CHAPTER 8
ENERGY AND CIVILIZATION: PATTERNS OF CONSUMPTION

AT THE END OF THIS CHAPTER THE STUDENT WILL BE ABLE TO….

CLO 7 The student will be able to survey the energy sources that we use by listing the various forms of energy resources, by classifying as either renewable or non-renewable energy; by analyze the worldwide energy uses and trends; by enumerating environmental issues associated with energy use; and stating sustainable strategies for energy use around the world and in Micronesia.

SLO 7.1 The student will be able to furnish a brief historical overview of the various energy consumption rates with attention given to the Industrial Revolution and the energy needs in modern day society.
1. HISTORY OF ENERGY CONSUMPTION 
· All living things require a constant supply of energy (the capacity to do work). 

Biological Energy Sources:

· The SUN provides that energy. All this energy is trapped via photosynthesis by producers in the form of “organic molecule” (chemical energy). The “biomass” produced by these autotrophs represents stored “sunlight” (it is the primary productivity of an environment).
Increase Use of Wood:

· Early societies used “human muscle (muscle power)” and “animal muscle” (Fig. 8.2, p.173) and “fire” as sources of energy. Energy sources and uses in the United States. (Fig. 8.7, p.177)

· Wood was the primary fuel, which furnished most of the energy and construction materials for early civilization. It enabled people to cook their food, heat their dwellings, and develop primitive form of metallurgy. (Fig. 8.4, p.175)

· Heavy use of wood in densely populated areas eventually resulted in shortages. In some places such as India and Africa, when wood became in short supply, “animal dung” served as an alternative source of fuel.
· Biomass –Any accumulation of organic material produced by living things. (Ex: wood, grass, agricultural waste, or dung)
· “Wind and water” powers have also been important for about the last 10,000 years.
Fossil fuels and the Industrial Revolution: (Fig. 8.4, p.175)
· The replacement of human and animal energy (muscle) and wood with fossil fuel began with the Industrial Revolution in the early XVIII century (around 1760). 
· Fossil Fuels – the organic remains of plants, animals, and microorganisms that lived millions of years ago that are preserved as natural gas, crude oil (petroleum) and coal.
· They are the accumulation of energy-rich organic molecules produced by organisms as a result of photosynthesis over millions of years. In other words, the energy of the fossil fuels is “stored sunlight” just as the biomass of wood.
· The use of coal and the invention of the steam engine (conversion heat energy into energy of motion) were central to the Industrial Revolution. (Fig. 8.3, p.174)
· Industrial Revolution – A period of history during which machinery replaced human and animal labor in manufacturing and transporting goods.
· The industrial revolution was greatly accelerated by the supply of “cheap”, “easy-to-handle”, and “highly efficient” fuels (initially coal).
· The industrial revolution led to the development of technology-oriented societies today in the developed world.
· The factory system of manufacturing products replaced the small home-based operations (sawmills, textile mills, virtually all other industrial plants…)
· Expanding factories required labor supply and areas surrounding the factories became villages, towns and finally cities.
· Widespread use of coal resulted in increased air pollution. (Writers of the time recorded that they often could not see as far as a city block away because of the smoke.)
· Energy consumption increased, economics grew and people prospered.
· Oil (petroleum) replaced Coal: (Economic growth and energy consumption)
· Coal has been replaced by oil this century due to the ease of shipping and use.
· The petroleum era (oil wells) began in late XIX century (1859 – first oil well was drilled). For the first 60 years of production, the principal use of oil was to make kerosene, a fuel for lamp. (Fig. 8.4, p.175)
· The automobile drastically increased the demand for fuel and lubricant.
· It was only in the 1960s, with the tremendous proliferation of cars, that pollution from gasoline engines became a problem.
· Growth of the automobile led to roadway construction, better and more powerful vehicle production, road improvement, and altered lifestyle: vacations farther away from homes–(link to that is the tourism industry); people lived farther away from work in suburbs and “commuted to work” ... 
· Read: Global Perspective – “Reducing Automobile Use in Cities” (p. 178)
· World War II, also greatly increased the energy demand for manufacturing and transportation.
· Technology accelerated the XX century: Between 1900 and 2007:
· World energy consumption increased by a factor of sixteen (16X)
· Economic activity  increased by more than 70 times
· But population increased only about fourfold (4X)
2.
HOW ENERGY IS USED
· Modern society depends a great deal on energy. (Energy-demanding lifestyle – Fig. 8.5, p.175)

· The energy sources most commonly used by industrialized nations are the fossil fuels: crude oil, coal, and natural gas, which supply about 80% of the world’s commercial energy, while the remainder is linked to nuclear, Biomass, hydropower and various alternative sources (wind, solar, geothermal…).
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· Energy is used by civilization for three purposes:  (see for overall data in Fig. 8.6, p.176)
· Residential and commercial use

· Varies greatly throughout the world
· Industrial uses

· Nonindustrial countries use little energy for industry; highly industrialized countries use a significant amount of their energy in industry.
· Transportation 

· The amount of energy used for transportation varies widely throughout the woeld 

· Per capita energy use for transportation is larger in developing countries and highest in highly developed countries (Fig. 8.8, p.177)
· Use of public transport – is much more energy efficient --- Rail and bus transport are about twice as energy efficient as private automobile.
· Private automobiles in North America, with about 5% of the world’s population, consume about 40% of the gasoline produced in the world.
3. ELECTRICAL ENERGY

· There are many ways of producing electrical energy --- by burning fossil fuels, nuclear power plants, hydroelectric plants, and other renewable methods (geothermal, wind, tidal, solar). 
· Different countries will use different means of producing electricity – depending on their raw material (Fig. 8.11, p.180)
· The industrialized countries of the world, with about 20% of the world’s population, consume 60% of the world’s electricity. (This leaves 40% electricity use for the less-developed nations, which have about 80% of the world’s population.)

4. THE ECONOMICS AND POLITICS OF ENERGY USE

· A direct link exists between economic growth and the availability of inexpensive energy.
· During the advent of the industrial revolution – access to inexpensive fossil fuels allowed workers to produce more goods and services and productivity increased. This resulted in unprecedented economic growth throughout the industrialized nations. 

· The higher the price of energy, the more expensive goods and services become. To keep costs down, many countries have subsidized their energy industries and maintained energy prices at artificially low levels.

· International trade in fossil fuels has a major influence on the world economy and politics.

4.1
Fuel Economy and Government Policy

· Government fashion policies – influence how people use energy.
· Example of the price of gasoline – determined by 2 factors:

· (1) the cost of purchasing and processing crude oil into gasoline

· (2) various taxes imposed on the gasoline

· Taxes will fluctuate depending on government policy relative motor vehicle transportation (Fig. 8.12, p.181)
· USA – 12% taxes of retail gasoline price

· Canada – 30%

· Japan and many European countries – 60%

· Direct relationship between the type of vehicle driven and the price of gasoline – the higher the cost of gasoline, the more fuel efficient vehicle will be bought (often compact cars)
· Also taxes are used to pay for road repair and maintenance
4.2
Electricity Pricing
· Because of the nature of the electricity industry (how it is produced by each nation), most countries regulate the industry and influence the price utilities are able to charge.
· Typically the cost to industrial users is about half that charged to residential customers.

· Fig. 8.13 (p. 181) shows various prices for different countries – obviously, higher prices discourage use.
4.3
The Importance of OPEC

· OPEC – Organization of Petroleum Exporting Countries – began in 1960, when the government of 5 of the world’s leading oil-exporting countries agreed to form a cartel. (Three of the original 5 members – Saudi Arabia, Iraq, and Kuwait – were Arab countries, while Venezuela and Iran were not.)
· Today, 13 countries belong to OPEC.

· 7 Arab states --- Saudi Arabia, Kuwait, Libya, Algeria, Iraq, Qatar, and United Arab Emirates

· 6 non-Arab states – Iran, Indonesia, Nigeria, Ecuador, Angola, and Venezuela.

· OPEC nations control over 75% of the world’s estimated oil reserves of 1200 billion barrels of oil. 

· Middle East OPEC countries control over 60% of the total, which makes OPEC and the Middle East important world influences. (Fig. 8.15, p.183)
· OPEC nations are a major force in determining prices

5. ENERGY CONSUMPTION TRENDS
· Because of financial (economic), political, public attitudes and other factors, nations vary greatly in the amount of energy they use as well as in how they use it. 

· Per capita Energy Consumption: (Fig. 8.6, p.176)
· In general, rich developed countries use large amounts of energy and poor (less-developed) nations uses much less 
· Canada and USA use about twice as much energy as people in France and Japan; 10 times more energy than the people from China; and about 25 times more energy than the people of India.
· The United States has only 2% of the world’s oil reserves but consumes 25% of its oil (it is at the mercy of the global oil market).

· In countries that with “emerging economies” (particularly parts of Asia), energy consumption is increasing at a faster rate (about 5% per year). Currently, china’s energy consumption is growing at 7.7% per year and India’s is growing at nearly 7% per year. 

· Since these two countries contain over 1/3 of the world’s population, they are having a major impact on energy use in the world.
· Analysts expect the worldwide demand for energy to increase steadily.

· In 2007, world energy consumption showed an increase of 25% over 10 years  (Fig. 8.14, p.183)
· The energy consumption behavior of most people is motivated by economic rather than by a desire to wisely use energy resources.
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