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A FEW BRIEF PERSPECTIVES ON CALORIES, GASOLINE,

DOLLARS, DONUTS, AND DINNERS IN BETHESDA


Energy is the stuff that makes things move in this universe.  It moves our bodies and our cars, and it moves heat into or out of houses and offices, and it moved people across the sky in ways that the ancient Greeks could not in their wildest dreams have imagined their gods doing, dozing or watching television as they cross the heavens at near the speed of sound.


It would be a surprise to most people to learn that a single calorie of food energy can be lethal.  For example, one raisin contains a calorie and a half of energy, enough to move your body in a fast walk for 60 feet on level ground, or in a slow walk up a flight of stairs.  So how can a single calorie be lethal?


We'll get to that.  But first:


Most people in this country, even intelligent, educated people, seem to use the word 'calorie' as a measure of how much weight they'll gain if they eat a handful of cashew nuts, or have fried chicken and fries and a coke for lunch, or a glass of wine or Jack Daniels before dinner and a slice of cheesecake afterwards.


That association of the word 'calorie' with weight gain is reasonable in this society of obese people, obese cars, obese houses, and obese personal and national debt and the other products of the obese poverty of imagination and foresight that characterize the end stage of the century-long, fossil-sunlight-powered Golden Age of human experience.


The word 'calorie' is a unit of measure of energy, same as 'kilogram' is a unit of measure of mass, or 'inch' a measure of distance.


As a unit of energy, a 'calorie' is related to other units of energy measure, such as the 'joule,' 'Btu,' 'kWh,' 'megaton of TNT,' 'erg,' and 'therm.'  Each term is a simple multiple of any other.  E.g., one calorie is about 4,200 joules; about four Btus make a calorie; and a therm is a hundred-thousand Btus.  Most of these terms are 19th-century usages from the period of development of modern physics.


The food energy in a raisin (1.5 calories) or a banana (~200) is the same kind of energy that comes from such things as a gallon of gasoline (~31,000 calories), a ton of coal (~6 million) or kiloton of TNT (nominally 1 billion calories).

The sun is the source of the energy that drives the seasons and winds, the rain and weather, and the growth of forests and crops and our solar-powered bodies.  The sun produces enough energy each second to supply all present human energy needs for a million years.  But less than one part in a billion of the sun's energy comes to the earth, and of that, about 40 percent gets reflected back into space.  But still, the amount of sunlight energy that drives the earth's processes, including the wars of human beings, is ten-thousand times humanity's present energy use rate.


At the latitude of Washington, D.C., the annualized average amount of sunlight that falls on a typical 5,000-square-foot house lot would cost nearly $9,000 per month if bought from the local power company at the present residential cost of energy that is delivered in the form of electricity.1

Fossil fuels contain sunlight energy that got stored over millions of years, as animals and plants died and got buried.  Fossil fuels contain fossil solar energy —— fossil sunlight —— in highly concentrated form compared to ordinary daily sunlight.  Even with the best present-day technology for collecting and storing solar energy for later use, it would take at least one day to collect from that typical house lot the amount of energy that a single gallon of gasoline holds.2

The Industrial Revolution that began in the late 1700s when James Watt's steam engine came on line and, for the developed world at least, wrought the fossil-sunlight-powered Golden Age of the 19th and 20th centuries —— a Golden Age which looks like it will end in this 21st century when low-cost fossil energy becomes less available.


The Energy Wars effectively began in the shock and awe of March 2003.

From where I sit by the window of my office, I can see the gas station half a block away.  The price today is $3.20/gallon for 'regular' gas —— ten times what it was in the 1970s when I had a 400-horsepower Chevy.  But even at the present relatively high price, gasoline is still cheap energy, relatively speaking: The cost of a calorie of gasoline energy today is less than a tenth the cost of a calorie of energy in a banana, or a twentieth of the cost of a calorie from a Krispy Kreme Original Glazed Donut, and a less than a hundredth the cost of a calorie of energy in a dinner bought in downtown Bethesda.  Popular ignorance is reflected in the complaints about the rising cost of gasoline when most of us carry one or two, or even three, tons of metal, plastic and glass with us whenever we go to work or school or to the local shopping mall.  It reflects popular ignorance of the extravagance of our fossil-sunlight-powered technological Golden Age.

My goal in writing this was to define the word 'energy' in simple terms, and explain what the word 'power' means in a physical science sense —— which brings us back to the question of how a single calorie of energy, such as comes from raisins, donuts, gasoline, coal or sunlight —— can be lethal.


The term 'power' refers to the rate at which energy is used, such as calories per day or per minute or second.  'Horsepower' is an 18th-century unit of power, equal to about 10 calories per minute; one modern unit of power is the watt, and another is the kilowatt, which is a thousand watts, the latter being about 14 calories per minute.  (By comparison, the human body uses, on daily average, 1.4 calories of energy each minute, about one raisin's worth of energy per minute.)


A typical lightbulb in a living-room lamp radiates about a hundred watts of power, which is slightly more than a tenth of a horsepower, or roughly one and a half calories per minute —— i.e., the same one-raisin-equivalent of average energy per minute that is used by a human body.


Things that move, such as cars and people, the wind and the water in the Potomac River, contain energy of motion, which is called kinetic energy.  A 4,000-lb SUV traveling at 70 mph has a kinetic energy of about 200 calories —— which, if it could be harnessed to make light, would power a hundred-watt incandescent lamp for most of an hour.


Two-hundred calories is roughly the energy content of one banana, or in one Krispy Kreme original glazed donut —— or in a standard-issue American hand grenade.  Thus an example of power: the hand grenade releases it's 200 calories of energy in a short time, and it can produce about a million horsepower.  Likewise, a bullet from an M16 rifle contains about half a calorie of energy, which, when penetrating a human body, yields about 300 horsepower, but only for about a hundredth of a second.  And a standard baseball weighing five ounces and having a kinetic energy of one calorie moves at more than 500 mph —— easily enough to kill anyone it hits in the head or torso.

Given that money can do everything that energy can do, such as build cars, iPods, computers, cities and civilizations, or destroy them, we can think of money as being a domesticated way of dealing with and trading energy.  Money and energy are interchangeable, but in ways that vary according to how much effort (i.e., energy/money) has to be expended to get actual physical energy.  As fossil energy becomes less available, the equivalence of dollars and calories will change in a way that will cause dollars to decrease in their power to move things and build things.


The equivalence of money and energy can be based on the cost of such things as electricity or gasoline.  At today's cost of gasoline in Washington, D.C., one dollar works out to be equivalent to 10,000 calories.  It follows from simple arithmetic that one megaton of TNT equivalent of energy (i.e., 1 trillion calories) equals $100 million.  Therefore, a rich fellow like Bill Gates, with about $40 billion, is worth 400 megatons of TNT —— which is to say, he is the 400-megaton man, and therefore able to create or destroy things on that scale.  His energy/dollar wealth is a large fraction of what would be needed to establish a permanent base at one of the poles of the moon, whereat sunlight energy could be collected on lunar-silicon panels and beamed back to earth —— and that is only one of many possible creative or destructive things that a person of Gates's potential energy could do in this world, for or against the long-term survival of our kind.

________________

NOTE #1 —— Assumes 200 w/m2 of horizontal land.  5,000 ft2 = ~ 500 m2, which means that the lot receives an annualized average insolation of about 100,000 watts —— which works out to (x 86,400 sec/day divided by 3.6E6 kWh/joule, times 30 days per month) 72,000 kWh/mo. which, at the delivered residential rate of 12 cents/kWh $8,640.

NOTE #2 —— Assumes the same 200 w/m2 of horizontal land as in NOTE #1, i.e, about 100,000 watts —— which works out to (x 86,400 sec/day divided by 130 million joules/gallon of gasoline) the gross equivalent energy content of 66 gallons of gasoline per day.  Assuming 1 percent overall efficiency of energy collection, storage and recovery, plus amortized cost of the necessary equipment, 0.66 gallon/day.

