Chapter 15
Nonrenewable Energy

15-1  What major sources of energy do we use?

A.
About ninety-nine percent of the energy we use for heat comes from the sun and the other 1% comes mostly from burning fossil fuels.
1.
Without the sun’s energy, life on earth wouldn’t exist.  The sun is a giant nuclear fusion reactor.

2.
The sun provides other forms of renewable solar energy such as wind, falling/flowing water and biomass.

B.
About 76% of the commercial energy we use comes from nonrenewable fossil fuels with the remainder coming from renewable sources.

1.
About 50% of people in developing countries burn wood and charcoal to heat dwellings and cook.

2.
Many people in developing countries face a fuelwood shortage that is getting worse because of unsustainable harvesting of fuelwood.


SCIENCE FOCUS: Net energy is the amount of high-quality usable energy available from a resource after subtracting the energy needed to make it available for use.  It takes energy to get energy.  Net energy available for use is calculated by estimating the total energy available from the resource over its lifetime and the subtracting the amount of energy used (the first law of thermodynamics), automatically wasted (the second law of thermodynamics), and unnecessarily wasted in finding, processing, concentrating, and transporting the useful energy to users.  Currently, oil has a high net energy ratio, but as supplies are depleted the net energy ratio of oil will decline and prices increase sharply.  Electricity produced at a nuclear power plant has a low net energy ratio because of the energy consumed in the nuclear fuel cycle.

15-2  What are the advantages and disadvantages of oil?

A.
Crude oil is a thick liquid containing hydrocarbons that we extract from underground deposits and separate into products such as gasoline, heating oil, and asphalt.

1.
Three geological events lead to the presence of oil:

a.
Sediments buried organic material faster than it could decay.

b.
Sea floors with these sediments were subjected to the right pressure and heat to convert organic material to oil.

c.
Oil collected in porous limestone or sandstone and was capped by shale or silt to keep it from escaping.

2.
Oil and natural gas are often found together under a dome.  On average, only about 35-50% of the oil in the deposit is recovered.  Improved extraction technologies could raise the oil recovery rate to 75%.

3.
Crude oil is transported to a refinery where it is broken down into components with different boiling points.  This process accounts for about 8% of all U.S. energy consumption.

4.
Petrochemicals are oil distillation products that are sued as raw materials in manufacturing pesticides, plastics, synthetic fibers, paints, medicines and other products.

B.
Eleven OPEC countries-most of them in the Middle East- have 78% of the world’s proven oil reserves and most of the world’s unproven reserves.

1.
The control of current and future oil reserves is the single greatest source of global economic and political power.

2.
Saudi Arabia has the largest supply of oil reserves with 25%. 

3.
Oil is the most widely used resource in the world. The U.S. imports about 60% of its oil, followed by China and Japan as the top three oil importing countries.

CASE STUDY: Based on different assumptions, geologists expect 80% of the world’s oil to be depleted between 2050 and 2100.
C.
As global oil production peaks (or as demand exceeds supply as it does now) oil prices will rise.  These price rises are seen in the costs of food and fuel.
D.
The United States-the world’s largest oil user- has only 2.9% of the world’s proven oil reserves and only a small percentage of its unproven reserves.

1.
The U.S. uses about 25% of crude oil extracted worldwide each year.

2.
About 29% of U.S. domestic oil production and 21% of domestic natural gas comes from offshore drilling mostly in the Gulf of Mexico. Another 17% comes from Alaska’s North Slope.

3.
In 2005, the U.S. imported about 60% of the oil it used.  According to a 2005 report, about one-fourth of the world’s oil is controlled by states that sponsor or condone terrorism.

4.
By 2020 the U.S. could be importing 70% of the oil it will use.

5.
Geologists disagree as to the amount of oil that remains to be discovered, and to the amount of oil reserves.

CASE STUDY: The ANWR reserve may contain enough oil to meet 7–24 months of U.S. demand but is located in an ecological sensitive setting.
E.
Conventional oil is a versatile fuel that can last for at least 50 years, but burning it produces air pollution and releases the greenhouse gas carbon dioxide into the atmosphere. 

1.
CO2 release into the atmosphere helps promote climate change through global warming.

F.
Heavy and tar-like oils from oil sand (3/4 of global supply is in Alberta, Canada) and oil shale (72% of global supply located mostly in Colorado, Utah, and Wyoming) could supplement conventional oil

1.
Environmental problems including high sulfur contents and very high energy requirements for extraction
2.
At present, it costs more to produce than the fuel is worth.
15-3  What are the advantages and disadvantages of natural gas?

A.
Natural gas consists mostly of methane, is often found above reservoirs of crude oil. Natural gas also contains small amounts of heavier hydrocarbons and a small amount of hydrogen sulfide.

1.
Conventional natural gas lies above most reservoirs of crude oil.

2.
Natural gas is sometimes burned off as an unwanted by-product of oil drilling, a waste of an energy source.

3.
Propane and butane gases are liquefied from a natural gas field and removed as liquefied petroleum gas (LPG) that is stored in pressurized tanks.

4.
Natural gas provides about 23%of the U.S. energy needs, heating about 53% of U.S. homes and providing about 12% of the country’s electricity.

5.
The U.S. imports about 20% of its natural gas, and this is expected to rise in the future. Imports come mostly from Canada. 

6.
Natural gas is a versatile fuel that can be burned to heat space and water and to propel vehicles with fairly inexpensive engine modifications.

7.
Natural gas releases less CO2/ unit energy than burning oil, oil sand, or coal.

8.
Increasingly, natural gas is used to run medium-sized turbines to produce electricity. They are more energy efficient, cheaper to build, require less time to install, and are easier and cheaper to maintain than coal and nuclear power plants. Rising natural gas prices are impacting the cost advantages of such turbines.

B.
Russia and Iran have almost half the world’s reserves of conventional natural gas, and global reserves should last 62-125 years.

1.
The long-term outlook for natural gas supplies is better than for conventional oil.

2.
Natural gas use should increase because it is fairly abundant, has lower pollution and CO2 rates/unit of energy compared to other fossil fuels.

3.
Projections suggest that natural gas should last the world at least 200 years at the present consumption rate and 80 years if usage rates increase 2% per year.

C.
Natural gas is a versatile and clean-burning fuel, but it releases the greenhouse gases carbon dioxide (when burned) and methane (from leaks) into the troposphere. 

15-4  What are advantages and disadvantages of coal?

A.
Coal is an abundant energy resource that is burned mostly to produce electricity and steel. Coal is solid fossil fuel formed from land plants that lived between 300-400 million years ago.  It is mostly carbon with small amounts of sulfur and trace amounts of mercury.  Burning coal releases SO2, trace amounts of mercury and radioactive materials.

1.
Coal is burned in power plants to produce 62% of the world’s electricity and three-quarters of the world’s steel.

2.
In the U.S. coal produces 50% of the electricity, followed by nuclear power (20%), natural gas (17%), renewable energy (10%), and oil (3%).
B.
Coal reserves in the U.S., Russia, and China could last hundreds to thousands of years.

1.
Coal is the world’s most abundant fossil fuel.

2.
The U.S. has 27% of the world’s proven coal reserves.  Russia has 17%, China has 13%, India has 10%, and Australia has 9%.

3.
Coal reserves in the U.S. and in China should last for about 300 years at current consumption rates.

4.
If coal consumption in the U.S. increases by 4% a year – as the industry projects – the reserves would last only 64 years.

C.
Coal is the most abundant fossil fuel, but compared to oil and natural gas it is not as versatile, has a much higher environmental impact, and releases much more carbon dioxide into the troposphere.

1.
Coal has a severe environmental impact on air, water, and land and over 1/3 of the world’s annual CO2 emissions come from coal.

2.
Coal emissions cause thousands of premature deaths, many thousands of cases of respiratory disease, and several billion dollars of property damage a year.

15-5  What are the advantages and disadvantages of nuclear energy?

A.
When isotopes of uranium and plutonium undergo controlled nuclear fission, the resulting heat produces steam that spins turbines to generate electricity.

1.
A controlled chain reaction occurs when nuclei of atoms are split.  The heat from the reactions used to produce high-pressure steam that spins turbines that generate electricity.

2.
Light-water reactors (LWRs) produce about 85% of the world’s nuclear-generated electricity.

3.
The core of a LWR consists of long, thin rods are packed with fuel pellets and each pellet contains energy equivalent to 1 ton of coal or 4 barrels of crude oil.
4.
Control rods absorb neutrons and regulate the rate of fission and amount of power the reactor produces.

5.
A moderator (material that slows down neutrons) keeps the reaction going.  It may be water, graphite or deuterium.

6.
A coolant, usually water, circulates through the core to remove heat to keep the components from melting and to produce steam for generating electricity.

7.
A containment vessel with thick, strong walls surround the reactor as a safety backup.  These are usually made of 4-foot reinforced concrete with a steel liner.

8.
Spent rods are stored on-site in water-filled pools or dry casks with thick steel walls.

9.
All the safety features make nuclear power plants very expensive to build and maintain.

10.
A nuclear power plant must be decommissioned after 15-60 years of operation.  It contains large quantities of radioactivity that must be kept out of the environment.  These wastes must be stored for about 240,000 years.

B.
After more than 50 years of development and enormous government subsidies, nuclear power has not lived up to its promise.

1.
Electricity production from nuclear power plants is the slowest growing energy source.

2.
The U.S. cancelled all nuclear reactor construction from 1973-2007.  In 2007, there were 104 licensed nuclear power plants operating in the U.S.
3.
Several major reasons for the failure of nuclear power to grow are multibillion-dollar cost overruns, higher operating costs, more malfunctions than expected, and poor management.

4.
Public concerns about safety and stricter government regulations are two major setbacks, 

5.
Germany, Sweden, and Spain are planning to eliminate their nuclear power plants over the next 20-30 years; Japan gets 30% and France 80% of its electricity from nuclear plants. China and South Korea are planning on building more nuclear plants in the future.

CASE STUDY: America’s worst commercial nuclear power plant accident happened at the Three Mile Island nuclear plant in Pennsylvania.  Mechanical failures along with human error allowed coolant to be lost.  As a result of the excess heat, part of the reactor core melted.  An unknown amount of radioactive material was released.  50,000 people were evacuated and another 50,000 fled on their own.
CASE STUDY: The world’s worst nuclear power plant accident occurred in 1986 in Ukraine.  On April 26, 1986, a series of explosions at the Chernobyl nuclear plant blew the roof off a reactor building, the reactor partially melted down, and a fire burned for 10 days.  The disaster was caused by poor reactor design and human error.  By 2005, 56 people had died from radiation released by the accident.  Many more may still die from cancers such as thyroid cancer and leukemia.  Some 350,000 people had to abandon their homes because of radiation fallout 400 times greater than that released from the atomic bomb dropped on Hiroshima.  In many parts of the Ukraine, people still cannot drink the water or eat locally produced food.

C.
The nuclear power fuel cycle has a fairly low environmental impact and a very low risk of accident. But costs are high, radioactive wastes must be stored for thousands of years, facilities are vulnerable to terrorist attack, and the spread of nuclear reactor technology gives more countries the knowledge to build nuclear weapons.  Because of built-in safety features, the risk of exposure to radioactivity from nuclear power plants in the United States and other developing countries is extremely low.

D.
Scientists disagree about the best methods for long-term storage of high-level radioactive waste. 

1.
Burying it deep underground is the safest and cheapest option right now.

2.
Ideally, our goal is to be able to change it into harmless, or less harmful, isotopes.  There is no way to do this at the present.
CASE STUDY: Experts disagree about radioactive waste disposal in the United States.  One option is a repository dug out of a mountain in the Yucca Mountain region of Nevada.  There are a number of problems with this possible solution such as the safety of the large numbers of shipments to the site, possible fractures in the rock, earthquakes, and threats to national security.

E.
When a nuclear reactor reaches the end of its useful life, its highly radioactive materials must be kept from reaching the environment for thousands of years. The nuclear plant thus has to be decommissioned when it reaches the end of its useful life.

1.
Scientists have proposed three ways to decommission plants:

a.
Dismantle the plant and store its radioactive materials in a high-level waste storage facility.

b.
Put up a physical barrier around the plant and set up full-time security for 30-100 years before the plant is dismantled.

c.
Enclose the entire plant in a tomb that must last and be monitored for several thousand years.

2.
Decommissioning adds to the total costs of nuclear power as an energy option.

3.
At least 228 large commercial reactors worldwide (20 in the United States) are scheduled for retirement by 2012.
F.
Nuclear Fusion: After more than 50 years of research and billions of dollars in government subsidies, this technology remains at a laboratory stage.

1.
Nuclear fusion is a nuclear change in which two isotopes of light elements, such as hydrogen, are forced together at extremely high temperatures until they fuse to form a heavier nucleus, releasing energy in the process.

2.
This type of energy production has a number of advantages such as no emissions of conventional air pollutants or carbon dioxide.

3.
There would be no risk of a meltdown or risk from terrorist attack.

4.
Fusion power could be used to destroy toxic wastes, supply electricity for ordinary use, and decompose water to produce hydrogen gas to run a hydrogen economy by the end of this century.

5.
Building a fusion reactor would be much more expensive than the cost of a conventional reactor. The U.S., after more than 50 years of research, has spent around $25 billion on nuclear fusion, but none of the approaches so far has produced more energy than it uses.

G.
There is disagreement over whether to phase out nuclear power or keep this option open in case other alternatives do not pan out.

1.
Proponents of nuclear power feel that governments should continue funding research and development.  They say that we need to keep nuclear options open if various renewable energy options fail to keep up with electricity demands and reduce CO2 emissions to acceptable levels.

2.
Opponents say it makes better sense to invest government funds in spurring more rapid development of energy conservation and renewable energy resources.

