossil rock.) “Geologists like the out-of-doors—hiking, kayaking, all that. Therefore, we’re ardent ecologists.”
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