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THE RISE AND FALL OF THE HUMAN EMPIRE

By

Francis D. Reynolds

October 30, 2008                          UPDATE

Introduction

Largely within the last decade, and especially within the last year, more and more people have awakened to numerous problems that will have somber effects upon humankind.  The problems themselves are not new for the most part, but our serious concern over them is relatively new. These individual problems have been much discussed, but little discussed collectively.  Let’s now look at the big picture of humanity in a crippled world.  Most of the individual items to be reviewed here will be things that most of you already know full well; but let’s integrate them.  Let’s think about the composite effects of the depletion of natural resources in the Earth’s Crust, and about the accelerating damage to the planet’s Ecological Systems on the Land, in the Seas, in the Atmosphere, and even in Space. We must examine these major problems jointly because their combined damage greatly exceeds the sum of their individual effects.  And while we are at it, let’s examine the relative inability of the human species to solve these problems—even though this same species is the sole cause of these coming disasters.

This essay will be both semi-technical and nontechnical, in an attempt to interest both technical and nontechnical readers.  Therefore, if parts of it don’t suit your tastes, please skip ahead rather than leaving us entirely. We need you.  Without mass participation the challenges ahead can never be met.

In 1933 Franklin Roosevelt said, in referring to the great depression, “… the only thing we have to fear is fear itself.”  That was a while back when we still had a relatively whole earth and the problems were only economic.  Now a little fear is in order if it will help spur us to some urgently needed wise decisions and actions.

In the Beginning

Homo sapiens initially found Earth well blanketed with flora and fauna, and its crust nicely stocked with ores and fossil fuels.  There was fresh water in abundance both on the surface and just below the surface.  Over the last several millennia we humans gradually became “civilized,” learned how to plant and harvest, and learned how to locate and acquire subterranean materials that we found useful.  Then we were able to design and built things—thousands of types of things and millions of units.  The types and amounts of resources we have taken from the earth have skyrocketed with advancing knowledge and higher standards of living.  Rising world population is obviously a major exacerbating factor, but we have also sharply increased the amount of resources we demand and use—and waste—per capita.

Now

A primary axiom of modern business success is “growth”, while a primary axiom of ecology is “sustainability”.  We must now recognize that continued growth is unsustainable in our finite world.  That contradiction is one of the major roots of our coming crises.  News items have spoken of our “increased production of oil.”  Wrong.  Nature “produced” the petroleum; we are increasing its “depletion.”
Harrison Brown, James Bonner, and John Weir, The authors of the book, THE NEXT HUNDRED YEARS, written back in 1957, expressed the opinion that if our industrial civilization was destroyed but mankind somehow survived, we would be unable to rebuild our industries.  With the rich and easily available ores already gone, and without modern mining machines, transportation, and all the rest, there would be too little to work with.  There would be no tools, and not enough of many materials to make all the tools needed.  And there would be no power to use in remaking power plants.  We would no longer be able to start over.  The authors, a geochemist, a biochemist, and a psychologist, arrived at those conclusions over fifty years ago.  Accessibility to Earth’s seriously depleted pantry of ores and fuels is much poorer now than it was then.  Their 1957 conclusions were probably true then, and they are most certainly true now.  But now a more pertinent question is: Can civilized life even continue?

We would much rather ignore painful facts than face them, but this book is about our vital need to face a lot of painful facts.  As Al Gore put it, “An Inconvenient Truth.”  Mr. Gore’s book and the movie in which he participated, have been highly controversial, and accused of many inaccuracies.  I am sure there were inaccuracies in that work (as there will doubtless be in this one), but I am also sure that its opponents, for various reasons including financial loss, fear, and ignorance, also rejected many of Gore’s valid truths.  That was two years ago when global warming was much less known and understood.  That work would receive better acceptance today because we are now beginning to see many of these inconvenient truths first hand.  But Gore’s writing addressed only a limited area of painful problems.  Here we will attempt to look at the whole picture: not only global warming but also global depletion of resources, the history of the problems, the future, and suggestions to minimize the coming crises.

We are experiencing worldwide shortages of fertile land, trees, many types of ore, petroleum, natural gas, freshwater sources, and food.  But most of us are not willing to give up gas (neither gasoline nor heating gas), lumber for our houses, metals for our cars, plastics, and the latest electronic gadgets, let alone food.  The operation of the law of supply and demand therefore assures us that the cost of these essentials will climb at ever-steeper rates.

But observe that “essential” is actually a relative term: Many dozens of things we now consider essential didn’t even exist a hundred years ago, and some didn’t exist ten years ago—cell phones and the latest pharmaceuticals and medical-diagnostic equipment for instance.  And note that many of the “essentials” in developed countries are unavailable or unaffordable to most of the populace in under-developed countries.  The crises discussed in this essay will apply more to the people in “civilized” countries (to the people who created the crises) since primitive peoples who have never had something won’t miss it when it is unavailable.  There are major and disastrous exceptions to that generality however: ozone holes, global warming with resulting changes in weather patterns, rising sea levels, extinction of species in both flora and fauna, and destruction and depletion of fresh-water sources and food production will be as—or more— serious to underdeveloped countries as they will be to the developed.

Many currently underdeveloped countries now may never be able to become developed.  “Why not?”  Because the means required to develop them will be in such short supply that they will be unaffordable except to the richest nations.  Most of us in the rich countries, in spite of our honest desires and attempts to help others, will fulfill our own needs and desires from the rapidly dwindling resources at the expense of our charity to other countries. The words: survival instinct, ego, pride, power, competition, greed, me first, convenience, and comfort come to mind.  The rich get richer and the poor get poorer.  

In the September 2007 issue of SMITHSONIAN magazine there was an article titled “Livin’ Large”.  It contains a lot of disturbing American facts and figures, but most of these trends also apply to other developed nations.  A sample: “The total U.S. food supply provides 500 more calories per person per day than it did in the 1970s, a twenty-four percent increase.  “Fast food restaurant portions are two to five times larger today than in the 1980s.  “The average adult weighed ten percent more in 2003 than in the 1980s.  In the same period the average five-year-old boy weighed nine percent more, and the average five-year-old girl weighed seven percent more.  “The average TV screen is growing at the rate of one inch per year.  “Today US households watch TV an average of over eight hours a day, up from six and three quarters hours in 1980.  “From 1996 to 2006 the average U.S.-made motor vehicle gained 500 pounds, reaching 4,142 pounds, due to larger size, bigger engines and more options.  “In 1991 ten percent of new houses had three-car garages.  That number doubled by 2005.  “In 1950 the average new home provided 290 square feet per family member.  By 2003 that number had tripled to 893 square feet per family member.  “The first Wal-Mart opened in 1962 with 16,000 square feet.  Today there are 2,238 Wal-Mart Super Centers in the United States, each one with between 100,000 and 220,000 square feet.  “The average American produces four to five pounds of solid waste per day, a 150% increase since 1960.  “The number of self-storage facilities in the U.S. has increased nine fold since 1984, from 6,601 to 59,657.”  Why are we producing and buying so much stuff that we end up storing rather than using?

Global Warming and Weather Changes

The Global Warming crisis has a good start already, and it involves incomprehensively massive and irresistible phenomena.  Even if we could completely reform now, and instantly cut our greenhouse-gas emissions clear back to their levels at the beginning of the Industrial Revolution, the excess CO2 and methane already in the atmosphere would continue to do further global ecological damage for a very long time.  Present conditions on many fronts worldwide are telling us that the future will not be bright.  “Global warming is the largest in at least 1,300 years,” National Academy of Scientists, September 12, 2008.

Global warming (from solar heat trapping) is caused chiefly by an excess of carbon dioxide and methane in the atmosphere. Those few who still deny that fact are apt to include members of the Flat Earth Society, those who claim that reports of men landing on the moon are fraudulent, and that the Holocaust never happened.  Current major weather-pattern changes, such as increasingly destructive hurricanes and the melting of glaciers and polar ice fields, are happening, and much too fast, powerfully, and uniquely to be just part of the latest natural global thermal cycle.

The Kyoto meetings are helping to alert the leaders and citizens of the world to the very serious carbon dioxide problem, but their Protocol may or may not be met by most of the countries signing it.  In the opinion of many, including the author, the individual, commercial, and political pressures to continue living as high or higher than we have been, and the increases in population, will be too great.  But even if all of the Protocol promises are fulfilled, the reduction in continuing global-warming gas emissions will be too small and much too late to do more than reduce the problem slightly.

Concern over carbon dioxide and global warming isn’t a recent thing, by the way.  British physicist John Tyndall first discussed it in 1863: but mankind is always slow to respond to predicted threats.  Problems aren’t seriously addressed until they become crises; and a minor crisis won’t do it either.  When there is big money, political power, standards of living, or traditions and nostalgia involved, the crisis must become critical before any effective action is likely.  The “crisis style of management” is an enduring joke because it is an enduring practice.

Mankind makes carbon dioxide and dumps it into the atmosphere in a great many different ways, some which are little recognized.  For instance: worldwide we manufacture 2.5 billion tons of Portland cement every year, for making concrete.  For every ton of cement, the cement-making process (using fossil-fuel energy) spews out a ton of carbon dioxide.  The resulting two and a half billion tons of carbon dioxide is roughly five percent of the annual total for the entire earth. (EV magazine, September 11, 2008).

The excess CO2 in the atmosphere primarily comes from cutting and burning the world’s forests and from the burning of fossil fuels at an ever-increasing rate.  Burning anything with carbon in it, including the gasoline in our cars, makes carbon dioxide that ends up in the atmosphere.  According to Dan Neil, the author of, “Vision: Our Driving Conundrum,” POPULAR SCIENCE, Sept 2004, about 20% of the CO2 emissions in the US come from cars and light trucks, and 40% from fossil-fuel power plants.

Man is also largely responsible for a growing atmospheric excess of methane (CH4), another major global-warming gas.  Methane is the chief ingredient of natural gas; and we spill countless tons of it into the atmosphere at oil and gas wells, pipelines, railroad tanker cars, tanker trucks, and tanker ships.  Methane is also released into the air from the ground when we mine coal.

At oil wells, methane that comes up with the crude is “flared” (burned).  Burning converts methane to carbon dioxide and water. That practice is wasteful of valuable natural gas.  But if we must waste it we greatly reduce its global-warming contribution by burning it, since methane has twenty three times more “greenhouse” heat-trapping effect than carbon dioxide.   Why not save the natural gas at the oil wells?  The reason is that the price of natural gas isn’t yet high enough to make its recovery there profitable.  That will change as gas prices rise—but meanwhile, what a waste.

There are some natural releases of methane that are even worse.  And some of these have become unnaturally excessive due to the habits of humans and the huge human populations.  For instance, ruminant herbivores expel methane as a byproduct of their digestive processes.  The amount they produce is large, growing, and serious because we raise enormous numbers of domesticated cows, steers, sheep, goats, llamas, yaks and water buffalo worldwide to help feed and clothe our enormous and growing world population.    We needn’t mention that no one has found a practical way to burn or capture the methane expelled by mammals.

Another natural example: When plant material decays it dumps both methane and carbon dioxide into the atmosphere.  Tilling the soil for crops increases the release of these global-warming gases. According to the December 2004 issue of SCIENTIFIC AMERICAN, “The amount of methane in the atmosphere has doubled in the last two hundred years.”  

When we destroy trees and other vegetation we need to remember that plants consume carbon dioxide and release oxygen, while animals do the opposite, consuming oxygen and releasing carbon dioxide and methane.  Living plants of all kinds are thus valuable in the sense that they are sequestering some carbon and preventing its dioxide or its hydrocarbons from entering the atmosphere.  The carbon in fossil fuels is already sequestered and “safe” as long as we don’t use the fuel; but when we burn anything containing carbon (and there is almost nothing we burn that does not contain carbon) we release carbon dioxide and usually some carbon monoxide.

In recent years there has been considerable work toward sequestering carbon dioxide from major sources in some manner rather than let it enter the atmosphere.  A lot of CO2 (but a minute percentage of the total excess-carbon-dioxide) is already being pumped deep into the earth for permanent (?) storage in connection with natural gas and petroleum production, and in power-plant operations.  But forcing gaseous CO2 into the ground under pressure is costly, uses energy, and is only viable in a few places with suitable subterranean conditions. A related proposal would have us pump carbon dioxide into abundant subterranean deposits of certain magnesium minerals, where the carbon dioxide would react with them to form stable carbonates and permanently sequester the carbon.  An enormous amount of carbon is already safely sequestered by nature in calcium carbonate deposits (chalk, limestone, and marble).

Pumping carbon dioxide deep into the ocean where it dissolves has also been proposed, but doing that upsets and the whole marine food chain by killing major types of marine life.  The excess CO2 recently absorbed into the ocean may also be a factor in upsetting the established ocean currents and adding to the major and usually damaging weather shifts (including hurricanes and typhoons) in various parts of the world.

But where is the system to sequester the enormous amount of carbon dioxide coming from the tail pipes of our cars?  The cold hard fact is that we have a serious rapidly growing global warming problem that we can’t begin to control adequately.  I am reminded of the futility of trying to empty the oceans with thimbles. According to one article, twenty five million people have already been displaced by various global climate change problems, and sea levels are rising much faster than predicted.

Carbon Offsets (Allowance Trading)

It is not surprising that many businesses and political entities have gotten into the global-warming-solutions picture in ways designed to further their own current goals and fill their own pockets more than to help save the planet.  Considerable legislation has been passed in attempts to get many industries, including power plants, to reduce their damaging emissions, but actually reducing them at their source is usually costly and time consuming.  However, an easier and cheaper way to “satisfy” such requirements has been found: “Carbon Offsets.”  Unfortunately a high percentage of current carbon-offset deals are scams rather than actually reducing the carbon-dioxide emissions in the world.  This is not to say that all carbon-offset arrangements are fraudulent, but let’s look at the shady sides of the system.

Most of the following information on carbon offsets was gleaned from an article titled Another Inconvenient Truth, published by BUSINESS WEEK on March 26, 2007.  The offset game, from the side of a business faced with recent requirements to reduce its emissions, is to find some company or organization that claims to be doing great things for the environment, and then pay them to do still more of that good work.  The buying company then gets off the hook by claiming they don’t actually have to clean up their own act, because they have financed another party to “offset” the environmentally bad things they are going to continue to do.  The other party is happy to receive the money, and often makes sincere promises, in essence to spend that money in ways that will truly offset the continuing emissions of the offset buyers.

This has grown into big business in itself, with several layers of middlemen, who speak in terms of offsetting thousands or hundreds of thousands of tons of greenhouse gases using “Renewable Energy Certificates”.  Note that we don’t need huge scales to weigh these tons, since they are only numbers on pieces of paper.

The middlemen often profit the most.  In one case the brokers were collecting nine dollars per ton of offsets from the buyer, but the offset seller was only getting two dollars per ton from the brokers.

But the major loophole in the system is that in many or most cases, the sellers don’t really do anything new to save the world, they simply collect money from the buyers (their new-found sideline customers), to help the buyers get around new stiff regulations, while the sellers do no more than they have been doing.  Some sellers are quite frank about it: A Washington State farmer said he was happy to receive the $16,000 he earned from selling offsets, but they didn’t effect his previous decision to put in a methane control system.

An article by Warren Cornwall in the January 19, 2007 issue of The Seattle Times was titled, “City Light can’t buy pollution offsets, court says.”  According to Cornwall the DuPont Company improved an environmentally dirty chemical plant in Louisville Kentucky.  As a result, Seattle City Light gave DuPont $615,000 to offset 300,000 tons of carbon dioxide emissions in 2005.  But DuPont started the plant revision effort ten years before City Light began paying them. “We would have continued with these emissions reductions anyway,” said DuPont spokeswoman Stephanie Jacobson.

To top it off, Seattle City Light announced to the world that it had eliminated its contribution to global warming (even though it still releases 200,000 tons of CO2 a year).  And the Mayor of Seattle bragged, “We can power our city without toasting our planet.”  The power company paid to get around a government requirement and to give themselves some favorable publicity, but the charade provided no environmental gains.  I assume that Seattle electric bills also went up a bit, with an added item on the bill labeled “Environmental Improvements,” or some such green-sounding words that most of us wouldn’t question too closely.  I used to live in Seattle and used City-Light power.  It is a good city and a good power company, but these days, along with most of us, they have conflicting pressures from all directions.  The last I heard this pollution offsets issue was still in the courts.

Five of six other offset sellers contacted by BUSINESS WEEK said in essence that they were pleased to get the money, but said the offsets they sold didn’t significantly change their decisions on emission cutting.  One of the five, Barry Edwards, director of utilities and engineering at Catawba County, N.C. said, “It was just icing on the cake, we would have done this project [of generating electricity from landfill gases] anyway.”

Still other scary parts of the system whereby companies buy their way out of compliance with environmental regulations (which in many cases are next to impossible to meet) is the lack of governmental monitoring on the offsets business, and the players withhold information.  The brokers often decline to identify their offsets sources or their customers, and in many cases neither the offsets buyer or offsets seller will disclose how much money changed hands, nor for what specific actions.  Anja Kollmuss, with the Tufts University Climate Initiative, said “We cannot solve the climate crisis by buying offsets and claiming to be climate neutral.  Nature does not fall for accounting schemes.”

With tongue in cheek, I suggest the following offsets-generating plan.  It is free from the scams, and is guaranteed to markedly reduce the generation of global-warming gases.  The recipient of the funds (the seller of the offsets) would be the State of Texas or some Texas organization set up for the purpose of fairly distributing the incoming funds.  The novel but effective way that Texas would generate these offsets to sell would be to get out of the beef-growing business. In practice ranchers would simply prevent all cattle breeding.  For every steer sold to a packinghouse (or however it is done), and not replaced with a calf, that ranch would be entitled to a certain offset payment.  In a minimum of one generation of cattle this program could reduce the number of steers in Texas to zero and reduce the associated enormous methane emissions to zero.  Come to think of it, paying people to not raise something is a well-established practice.  The U.S. Government has paid farmers to leave certain fields fallow for many decades.

Since methane is twenty three times worse than carbon dioxide as a greenhouse gas, and Texas in this case is effectively the largest state (Alaska doesn’t have steer herds), the reduction in the rate of global warming would be considerable.  A secondary but perhaps equally desirable effect would be the resulting improvement in people’s diet and reduction in health costs.  Also, growing vegetables requires far less total energy than growing beef, so these offsets would reduce the coming energy shortage as well.

But Texas wouldn’t become completely non-bovine: Cows would still be required, to produce milk and other dairy products.  There would be enforced controls to prevent the raising of heifers for beef, however.  The author is sure that the generous and selfless people of Texas would gladly give up their beef industry as their contribution to saving the world.  After all they would still have their oil gushers, which I understand are becoming more numerous and profitable every year.  And who knows how many dollars the offset of a steer would go for?  If Argentina would also sell verified beef offsets, we could relax a bit on the threat of global warming, eat rutabagas, and live happily ever after.  Oh, we should mention what would happen to the hundreds of thousands of acres of grazing land in Texas.  Don’t leave them fallow: We will need every acre of land we can get to feed the world during the coming food crises, so of course the ranchers will all become farmers and raise rutabagas.  No, make that spinach, because it is greener than rutabagas.  And think how well fertilized that new farmland will already be.

But there is another methane threat, one potentially far far larger than that of beef raising:  An article by Volker Mrasek in SPIEGEL ONLINE for Spring 2008, reports on the findings of Russian scientists, including biochemist Natalia Shakhova, guest scientist at the University of Alaska and member of the Russian Academy of Sciences.  Off the coast of Siberia is a continental shelf stretching over an area six times the area of Germany.  That shelf consists of deep permafrost layers containing an estimated 540 billion tons of carbon in the form of methane.  That five hundred and forty billion tons of methane would be the global-warming equivalent of 12.4 trillion tons of carbon dioxide..

Until now, the beginning of our global-warming era, this huge stash of carbon was of no concern to us, because it seemed to be permanently sequestered in that submarine permafrost.  But with global warming much if not all of the world’s permafrost will lose its permanency. Measurements over that particular continental shelf show that the temperature of the sea sediments is now just below freezing.  Already, the seawater there is “highly over saturated with methane”, and tests from helicopters show methane levels in the atmosphere above at five-times normal.  Further climate change would likely expedite these trends.  Shakhova said, “No one can say right now whether it will take years, decades, or hundreds of years, but one can not rule out sudden [enormous] methane emissions [there].  They could happen at any time.”

But methane is natural gas, which we will be running short of.  So we should collect this wonderful stuff off the coast of Siberia as it is released, and use it rather than let it worsen global warming.  Good idea—if we could develop an inexpensive storm-proof way of collecting the methane bubbles as they rise to the surface of every square foot of an area of open sea six times the size of Germany before the gas mixes with the atmosphere.

It is so much easier to collect natural gas squirting from a single drilled hole in the ground.

If we can’t collect that methane natural gas, it would be desirable to somehow burn it as it rises to the surface, making it into 23-times-less-serious carbon dioxide.  But that would probably be as impossible as collecting it.  And if we could burn it, the resulting heat would contribute directly to global warming and local warming of the area, increasing the rate of the permafrost melting and methane release.

Other Polluting Gases


The air we breathe is roughly four-fifths nitrogen gas.  Among other things it plays a passive roll in diluting the oxygen in the atmosphere to safe levels.  But many nitrogen compounds, both natural and manmade, can be pretty violent and sometimes pretty nasty.  For instance, most explosives are based on nitrogen compounds.

Several different oxides of nitrogen are created and emitted by internal combustion engines and fossil-fuel power plants.  Considerable nitrous oxide is also released from fertilized agricultural soil. The mixture of different Nitrogen Oxides emitted from many sources is frequently called NOx.  These and sulfur dioxide, another pollutant released by man (and volcanic areas), combine to make acid rain.  And NOx combines with polluting ammonia gas and moisture to make nitric acid, an irritating substance to breathe, to say the least.  Sunlight plus NOx and other pollutants produce ozone, which causes smog.  NOx also is a nutrient that causes algae growth and decreases water quality.  Nitrous Oxide (N2O), the chief NOx gas, is also a greenhouse gas contributing to global warming.  Some NOx is released into the atmosphere naturally, but our huge global population is, as usual, responsible for most of the nitrogen oxides problems.  Much of the information used in this paragraph was obtained from U.S. Office of Technology Assessment and United States Environmental Protection Agency data.

But the oxides of nitrogen are not the only compounds of that common element that give us trouble.  According to an Associated Press article dated October 25, 2008, Nitrogen Trifluoride (NF3) is used during the production of liquid-crystal flat TV screens, computer monitors, and thin-film solar panels.  According to Ray Weiss, a professor of geochemistry with the Scripps Institution of Oceanography, the level of nitrogen trifluoride in the atmosphere has quadrupled in the last decade.  In parts per million of air, there is still very little of it out there, but it is one of the most potent global warming gases, “Thousands of times stronger at trapping heat than carbon dioxide.”  It contributes less than a half percent to the total global warming rate yet, but in this fight every little bit counts, and we keep discovering new sources of global warming gases.

Petroleum
We are very late in facing up to declining fossil-fuel supplies in conjunction with rapidly rising global energy and power demands.  Much has been written about the coming oil shortage, but here is a succinct summary: “The world’s thirst for oil has grown faster than the industry’s ability to slake it.  There is virtually no spare oil left.”  WALL STREET JOURNAL, January 2006.  Now, in 2008, we should remove the word “virtually” from that sentence.  The basic facts are that earth’s petroleum deposits are finite, and that we have used up most of the readily available ones.  Again succinctly: In the long run we are going to need far more oil than the planet has to give.  Many experts say the world will be largely out of relatively obtainable petroleum in a decade.  Then earth’s forests, natural gas, coal, and uranium-ore deposits will be used up at much higher rates, as substitutes for oil and each other.  All of these are limited to the point that we won’t have enough of any of them within a few decades—within the lifetimes of our grandchildren.

We were warned over a half-century ago, but few people listened, and still fewer did anything about it: In 1948, in a paper read during the annual meeting of the American Petroleum institute, Eugene E. Ayres said, “The fossil-fuel era in which we live will soon start its climactic approach to exhaustion.  Within a few decades a good start must have been made toward the new systems of energy production and consumption.”

The U.S. Energy Information Administration tells us that since 1975 our energy consumption has grown 40% while the production of oil in the United States has dropped 32% and we are buying more than twice as much foreign oil.  Global oil prices shot up from $72 a barrel in 2007 to an average of $119 in 2008 and a projected average of $124 for 2009.  Heating oil is predicted to be 31% higher in the winter of 2008, and natural gas 22% higher.  Gasoline is expected to rise to $3.82 in 2009.  T. Boone Pickens, a former major oil and gas investor, now supports wind energy, and is quoted as saying, “This is one emergency we cannot drill our way out of.”

The moment of “peak oil” may have already occurred last year (2007), depending upon what definition and formula we accept, and who provided the data.  At the peak-oil point two vital curves will cross each other: The worldwide availability-of-oil curve will drop below the worldwide demand-for-oil curve.  Not just temporarily, but permanently.  Therefore the price will continue to rise.  Price?  In 1998 crude oil was selling for twelve dollars per barrel.  Now, just ten years later, it is hovering around a hundred and thirty five dollars per barrel.  And what about the cost of the petroleum product that worries us most?  I remember gasoline at twenty cents a gallon when I was young, and now we are paying over four dollars and a half per gallon.  And “we ain’t seen nothing yet.”  It will keep right on climbing, with the exception of a few minor and temporary perturbations.   It is already high enough that there is much theft of gasoline from parked cars.  Crooks have found that it is much easier to simply drill a hole in the bottom of a gas tank rather than to siphon the gas out.

Most other things we buy will be much more expensive also, since most things require a lot of fossil-fuel-powered transportation of the raw materials and in the delivery of the final products. Here is an even more serious consideration: Without affordable gasoline, or diesel, a lot of workers of all types won’t be able to get to work.  Not only will that be catastrophic for the workers, but for all of us—since we depend upon the things those workers produce.

“Everyone can take the bus.”  Sorry—in most places there are only enough buses to carry a very few percent of the people that now use private automobiles.  Build more buses?  That will help, but it will require money and time, and building buses takes a lot of energy, which will be in short supply. Most buses and trucks use gasoline or diesel oil.  And how many buses would it take to carry all of the people who are now traveling in all of those cars?  Will we have the necessary buses in time?  It will probably take five or ten years just to get political agreements on buying them and paying for them.

It is true that there are big largely untapped deposits of oil shale and tar sands, but they are marginal energy sources: it takes most of the energy in the oil to just mine the tar sands, extract the oil, and refine it.  About two tons of tar sands are required to produce one barrel of oil according to some sources.  To put it mildly, that is highly inefficient compared to pumping a barrel of precious liquid out of a hole, even a very deep hole.  But there are some recent breakthroughs claimed that would improve the oil-from-shale picture, however.  Let us hope the promises come true.

There is currently much controversy over whether we in the United States should open up the Arctic National Wildlife Refuge in Alaska for oil drilling, and permit more offshore drilling, in order to reduce the price of oil, and to make us “independent of foreign oil”.  That is a laugh: The United States has been dependent upon foreign countries for most of its oil for decades, and opening up the now-forbidden U.S. reserves would only produce an additional small percentage of our present consumption, and these reserves would be gone very soon.  Pumping more oil here would help us meet the demand for a few years longer, and help the economy during that period.

But quite aside from damage to additional pristine areas, these actions would decrease the urgency and delay the development of sufficient sustainable green non-fossil energy sources.  And it would tend to falsely reduce the apparent seriousness of the coming crisis.  We must learn how to get along with less.  A boxer doesn’t live the high life until he goes into the ring for the championship; he first has to get into shape and keep in shape.  And the armed forces can’t be recruited and sent to war the next day, and expect to win.  They must be provided with equipment and a great deal of education and practice in the arts of war first.  We now all need to rapidly learn new and more austere lifestyles.

The second fossil fuel to be largely gone will be natural gas.  Gas heats more homes in the U.S. than any other energy source.  What will happen when natural gas is in really short supply?  Being cold is no fun.  “Oh, don’t worry, we can use electric heat.”  Yeah?  We are not going to have enough sustainable electricity for even our present electrical loads when the fossil fuels are in short supply.  “We can burn wood or coal to keep warm, like people used to.”  Yeah?  My house isn’t equipped with wood or coal stoves, and if everyone heated with wood or coal, more CO2 would be released and the rate of global warming would rise.

Wood is already in short supply and the wood-shortage problem worsens continually as our demands for lumber and paper products increase.  The things we buy are in bags and enclosed in layers of cardboard and paper packaging, we get more junk mail than we do good (wanted) mail, and we print more copies from our computers (computers were supposed to eliminate the need for paper).

The next serious fossil-energy shortage after natural gas may be uranium ore—nuclear power-plant fuel.  The United States uses a lot of nuclear energy, and it is the chief source of electricity in France.  It is predicted that uranium ore will be in short supply by 2015.

The last fossil fuel to go will be coal. Half of present US electricity is now generated from coal.  All fossil fuels will be largely gone within a few decades, and the composite effects upon humanity will be horrendous.

Providing enough sustainable energy in time is going to be extremely difficult.  The “energy densities” of the fossil fuels, are far higher than those for solar panels, wind turbines, tidal power, wave power and most other sustainable energy sources.  The result is that fossil fuels usually cost less per unit of energy than sustainable-energies cost.  Therefore we have been obtaining almost all of the energy we use from irreplaceable fossil fuels and are living way beyond our ecological means.  Our sustainable-energy deficit is huge, and our energy debt to the planet is unconscionable.  There is no way “on earth” that we could possibly pay it back.

Likewise we grossly underestimate the time that will be required to authorize, design and build sufficient sustainable-energy power plants to replace the enormous number of fossil-fueled power plants worldwide.  This is going to be a most complex, difficult, long-term, and costly effort.  In addition to time and money it will take huge amounts of energy to develop sufficient replacement energy systems, temporarily adding to the very crisis we are trying to fix.

Various gaseous and liquid fuel substitutes for natural gas and oil can be made from coal, but the processes are inefficient.  The cost of these synthetic fuels would be much greater than we now pay for the natural ones.  In fact, the present low cost of the fossil fuels (including gasoline at four or five dollars per gallon) is limiting the rate of development of synthetics.  The synthetic fuels and bio fuels are now highly subsidized in the United States, to make them artificially competitive with petroleum prices.

During the interim period, which will last for decades, energy and power shortages will cause serious hardships worldwide.  That interim period is starting now, and things will get worse for a long time before they begin to get better.

Fuel Depletion Combined with Global Warming

Many of our global problems are interwoven: For instance, fuel shortages will cause escalating prices in many areas, possible future wars, political unrest, decline of confidence in “The Establishment” worldwide, a declining economy, and lower standards of living.  Meanwhile, our continued use of fossil fuels will add more carbon dioxide to the atmosphere, which will cause more global warming, which causes glacial and polar ice melting, which causes sea levels to rise, which kill people, reduce usable land area, and flood low cities.  Global warming is also believed to cause additional hurricanes, which kill more people, and destroy infrastructures.  That will cost billions of dollars and huge amounts of energy and materials to replace, which will further amplify the energy and materials shortages.

Global warming and fossil-fuel depletion seem to command about equal amounts of news space these days.  Both will be extremely damaging to humanity, but these crises will not be entirely in phase with each other.  The fuel shortage crisis is beginning to hit us now, and will, along with water shortages, become very serious for a billion or more people within a decade or less.  The excessive atmospheric carbon dioxide and methane crisis, on the other hand, has been building and subtly hurting us in different ways in local areas for decades.  The effects of climate change will get much worse, and affect more areas worldwide, but since the effects tend to be localized only a few hundred to a few thousand people will be injured or die in each event for some years yet.  Worldwide food shortages are starting already however.  And many of the reasons for food shortages can be traced back to water shortages, and the high price of fuel.  It takes a lot of fuel, electricity, and water to plow and prepare land, manufacture transport and spread fertilizer, plant crops, pump water, weed, harvest, transport, process, package, refrigerate or can, and sell foods.

An Associated Press article on March 26, 2008 was titled, “Antarctic ice shelf breaks.”  It reported, “A chunk of Antarctic ice about seven times the size of Manhattan suddenly collapsed, putting a 160-square mile portion of glacial ice at risk.”  This is a small part of the Wilkins ice shelf (about the size of Connecticut) that has been there for perhaps 1,500 years.  British Antarctic Survey scientist David Vaughan has predicted, “The entire Wilkins shelf will collapse in about 15 years.”  And that is just the start of the melting of the entire Antarctic continent.  We will have a continent of land there rather than a continent of ice.  Then we can search for oil in Antarctica more easily.  But the relatively dark-colored land will absorb more solar energy than the white snow and ice does, and further raise global temperatures.

The “global-warming” catastrophes will become really global when enough north-polar, south-polar, and mountain ice has melted to raise the level of the oceans and flood a number of major cities.  For historical reasons our cities tend to concentrate at seaports.  Starting soon (as geologic time goes) these once-favored low cities, are going to become very un-favored.  Hundreds of millions of people will be displaced.  According to “The Unquiet Ice,” an article in the February 2008 SCIENTIFIC AMERICAN by Scientist Robin Bell, a director of the Earth Institute at Columbia University, “When the Greenland and Antarctic ice sheets melt the sea level will rise by more than 200 feet.”  That will inundate a huge number of cities of all sizes, worldwide.  Among the first to go will be Manhattan, London, Tokyo, Los Angeles, Houston, and Washington D.C.

Other types of global crises resulting from the weather changes will include serious fresh-water shortages, crop failures, adverse effects from ocean-current-changes, and major displacements of populations from areas that become unlivable (too wet, too dry, too cold or too hot).

Obviously the worst effects of global warming won’t all occur at the same time.  And the worst shortages of the different fossil fuels, fresh water, ores, etc. also won’t occur at the same time.  We don’t know when any of these individual disasters will peak, or how serious each will become, but surely many of them will overlap, causing compound crises.

Poisons and Pollutants

In addition to global-warming carbon dioxide and methane we see much in the news about poison, toxic, and otherwise hazardous wastes.  Some of the chemical elements themselves, which have been on earth all along, are poisonous, but nature largely hid them from us.  However, man found uses for these natural poisons (such as mercury, arsenic, lead, chlorine, etc.), so we mined their ores.  We uncovered them and brought them up where they can sicken and kill; but we did not make these poison-but-useful elements, nature did that (or God, if you prefer).

The fact that certain manmade industrial and agricultural compounds are toxic did not come to light until they had been made and used in large quantities for years.  DDT, dioxin, and their ilk served us well, but they have also harmed us and other life greatly.  Unfortunately these kinds of problems will probably continue to occur, because in some cases only the test of time can expose the problems.  Oil-spills kill both plant and animal life. They have become more frequent as petroleum consumption has soared. The harvesting, logging, drilling, and mining for all types of fuels and mineral ores usually cause and will continue to cause recurring pollution problems.

Beside the CO2 and a few other bad actors, coal power plants in the U.S. spew forth 50 tons of mercury every year.  We hear lots of fuss about proper disposal of worn out compact fluorescent light bulbs, “because they contain poisonous mercury.”  They actually contain about five milligrams of mercury each.  That is 0.000175 ounce of mercury.  I probably have a thousand times that much mercury in the fillings in my teeth, and am in excellent health at age 88.  According to a news article dated May 19, 2008, that 5 milligrams of mercury per fluorescent bulb added up to two tons of mercury total in the 380 million bulbs sold last year.  The coal-fueled power plants released twenty-five times that much mercury last year.  And the 50 tons of power plant mercury went into the atmosphere for everyone to breathe.  Most of the 2 tons of mercury in the old fluorescent light bulbs went into permanent landfills—back into the earth’s crust, sequestered where it came from in the first place.  Sometimes our priorities get badly screwed up. 
The News
We are so bombarded with bad news concerning prices, fuel depletion, and global-warming on the radio, TV, Internet, magazines, and newspapers that “We have heard it all.” But just in case any of you need reminding, let me run some recent headlines past you.  (These were all real, but many of them have been condensed here, to save space).

	Worldwide Glaciers Melting

Smoke Hazard in Sumatra

Inundation in Ecuador

Over-fishing Reduces Quality

Storm Strikes Mauritius

Lake Mead May Dry Up

Wood Burning Banned

Wealthy Area Fights Wind-turbines

One Billion Cars by 2020

Rain Forest Gone for Good

Political Hot Air over Global Warming

Biofuels are Ecologically Bad

Making Peace with the Planet

Nature not Man is to Blame

Global Warming Causes War

Village Sues over Warming

Worst Time for High Gas Prices

Costs Continue to Climb

Serious Climate Change

U.S. Senate on Global Warming

Energy Independence

China / U.S. Energy Talks

Are You Ready to Sacrifice?

Water Talks in South Failed

The Planet is Crumbling

After the Oil is Gone

Climate Affects Allergies

Brown Pollution Over 12 Mega-cities

Pollinating Honey Bees Disappearing 
	Rising Seas Threaten Cities

Climate Changes Irreversible

One Billion People Threatened

Quit Flying to Save the Planet?

Starving People to Corn-feed Cars

How to Stay Above Water

Warming Video is Super Scary

The End of an Epoch

Doomsday Seed Bank Established

Unique Ocean Dead Zones

The Oceans are not in Good Shape

Gulf-stream Power

Chinese Forest Disaster

Torrential Rain in Africa

Iberian Peninsula Drought

Indian Ocean Cyclones

Cut World Consumption

What do You Consume?

Adding to Russia’s Energy

China Shuts Off Coal Exports

Water Supply in Jeopardy

When Civilization Falls

Polar Ice Melting Rapidly

Seawater Acidified too Soon

Climate Report is late

Litany of Bad News in Store

Don’t Count on the World

‘09 Pollock Harvest may be Chopped

Polar Bears Drowning For Lack of Ice




News articles are apt to leave us with one-sided opinions or conclusions, because many reporters, and certainly the advertisement writers, wish to sell their readers on particular viewpoints rather than present a balanced coverage of the subject.  And the reporter may or may not know the other side(s) of the story—or care if there is another side.  Frequently the reporter is not adequately trained, or doesn’t have the experience, to personally understand what he or she is trying to report.  The “commentators” are freer to express their own opinions, and identify them as such.  It is my intention to act as both a reporter and a commentator in this essay.  I wish to report all aspects of and contradictions in these rapidly developing world crises.  And I want to present my own conclusions regarding them.  I am normally an optimist, but currently very much optimism concerning our future would be unrealistic.

The situation is not completely hopeless, however.  Several promising developments for the future will be presented at the end of this article, including a little-known revolutionary system that would largely solve our transportation problems and greatly reduce our energy and global warming problems.

Does it Matter?

Putting this scary “The sky is falling” monologue into perspective, most of the destroying, depleting, and polluting that goes on in the world isn’t categorically evil or bad.  The universe is constantly changing: The stars, and their planets if any, are born, live, and die.  That is not “bad,” those are just facts of nature.  Planet Earth will be literally destroyed eons from now when the sun dies.  That is far enough ahead that we haven’t worried about it.  But the facts we are examining here tell us that from human-needs standpoints this planet is dying now, where “now” means in tens-of-years, not in millions-of-years.  This is of no consequence to the universe as a whole, but it will be of the utmost concern to us humans.

Who is to Blame?

Legend has it that Nero fiddled while Rome burned.  That story seems to imply that the emperor was responsible for the downfall of The Empire.  We always need a scapegoat and we love to hate villains and supposed villains; but no matter how bad Nero or any other Caesar may have been, his part in the fall of The Empire was minor.  And no matter how good he might have been, he could not have prevented its eventual fall.  Nor can we now justly blame any one person, group of persons, political party, religion (or lack of it), culture, industry, or nation for the coming collapse.  The great majority of us are just doing what comes naturally: living as well as we can—by borrowing from the earth.

It is not the oil companies, the manufacturers, the farmers, or any other producers who are to blame.  Their businesses wouldn’t exist if it weren’t for us consumers doing what comes naturally—consuming what they produce for us.

If we must blame countries then the guiltiest ones are the United States and the other highly developed nations.  But the current rapid industrialization of many developing or redeveloping countries is also a major part of the overall problem.  China, for instance, has gone from a minor to a major consumer of fossil fuels, and has thus become a first-rate polluter.  At current growth rates, by 2030 China will be putting more carbon dioxide into the atmosphere than the rest of the planet combined.  In 2008 China is said to be firing up two new ecologically dirty coal-fired power plants every week.

And India is not far behind.  According to the Society of Indian Automobile Manufacturers, India built and sold [to Indians] 675,116 cars in 2002.  In 2007, only five years later, it sold 1,379,698 cars.  But we shouldn’t blame China and India anymore than we blame ourselves.  They have as much right to the “good life” as the Western Nations have.

Colonialism
We can award partial blame to countries such as Brazil, which continues to destroy the Amazon Rain Forests and convert them into global-warming carbon dioxide. We in North America were destroying our own forests—actually the Native American’s, forests—a century earlier.  Note that neither the Native North Americans nor the Native South Americans were destroying their own forests.  That plundering started when the “civilized” European conquerors came to these areas.

This general observation is applicable to almost all areas of the world.  It has always been the advanced peoples who go into pristine areas and start to take from them: from the land, from the earth’s crust, from their seas, and sometimes to make slaves from the native peoples.  The advanced peoples became “advanced” in the first place largely through aggressive use of their own lands and sub-surface resources.  Later, when they ran short of something or heard of exotic useful things in distant lands, they conquered native peoples who had not yet discovered the advantages of raping their own natural resources.

The foreign bosses usually gave the natives jobs helping to dig and ship their own resources to the lands of their conquerors.  The standard-of-living of the natives thus usually improved.  They were then able to buy back a small part of their stolen resources in the form of products that they “needed” but had never seen before.  As their standard of living improved their life expectancy improved, and they could feed more children, so their populations increased.  This caused the rate-of-depletion of Earth’s resources to rise still higher.

We have seriously depleted the earth, but did we commit a crime?  Is it a crime to take global resources with no way of returning them?  If that is a crime we might say that nature is now beginning to punish us for it.  This punishment will become severe in the next few decades.  We kids got into the cookie jar and are now beginning to get our wrists slapped for it.  Mom’s cookie jar is regularly refilled, but not Earth’s subterranean jars.  The best geologic cookies are gone for good.

Most of us will continue to live as well as we can by damaging the world still further, because the human drives to survive and prosper are basic and powerful.  In spite of noble intentions, ecological stewardship will be second priority.  Our anthropocentric nature is understandable, but it is incompatible with a sustainable earth.  Industrialized humanity is collectively guilty, but blaming anyone, any group, or any nation for what has been done and continues to be done serves little useful purpose at this point.  Trying to favorably influence what will happen in the future is infinitely more important.

The plant and lower-animal populations are self-limiting, but civilized human populations are an exception.  Of all living things, humans alone learned how to dig and pump useful materials out of the earth: Thus humans alone became capable of proliferating in a largely uncontrolled and Earth-depleting manner.  Because we have depleted it we will now lose our unique ability to proliferate endlessly.  World population will continue to rise for awhile longer.

The Near Future 

“The near future” is much too huge a subject to cover in one short chapter, so I will restrict this to the near future of the oceans and the fish in them, as somewhat typical of the endless problems we will have on land in the near future.

Research scientists warn that “corrosive sea water” is showing up nearly a century earlier than expected.  Large amounts of corrosive seawater are reaching the continental shelves, the margin where most marine creatures live.  Seawater is normally alkaline, but when it absorbs carbon dioxide it turns to dilute carbonic acid.  Many areas have become acidic enough to dissolve the shells of clams, corals and the tiny creatures at the base of the marine food chain.  It can also kill fish eggs and a wide range of marine larvae.  SEATTLE TIMES, May 23, 2008.

Excessive carbon dioxide in the seas is only one of the serious man-made saltwater problems.  “Dead zones” in coastal waters are killing off fish and other marine life in huge numbers in many places worldwide.  The SCIENTIFIC AMERICAN for October 2008 carried an article titled “Suffocating Seas,” which pointed out that both climate change and fertilizer runoff from farms are causing depletion of the normal oxygen content in adjacent sea waters, which in turn kills the marine life in huge areas.

According to the March 21, 2008 SEATTLE TIMES, the Pacific Chinook salmon run is at less than 6% of its previous long-term average.  Biologists blame highly unusual ocean conditions due to global warming (and of course blame hydroelectric and irrigation dams that we must have for power and to grow land crops).

So let’s take fish as an example of high prices and coming food shortages: An article in the March 2008 issue of SCIENTIFIC AMERICAN is titled, “Fishing Blues”.  It informs us that disastrous over fishing of the blue-fin tuna has all but driven the species to extinction.

The collapse of the once big cod fishing industry of the North Atlantic occurred sixteen years ago, for lack of cod.  The Atlantic flounder, halibut, plaice, and sole are seriously depleted.  The orange roughy and the Chilean sea bass have been depleted.

Now much of the big-business shallow-water fishing fleet has moved out to the continental slope, where it found several other species of fish to harvest.  But the heavy equipment they use for the required deep bottom trawling is ripping out thousand-year-old coral beds and upsetting the food chain some more.

Fish are not the only type of seafood, however.  Let’s talk about Shellfish.  In the Seattle Times of March 7, 2009 there was an article by environmentalist Michelle Ma titled “Skirmish over Shellfish.”  She pointed out, “There’s a lot of demand for shellfish as world fisheries decline and people want to eat healthier foods.”  Michelle’s main thrust in the article was the legal struggles between a major shellfish producing company and the residents of beach property near the shellfish farms who object to the adjacent beaches being used for anything other than recreation.  Surely most these objectors eat shellfish on occasion, but as we note elsewhere in this book, there are always users of resources or products who say, “Not in my backyard.”

Note that there is not just one but a number of reasons why there is a shortage of seafood, and therefore why the prices are so high.  And mankind is causing every one of these problems.  How many of the people who eat fish know all of this—or care (beyond the price of fish, for which they blame the politicians).  Will we stop eating seafood?  Not if we can afford it, like it, and have read about our need for omega-3 fatty acids.  Will poor people have to stop eating seafood?  Yes, unless it is given to them.  Will the markets stop advertising seafood?  No.  Will the fishermen quit their jobs in ecological protest?  No.  Will many lose their jobs for lack of  seafood to harvest?  Yes.  Is there a solution to all of these problems?  No.  Any thoughts on the price of fish in a year or two?

In support of the author’s attempts to show that most articles concerned with global warming and depletion of resources fail to tell both sides of the story, let’s look at an article titled “Victory at Sea” by Christopher Pala, that was published in the September, 2008 issue of SMITHSONIAN magazine.  The article, complete with a number of beautiful full-page color photos of great schools of fish, coral, and other marine life, tells of an area in the South Pacific around the unoccupied Phoenix Islands, where the lack of human intervention has left the marine life in full bloom just as it was thousands of years ago.  The subtitle of the article is, “The World’s Largest Protected Area, Established This Year In The Remote Pacific, Points The Way To Restoring Marine Ecosystems.”
Wonderful.  But no place in the article does it say that the only way to restore marine ecosystems is to stop eating them—worldwide—starting now and forevermore.  Except for the seafood species we have already driven to complete extinction, if humans left the seas completely alone, not eating and not polluting or damaging them in any way for a few thousand years, most of the global marine systems would probably largely restore themselves.  But note that the article says, “… points the way to restoring …”.  That is very misleading, since it would not be humanity, but nature who would be doing the restoring, and that would be possible only if we humans would get completely out of the picture.  It is foolish to think this could ever be done, since practically all civilized peoples use fish and other marine life in their diets, and would not quit until it is unavailable.  And many peoples depend upon marine life almost exclusively, for both food and occupation.   I don’t understand the title of this article, “Victory at Sea.”  What is the victory?  I am glad that this rare pristine marine-life area will be protected, but with the exception of in this new nature museum the desecration of marine life worldwide will continue.  Again we ask, “Is there a solution to these problems?”  The answer is still no.

Economist Thomas Malthus predicted, in 1798, that the growth of populations would outstrip food production, because “population increases geometrically while production increases arithmetically.”  Malthus didn’t say when his prediction would take effect, and for over two hundred years he seemed to be wrong.  But in the September 2008 issue of SCIENTIFIC AMERICAN, Jeffrey Sachs, director of the Earth Institute at Columbia University, wrote, “If we run out of inexpensive oil and fall short of food, deplete our aquifers and destroy remaining rain forests, and gut the oceans and fill the atmosphere with greenhouse gases that tip the earth’s climate into a runaway hothouse with rising ocean levels, we might yet confirm the Malthusian curse.”

Amen. Shortages of many types of food, depletion of fresh-water supplies, depletion of many necessary ores and all fossil fuels, and other energy shortages are going to cause major and extended setbacks for humanity.  For instance: homes are heated by oil, gas, coal, peat, wood, or electricity.  All of these energy sources are on the “endangered” list.  And electric power shortages will affect us indirectly in many serious ways beyond the obvious shortages for lights, cook stoves, ovens, TVs, computers, washing machines and dryers, refrigerators, freezers, air conditioners, power tools, hot water and heat.  Electricity is used extensively in the production of almost everything.  Materials, houses, all other buildings, hardware, cars, airplanes, electronics, clothes, furniture, paper, food and water, and the acquisition of or manufacture of fuels all require a lot of electricity.

In 1964 Professor Henry L. Hunker, of Ohio State University, wrote, “The very spirit of civilization is affected by the amount and nature of available energy, and that spirit more than any other factor determines what energy expenditure means in terms of human well being.”

Energy for Transportation
“Transportation consumes 70% of the oil used in the U.S., and generates a third of the nation’s carbon emissions.”  (SCIENTIFIC AMERICAN, December 2005.)

The same fossil fuels power the agricultural machines that are necessary for the mass-production of food.  A large amount of natural gas is used in manufacturing fertilizers.  Our food and manufactured products are brought to market by ships airplanes, trucks and freight trains, all of which are fossil fuel powered.  And a great deal of fuel is used in mining or drilling for the fuels themselves, and in processing and transporting them.

Surface vehicles can run on electricity (that will eventually be generated from sustainable-energy sources).  But in the air we are going to have a bigger problem: Electric airplanes are not practicable, at least yet.  (The extension cords would have to be too long.)  The airline industry uses seventy-five million gallons of jet fuel a day in the US alone!  Coal-fired steam engine powered airplanes are obviously not a good answer, even until the coal runs out.

There were extensive efforts by General Electric and Oak Ridge Laboratories to develop nuclear-powered airplanes in the 1950s, but the projects were cancelled because of the unavoidably great weight of adequately shielded nuclear reactor systems.  No present power system could substitute for liquid-fueled airplane engines.  Airline travel is going to be greatly reduced and become much more costly.  Will we be traveling overseas only on coal-fired or nuclear-powered ocean liners?  Both airmail and air freight will become much more expensive.  Perishable fruits and vegetables flown from halfway around the world may be mentioned only in history books—electronic books that is, since there will be little wood for the production of paper books.

Fossil Fuels 

In a news article by Dave Montgomery on March 30, 2008, he told of plans by the U.S. Air Force to continue feeding 6000 military airplanes liquid fuels by building plants to convert natural gas or coal into synthetic fuels.  Stop right there!

Let’s first look at some basic chemical facts, in order to understand what the Air Force is talking about, and the problems that are inherent in it.  There are many “hydrocarbon” compounds.  Their molecules consist of only hydrogen and carbon.  All of them are found in the earth’s crust, and all of them can be used for fuel.  Here is a short table of several basic fuels arranged by molecular weight.

	Hydrogen

Methane

Propane

Heptane

Diesel oil

Bituminous coal  

Anthracite coal

Carbon                         
	H2

CH4
C3H8

C7H16

C12H23

(mixture)

(mixture)

C
	Gas

Gas

Gas

Liquid

Liquid

Solid

Solid

Solid
	    0% carbon

  25% carbon

  37% carbon

  44% carbon

  52% carbon

  60% carbon

  88% carbon

100% carbon  

 


Let’s look at this list: Since hydrogen contains no carbon it is not a hydrocarbon and it cannot form CO2 when it burns, therefore it can’t contribute to global warming.  But the earth doesn’t have any elemental hydrogen: we have to make (chemically reduce) it from water or hydrocarbons.  The hydrocarbon processes for making hydrogen dump CO2 into the air.  And making hydrogen from its compounds and then using (burning) the hydrogen results in a large net loss in available energy due to the inefficiency of the processes.

Methane is the chief ingredient of natural gas. It has the lowest percentage of carbon of all of the hydrocarbons.  Therefore, of all the hydrocarbons, it contributes the least to global warming when it is burned.  But methane is a very bad global warming gas by itself.  And being a gas at atmospheric pressure and temperatures, it is more difficult to store in vehicles than are liquids.  Also, natural gas is a fossil fuel that is rapidly going up in price and will be depleted rather soon after the petroleum is largely gone.

Natural gas also contains some propane.  We use propane for portable heating and lighting because it is readily liquefied for storage at low pressures.

Heptane is the most abundant hydrocarbon in the mixture we call gasoline. Gasoline has nearly twice the carbon content of methane, but it has the great advantage of being a liquid.

Diesel oil consists of a mixture of heavier hydrocarbons, with the average about as shown.  Note that this fuel is over half carbon.  Since it has more carbon, a gallon of diesel oil contributes somewhat more to global warming CO2 than a gallon of gasoline does, but compensating that, diesel engines are a little more efficient that gasoline engines.

The coals have still more carbon, and when we heat coal we can drive off most of the minor ingredients in it, and have coke, which is close to pure carbon.  In this list we started out with gases, progressed to liquids, and on to solids.  The liquids are the ones we like by far the best for powering engines, since we can easily and inexpensively store large quantities of liquid in a vehicle at ambient temperatures and pressure, and we can use simple tubes instead of shovels to move it from the fuel-storage container to the engine.

Coal is the fossil fuel that man found first and used the first, but being a solid, its use in transportation was limited to early steamships and steam locomotives.  As soon as we had petroleum in quantity, both ships and locomotives were designed to use internal combustion engines and the much-more-convenient liquid fuels.  Marine and railroad “Firemen” still exist as labor grades, but these people now have different duties: they no longer wield coal shovels.

But let’s go back to the Air Force story.  It is no surprise that the USAF wants to continue using liquid fuels in their airplanes.  (In 2007 the U.S. Air Force used 2.6 billion gallons of fuel that cost the taxpayers $5.8 billion.)  There are methods by which liquid fuels can be made from natural gas or coal, as the USAF proposes, but they are inefficient, and following the depletion of petroleum we are going to see a natural-gas-depletion crisis, and finally a coal shortage.  Using up natural gas or coal to make liquids to fly airplanes and power cars and trucks would deprive a hundred million people of home heating gas and coal years sooner.

Biofuels

Biologically produced fuels have one advantage over fossil fuels: They emit carbon dioxide when they are burned, like fossil fuels do, but carbon dioxide from the air is consumed by the plants from which biofuels are made.  Unlike fossil fuels, biofuels (a form of solar energy) have little effect on global warming.  But whether or not biofuels help or hinder efforts to increase our total energy supply is another question.

Much has been written about growing various types of crops from which to make liquid fuels to replace petroleum.  We are already doing that in surprisingly large scale, in making the ethanol that is added to gasoline these days.  That sounds good at first, but there are intolerable downsides. In the March 25, 2008 Seattle Times’ Nicole Brodeur wrote, “If all of the 275 million arable acres in the U.S. were planted with nothing but soy for the production of soy oil to be used as fuel it would offset our dependence on oil by just 14%—and the country would be starving to death.” In an article titled, “Starving the People To Feed the Cars,” Lester R. Brown wrote for the WASHINGTON POST on September 10, 2006, “The grain required to fill a 25-gallon SUV gas tank with ethanol once would feed one person for a full year.  “If the United States converted its entire grain harvest into ethanol, it would satisfy less than 16% of its automotive fuel needs.”  Wow!  Those numbers make a lot more sense when we remember that it took millions of years for the sun’s energy to make and store the world’s petroleum, but we have used most of the accessible stores of that oil in only the last hundred years.

Brown, who is president of the Earth Policy Institute, went on to point out that as usual, money will talk.  He wrote, “Whenever the food value of a crop drops below its fuel value, the market will convert it into fuel.”  A February 1, 2007 newspaper article told of great protests and actual hunger in Mexico because the demand for corn to make ethanol has raised its price to the point where thousands of Mexicans can no longer afford corn tortillas, their main subsistence food.

We are already short of good arable land just to feed the global population adequately.  So we need to ask, “Would we rather drive our cars or eat?”  Facetiously: on the plus side the less fortunate wouldn’t be around to drive if they can’t eat, so the traffic problems would be solved and so would the fuel shortages.  No, let’s not go that route; but how can we keep it from happening?

Most plants can be used to make ethanol, including wood.  We call ethanol (C2H5OH) “grain alcohol” and call methanol (CH3OH) “wood alcohol”, but making ethanol from wood is just as easy.  It happened that my brother, Vance, was a chemical engineering manager in a pulp mill where huge quantities of ethanol were routinely produced as a byproduct of the wood-pulp production.  Since the alcohol was a byproduct there, its production made sense, but read below.

Getting energy in the form of liquid fuels from growing plants is a very low-efficiency way of capturing solar energy.  In fact thorough study now shows it to be a net loser in most cases: The energy required to prepare the soil, fertilize, plant, irrigate, harvest the crop, transport it, and ferment, and distill it into ethanol is said to be more than the energy available from the final fuel.  According to recent articles the production of ethanol is probably consuming more petroleum than the gasoline saved in cars and trucks by diluting it with ethanol.  Ethanol (which is highly subsidized) is a politically supported product.  The agricultural community loves it, as do the ethanol producers—and those businesses represent a lot of votes.  Ethanol had been hyped as a wonderful green product, and it has been added to gasoline for a long time; but in fact it is the opposite of green, regardless of the color of the plants from which it is made.

Another article, “The Clean Energy Scam”, by Michael Grunwald, appeared in the April 7, 2008 issue of TIME magazine.  The subtitle read: “Politicians and Big Business are pushing biofuels like corn-based ethanol as alternatives to oil.  “All they’re really doing is driving up food prices and making global warming worse—and you’re paying for it.  It has cost us eight billion dollars in subsidies in addition to all of the damage done.  Iowa has so many ethanol distilleries under construction that it is poised to become a net importer of corn.”

Grunwald made many points discrediting the belief that ethanol is a valid green alternative fuel, but his main thrust was as follows: In Indonesia and in Brazil the forests are being cut down in order to raise soybeans for the production of ethanol.  The logic in doing that falls apart when the carbon dioxide released by the destroyed trees is taken into account.  The forests have been “an incomparable storehouse of carbon,” keeping it out of the atmosphere. But Brazil now ranks forth in the world in carbon emissions, due to continuously cutting down and usually burning the forest.  “Some 3145 square miles of Amazon forest was destroyed between August 2007 and August 2008—a 69% increase over that felled in the previous 12 months.”  (From the National Institute for Space Research, which monitors by satellite the destruction of the Amazon.)  The expanding soybean crops that are replacing those wonderful global-warming-deterrent trees are turned into ethanol at a net loss in energy and gain in carbon-dioxide emissions.

In the April 30, 2008 SEATTLE TIMES there was a big paid-for advertisement by a private citizen begging us to “Slay the Biofuel Beast”.  Yet in the same issue of that same newspaper the presidential candidates were still supporting ethanol, especially in Iowa while they were campaigning there.  A headline read, “President Bush calls for more food-based biofuels.”  Ethanol is a politically supported but environmentally unsound motor fuel. Lets stop diluting gasoline with ethanol, and the sooner the better.

 Biodiesel from recycled restaurant cooking oil is logical, since it is already available and would otherwise be largely wasted, but the amount of cooking oil available for recycling is a drop in the bucket compared to the fuel we are going to need to replace petroleum.

There are those who say that we don’t need to worry about fuel shortages or about finding more oil, all we need to do is to conserve.  Conserving will help a little, but it is not “all we need to do” by any means.   Reducing petroleum consumption by conservation will gain us a little more time in which to develop alternative and sustainable transportation energy sources and electric power systems, but it can only reduce the urgency of the coming energy crisis modestly.  Let’s assume the oil will be mostly gone in twenty years if the rate of consumption remains the same, and assume that by improved conservation we could achieve a ten-percent reduction in the rate of consumption.  The “oil-mostly-gone” date would then be extended to about twenty-two years.  But it is much more likely that the worldwide rate of oil consumption will continue to rise in spite of efforts to lower it.  Let’s assume a twenty-percent net increase in consumption due to increasing populations and expanding automobile use in China and India: Then our “oil-mostly-gone” date would be maybe only eighteen years away, even with our best conservation efforts.

 The saying, “Don’t try to solve vast problems with half-vast ideas” comes to mind.  We should try hard to conserve, but conservation (voluntary or mandated) is much too small a factor to solve our energy crisis.  It can only delay the onset of the inevitable crisis slightly.  The major and unavoidable factor in reducing oil consumption will be shortage of oil and associated higher prices.

Hydrogen and Fuel-Cells

There has been much hype about hydrogen, and “Our Hydrogen Future.”  Some simplistic articles and ads (obviously written by people with inadequate technical knowledge or with the desire to mislead for financial reasons) observe that “Since we have unlimited hydrogen in H2O, our energy problems are solved.”  Not true.   It takes much more energy to break down water into hydrogen and oxygen than we can get by burning the hydrogen back into water.  Repeating what we discussed earlier, hydrogen gas is not available as a fossil fuel nor is it an ingredient of the Earth’s atmosphere.  We don’t have any molecular (gaseous) hydrogen until we make it from hydrogen compounds.

Since we have no hydrogen gas we can’t consider it a source of energy.  Hydrogen is more correctly said to be a carrier of energy.  Electricity is also a carrier of energy, since we don’t have useable electric power in nature either; we must make it before we can use it.  But electricity is a far more user-friendly carrier of energy than hydrogen, for reasons to be explained below.

Hydrogen can be made in three main ways: First we can break down water by electrolysis to release the hydrogen, but that uses a lot more electrical energy than the energy we can get from burning the hydrogen back into water.

  Second, we can make hydrogen (plus a lot of carbon dioxide) from hydrocarbon fuels, including petroleum, natural gas and coal.  This would be a stupid process to use, because all of those fossil fuels will be in short supply, and a lot of the total energy in the fuel would be consumed in the chemical reactions needed to release the hydrogen.  It is true that hydrogen itself produces no carbon dioxide when it is burned, but use of hydrogen made from fossil fuels in vehicles would simply move the generation of the global-warming CO2 from the highways back to the hydrogen-making plants.  That would serve no useful purpose since the weather system will distribute the carbon dioxide globally from wherever it is released.

The third way of making hydrogen is a relatively new one still in the early stages of development.  It consists of disassociating water into hydrogen and oxygen using solar radiation directly.  If we decide to use hydrogen as a fuel, in the opinion of the author this way of getting it makes the most sense.  A September 25, 2007 online article titled “Splitting Water with Sunlight” at www.physorg.com/news109941196.html describes the use of titanium disilicide as a catalyst to disassociate water using solar radiation.  This particular research is underway at the Max Planck Institute in Germany, under the leadership of Martin Demuth.  Let us hope the concept can be developed into a practical large-scale efficient and affordable system.

 But even if we can develop a good efficient sustainable low-cost source of hydrogen, the use of this flighty gas in transportation has many disadvantages.  For one thing, it is much harder and less satisfactory to use in vehicles than gasoline or diesel.  Hydrogen, being the lightest element, requires much more storage space per calorie or BTU of energy than petroleum does.  A tank of ambient-temperature, low-pressure hydrogen gas large enough to hold the energy equivalent of a tank of gasoline would be enormous.  We can compress hydrogen to several thousand pounds per square inch to greatly reduce the size of the tank (and spend 20% of the energy in doing so), but now the tank has to be so strong to withstand the pressure that the tank becomes heavier than the fuel it holds.  And the high-pressure gas is dangerous.  If the tank bursts, either due to a fault in the tank, over pressurizing, or an accident, the explosion due to the simple expansion of the high-pressure gas could kill the occupants.  In addition, the violently escaping hydrogen would probably be set afire by sparks, and the fire would be large and intense.  Remember the Hindenberg dirigible fire.

Another way of storing a reasonable amount of hydrogen in a reasonable amount of space is to store it as a liquid.  But there are as many or more disadvantages with this method as there are with the high-pressure method.  The temperature of liquefied hydrogen at atmospheric pressure is very close to absolute zero (minus 253o Centigrade or minus 424o Fahrenheit). We would waste about 40% of the available energy in refrigeration to liquefy it.  And it means that we would have to store the liquid hydrogen in an extremely well insulated tank in order to keep it from boiling away very rapidly.  To keep coffee hot we use a vacuum (thermos) bottle.  To keep liquefied gases cold we use a similar vacuum-walled tank, called a Dewar vessel.  These are heavy, expensive, easily broken in a fender-bender, and even with the best of them the hydrogen slowly boils away.  The escaping gas presents a constant fire hazard, unless the car is running and using it.  And if you left your liquid-hydrogen-powered car in the garage for too long, it wouldn’t start because all the fuel would have boiled away.

There are other studies and developments in progress that would store hydrogen in the form of hydrogen compounds, or by absorbing it in or adsorbing it on special materials.  But all factors considered, for the near future any hydrogen fuel system is more expensive, heavier, bigger, and/or provides far shorter range than a tank of gasoline does.

If we want to put up with all of those hydrogen acquisition and storage problems, there are two ways in which we could use our hard-earned hydrogen to power special automobiles.  One is to burn it in an internal combustion engines similar to gasoline engines.  An optimum hydrogen-powered reciprocating engine is a little different than present car engines, however.  We can’t simply switch fuels.  And with the future in mind, another problem with hydrogen engines is that a law of thermodynamics (Carnot cycle) limits their efficiency, just as it does in gasoline and diesel engines.  All energy is going to be in short supply, so low-efficiency systems will be unacceptable if higher efficiency systems are available.

The other and more touted way to use hydrogen in cars is in fuel cells.  A fuel cell generates electricity somewhat like a battery does, but it isn’t a battery in the usual sense.  When the circuit attached to a battery is closed, chemical reactions inside the battery start up and produce electricity.  If it is a rechargeable battery, after it is discharged we can reverse the reactions electrically and put energy back onto it.  The fuel cell is different in that without external fuel (hydrogen), it can’t deliver electricity.  In batteries the chemicals that store the energy are built into the battery, while in fuel cells the energetic chemical (hydrogen) has to be continuously flowed into the cells from the hydrogen storage tank.  In the fuel cells, with access to atmospheric oxygen, the hydrogen is chemically converted to water while providing electricity instead of burning to provide heat.  Fuel cells aren’t very efficient either.  The energy they waste heats up the cells just as the inefficiencies of batteries, motors, etc. heat all of them up.

Companies in hydrogen production, hydrogen storage, and in fuel-cell development businesses are trying hard, but most of the unbiased experts doubt if we will ever have fuel-cell cars or hydrogen-engine cars in quantity.  As I write, in late 2008, batteries appear to be a much better choice for powering electric cars than hydrogen does.  And batteries in conjunction with “super-capacitors” may be even better.

Electricity is very likely the transportation energy for the future since the fossil fuels will be gone, biofuels have major disadvantages, hydrogen will probably be a loser; and we can make electricity from any source of energy, including all of the sustainable types.  Further, electrical machines are generally far more efficient than heat engines of all kinds.

The author strongly believes in a concept called “dualmode transportation.”  It would use green electricity to power the same vehicles in both a manually driven street mode and an automatic high-speed grid-powered guideway mode, without generating carbon dioxide in either mode.  The system would carry private cars, light trucks, transit, and commercial vehicles.  This most promising transportation concept may be studied in detail at http://faculty.washington.edu/jbs/rev/revcontents.htm 
Home Heating

How are we going to heat our homes when the oil and natural gas are gone?  Wood is also an endangered species, and the coal too will eventually be used up.  Both coal and wood are messy and labor intensive to procure and use.  Burning both wood and coal contributes heavily to air pollution because of their high carbon content and by incomplete combustion in home stoves.  Unless we can develop very small private fusion reactors to fit into the space now occupied by our home furnaces, it looks likely that most of our great grandchildren will be using electric heating with the electricity coming from a number of sustainable green sources.  Let us hope that sustainable power will be available in adequate quantity in time to meet the coming huge demands.  The Earth Policy Institute predicts that at current rates of consumption the proven natural gas reserves in the United States will last for only nine more years.  From then on a lot of our kids may be cold.
The Facts

There are some relatively non-obvious facts that affect our conservation practices, our electric bills, and our heating bills.  Let’s start with two thermodynamic facts: “Energy can’t be destroyed, and “Heat is the lowest form of energy.”  We can change energy from one form to another, and it can change itself to lower forms in some cases, but the total amount of energy will not change and eventually it all turns into heat.  When we “use” energy it does not disappear, it turns into heat.  In our homes all power tools, TV sets, computers, electric kitchen-tools, cook-tops, ovens, water-heaters, dishwashers, washing machines and lights end up turning all of the electrical energy we use in the house into heat.

One example: If we saw a board with an electric saw part of the electricity that went into the saw motor turned to heat in the motor, gears, and bearings because of their inefficiencies.  All of that heat raises the room temperature slightly.  More heat is generated by friction between the circular saw blade and the wood, especially if the blade is dull.  And when the blade cuts the wood, the energy required to do the cutting is turned into heat in the sawdust and in the ends of the board where it was cut.  And sawing makes a noise.  Sound is a form of energy.  That sound is absorbed by the walls of the room, and turned into heat.  There is vibration when we are sawing, and vibration is another form of energy.  It is damped (absorbed) and ends up as heat.  Electric saws along with all other electrical devices are one hundred percent efficient electric heaters, as a free byproduct of the actions we bought them for and use them for.

If I use a hand saw instead of a power saw, the energy I expend causes my body temperature to rise slightly, and causes me to breath faster and deeper and expel more warm air, both of which heat the room slightly more than my normal body heat alone does.  

The light we provide in our homes is “radiant” energy.  It is absorbed by the walls and everything else it reaches, and is turned into heat energy.  All of the electricity we “burn” for lighting contributes to heating our homes (except for the light that escapes through the windows).  Fluorescent lights are far more efficient than incandescent lights, meaning they use less electricity.  But the old incandescent lights heated the house more because they used more electrically.  So, in theory as well as in practice, in a fuel-heated house if we use fluorescent lights we reduce the electric bill slightly, but we increase the heating bill slightly because we reduced the amount of electric heating we were subconsciously providing with the inefficient light bulbs.  If persons with fuel-heated homes use more electrical energy for any purpose, they will burn less fuel because nearly all of the electricity they use will contribute to heating their homes.

We use electric fans to “keep cool.”  Actually the fan heats the room further rather than cool it.  Some of this heat is a direct result of the fan’s own inefficiency.  The rest of the heat the fan produces comes from the kinetic energy (energy of motion) the fan put into the air it moved.  That moving air bounces off the walls and off of its own molecules until it comes to rest.   In so doing it converts all of the energy it received into room heat.  But the fan cools us in spite of heating the room.  It cools us by increasing the evaporation of moisture from our skin, and by blowing away the layer of warm air directly next to our warm bodies.  But if the room temperature is above body temperature and your skin is dry, turn the fan off, it can only make you hotter.

Refrigerators, freezers, and heat pumps are interesting cases, since they heat rooms more than the total energy of the electricity they use.  The refrigerator takes heat energy out of whatever we put in the box, raises that energy to a higher temperature, and dumps it into the room by means of the radiator coils behind the fridge.  Most people know that they can’t cool the house by leaving the refrigerator door open.  If we did that the refrigerator would run continuously and turn all of the electrical energy it consumed into additional house heat.

The heat pump is the same type of machine as a refrigerator or freezer, but it is turned around so that it takes ambient-temperature heat out of the ground, out of a body of water, or out of the air, “pumps” that heat energy up to a higher temperature, and heats a house or building with it.  The electrical energy required to power a heat pump or a refrigerator is smaller than the energy favorably transferred by the “pumping” action.  These machines don’t create heat or cold, they move thermal energy from one temperature and location to a different temperature and location. In the future the heat pump will be particularly important since it can reduce energy consumption for home and other modest-temperature heating.  Over a limited temperature range it effectively makes our outdoor surroundings useful sources of heat energy.

People who heat their homes with electricity may be very green or very polluting, depending upon the source of their electricity.  If their power is mostly solar, hydroelectric, geothermal, or wind generated, more power to them (pun intended).  They are much greener citizens than those who burn electricity generated from fossil fuels.  People with electric-heated homes whose electricity is generated by burning coal are far from green citizens, through little fault of their own.  The carbon dioxide emissions from coal-fired power plants are huge, unless they are somehow sequestered.

“Power” and “energy” are not the same things, by the way.  Power is the rate of expending or using energy.  A powerful person is strong and/or fast, while a person with lots of energy can work all day without getting tired.  In everyday writing these two words are often used carelessly and somewhat interchangeably, as I am probably guilty of elsewhere in this essay.  Power is the amount of energy used divided by the time it took to use it.  Electric power is measured in watts (volts times amperes), kilowatts, or megawatts (one megawatt is a million watts or a thousand kilowatts).  Our electric bills list the energy we have used in kilowatt-hours.  Dieters measure energy intake in calories.  Engineers often measure energy in BTUs (British Thermal Units).  The gas company bills us for “therms,” where one therm equals a hundred thousand BTUs.  A BTU in turn is the amount of heat energy required to raise the temperature of one pound of water one degree Fahrenheit.  One calorie can heat a gram of water one degree Celsius.

When talking about automobile engines we measure their power in horsepower.  One horsepower equals 746 watts, in case you have been wondering.  (If you haven’t been wondering, it is still 746 watts.)  The amount of energy a car has is determined by how much fuel it has in the tank, and what kind of fuel.   Aren’t you sorry you asked?

Power from the Sun

It is important to remember that in pre-industrial times mankind had only solar energy.  At the beginning of the Industrial Age we started to supplement the energy from the sun by using fossil fuels.  In the painfully near future we will have effectively used them up and will have to go back to getting by almost solely on the sun’s energy.  Full circle—but this will be a single cycle.  It can’t repeat, because the fuels we have been taking from the earth will be gone for good.

“The earth receives more energy from the sun in just one hour than the world uses in a whole year.”  (Shell Oil Company).  I assume they mean, “than we humans use in a year.”  So all we have to do is figure out and implement effective, “green,” sustainable, and economical ways to capture enough of this ample solar energy to satisfy our rapidly growing demands.  But, the phrase “all we have to do” is very misleading.  It will be a difficult, long-term, controversy-ridden, and most expensive undertaking.  So far the percentage of worldwide power being generated from green sustainable power systems of all kinds is very low: probably in the order of ten percent.  That is a far cry from the hundred percent of pre-industrial times.

We would like to develop ways to capture concentrated or high-density power from the sun, but most direct solar-power systems are low-density sources.  That means it takes a lot of land area or a lot of something else to provide very much power.  The average power received from the sun when it isn’t behind a cloud is around 300 watts per square meter.  That is a respectable number, but our solar-power systems are currently able to collect and convert only a small percentage of that.  A ton of coal can develop an enormous amount of power compared to a few square meters of land, but that ton of coal will be used up rapidly while that piece of land will still be there receiving solar energy for eons.  The energy in the coal is expendable while the solar energy is sustainable.
Sustainable, yes, but constant, no.  According to an article in the August 2006 issue of the AIEE Spectrum magazine, because of the increasing pollution in the atmosphere there has been a gradual reduction of 3% per decade for the past fifty years in the amount of solar energy reaching the ground.  If we want more energy from the sun than the current 300 watts per square meter, in the future we can perhaps go upstairs, and increase that figure greatly.  It is said that at orbit altitudes we can get about 5,000 watts per square meter.  Presumably that much-higher figure is explainable since it avoids not only losses due to atmospheric pollution, but also the attenuation due to the atmosphere itself, especially in the ultra violet range.  According to an article titled “Roping the Sun, in the July 2008 issue of SCIENTIFIC AMERICAN, the Japanese Aerospace Exploration Agency is doing serious scientific development work in Osaka and Hokkaido toward putting enormous solar-cell arrays into geostationary orbit and sending the power produced by them back to earth using either microwave or laser transmission.  About 180 scientists from all over Japan are involved.  They hope to have a complete prototype system “in about twenty years.”

Solar power collecting in space is not a new idea, but this is apparently the first serious attempt at developing it.   NASA started looking at it in the 1970s (when there was an oil crisis), and “In October 2007, the U.S. National Security Space Office urged that the U.S. immediately develop space solar power systems.”  If such systems are ever successful, they will not be available soon enough to help relieve our imminent petroleum-depletion woes.

Direct and Indirect Solar Power

Direct solar-energy systems include solar cells (photovoltaic), and solar-thermal (heat) systems of several kinds.  The present efficiencies of these two systems aren’t great, but they are much better than the overall efficiency of bio-energy.

Indirect solar-energy systems include bio-energy, wind power, hydroelectric power, and wave power.  In these indirect systems we take advantage of some solar-energy transformations in nature before we humans get into the act.  Wind-power systems capture some of the energy from the winds (which were generated by the sun-powered weather system).  Ocean waves result from solar-produced winds over the water, so wave energy is also an indirect form of solar energy.  One notes that direct solar energy is immediately available if the sun is shining.  Indirect solar energy is harvested later, and is usually available at night as well as in the daytime.

Wind Power

Wind power, like waterpower, has been used in dozens of countries for many centuries.  I well remember the crude windmill that pumped all of the domestic, irrigation, and livestock water on my uncle’s ancient farm.  Fortunately modern aerodynamically designed wind turbines are much more efficient than that old Sears and Roebuck windmill was.  But winds are unpredictable, and regions with reasonably constant winds of suitable velocities are limited and are frequently distant from populated areas (therefore require long wasteful transmission lines).  The turbine blades kill a few birds and bats.  Some neighbors don’t like the “swish swish swish” sound the blades make as they turn.  Some people don’t like the looks of wind turbines on the horizon.  Rich waterfront residents have objected to the appearance of windmills well off shore. “Not in my backyard—or even within my sight.”  Some people find reasons to object to almost anything new and useful.    But all of these people will also complain about power shortages.

All in all wind power isn’t too bad, and we will certainly see a lot more of it.  But it is a low-density source: A great number of wind turbines on hundreds or thousands of acres of land are required to replace one fossil-fuel power plant.  Fortunately that land can be simultaneously used for agriculture or grazing, and wind turbines can also be placed on non-arable land.  Putting both wind turbines and direct solar-energy systems in hot and windy deserts sounds good to me, providing sand storms don’t destroy such systems on a regular basis.

Hydroelectric Power

“Water Wheels” have been a major and excellent source of power worldwide for centuries: first for directly driven mills of many kinds, and later for electricity.  Hydroelectric power is currently our only extensively used non-nuclear, carbon-dioxide-free, and markedly successful, renewable and sustainable power source.   Unlike the historic wooden water wheels, modern hydraulic turbines and alternators (AC generators) are highly efficient machines.  In a number of places in the United States, and in some other countries, hydro is the primary source of power.

As mentioned, hydroelectric power is indirect solar power.  The sun’s heat evaporates and lifts huge amounts of water from the oceans, then the sun-powered weather system deposits water and snow on elevated land and mountains from where it eventually flows back to the seas.  Usually with the help of dams, we convert potential and kinetic energy from some of that descending water into electricity.  The higher mountains collect snow instead of rain, thereby storing energy for gradual hydroelectric and irrigation use in the summers as the snow melts.  A snow pack is comparable to the artificial lake behind a dam in that respect.  But the rate at which an elevated snow pack delivers its energy depends upon the weather, while a dammed lake’s energy delivery rate (power output) has the advantage of being man-controllable and less wasteful of the potential energy.

But people like to eat fish, and fish are good for us, and dams kill salmon and reduce their runs and breeding, so we are tearing dams down in some places rather than building more dams to produce more hydropower.  Whether “dam” is a bad word like “damn” depends upon your viewpoint.  At waterfalls hydroelectric power plants can usually be installed without building dams, but there is still opposition: many people don’t like degrading scenic wonders by reducing the flow of water over the falls.  They too wouldn’t like living without electricity.

From the energy-shortage standpoint, opposition to dams for hydropower (and water) is very unfortunate, because waterpower is a form of solar energy, it is plentiful in many areas, the output is relatively constant night and day and season to season, and the equipment is thoroughly developed, reliable, easy to maintain and long-lived.  No alternative power system now being developed has all of these advantages.  Yet our hydroelectric power potential may be decreasing.  We keep destroying trees and other vegetation, thereby reducing the water-holding ability of the land.  That means the water flow from the mountains and plateaus is reduced in dry seasons when we need both the power (for air conditioning) and the water itself; and less vegetation also means more floods and wasted power in the wet seasons.  Also the weather disturbances caused by global warming is reducing precipitation as well as snow pack in many mountains and thereby reducing the available hydropower in some areas.  Less water also means drought and more fires.  And there will be less water for fighting those fires, so more trees may burn.  Did I mention back in the Introduction that, “The combined damage greatly exceeds the sum of the individual effects?”

Non-solar Sustainable Energy

There are a few non-fossil and non-solar sources of energy on earth.  The two best known are geothermal (heat from the earth’s mantle), and tidal energy (resulting from the rotation of the earth and the gravitational influences of the orbiting moon). Geothermal power plants can be built only in certain limited volcanic areas, such as Iceland and parts of California.  As of 2007 less than one percent of the electric power generation of the world was geothermal, but this could grow significantly.

Tidal energy is also a somewhat promising source, but it only makes sense where there are regularly large low-to-high tide differentials as well as large natural narrow-mouth bays or estuaries that serve to concentrate the tidal energy.  There are now only three operating tidal-power plants in the world, the largest being a 240-megawatt plant near St. Malo, France.  A recent article told of revived activity to harness the great tides at the Bay of Fundy between the Canadian provinces of New Brunswick and Nova Scotia.

Hydrokinetic Power

This type of waterpower was used from rivers hundreds of years ago, but has had almost no attention in modern times using modern science and engineering.  Hydrokinetic power is little known to the general public and almost never seen in the media.  But it has far more promise of being a major component of our future lineup of sustainable electric power sources than tidal power, and it could, in time, generate more, far more, total megawatts of power than hydroelectric will after we tear out a few more dams.  It is literally a type of “hydroelectric power,” but is quite different from and has a number of marked advantages over conventional hydroelectric systems.  “Hydroelectric” power plants, as they are commonly defined, require dams or waterfalls, but hydrokinetic power plants do not.

We need to go back to basics here to understand the difference between hydrokinetic power and conventional hydroelectric power.  Physics tells us that “kinetic energy” is the energy present in any moving thing due to its motion.  For instance, it is the great kinetic energy in a bullet traveling at high velocity that makes it lethal.  We capture part of the kinetic energy in wind by wind turbines and convert it into electricity.  Hydrokinetic energy is very similar to wind energy, except that one uses natural kinetic energy from the atmosphere, and the other uses natural kinetic energy from moving water.

“Potential energy” is stored energy such as the energy in a stretched rubber band or spring, the energy in a charged battery, or the energy in a gallon of gasoline.   In dams, due to the weight of the water and its height above the downstream river, the water behind a dam has great potential energy, part of which can be converted into electricity by means of a hydroelectric power plant.

A hydrokinetic power plant in a river converts some of the kinetic energy of the flowing water into electricity.  And note that here no dam or waterfall is needed, because the energy for the power plant is coming from the weight and speed of the water rather from the weight and height of the water.

The hydrokinetic turbines, which will be submerged in rivers, will be quite different from hydroelectric turbines and a bit like wind turbines.  But they will be far smaller than wind turbines because water is so very much heavier than air and can therefore pack the same amount of kinetic energy in a much smaller space.


There were many different types of “water wheels” used extensively in the nineteenth century and earlier.  Two basic types were “overshot” wheels, which used mostly potential energy from elevated water, and “undershot” wheels that used the kinetic energy from a moving stream or river.

In modern times the potential-energy concept has been developed into our highly efficient and extremely large hydroelectric systems based on dams and modern hydraulic turbines and electric generators.  Where historically one little water wheel would power one little flourmill, for instance, now one huge hydroelectric plant powers hundreds of mills and other industrial plants and businesses, as well as thousands of homes.  But dams, for hydroelectric power generation, water supplies and irrigation have major disadvantages as well as major advantages.

Enter modern hydrokinetic power: According to an article in the May/June issue of online EnergyBiz, There are two or more serious companies pursuing the development of hydrokinetic power plants in rivers. The leaders include Free Flow Power, which has obtained 57 permits to install hydrokinetic turbines in the Mississippi and has applied for  permits in the Niagara and Detroit rivers   The second leader, Hydro Green Energy , has permits on the Yukon, and permits pending on the Mississippi.  The Electric Power Research Institute predicts that 3000 megawatts will come from hydrokinetics in rivers by 2025, and the National Hydropower Association thinks that number is too conservative.  See
http://energycentral.fileburst.com/EnergyBizOnline/2008-3-may-jun/Tech_Front_Mississippi.pdf  


Compared to wind turbines, which generate power only when the wind blows, hydrokinetic turbines distributed along rivers generate twenty-four hours per day, summer and winter, year in and year out.  The places where the winds blow best are often well removed from population centers; so long energy-wasting costly transmission lines are then needed.  Population centers, on the other hand, tend to follow rivers, so the transmission lines from hydrokinetic turbines will normally be short.  The kinetic river power systems will be mostly if not entirely under water, and therefore largely invisible, while the appearance of wind-turbine farms is objectionable to some people.

Compared to tidal hydrokinetic power, which flows and stops and flows and stops, as the tide goes in and out, river hydrokinetic power will be generated at a constant rate twenty-four seven.  Tidal power is generated in salt water, which is much more corrosive to equipment than freshwater rivers.  There are very few places where tidal power is feasible, while almost any river will offer good hydrokinetic power most anywhere within its length.

Compared to solar panels, which generate electricity only when the sun is shining, and which put out less in far northern or far southern latitudes, river power will be working for us full time day and night everyplace.  And solar panels, along with wind turbines, bio-energy, fossil-fuel mines and wells, power plants, and most other power systems require land area.  Hydrokinetic river power does not.

Unlike hydroelectric power plants, hydrokinetic power requires no dams.  Multiple dams on a river to store potential energy for power may be fifty or a hundred miles apart.   Hydrokinetic turbines may end up being only fifty or a hundred feet apart.  The maximum power available from a dam depends upon the height of the dam, which is fixed and limited by many factors.  With hydrokinetic, to get more power we can add more turbines along the length of the river.

The artificial lake that builds up behind a dam floods thousands of acres or square miles of land that is usually valuable for other purposes.  With hydrokinetic, no land is lost.  Most dams seriously damage salmon populations.  With hydrokinetic there are no dams.  (Initial observations and tests show that properly designed hydrokinetic turbines do not kill or disturb the migrations of fish, but more extensive studies are planned,)

The cost of a hydroelectric dam is enormous and undividable.  We can’t readily build and use a cheap tenth of a dam or quarter of a dam to generate a small amount of power initially.  But we will be able to build and use only one hydrokinetic turbine if that is all we need at first, and we can keep adding turbines to meet increasing power demands until there are thousands of them operating simultaneously in the same river.  Obviously there will be an upper practical limit for each river.  There will be a very slight increase in river depth in the immediate area of each hydrokinetic turbine, as a result of a slight reduction in water velocity in the vicinity of the turbine.

The power that can be generated from a dam decreases if the water level behind the dam drops (reducing the “head”) due to insufficient precipitation or excessive water use. But since hydrokinetic turbines (which will be small and located near the bottom) depend only on the speed of the river, the power will remain essentially constant if the river level decreases, as long as the turbines remain submerged.

A dam completely destroys through river navigation, unless expensive locks are provided. But all of the hydrokinetic turbines will be built on the same side of a river, and protected such that they do not impede or endanger navigation or vise versa.  Only very small narrow rivers would need to be designated as either navigable or power producing.


It is somewhat of a mystery why hydrokinetic power from rivers has been so completely ignored by the media, the public, and by entrepreneurs in modern times, but now that a few thinking people have rediscovered it, lets go!  It looks wonderful and desperately needed.  It will have growing pains, and there will be those who will oppose it, but that is par for the course.  At first glance the “Not in my backyard” opposition will have much less to complain about.

Materials

We are seriously depleting many ores and other materials in addition to the well-publicized fossil fuel shortages.  In the following I am going to use Bold type to highlight a few materials that already are or will be in short supply.  Example one: The element Lithium has been used in certain medicines, some types of glass, and in atomic energy plants.  For these uses there is plenty of lithium ore, mostly from Chile.  But now lithium batteries are used in millions of electronic devices and it appears that lithium batteries will be the best power for our future mass-produced electric cars. The amount of lithium needed for a billion cars will be enormous.  According to several writers there is not enough high-grade lithium ore for that future.  The price of lithium is already climbing.  We once had plenty of accessible petroleum too, until a billion or so internal-combustion automobiles hit the roads.

“Hold the presses:” The supposed shortage of lithium now appears to be premature.  In this game, if you don’t like someone’s prediction, ask someone else—or wait until tomorrow.  According to Geologist R. Keith Evans, who has been tracking lithium sources for the lithium industry since the 1970s, there are certain dry lakes in Chile, Bolivia, Argentina, and some in California, that have many times more lithium (in the convenient form of lithium carbonate) than mankind will ever need.  This is from an April 15, 2008 article by Bill Moore, Electric Vehicle expert and founder and editor of EV-World Magazine.
Cobalt’s price has tripled in the past two years.  Cobalt has been used extensively in powerful permanent magnets for many decades, and in cutting tools, surgical instruments, for gas turbine blades, for blue pigments, and as a catalyst.  These uses are still growing rapidly.  But the use of advanced batteries is growing enormously, and nickel-metal hydride batteries, the kind now commonly used in hybrid cars, contain cobalt as well as nickel.

Some tell us not to fret about a cobalt shortage, because lithium batteries, which have much more power and energy per pound of weight, are beginning to replace nickel-metal-hydride batteries for electric cars.  But it turns out that we must fret anyway, because lithium batteries use six times as much cobalt as nickel-metal-hydride batteries do.  (Information from EV-World and from Resource Investor newsletter.) To make matters worse, most of the cobalt we use occurs as a trace element in ores of other metals, and it takes an enormous amount of electric energy to isolate the cobalt.  (Nebergall, Schmidt and Holtzclaw, College Chemistry).  That is bad because, as we have discussed, Electricity  will also become a major short-supply item worldwide.

Lead too, needs to be talked about.  That much maligned “poison,” is of course the primary metal in the lead-acid batteries used in our automobiles.  Lead, which is also used for many other things, is a pretty common metal, and was not very expensive in the past.  But the  price  is  going  up  and  the availability is going down.  Here is one of the reasons: 

 According to H. Roberts of CHR Metals Ltd., in 2006 China built 19 million electric bicycles using 400,000 tons of lead for the batteries.  That went up to 530,000 tons of lead for bicycle batteries in 2007.  The price of lead reached $3,835 per ton in 2007, a hundred and thirty percent increase in one year.

But that isn’t the end of the lead story: An automobile battery lasts for years because it is kept charged constantly by the car’s alternator.  But in bicycles the batteries are deeply discharged between charges, causing them to wear out rapidly and need to be replaced every year. And a battery to power a bicycle up hills isn’t small (a car battery only has to start the car and power the electrical system).  It turns out that far more lead is required to keep a million electric bicycles on the road than to keep a million cars on the road.  I wonder how much lead will cost in another year to two, and what kind of battery they will replace the lead-acid batteries with?

Copper was a relatively inexpensive metal until recently, but now the ore is so depleted and its price is so high that thieves are ripping copper wire out of all kinds of electrical and electronic equipment, to sell to unscrupulous scrap-metal dealers.  The crooks are even tearing out miles of in-use high-voltage copper power lines.  Would it be unkind to wish that a few of them get electrocuted?

Iron ore was plentiful in many countries two hundred years ago. The Industrial Revolution started largely in England, in areas where iron ore and the coal needed to make iron and steel were close together.  The United States obtained iron and steel from England in the colonial days, but soon developed steel mills in Pennsylvania and in the Great Lakes area, where there were excellent deposits of iron ore and coal.  Now the iron ore and the coal are badly depleted, and steel production in the U.S. is way down from what it was fifty to seventy years ago. As iron ore becomes more expensive, so does scrap iron, which is recycled and added to new iron in making steel.  According to Wikipedia, in 2007 China was the top producer of steel (489 million metric tons).  The United States produced only a fifth as much.

Gold was formerly used almost entirely for jewelry, coins, and investment, but now gold is essential in almost all electronic equipment for plating switch contacts and other electrical conductors.  According to an Associated Press article dated November 17, 2007, gold was around $300 an ounce in year 2000, but it climbed to $787 an ounce by November 2007, and hit highs above $900 an ounce in February 2008.  The summer 2008 issue of INVENTION & TECHNOLOGY magazine has an article, “Gold, from Panning to High-tech Mining.”  It describes the latest systems for capturing the miniscule amounts of gold in highly depleted mines.  They are now successfully working deposits containing as little as one ounce of gold in fifty tons of rock.  No wonder the price of gold has risen so high.  And no wonder we are worried about finding enough gold for future electronics.  Which do we want the most, our wedding rings or our cell phones?

Platinum, the other precious jewelry metal, is in big demand for use as a catalyst in automobile catalytic converters, and for a growing number of other catalytic requirements.  And flat screen television screens and computer monitors use a lot of platinum.  Unlike many materials, there are no significant platinum stockpiles.  According to FORBES, “Platinum is spoken for almost before it leaves the ground.”  The price of platinum, as of 2/22/08, was about $1,600 an ounce, roughly twice the price of gold.  On September 13, 2008, it was reported that entire catalytic converters are being stolen from parked cars.

Uranium was a little-known word to the general public sixty years ago.  When we first developed atomic power the news releases implied that our energy needs would be satisfied forever: that we wouldn’t have to worry about the depletion of fossil fuels.  Wrong.  Atomic energy doesn’t come out of nothing; we get it from the fission of uranium.  Uranium comes from the earth’s crust.  For use in atomic power plants we may call it a “fossil” fuel as far as its limited availability is concerned, but it is not the fossilized remains of previous life.  And we don’t burn it as we do other fuels.

The best uranium ore deposits are being rapidly depleted.  The uranium extracted from the ore is a mixture of mostly uranium 238 with less than one percent of the uranium 235 isotope.  It must be enriched to around 4% uranium 235 for use as fission power-plant fuel. The price of uranium was $7.10 a pound in 2000.  In early 2008 it was $90.00 a pound.  Looks like we need to add that to our fossil fuels worry list—or to our metal-ore shortages worry list since, unlike the carbon compound fuels, uranium is a metal.  Atomic power plants don’t add global-warming carbon dioxide to the atmosphere but, as we are frequently informed, they have created major atomic-waste disposal problems that are going to get worse before they get better, if ever.

Metal shortages are rapidly becoming more serious, but they are not new. An article titled, “Surviving the Metals Squeeze” in the October 1980 issue of MACHINE DESIGN magazine dwelled upon the fact that at that time most of the essential strategic metals were either originally or had become in short supply in the United States and had to be imported from other countries, most of them Third World countries.  The article pointed out that the United States then imported at least 70% of our aluminum, tantalum, titanium, manganese, chromium, platinum, columbium, beryllium, cobalt, nickel, and tin, and that we had to import 100%—all we used—of five of those metals.  The thrust of that article was the same as that we sometimes still hear in the United States, concerns over our “dependence upon foreign oil.”  Now we should be long past such territorialisms.  In the coming global-wide crises, the important problems are the depletion of critical materials worldwide.

We should not “dispose” of metals in short supply; we should recover, recycle, and reuse them.  Our present recycling programs are a good start, but we must go much further.  We deplete the rich ores of metals in the earths crust, but we are not destroying the metals by refining and using them.  Metals are chemical elements, and as such they can’t be destroyed (except in the rare case of nuclear reactions).  Nature and chemists can mess around and make all kinds of compounds out of most of the metals and other elements, but the elements are still in the compounds, and can be returned to their metallic or elemental states by essentially reversed chemical reactions.  There must be far more of many metals per pound of landfill than there are of those metals per pound of the poor-grade ores we are now processing by the thousands of tons in search of a little bit of increasingly valuable metal.  My point is, the earth will always have the same amounts of the various metals, but it is increasingly difficult to find all we would like of them in nature, and then to keep from re-losing them.  Recycling metals at the time of discarding the items that contain them will be the most energy and labor efficient, and must be done.

Proposing to acquire materials in quantity from the Moon or Mars is ridiculous, by the way.  The costs, in earth’s materials and energy, to retrieve non-global materials and transport them to earth would far far outweigh the value of the foreign materials gained.
Phosphorous is a non metal, but some of the nonmetals can also be in short supply.  Phosphorous is a major required ingredient in fertilizer, therefore it is vital to producing crops.  Phosphorous is the second most abundant element in animal and human bodies, mostly in the bones and teeth, and it has been a major ingredient in detergents.  According to an article in the June 2009 issue of Scientific American, there is enough economically recoverable phosphorous-rich rock to last for 90 years, but because of increasing populations, it won’t last that long without serious recycling efforts.

Helium is a relatively rare non-inflammable odorless invisible gas, and is the second lightest element.   It is used in high-altitude balloons, blimps, as a gas shield in “Heliarc” welding, in place of nitrogen in decompression chambers, for cooling superconducting magnets in MRI machines and other cryogenic applications, and it is even used in such nonessentials as toy balloons.  Helium has been in short supply for more than fifty years, but the demand for it continues to grow and it is in critically short supply now.  Another problem with helium is its ability to escape from us.  Its molecules are very small, so helium can slowly leak out of very small pores in its containers.  For that reason, toy balloons deflate over time.  And once it escapes, we can’t recapture it like an escaped prisoner.  It immediately flies high in the sky, never to be not seen again.

But in these troubled times a materials crisis isn’t necessarily the result of a shortage of one or more ores in the earth’s crust, it is often due to sudden great demands for more of a material than existing processing companies can meet.  For instance, it is well known that we have a shortage of oil refineries.  Much less known is a case reported by the WASHINGTON POST of 3/14/08 on the production of Polysilicon in China.  That product is made from plentiful ingredients: no problem there.  The problem comes from the fact that polysilicon is used in making solar panels, and the demand for solar panels is exceeding all predictions.  The result is that the cost of polysilicon has jumped from $20 per kilogram to $300 per kilogram in the last five years, which means more expensive solar panels (when the mass-production cost is supposed to go down, not up).

Solar panels produce green energy, but at least one Chinese company making the polysilicon for them is far from green.  A byproduct of polysilicon-making is silicon tetrachloride, a very toxic environmentally hazardous compound.  This isn’t a minor by-product: over four tons of silicon tetrachloride are produced for every ton of polysilicon product.  To save money and meet schedules, that company doesn’t bother to recycle the hazardous tetrachloride; it simply trucks the stuff across the street and dumps it in a vacant lot in a residential area.  On the ground the compound breaks down into poisonous chlorine gas and hydrochloric acid.  The neighbors are more than a bit upset about it, but they like the jobs the polysilicon company provides, and the Chinese Government is apparently more concerned about getting high polysilicon production than in policing the polluting company.
Rock

“So we are going to have serious shortages of many metals and other elements that are essential to modern life, but we will never have shortages of common things like Rock.”  Wrong!  The earth’s crust is mostly “plain old rock,” but we use an amazing amount of rock for a great many things, and we need different kinds of rock for different purposes.  We want the specific rock for a given job to be as “pure” as possible to minimize processing costs and energy requirements, and to optimize the quality of the product.  Further, we want the rock source as close to the point of use as possible to minimize transportation and energy costs.  In other words we are pretty fussy about the “plain old rock” we use, and fussy about where we have to go to get it.

Limestone, for instance, is a major ingredient of Portland cement from which we make untold tons of concrete.  Fortunately there are deposits of limestone in many parts of the world.  Cement plants have been located near good limestone sources that were in turn close to where the concrete would be used.  But these good convenient limestone sources have been largely used up, forcing the use of more distant deposits.  This increases the transportation costs, petroleum depletion, highway congestion, and the amount of energy needed.  We use one heck of a lot of concrete for highways, streets, sidewalks, bridges, dams, buildings, sewer pipe, septic tanks, tunnel-linings, house-foundations, walls, floors, stairs, chimneys, canals, tanks, piling, culverts, reservoirs, piers, seawalls, bulkheads, levies, counterweights, and anchors.

But everyone knows that concrete isn’t just Portland cement.  In fact concrete is about eighty-percent Sand and Gravel, with just enough cement and water to cement the sand and rocks together as strongly as possible.  “Rock” in this case doesn’t mean more limestone; it means stronger harder types of geologic rock in the form of sand and gravel.  

There are lots of deposits of sand and gravel, particularly in areas that were covered 

by glaciers, or at glacier termini.  But again we are fussy.  We want these needed materials to be close to where the cement will be made, which in turn should be close to where the concrete will be used.  Miles cost money.  There was an article in the SEATTLE TIMES on January 13, 2008 titled “Hunger For Rock Eating up Supply of Sand and Gravel.”  “Heavy Demand.”  The article went of to say, “Industry warns: old gravel mines being depleted, new ones aren’t coming online fast enough.”  “Over the past decade big lowland mines that were regional mainstays have closed after running out of gravel and sand.”  “Distance matters in this business: A 25-mile trip in a dump truck can double the price of a ton of gravel.”  Most areas are experiencing the same problem.  California is currently buying sand and gravel from British Columbia and having it shipped roughly a thousand miles to San Francisco.

One might wonder why we don’t use readily available and plentiful beach sand to make concrete.  Good question, and there are two good reasons why we don’t.  First, the salt in beach-sand concrete would corrode the steel reinforcing bars and other contacting steel parts.  The salt could be washed out of the sand before it is used, but that would take a lot of fresh water that is also usually in short supply.  The other reason why this sand is a no no, is that the grains in beach sand are round and smooth as a result of the constant mutual grinding they have gotten by wave action.  These smooth grains don’t cement together strongly.  The strongest and most permanent concrete is made with sand made by crushing larger rocks.  The sharp edges of crushed-sand grains lock together far better.  My uncle made a concrete sidewalk to their front door with beach sand.  In a few years it was crumbling away.

Salt

“Halite” is a mineral or rock, as in “rock salt”.  Common salt, sodium chloride, happens to be one of the most water-soluble of all the minerals, which explains why enormous amounts of it have washed out of the land and made the oceans salty.  Mankind has found many uses for salt beyond its use in food.  One of the biggest uses is to put it on streets to melt snow and ice.  History tells us that salt was a relatively rare and sought after commodity in many civilizations in the past; but now there should be no shortage of salt.  But there is.

We are not rationing table salt, but shortage of road salt is suddenly a major problem as of the autumn of 2008.  An ASSOCIATED PRESS article of 9/23/08 told us that road salt prices have skyrocketed across the United States.  Last year Morton road salt sold for $41.23 a ton.  This year it is quoted at $103.63 per ton, and Morton has jacked up the production rate from its salt mines “to the highest practical safe levels.”  Global weather changes have resulted in much colder winters than usual in many areas.  “Parts of Iowa and Wisconsin, for instance, got four to six times their typical amounts of snowfall last year.”  

Municipalities, counties, states, and the U. S. government are bidding for much more salt than in the past, but cannot get as much as they need.  “Five states increased their orders by a total of 2 million tons more than last year.”  And the cost of the salt they can get is causing budget problems.  More traffic accidents, especially pileups due to slippery streets and highways, are expected.  And of course the salt mines will give out one of these years.

The automobile manufacturers like salted roads, by the way, because they rust out car bodies so we will need to buy replacement cars sooner; cars that will be expensive and in short supply due to factory energy shortages and shortages of many of the materials from which cars are made: materials such as steel, lead, copper, gold, platinum, and cobalt.  And those expensive cars will then need gasoline.

Fresh Water

Growing plant and animal food for each of us requires far more water than we use directly. Raising meat requires the most water of all; because we must first provide irrigation for the food we are going to feed the animals, and then provide more water for the animals themselves.  Then add all the water it takes to process our food and to manufacture all of the other things we require, and our current per capita consumption of H2O is not only surprising but also earth stressing.  “By 2025, according to data released by the United Nations, the freshwater resources of more than half of the countries around the globe will undergo stress.  By mid-century as much as three quarters of the earth’s population could face scarcities of freshwater.” --Peter Rogers, Professor of Environmental Engineering, Harvard University, in August 2008 SCIENTIFIC AMERICAN.

“Global use of water by humans has increased nine fold since 1900.” ---Peter Gleick, also in SCIENTIFIC AMERICAN.  If we had huge amounts of energy we could desalinate seawater and distribute it, but we don’t have and won’t have sufficient green energy for a long time.  Gleick notes, “Energy makes modern life possible; water makes survival possible.”

We have seriously overused fresh-water sources in most parts of the world.  Some Rivers are now “used up” before they can reach their mouths.  Our water wells have lowered the ground water tables so far in many places that the oil required to pump up a barrel of water is becoming comparable to the oil required to pump up a barrel of oil.  Thus Aquifers are being seriously depleted along with earth’s other subterranean treasures.

On April 10, 2008, an Associated Press news item reported on Spring water from California.  Mount Shasta has several springs of pure water that have become much used by bottled-water companies.  Coca-Cola and Crystal Geyser are already bottling water there, and Nestle’s Perrier subsidiary is negotiating to put in a plant to bottle up to 521 million gallons of water a year.  Some locals object because it would damage trout streams and ruin more view; but others are all for it because Nestle would hire 240 local people.  Many people in the area are out of work since the local lumber mill closed (for lack of trees).  In addition to jobs, Nestle would pay the town of McCloud up to $390,000 per year for the water used.

Other water-bottling plants in Florida, New Hampshire, Wisconsin, Michigan, and California are taking water from aquifers.  But that article failed to mention another major environmental problem that comes from bottling water.  Ninety some percent of the rubbish polluting beaches and endangering marine life these days is discarded plastic bottles that were either dropped there or washed ashore.

Tests have shown that most tap water is as good as most bottled water, and better than some.  Very few people have medical problems requiring that they carry water with them and sip it regularly.  But for those who must follow the fad and be seen carrying a water bottle at all times, here is a green solution that works for millions: Buy one bottle of water (of the most trendy brand) and refill it from the tap regularly until the bottle wears out.  That solution solves most of the problems caused by bottled water, but introduces another problem.  It would take away the jobs of most of the workers in this $10.8 billion-a-year industry.

Pardon me for dwelling on the silliness of bottled water.  That is a drop in the bottle compared to the world’s real water problems.  The May 2008 issue of READERS DIGEST had a very good article, by Joseph K. Vetter, titled “Dry Times”, on the subject of our present and coming fresh water shortages.  Much of the following data is from that article.

Georgia, along with adjacent areas of Alabama and Florida, has major recent water shortages.  The Chattahoochee River supplies most of the water for the counties in the biggest trouble.  The area normally gets around fifty inches of rain a year, but for the past few years (probably due to global warming) they have had nothing but drought: the worst on record.  Brian Fuchs, a climatologist with the National Drought Mitigation Center, predicts that periodic droughts are now a natural part of the weather in the Southeast, and that they will worsen.  Atlanta’s Athens restaurants are serving wine in Paper cups—to reduce the amount of dishwashing water needed.  Gerald Long, a Georgia rancher couldn’t get water to grow enough Hay for his cattle without planting two hay crops in the same year, at a huge extra cost in labor and energy.  Other farmers had to buy hay to keep their animals alive, at a price 43% higher than the previous year.

Not long ago there would have been enough water in that area in spite of a drought such as this.  The population of Georgia in the 1950s was 4 million, but now it is 10 million and growing at the rate of 200,000 per year.  The rate at which we are destroying the earth increases directly with the increase in the number of earth-destroyers.

Vetter went on to write about water problems in the Southwest:  The water for the Arizona, Nevada, Southern-California area comes primarily from mountain snow via the Colorado River.  That river once flowed freely all the way into the Gulf of California, but as Los Angeles, San Diego and Las Vegas burgeoned, and the surrounding area became highly agricultural, the mighty Colorado is no longer mighty enough, In 1930 the population of Las Vegas was 5,165.  By 2006 it had jumped to 552,539.  Two Colorado-river dams: Hoover Dam and its reservoir Lake Mead, and Glen Canyon Dam and its reservoir Lake Powell, provide electricity for the area and store the water for when it is needed.  But in recent years there has been far more water needed than water stored.

Lake Mead and Lake Powell are both at all-time low levels and continuing to drop.

What if the weather changes due to global warming seriously reduce the amount of Snow delivered to the Rocky Mountains?  Then the level of these vital reservoirs will really drop.  The question has been asked, “Is this area going to be another dust bowl?”  Vegas, Los Angeles, and San Diego would make huge ghost towns.  Western environmentalist Wallace Stegner wrote, “Water is the true wealth in a dry land.”  Seventy-three percent of the water from the Colorado is used by agriculture, and twenty seven percent by cities and industry.

The Colorado once flowed into the Gulf of California after passing Yuma and making a short final hop in Mexico.  But now?  In the March 14, 2001 issue of COUNTER PUNCH, an article by Alexander Cockburn and Jeffrey St. Clair, gives us some good (but sad) answers: “The Colorado River Delta was once two million acres of Wetlands teaming with over 400 species of plants and animals, including jaguars.  Today it is a salt-flat wasteland.”  The river’s flow now supports such things as “the water fountains in front of Vegas-casino hotels and the lawns of homes and the greens of hundreds of golf courses instead.  “People in the American southwest have yet to come to terms with the fact that they live in a desert.  Per capita water use by the residents of California, Nevada and Arizona ranges up to as much as 200 gallons a day.  In Israel, another dry area, the daily water consumption is less than 75 gallons.”

Another large river in the Western United States that is in big trouble is the Columbia.  It originates in the Canadian ice fields and wanders down through central Washington State until it serves as the southern border between Washington and Oregon on its way to the Pacific Ocean.  The Columbia River system, with its many tributaries (of which the Snake and the Willamette Rivers are the largest), has a grand total of 42 dams.  Most of these provide both hydroelectric power and water for agriculture, cities, and industry.  Grand Coulee Dam, the largest of these, alone generates 6,809 megawatts of power.  This Columbia System is the major source of hydropower and water for a section of southwest Canada, all of central Washington, much of Idaho, and a share of northern  Oregon 

This wonderful river system served the Northwest States very well through the second half of the twentieth century, but now it is increasingly unable to keep up with the expanding water demands, particularly for agriculture.  Let’s take Washington State as an example, since it depends the most upon the Columbia River System.  In 2003 Washington agricultural products totaled $5.79 billion. 

In 2004 the state of Washington was number one in the nation for the production of apples, raspberries, seed peas, hops, cherries, pears, Concord and Niagara grapes, and carrots for processing.  It was second in the United States for fall potatoes, lentils, dry edible peas, asparagus, and sweet corn and green peas for processing.  Washington also rates high in the production of prunes and plums, onions, barley, trout, wheat, cranberries, and strawberries.  

All of these Washington-state crop needs together, plus the Columbia-basin water demands of Canada Idaho and Oregon, add up to a heck of a lot of water.  But those statistics (from Wikipedia) are already history.  The population of the world keeps growing (a sizable percentage of these Columbia-river crops are consumed in other countries), and with the exception of the current recession period, the consumption per capita keeps on rising.  This means the prices of these products keep increasing, resulting in more land being converted to agriculture, which will increase the demand for water.  

But not all of the water now used in the Columbia-river basin comes from the rivers: a lot of it comes from wells.  That source has been a good one (depending upon ones definition of “good”) up until lately.  The bad part is that the water is being taken from the ground much faster than it is replaced by nature, so the water tables keep going down, and the wells are getting deeper and deeper until many of them go permanently dry. 

These western U.S. example areas are by no means the only places in the world with serious water-shortage problems.  The depletion of aquifers, lakes, and rivers, and changes in Precipitation due to global warming, are all areas of major concern.  Billions of dollars will be spent on attempts to alleviate these problems, but as long as populations continue to rise and global warming worsens, the fixes will be inadequate and temporary.  Like the energy problem, the water-shortage problem is going to affect mankind very seriously.

In some places where there was plenty of good fresh water to start with, the actions of mankind unintentionally turn it into unusable and highly damaging salt water.   One way we do this is by over pumping wells and aquifers located near saltwater seas.  The balance of pressure that keeps the freshwater in and the saltwater out is destroyed; letting salt water flow into the aquifer to replace the fresh water we too rapidly remove.

Another way we get into salt-trouble is by the irrigation of crops.  There is a harmlessly small amount of salt in all bodies of “fresh” water and all well water.  It got there by the passage of rainwater through normal soil (which contains a little salt).  But when we irrigate, most of the water we put on our cropland evaporates, leaving its small amount of salt behind.  This process is additive: when it goes on for decades the cropland gets more and more salty until production is adversely affected.  Note that this doesn’t happen where rain irrigates the land directly, because rain contains no salt.

A third cause of salinity problems is our use of salt on roads, streets, and highways for deicing. An item in THE PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES USA, in September 2005, reported that in the winter the chloride levels in some streams in the northeastern United States approaches a quarter that of sea water.  “Saltiness was strongly linked to the number of roads and parking lots.  That area is expected to expand this decade with one million new homes and 16,000 kilometers of new roads.  At this rate many rural streams in the northeastern U.S. will become toxic to sensitive freshwater life and unfit for human consumption within the century.”  Obviously this deicing salt problem affects Northern areas the most.  Farther south the hotter weather makes irrigation more necessary, and that cause of salinity predominates instead.
Speaking of fresh-water shortages and salt, we can desalinate seawater to provide fresh water.  Desalination is used a bit, where water shortages are desperate, but it is very costly now.  In mid 2008 desalinated water cost a dollar or two per cubic meter, depending upon the energy source.  According to an article in the October 2008 SCIENTIFIC AMERICAN, that is ten or more times the cost of pumping water from a river or an aquifer.  However, after we develop ample inexpensive sustainable energy sources, desalination will be a popular way of getting fresh water in arid coastal areas.  Modern desalination is accomplished by reverse osmosis, which is more efficient than the old method of distillation.

An 11/07/08 Earthweek item quoted Schim Steiner, executive director of the U.N. Environment Program as follows, “Only urgent action to fight global warming and poverty could prevent the creation of untold numbers of climate refugees.  “Unchecked climate change and overuse of water will mean that parts of the world [both poor and prosperous] will simply not have enough water to sustain settlements both small and large, because agriculture becomes untenable and industries relying on water can no longer compete or function effectively.”  The item said, “These areas will become too dry to be inhabited.”

Flooding

Then there is the problem of having too much water.  That problem is also going to continue to grow and further damage humans and their institutions.  Much has been said about the seawater flooding of cities that will occur from the rise in sea level due to the melting of glaciers and polar ice.  It “will occur” and is already occurring.  “India-Bangladesh dispute now moot after island sinks” –Los Angeles Times, 3/25/10.  That headline is misleading, however: “Moore Island” (if you were on the Indian side or the dispute, or “South Talpatti” (if your prefer the Bangladeshi claims), didn’t “sink”, it was covered by seas rising due to global-warming climate change in the Bay of Bengal.  According to the Jadavpur University School of Oceanographic Studies, Bangladesh, a low-lying nation of 150 million people, is in great danger from climate change.  It is predicted that 17% of Bangladesh will be permanently inundated by 2050, leaving 20 million people homeless.     

But we will now talk now about flooding due to storms, and the damage mankind has wrought on river systems of the world.  Consider the flooding of New Orleans and other parts of Louisiana, Mississippi and Texas as a result of hurricanes Katrina, Gustav, and Ike.   Global-warming experts tell us we will see more violent hurricanes in the future.  Ike flooded the Gulf coastal areas directly by “storm surge”, but New Orleans is a special case.  Let’s look more deeply into its origins.

The Mississippi River has been studied in detail for many decades, and it has taught us much about river flood plains and about some of the ways in which humans mess up natural systems.  The wonderfully fertile Great Plains consist of a great many layers of silt.  That soil was uniformly deposited there over the millennia by the actions of the Mississippi and its tributaries.  Farther north, where these rivers originate, the land is higher and the rivers flow rapidly down and erode the hills, forming silt.  Going back 200 years: Heavy rainstorms periodically caused these rivers to overflow their banks farther down where the land was nearly level. They flooded the plains, and spread the silt they were carrying uniformly over vast areas of land “where the buffalo roam.”

But originally the riverbanks were at the same level as the land, and the natural flooding was frequent.  The Native Americans lived with these natural events without trying to change things.  But the farmers and ranchers from Europe didn’t like the flooding, so they started to elevate the riverbanks by building dikes or levees.  When towns and cities grew up along the rivers, the townspeople were even more upset by the floods, so the levees were built up faster and higher.

The levees worked at first (from the viewpoint of the flood-haters).  But the Mississippi now had no place else to get rid of its load of silt, so it dropped most of it  along the river bottom.  That not only robbed the farmers of additional fertile soil but it reduced the capacity of the river channel so the river again flooded, this time over the tops of the levees (until it could find a few weak spots and wash out large areas of levee).  Old Man River kept fighting the levees, and the residents kept building them higher.  Continuing silt buildup in the river bottom in turn kept destroying the effectiveness of the higher levees in preventing floods.

Way down south in Dixie the riverbed grew higher and higher at New Orleans, until the city was below river level.  But the city dwellers kept doing the logical thing by surrounded themselves with higher levees.  Katrina’s fury breached the levees and we had a major national disaster.  Still farther south, the Mississippi Delta was once an orderly and productive area.  But since the river couldn’t get rid of its load of silt on the plains in its natural manner, it has dumped additional billions of tons in the Delta and greatly damaged it ecologically.  The Delta no longer supports human habitation and productive agricultural and seafood businesses.  Man’s efforts to save the Delta have probably made matters worse rather than better.  Thousands of arable acres and thousands of jobs have been lost.

 The overall river-flooding picture is far more complex than this simplified summary, but hopefully it will serve to illustrate one of the many ways in which man has messed up and continues to mess up nature.

Food Shortages

My home base for the following discussion is an ASSOCIATED PRESS article of April 23, 2008, by David Stringer.  The headlines were “Food crisis poses unsavory options.”  and “Impact expected in West as well as in developing nations.”  According to the World Food Program (WFP), the problem is already so serious that twenty million children are threatened.  Ration cards are already in use in Pakistan, for subsidized wheat.

Britain introduced targets to produce five percent of their transport fuel as biofuel by 2010, but because of the enormous negative effects that biofuel production has been shown to have on food production and prices, they are reconsidering that rash plan.  Alex Evans, former advisor to Britain’s Environmental Secretary, also said that among other things we must rethink the current objections to genetically modified crops (that can grow more food faster).  Evans, currently a visiting fellow with the Center on International Cooperation at New York University, went on to say, “Increasing the amount of land that can be farmed in the developing world will be arduous.”  “Long-term solutions are likely to be slow, costly, and complicated.”

According to Josette Sheeran, the WFP executive director, “A silent tsunami of hunger is sweeping the world’s most desperate nations.  “The skyrocketing cost of food staples, stoked by rising fuel prices, unpredictable weather, and demand from China and India, has already sparked sometimes violent protests across the Caribbean, Africa and Asia.”  The price of rice has more than doubled in the past five weeks, said that April 2008 article.  And the World Food Bank estimated that food prices had risen by 83 percent in three years.  Enough said.  That is where we stood and what the experts thought in 2008.  Most of these things can’t change much for the better.  And remember the direct affect of water shortages upon food production.

Things are a Mess
Engineers and scientists (thermodynamicists in particular) use a factor called “Entropy” in their obscure calculations.  In layman’s terms entropy refers to the fact that physical systems get worse.  Many things get used up, or run down and can’t be fixed.  Something that is organized or has plenty of available energy or usefulness is said to have low entropy.  While ashes, carbon dioxide, and things that are messed up and useless in general have high entropy.  Our pristine earth of two centuries ago had very low entropy as far as usefulness to mankind’s developing civilizations.  But as we take more and more useful substances from the earth and dump more and more wastes back into the ground as well as into the atmosphere and oceans, the entropy of the planet increases steadily.

One of the largest isolated messes mankind has made hasn’t gotten much attention because it is in the Pacific Ocean a thousand miles west of San Francisco.  The Pacific Gyre, or the “Great Pacific Garbage Patch,” is a slowly rotating spot in the ocean, which due to its rotation, draws floating objects into it.  Most of this flotsam is manmade garbage, and most of that garbage consists of plastic bottles, Styrofoam, and other plastics.  This floating mess covers an area the size of Texas, and it is rapidly killing all kinds of large and small marine life for a number of reasons, including starvation due to bellies full of plastic.  The Atlantic Ocean has the Sargasso Sea, in connection with the Atlantic Gyre.  The Sargasso is well known in earlier history and literature, as a place where sailing ships were becalmed, a huge floating island of seaweed.  But now we have converted it too into a huge deadly plastics garbage dump.

A raw un-cracked egg is a good example of a low-entropy object.  It is solid, rigid, symmetrical, unblemished, and has great potential for creating a chick or for eating.  But once that egg is broken and scrambled, or eaten, or crashes into the dirt, it has high entropy.  All the king’s horses and all the king’s men can’t put that egg back into its original pristine form.  Likewise, with our coming great fall, all the world’s horsepower and all the world’s men and women can’t put the earth we have messed up and depleted back into its ordered and beautiful pre-civilization form.

We were very late in starting to give serious attention to the combined problems of fossil fuel depletion, coming electric-power shortages, depletion of vital ores, materials shortages, water shortages, arable-land shortages, food shortages, multiple adverse global-warming effects, wasteful non-sustainable habits, extinction of both plant and animal species, and excessive populations.  We have gotten too big for our britches as well as for our planet.  We have been living beyond our ecological means by endless never-to-be-paid-back “borrowing” from nature.  In so doing we have badly trashed our home in the universe in many ways.

Most of our worldwide problems are interwoven: Fuel shortages will cause escalating prices, riots, strikes, wars, political unrest, further loss of confidence in the establishment, lower standards of living, and food shortages.  Burning fuels emit carbon-dioxide that causes global warming that causes ice melting that causes rising sea-levels that kill people and flood cities and costs billions of dollars and requires still more energy to rebuild, and releases more pollution, which promotes continuation of the downward spiral.  

“Burning” seems to be the key word here.  Was mankind’s conquest of fire the start of both our civilization and our downfall?

Man has abused Mother Earth in these and other ways because it was to our personal and collective advantage to do so.  Unfortunately, continuing to abuse her is still to our short-term advantage. Human nature and our traditions support the status quo.  Those who “cry wolf” are frequently ignored, opposed, or punished.  Too few individuals, organizations, and nations may be willing to or able to reform.  Such facts will put serious dampers on urgently needed changes.

  Hundreds of millions of people in the future will be hard pressed to put food on the table (if the table hasn’t been chopped-up and burned in efforts to keep warm).  Hunger in many and greed in others will outweigh the much-less-personal goal of trying to save the earth.  The President and the Congress could never get us to shape up in these painful ways either; and they wouldn’t dare to try very hard, because they don’t want to be voted out of office in the next election.

We have put ourselves into ecological debt in so many ways that we have nearly maxed out our Planet-Earth credit cards.  Declaring ecological bankruptcy isn’t an option, because the laws of nature are firm and unforgiving—not negotiable like the practices of law, politics, and finance. Public concerns over these expanding global crises will continue to grow as the crises themselves worsen.  This will result in long expensive studies, searches for solutions, urgent scientific research and engineering efforts, more bureaucratic and legal wheel spinning, and more political and international discord—likely including more wars.  Due to the nature of these problems, effective solutions will be extremely difficult to find, and the results will be far short of our needs.  We will learn to live with the crippled earth as best we can, try to conserve, recycle, and develop substitutes, but it will be an extended painful experience.  The longer we ignore these appalling facts and delay whatever effective actions are possible, the greater will be our pain.

But what is right here?  Is it right to undertake extreme “save-the-world” actions now that would cause millions of people to lose their jobs—or even starve?  Who are the more important, the present billions of people or future billions of people?  Which are more important, wasteful high-living humans in ever-increasing number, or serious attempts to partially restore the planet to make future human life more tolerable?  

With regard to energy, unless we can suddenly pull off a few scientific and engineering miracles, the depletion of the fossil fuels will result in major setbacks for humanity.  We will be entering a period of serious energy and power shortages that will last for decades.  But human nature and economic and political pressures support Pollyanna attitudes.  We tend to elect the candidates who promise us the most rather the ones who are the most honest and realistic.

It strikes the author as interesting and initially surprising that so many of these facets of the coming crises are becoming serious in the last several years.   But a little thought on these seemingly unusual coincidences yields some likely answers.  They are occurring together because they are so interconnected.  Their simultaneity seems to be a partial proof of the thesis of this essay: that the coming decline of civilization is due not to one but to many interrelated things.  When one part of our complex society and economy is in trouble it critically unbalances many other parts of the economy.  An obvious example is the effects that the gasoline and diesel fuel shortage and costs are having on the price and availability of food and almost every other category of our taken-for-granted goods and services.

I wrote the paragraph above on April 29, 2008, and then I read that same day’s Seattle Times.  In it was an article, by Janet I. Tu, on the global food crisis.  The following is a paragraph from her article: “Experts have seen the food crisis looming, but what is surprising is how severe it has become all at once.  A number of factors have led to the current crisis, including rising fuel prices, more corn grown for fuel, greater demand for grains and meat in China and India, and droughts in Australia and Russia.”  And we are seeing an increasing breakdown in human relations that is also related to these upsets.  Humans get along with each other reasonably well when the evolving systems are working well for them, but when the balances are upset there is understandably more discord in families, between neighbors, cultures, classes, organizations, religions, states, and nations.  I remember an old adage: If a man gets unfairly bawled-out by his boss he is apt to come home and yell at his wife, who in turn will criticize an older child, who picks a fight with a younger sibling, who then kicks the dog, which chases the cat—to resolve the unfairness of it all.  Without a mouse to catch, the cat, being at the bottom of the hierarchy, becomes the scapegoat.

The Rise and Fall of the Human Empire
Historically, there have been a number of great empires, including the Babylonian, Persian, Macedonian, Greek, Roman, and some later ones. All of these countries conquered, raped, and stole from other lands, prospered, expanded, became arrogant and decadent, stagnated, and finally declined and fell partially or completely.  It strikes me that we can view the proliferation of humans on earth as the growth of a super empire, The Human Empire.  We, as a species, have conquered, plundered, and polluted nature, including, the atmosphere, land, marine, geologic, and plant and animal natures.  We have been successful—in the sense that conquerors consider themselves successful regardless of the moral aspects or ultimate effects of their “success.”
Earth’s Human Empire has prospered and expanded enormously; but now it is entering its decline.  Mother Nature, like some human mothers, has spoiled us by overindulgence.  We have now grown too numerous, fat and greedy for her to continue mothering in the style to which we have become accustomed.  Mother Nature’s mammary glands are rapidly becoming exhausted, and our weaning to sustainable consumption levels is long overdue.

You and I and our families happened, against enormous odds, to be born at the apex of the long history of humanity on earth.  We, the present human inhabitants of the world, have been able to live “better” lives, all factors considered, than any generations before us, and better than any of the generations that will follow.  We are at the peak of the mountain and starting a steep, rocky, painful, unpleasant descent.  Man has conquered nature, but now nature is beginning to conquer man.  The Fall of the Human Empire will be different from the falls of the historical empires however, because here our “enemy” is not some stronger, smarter, larger, or better-armed fellow human tribe.  Pogo said, “We have met the enemy, and it is us!”  “Us,” in this case includes civilized Homo sapiens, living and dead, and all who will live later.  Because of the irreparable damage done by this enemy there can never again be a comparable or greater human empire.

The author is only one of a number of people who have arrived at such conclusions.

Quoting one such person, who wrote an article quite comparable to this one, “Consideration leads to recognizing that conditions for humans are now as good as they’ll ever be, and that it will be downhill from here.”  Engineer Robert W. Jenny, 2006.
This situation is more serious than all of the wars and disasters of mankind combined.  Depending upon how steep the decline of the Human Empire will be, how far it falls, and how much in the way of effective countermeasures we can take before and during the fall, human civilizations may regress to roughly the kind of societies that existed on earth two hundred years ago.  Never again will we have the riches of the planet that existed then to enable us to rebuild anything like our current civilization.

Because of our continuing non-refundable borrowing from our finite planet, most of the crises discussed in this essay will occur; but we can only guess and argue over when each crisis will peak and how serious it will be.  These forecasts, by their nature, will be far from exact science.  For instance, continuing exploration often produces an enlargement of the known reserves of an ore or fossil fuel.  Expanded exploration could delay some shortages.  Marked successes in future prospecting plus technological breakthroughs could perhaps shift the worst brunt of the fall of humankind from our grandchildren to our great, or great great grandchildren.  That would be nice, to say the least, but these major crises would still arrive much too soon for comfort.  And the later they come the more severe they will be because the earth will by then be still more depleted and less able to support meaningful recovery programs.

“Marked Successes in prospecting” can be quite misleading words, however.  In mid September 2008 there were news spreads concerning the “great” new oil field recently discovered under parts of North and South Dakota, Montana, and Canada.  It is estimated to contain 4.3 billion barrels of oil.  Tremendous!  Our troubles are over.  Our relief sours however when we learn that 4.3 billion barrels of oil would only provide half the oil that the United States uses in one year.  What are our chances of finding two new oil deposits this size every year forever?

Postscript

I asked quite a few qualified people to read this article and give me their thoughts on it before it was published.  Many of them said that it was “right on”.  They said, in essence, it is going to happen, and there isn’t much we can do about it.  But some others said that the article was so depressing and discouraging that they couldn’t finish reading it.  A few said it was not going to happen, because their faith guaranteed that it wouldn’t.  Others wanted me to provide affordable and effective solutions to these many problems. Sorry—I can’t.  I am normally an optimist: I know that humans can and have solved remarkably difficult problems, but I am also a realist.  These global problems are basically different than the problems mankind has faced before.  They are intractable because the earth itself has now given us about all it can give of many essential materials, and we have upset global weather patterns too much and have no ability to rapidly return them to “normal.”  We are approaching ecological bankruptcy with almost no possible bailout.  This may all seem like a bad dream from which we will wake up.  In this real situation we do need to “wake up,” and the sooner the better.

An earlier and shorter version of this depressing essay was submitted to a number of magazines several years ago.  All of them declined to publish it.  I think the main reason was that the thought of a permanent decline was too new at that time; and the article painted such a horrible future that the publishers didn’t have the courage to associate their names with it.  But a number of serious developing problems have come to light in the last couple of years that make the coming fall of humanity much more apparent to many more people.  It will happen whether the “news” is published or not.  And the more people who understand what is happening and why, the more chance we have of doing a few things to soften the blows.

But I, as the compiler of this collection of frightful predictions, am feeling like physicians must feel regarding telling patients that they have terminal cancer. The doctors ask themselves whether the patients should be told.  But here we are talking about the future of billions of people, not just a few.  Does that make a difference?  If so, in which direction? I have company in my dilemma however: I am only one of a growing number of bearers of this horrible news.  On Aug. 13, 2006, Matthew Simmons, an advisor to the Bush Administration, wrote: “I truly think we’re at a turning point where the future is looking so ugly nobody wants to face it.”

“What goes up must come down,” applies to humanity as well as to other things.  In my opinion humanity’s zenith will be reached and passed in this decade.  Albert Einstein is reported to have said, “I know not with what weapons World War III will be fought, but WW IV will be fought with sticks and stones.”  Fifty-one years ago I met Admiral Hyman Rickover, “The Father of the Nuclear Navy.”  Rickover, a very smart man, had earlier predicted, with amazing accuracy, most of the coming crises discussed in this article.  The world paid no attention back then.  The situation is a bit like an individual smoking, drinking, or eating too much.  If the person chooses to ignore warnings until his or her body begins to break down from the abuse, irreversible damage has been done.  The earth is a pretty big “body,” but so is the body of mankind, and our collectively huge multiple widespread abuses of Earth have been more than adequate to adversely and permanently affect the whole sphere.

Putting on a happy face or continuing to bury our heads in the sand can’t make these problems go away.  Inaction will only make them worse.  We must recognize the extreme seriousness of what we have done to the earth, and undertake as many well-thought-out actions as we can to minimize the inevitable consequences.  Yes, “inevitable.”

In my opinion the growing shortages of materials with which to manufacture things will be more serious than the coming energy shortage, since the earth’s materials are finite but the sun’s energy is inexhaustible.  But the effects of “global warming” may turn out to be the most serious of all.

I have been aware of using the word “but” a great deal in this essay.  I had to, because there are two (or more) sides to most of the complex and interconnected global events we have been discussing.  In an unbiased examination of the reasons for the coming fall of the human empire practically nothing is clear-cut and straightforward.  In fact, one of the reasons why we are in for so much trouble is that far too many individuals, organizations, and businesses don’t use the word “but” often enough. Persons and businesses pitch only the good side of whatever idea, person, or product they are trying to promote.

With experience we readers and listeners learn to search for the other side of the story on our own, but even so, we seldom get a balanced picture.  In some fields legislation has been passed to try to protect the public from misleading one-sided pitches.  But abusers emasculate those laws by putting the legally-required negative side of the story at the bottom in print too small for many people to read, or by hiring a trained person to talk so fast in providing the warnings that few can understand what is being said.  And even if they could understand it, still fewer people will remember the contents of the racing spiel.  We are in global trouble partly because we haven’t seen, heard, understood, or have chosen to ignore the negative sides of far too many of our actions.

Dick Scherer, one of my highly respected correspondents, read a copy of this essay and wrote to me: “This document requires universal publication and distribution, and should be REQUIRED reading and discussion in all schools of higher education (not to mention our government).”

 

Is there any Hope?

Let me finish with several possibilities for reducing some of the troubles ahead.  Maybe I am not giving enough credit to the abilities of humans in crisis.  Possibly we could get organized worldwide, stop fighting among ourselves and with other countries, do all of the right things in a tenth of the times they now take, and succeed in maintaining some semblance of present-day civilization.  Even after this long tale of woe you may believe we or some higher power could alter human nature enough in one or two generations to accomplish all that must be done.  Good luck.

We seriously need to revise our priorities, and put these coming crises at the top of the list.  Here is one change that I would try to implement if I were president of the United States or a member of Congress: Get NASA largely out of the space-science business and put it to work on the technical problems of the declining Human Empire.  Give that large and capable tax-supported organization a new job, name, and acronym.)  NASA’s work in aeronautics and space research over the second half of the twentieth century was money  well spent, especially with regard to the GPS system, satellite communications, and the Hubble Space Telescope. But their current work on space stations, consideration of revisiting the moon, and the research on other planets is of little practical value compared to technical efforts required to minimize the effects of the coming decline of humanity.  In a foundering world is the question of whether there is water on Mars all that important and worth all that time and money?

The author is not against aeronautics and space by the way: I was a private pilot, had a forty-year engineering management career with Boeing, and participated in several NASA projects, including the Hubble Space Telescope and the Space Shuttle.  But one’s priorities need to change with the demands of the changing world.

Nuclear Fusion Power

All living things on earth depend upon a single enormous hydrogen-to-helium nuclear-fusion power plant.  It happens to be ninety-three million miles away; but that is no problem because it uses wireless power-transmission, sending out radiant energy over a wide spectrum of frequencies.  We receive only a minute part of this power plant’s enormous omni-directional output, but in the low-latitude regions of Earth we get as much power from it as we can safely tolerate.

This mega-power plant is remarkably free of the disadvantages associated with earthbound power plants: no hazardous waste, no carbon dioxide, no noise, no smog, no imminent danger of meltdown or depletion of fuel, no killing of plants or animals, no bureaucratic snafus, no wars over its control, no maintenance required, no associated debt, and it is free.  Pretty neat!  It does sometime cause UV radiation damage to the epidermis of some humans, but the threat is predictable and we can protect ourselves from it with a low-cost shield called SPF30.  Ultimately almost all of earth’s energy comes from the Sun.  Its output is adequately constant and will last forever as far as humanity’s needs are concerned.  But capturing and converting enough energy from the sun to replace our fossil-fuel usage will be difficult, expensive, and take more time than we have left before there is considerable crisis.

We will be largely out of uranium fuel for nuclear-fission atomic power plants in a few decades, but we may, with luck, brains, and effort, possibly be able to supplement the fusion energy we get from the Sun with manmade nuclear fusion energy plants here on earth.  The problem is that we don’t yet know how to do it.  We can make and blow up nuclear fusion bombs (the H-Bomb), but we can’t yet control (slow down) that reaction.  Only the sun and stars do that so far.

Unlike our nuclear-fission atomic energy plants, which generate dangerous radioactive waste materials, nuclear fusion is “clean.”  In simplified terms, in this nuclear reaction two atoms of hydrogen are fused together, become a single atom of helium, and release a heck of a lot of energy.  That single atom of helium is slightly lighter than the two atoms of hydrogen were.  Einstein’s E=MC2 equation tells us that a huge amount of Energy is generated from that very small decrease in Mass.  “Atom bombs” and atomic energy power plants (fission) also get their energy from reductions in mass, but by a different reaction with different elements.

In a lighter vein, in addition to the energy bonanza nuclear fusion plants would provide, they would eliminate our helium shortage.  Unlimited energy and power, plus toy balloons; what more could we ask?  And how would we get rid of an excess of helium if any?  Simple.  It is lighter than air.  We would just release it into the atmosphere and let it float up to the stratosphere.  (Helium is not a global-warming gas and it is not toxic.)

The United States and several other countries have spent hundreds of millions on nuclear-fusion research in the last few decades.  Much progress has been made, but we don’t seem close to practicable fusion plants yet.  When we get fusion it will be The Invention of the Century.  Let’s hope it will be this century.  But sadly, if a workable fusion concept was discovered today, one that would solve the main technical problems, it would still be several decades before we could have fusion power plants authorized, designed, built, tested, and online.  Again, there is no free lunch.

As mentioned earlier, much of the talk about a “Hydrogen Future” is just hype, because there is no hydrogen gas in the earth’s crust or in the atmosphere to use as fuel.  And it takes a lot more energy to separate hydrogen from water than we can get out of it by oxidizing it back into water.  But with nuclear fusion we could have hydrogen in quantity if we wanted it, because so much energy is released in the nuclear-fusion reaction that it would take only a small part of that energy to decompose water (including salt water) and provide both hydrogen and deuterium (the heavy-hydrogen isotope needed for the fusion reaction).  If we can develop practical controlled nuclear fusion soon enough the energy-related aspects of our coming collapse would be largely solved.

Thorium Nuclear Power

But let us assume that mankind is not able to conquer nuclear fusion, and that other sustainable sources of electricity are unable to meet the increasing demand in time.  Maybe we will have thorium nuclear fission power plants.  You hadn’t heard of it?  Neither had I until recently.  Rather than try to explain the reactions, I refer you to Google.  I found most of the following information in “Lab Notes,” an online site.

Thorium is a little known and little-used element, but if you have seen the mantle of a mantle lamp or mantle lantern you have seen thorium.  Chemically its characteristics are between those of lead and uranium.  It is slightly radioactive but safe to handle, and it is far more common in the earth’s crust than uranium.  It even occurs in granite and is found in concrete.

Carlo Rubbia, an Italian Nobel prize-winning physicist, presented an article to CERN, the European Center for Nuclear Research, in 1993 on a method to produce nuclear power with thorium.  Numerous experiments since have confirmed the validity of Rubbia’s work.

In this process there is no chain reaction, the most critical feature of conventional atomic power plants.  Without chain reactions there can be no runaways leading to meltdowns.  There would be radioactive waste from a thorium power plant, but the waste would be dangerous for only 10 or 20 years rather than for a thousand years.  Another big advantage of thorium power over our present atomic power in this renegade world is that the thorium power process doesn’t produce any weapons-grade material such as plutonium.

Currently India is building a pilot thorium power plant that is to be online in 2010, and they plan to build nine more thorium plants between 2010 and 2020.  The U.S. is also becoming active in the thorium-power field.  Too good to be true?  We hope not.

Hydrokinetic Potential

In the enthusiastic opinion of the author, even if we successfully develop nuclear fusion and/or thorium nuclear power in time, the installation of hydrokinetic power systems in rivers worldwide will be highly desirable.  It is going to require an enormous amount of electric power to replace the fossil fuel power we are going to lose.  The great advantages of this neglected concept were discussed in a previous chapter.  Serious readers of this book are urged to reread Hydrokinetic Power starting on page 29.

The Revolutionary Dualmode Transportation System

A most promising concept for greatly reducing the exacerbation of global warming and the energy shortage, and to largely solve our coming transportation problems, is a relatively new idea called Dualmode (or Dual Mode) Transportation.  Fifty or more innovative people worldwide have independently invented the concept, largely over the last several decades.  I am one of those inventors.  A separate comprehensive free non-technical and semi-technical online book covering all aspects of dualmode transportation is available at  http://faculty.washington.edu/jbs/rev/revcontents.htm   It is recommended reading for all who are concerned for the future of humanity and the planet.
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