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We are accustomed to technological change and anticipate its occurrence on a continuing basis.  When a new technology is spawned, we expect it to quickly become commercialized.  We not only want to buy it; we want to invest in it.  Venture capitalists are eagerly looking for opportunities to pour money into technological development.  Universities and governments actively support research.  All of this is accepted behavior today.  But, it was not always so.  

For 2,000 years social mores formed an almost impenetrable barrier to technological development.  When that barrier came down near the end of the Middle Ages, the path was opened for massive changes in energy sources, for initiation of the Industrial Revolution and for life as we know it today.  But, a similar barrier still exists blocking the way to desired goals.  When and if it falls, we will likely experience another such dramatic reshaping of society and life.

The Ancients Opposed Technology

From ancient Greece into the early Renaissance technological development was not only frowned upon, it was downright discouraged.  People with money did not invest in it.  Governments generally did not support it and scientists refused to consider practical applications of their theories and discoveries.  

Why?  It was socially unacceptable for the elite to involve themselves in what they considered a degrading activity.

From around 600 BC, the time of the first Greek philosopher Thales of Miletus, scientific inquiry was based on logic and reason but not on measured experimentation.  It was the province of intellectuals with the leisure to think.  The Greek philosophers, for all of their delving into how the world was made up and how things worked, had a strong aversion to the development of technology.  They called it banausikon, meaning, “fit for mechanics.”  It was considered a filthy business beneath the dignity of any intelligent, thinking person.   Aristotle (384 – 322 BC) held that industries that earned wages degraded the mind and were unworthy of the free man.  He would not stoop so low as to attempt to verify by measured observation his reasoning concerning physics or dynamics.  As a result, some bad science went unchallenged for almost 2,000 years.

Through unmeasured observations Aristotle reasoned that the speed at which objects fell was directly proportional to their weight.  In other words, a ten-pound object would fall ten times as fast as a one pound object.  There is no record of anyone disputing that finding until 1586 when a Dutch mathematician, Simon Stevin, dropped two stones of markedly different weights from a second story window.  He found that they hit the ground at essentially the same instant.  Galileo repeated Stevin’s challenge to Aristotelian physics, but it was still hard to convince most scientists that Aristotle was in error.  Aristotle had also stated that a vacuum was impossible.  That held as fact until 1654 when Otto von Guericke, a German physicist, demonstrated the power of a vacuum.      

When asked to write a handbook on practical applications of various discoveries, Archimedes (287 – 212 BC) refused.  He said anything that would in any way make life easier was ignoble and vulgar.  The Museum and Library at Alexandria, established in 290 BC by the rulers of Egypt, was a research facility that attracted scientists from around the known world.  Researchers there were using valves, expanding gases, solar thermal power, cams, screws, pulleys, levers, springs, siphons, and cogs—the basics for an industrial revolution.  They developed double-action pumps and a compressed air cannon.  It was there that Hero demonstrated a steam reaction turbine in 60 AD.  The Library at Alexandria could have been an ancient model for Silicon Valley, but the research did not lead to improved manufacturing processes, better machines for industry or agriculture, or even for increasing wealth.  Rather it was used to amuse royalty or to amaze worshipers in temples.  

This does not mean that technological development was absent throughout those years.  Artisans and craftsmen were developing technology to make their particular jobs easier or more efficient, but it was without support from scientists, philosophers, government, or those with wealth.

Acceptance of the “Mechanical Arts”  

This social barrier lasted into the early Renaissance.  Some cracks in the barrier can be found throughout time, but the real break came in the early 13th century through the arguments of Roger Bacon, a Franciscan friar teaching at Oxford.  He enlarged on the breakthroughs in educational concepts of Johannes Scotus Erigena (800 – 877) and Hugh of St. Victor (1096-1141).  Erigena, an Irish philosopher and theologian who taught at the palace school founded by Charlemagne, invented the term artes mechanicae (mechanical arts) and suggested they should be supplements to the liberal arts.  Up to that time the only subjects considered worthy of being taught had been the liberal arts.  Hugh of St.Victor, a German theologian who compiled an encyclopedic work called the Didascalicon, described seven categories of mechanical arts worthy of study and placed a moral value on technology.  Bacon took things a quantum leap forward by awarding technology precedence over the liberal arts and by demanding rigorously measured experimentation.  He held that the practical sciences were given to man as an aid to faith and as a remedy for all the ills of the world.  He stated that the true end of knowledge was a line of inventions that would to some degree overcome the miseries of humanity.

What Roger Bacon’s work accomplished was to open for debate the concept that focusing wealth, power, and knowledge on developing technology was acceptable behavior for the elite of the age.  The debate was not friendly nor did it get resolved quickly, but through his work and that of others the social barrier to technological development was on its way down.  A major paradigm shift was in the making.  Such a shift does not come about easily or without rancor—social position and status are at stake.

Social position and status were as important to people in Medieval Europe as they were to the ancients and as they are today.  People will not generally engage openly in behavior that will cause a loss of status in the eyes of their peers or of those they consider important.  That is why the shift in what was perceived as socially acceptable behavior in the pursuit of technological development was so important.  With that change people of wealth, scientific knowledge, and power could now openly become involved in technological development.  

Getting to Life as We Know it Today
That shift paved the way for the Industrial Revolution and led to the replacement of wood, water, and wind as the major sources of energy.  And that, in turn, led us directly to the environmental problems of today.  The replacement came about because new and more efficient fuels were needed to produce better metals for the machines that were being designed, manufactured, and put to use.

Wood, wind, and water had been the energy sources of choice for thousands of years.  However, coal, oil, natural gas, and solar power were also being used.  These are not recent discoveries.

Coal from the Fu-Shan mine in China was being burned in 1,100 BC (probably to smelt copper).  There are indications of coal use in England going back 4,000 years.  The Romans burned it in Britain in 400 AD.  Coal mining in Europe is described in books from the 12th century.  In the U.S., Hopi Indians used coal for heating, cooking, and in their ceremonial chambers.

Oil in the form of asphalt, or pitch, has been used for thousands of years.  King Nebuchadnezzar paved streets in Babylon with asphalt.  Senn a Cheric, a king of Assyria, actually had a well dug at a natural oil seep along the Tigris River in order to increase the flow of oil and asphalt.  Ancient Egyptians used oil for medicinal purposes, as did American Indians.  Oil as a weapon was evident at Rhodes in 305 BC when pots filled with a mixture of naphtha (distilled from crude oil) and asphalt were ignited and flung into the city from catapults.  The art of distilling crude oil into illuminating oil was practiced in Western Europe in the 12th century.

The Chinese were burning natural gas to evaporate brine in 1,000 BC.   By 211 BC, they were operating the first known well drilled expressly for gas and were using it for cooking, heating, and lighting.  Natural seeps of gas provided fuel for the “eternal fires” in some temples in ancient Persia.

Passive and active solar powers were also known to the ancients.  Greeks built homes with large courtyards facing south so the walls of the buildings could absorb the heat of the sun during the day and release it slowly at night to heat their homes.  The Anasazi Indians in the Southwest U.S. followed the same principles in building their stone houses.  Records of active solar power use date from 200 BC when Greeks and Chinese made use of curved mirrors to concentrate the sun’s rays for igniting fires.

In ancient Greece then, all of the energy sources in use today, with the exception of nuclear power and hydroelectric power (both used exclusively to produce electricity) were known, available, and in limited use.  And, the Library at Alexandria provided a focal point for scientific thought, experimentation, and technological development.  Why then did it take so many hundreds of years for energy sources and technology to come together to produce the Industrial Revolution?  

A valid argument can be made that metallurgy, manufacturing processes, and transportation facilities were too primitive to allow for exploitation of energy and technology at that time.  But, absent the social barrier to technological development that existed, it is likely that the great minds, the available wealth, and the power concentrated in the likes of Alexander the Great, the Ptolemies, and the Roman Emperors could have laid the groundwork for a much earlier development and diffusion of technology.

When the social barrier to technological development did come down, events moved comparatively rapidly.  New machines needed higher quality metals, which required more efficient fuels for their production.  Steam engines, developed to pump water from coalmines, were modified to perform a myriad of other tasks calling for even stronger metals and better fuels.  The external combustion steam engines were too bulky for some uses and inventors struggled to develop an internal combustion engine.  They experimented with a variety of fuels including illuminating gas and benzene (both obtained from coal), hydrogen, and even gunpowder.  Finally, gasoline, which had been a useless waste product in the distillation of kerosene from crude oil, became the fuel of choice.  The constant move to better metals, better machines, better engines, and better fuels brings us to where we are today

Roger Bacon’s work initiated a permanent break in the barrier to technological development that had existed for so many centuries.  The break widened as it was seen that technology could bring about greater wealth.

Today’s Barrier – Wealth and Power

Appreciation of the value of technological change is well entrenched in modern society.  However, a powerful barrier is still in place.  Government, industry, and the general populace fail to support some technologies because they threaten an established source of wealth and/or power.  The generation of electricity in the U.S. is a good example.

Since the First Earth Day in 1970, burning of coal to generate electricity has increased from 302 million short tons per year to 902 million short tons in 1997.   It also climbed from providing 45% to 55% of supply (other sources are nuclear power 22%, hydroelectric power 10%, natural gas 10%, oil 2%, geothermal and others <1%).  Coal, of course, is the most polluting of fossil fuels.  Meanwhile, in the use of renewable and cleaner sources, hydroelectric power fell from 15% to 10% and geothermal and others (biomass, solar and wind power) increased only from 0.12% to 0.21%.

Why has there been such a poor showing for technologies that could replace coal and reduce carbon dioxide emissions?  Coal production, transportation, and use generates great wealth for coal companies (sales), governments (taxes on production, incomes, and sales), and public utilities (cheap fuel and protection from having to pay for installation of new infrastructure).  In addition, utility bills for consumers would increase, at least for the short term.  Coal production, transportation, and use also provides tens of thousands of jobs for people who vote.  And, the coal lobby is very strong.       

Admittedly, the cost of alternatives to coal are generally more expensive when not accounting for the environmental and human costs of mining, transporting, and burning coal.  One alternative, wind power, is cost competitive today on a price-per-kilowatt-hour basis, but we still are not aggressively promoting its use.  Other technologies, as well as wind power, have been around a long time but have not been exploited. 

Thomas Johann Seebeck in Germany discovered thermo-electric generators in 1821.  Some of the materials he worked with are now classified as semi-conductors. In 1872, a large-scale, solar-powered distillation plant was in operation in Chile, providing fresh water to a nitrate mine.  In Paris, in 1878, solar-thermal power was used to generate steam for running a printing press.  And, in 1890, windmills were generating electricity in Denmark.  Wind generation followed in the Crimea in 1931, the U.S. in 1940, and in England in 1950.  More recently, a forceful argument has been put forward by researchers at the Space Studies Institute and at New York University that all of the technology is in place to produce electricity in space with photovoltaic panels.  The electricity could then be beamed to earth via established microwave technology. These technologies have not been aggressively exploited even though their implementation would substantially reduce pollution because coal use produces greater immediate wealth. 

In spite of our professed concerns, we will not see a reduction in carbon dioxide emissions until we bring about a change in social mores.  Likewise, we will not experience the improvements we desire in areas such as education, health care or in the reduction of poverty until we set new standards for acceptable behavior in the pursuit of wealth.

The outlook for the needed change may not be as bleak as it seems.   On the bright side, there are the Women’s Rights and the Human Rights Movements and the growing number of wealthy people who are putting their money to work to improve the quality of life for everyone. That includes people such as Paul Newman who, in effect, has said that he has enough and now puts his wealth-building talents to work for others.  All of the profits after taxes from his food business go to educational and charitable activities.  Also, Ben and Jerry, of ice cream fame, have set a corporate standard where no one earns more than ten times the salary of the lowest paid employee.  And, there are a growing number of companies such as Interface, Inc., one of the world’s largest manufacturers of floor coverings, who have set corporate goals of eliminating waste and pollution. 

From where will come the leadership to crystallize this scattered turn-about in what is considered acceptable behavior?  Educators and theologians led the previous shift with some help from scientists with a strong religious bent.  But, education and religion are not in leadership roles today.  Strong political leadership is a possibility, but politics are very closely associated with greed for both wealth and power.  The media—television, movies, radio, newspapers, magazines, and the Internet—certainly have a powerful influence on what is seen as acceptable behavior.  However, the media are not leaders.  They follow what they believe will bring them the greatest wealth. They feed back to us those things for which we will pay the most to see, hear, or read.  That leaves us, the general public, to lead ourselves.  We determine what is and what is not socially acceptable behavior.

To paraphrase Roger Bacon, the true end of wealth and power is a series that improved the quality of life for everyone.     

