Unit 10: Geology and Energy Resources
  
Chapter 15: GEOLOGY AND NONRENEWABLE MINERAL RESOURCES
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15-1 Geologic Processes

A. Geology is the study of dynamic processes occurring on the earth’s surface and in its interior.

1. The surface of the earth is composed of a series of gigantic plates that move very slowly across the earth’s surface.

2. The surface features of the earth change due to the effects of water and earth movements.

3. Earthquakes and volcanic action are violent and disruptive actions of the earth.

B. Three major zones of the earth are the core, mantle, and crust.

1. The crust is soil and rock that floats on a mantle of partly melted and solid rock.

2. The core is intensely hot.  It has a solid inner part surrounded by a liquid core of molten or semisolid material.

3. The mantle is a thick, solid zone.  It is mostly solid rock, but an area called the asthenosphere is very hot, partly melted rock about the consistency of soft plastic.

4. The crust is thin and is divided into the continental crust and the oceanic crust.

C.
Geologic changes from the earth’s interior generally build up the earth’s surface.  Heat and gravity play a role in these processes.

1. Heat from the core causes much of the mantle to deform and flow slowly like heated plastic.

2. Two kinds of movement seem to occur in the mantle.  Convection currents move large volumes of rock and heat in loops within the mantle.  Mantle plumes flow slowly upward and when it reaches the top of the plume it radiates out like the top of an open umbrella.

D.
About 15 rigid tectonic plates move across the surface of the mantle very slowly.  The plates are about 60 miles thick and compose the lithosphere.

1. The plates move at different rates, some move about 1 centimeter/year and others at the sea floor move as much as 18 centimeters (7 inches)/year.

2. The theory of plate tectonics became widely accepted in the 1960’s and was developed from the idea of continental drift.

3. The movement of these plates produces mountains on land and trenches on the ocean floor.

4. Volcanoes and earthquakes are likely to be found at the plate boundaries.

5. The plate tectonic theory also helps to explain certain patterns of biological evolution occurred.

E. There are three types of boundaries for lithospheric plates.  The boundaries are divergent plate boundaries, where plates move apart in opposite directions, convergent plate boundaries, where plates are pushed together by internal forces and one plate rides up over the other.  A trench generally occurs at the subduction zone.  The third type of boundary is a transform fault and occurs where plates slide/grind past one another.

F. An earthquake occurs at a fracture line or causes a fracture and shift in the earth’s crust. 

1. Measurement of the magnitude of an earthquake is done using the Richter scale, where each higher number is 10 times greater than the next lower number.

2. Insignificant is less than 4.0 on the Richter scale, minor is 4.0-4.9, damaging is 5.0-5.9, destructive is 6.0-6.9, major is 7.0-7.9 and great is over 8.0.

3. Foreshocks may occur prior to the main shock and aftershocks occur up to several months after the main shock.

4. Primary effects include shaking, temporary to permanent displacement of the ground.

5. Secondary effects include rockslides, fires, flooding due to subsidence of the land.

6. Examination of an area for faults prior to building can help save lives and destruction of property.

G. An active volcano releases magma onto the earth’s surface. This release may be violent or quiet.

1. Volcanic activity is generally concentrated in the same areas as seismic activity.

2. Ash and gases may be ejected along with magma.

3. Gases such as sulfur dioxide may remain in the atmosphere and cause acid rain.

4. Particulate matter may remain in the atmosphere for up to 3 years and cause cooling of the atmosphere.

5. Fertile soils are produced from the weathering of lava flows.

6. Scientists are studying phenomena that precede an eruption to better predict their occurrence.


H.
Weathering is physical, chemical, and biological processes that break down rocks and minerals into smaller pieces.

15-2 Minerals, rocks, and the rock cycle

A. The earth’s crust is composed of minerals and rocks.

1. The crust is the source of the nonrenewable resources we use as well as the source of soil.

2. A mineral is an element or inorganic compound that is solid with a regular internal crystalline structure.

3. Rock is a solid combination of one or more minerals.

B. The earth’s crust contains igneous, sedimentary, and metamorphic rocks that are recycled by the rock cycle.

1. Igneous rock is formed below or on the earth’s surface when molten rock wells up and hardens.  They form the bulk of the earth’s crust.

2. Sedimentary rock is formed from small, eroded pieces of rock that are carried to downhill sites.  Layers accumulate over time and an increase of weight and pressure plus dissolved minerals bind the sediment particles together to form sedimentary rock.

3. Metamorphic rock is produced from preexisting rock that is subjected to high temperatures, high pressures, chemically active fluids, or some combination of these.

4. The rock cycle is the interaction of physical and chemical processes that change rock from one type to another.  It is the slowest of the earth’s cyclic processes.

C. Mineral resources are nonrenewable materials that we can extract form the earth’s crust.

1. We can find and extract over 100 minerals from the earth such as metallic mineral resources, nonmetallic mineral resources, and energy resources.

2. Ore is rock containing one or more metallic minerals to be mined profitably.

3. U.S. Geological Survey divides nonrenewable mineral resources into 4 major categories:

a. Identified resources with a known location, quantity, and quality

b. Reserves are identified resources that can be extracted profitably at current prices

c. Undiscovered reserves are potential supplies of a mineral resource assumed to exist

d. Other resources are undiscovered resources and identified resources not classified as reserves.

15-3 Environmental Effects of Using Mineral Resources

A. Shallow deposits are removed by surface mining, and deep deposits are removed by subsurface mining.

1. In surface mining, the overburden of rock and soil is removed and discarded as soils.  This mining method extracts about 90% of nonfuel mineral and rock deposits and 60% of the coal used in the U.S.

2. Surface mining is done by one of several methods:

a. open-pit mines are large holes dug to remove ores

b. dredging scrapes up underwater mineral deposits

c. area strip mining is used where land is relatively flat

d. contour strip mining is used on hilly or mountainous land where a series o f terraces are cut into the hill

e. mountaintop removal uses explosives, and huge machinery to remove the top of a mountain for the coal seams beneath it.  This method causes considerable environmental damage.

3. The Surface Mining Control and Reclamation Act of 1977 (in the U.S.) requires mining companies to restore most surface-mined land.

4. Reclamation efforts are only partially successful.

5. Subsurface mining removes coal and various metal ores too deep for surface mining.

6. Subsurface mining disturbs less than 1/10 as much land as surface mining with less waste, but is more dangerous and expensive.

B.
Mining, processing, and use of mineral resources uses large amounts of energy, causes land disturbance, and air and water pollution.

1. The land is left scarred and the surface is disrupted.  Cleanup may cost in the billions.

2. Subsidence from underground mining causes sewer, gas and water systems to break.

3. Mining wastes contain toxins and acid drainage carries to streams and groundwater.

4. Toxic chemicals can also be emitted to the atmosphere.

C.
Metal ores are extracted, purified, smelted and made into the desired products.

1. Ore has two components: the ore mineral and the waste material called gangue.

2. Ore is separated from gangue, smelted to obtain the metal, made into products that are used and discarded or recycled.

3. There can be enormous amounts of air and water pollution from these processes.

D.
The greatest danger from mineral extraction may be environmental damage from the processes used to get to the end product.

1. Higher grade ores are more easily extracted.

2. Greater environmental damage comes with extraction of lower grade ores in higher energy costs and greater environmental damage to the land.

3. Cyanide is used to separate about 85% of the world’s gold ore.  Cyanide is toxic.

4. The environmental costs currently are not included in the prices of processed metals and consumer products, so there is little incentive to reduce waste and pollution.

15-4 Supplies of Mineral Resources

A. A nonrenewable resource generally becomes economically depleted rather than totally depleted.  There are five choices at that point: recycle or reuse existing supplies, waste less, use less, find a substitute, or do without.

1. Depletion time for a resource depends on how long it takes to use up a certain proportion  (usually 80%) at a given rate of use.

2. Depletion time is extended by recycling, reusing and reducing consumption of a given resource.

3. New discoveries of a resource extend the depletion time also.

4. The demand for mineral resources is increasing at a rapid rate with increased consumption.

5. No one knows whether we will run out of a mineral resource.

B. A rising price for a scarce mineral resource can increase supplies and encourage more efficient use.

1. Economics determines what part of a known mineral supply is extracted and used.

2. Some economists feel that price effect may no longer apply since industry and government often control the supply, demand, and prices of minerals so that a truly competitive market does not exist.

3. Governments subsidize development of domestic mineral resources.  In the U.S. mining companies get depletion allowances of 5-22% of their gross income.  They are also allowed to deduct much of the cost of finding and developing mineral deposits.

4. Rather than receiving billions in government subsidies, critics feel that taxing extraction of nonfuel mineral resources would create incentives for more efficient resource use, reduce waste and pollution, and encourage recycling and reuse of these resources.

C. There is controversy over whether to extract more mineral resources from public lands.

1. About 1/3rd of land in the U.S. is public land.

2. Extractors of mineral resources want to open up much of this land to extraction.

3. Since 2002, the Bush administration has expanded extraction of mineral, timber, and fossil fuel resources on U.S. public lands.

15-5 Using Mineral Resources More Sustainably

A.
Lower grade ores can be mined at affordable prices with new technologies, but there are harmful environmental effects.

1. There has been improvement in extraction techniques since 1900 that resulted in ore mined to have less metal by weight than previously mined.

2. Limiting factors to mining lower grade ore are increased costs, availability of fresh water and the pollution produced during mining and processing.

3. Mining ore by use of microorganisms is a new technology that reduces much of the pollution associated with mining.

4. Biomining produces about 30% of all copper produced worldwide.  So far this technique is feasible only for low-grade ore that is too expensive to mine by conventional methods.

A. Nanotechnology is the use of science and engineering at the atomic and molecular level to build materials with specific properties.

1. Buckyballs are soccer-ball shaped forms of carbon that have been engineered.

2. Nanotechnology is a new area that could provide many things in the near future.

3. One concern about nanotechnology is that smaller particles tend to be more reactive and potentially more toxic due to large surface area compared to mass.

4. They can pass through the natural defenses of the body.

5. Analysts say we need to carefully investigate its potential harmful aspects and then develop guidelines and regulations to control and guide this new technology.

B. Scientists and engineers are developing new types of materials that can serve as substitutes for many metals.

1. Development of silicon and ceramics may replace the need for as much metal.

2. Ceramics have many advantages over conventional metals (harder, stronger, lighter, last longer) and do not corrode.

3. Automobiles and planes are being made of plastics and composite materials since they cost less to make, are lower maintenance and can be molded to any shape.

4. It may be difficult to find substitutes for some materials or the substitutes may be inferior to the original materials used.
Summary

1. Major geological processes that occur within the earth are known as internal processes, and they build up the surface of the earth.  Geological processes that occur on the surface of the earth include erosion and weathering.

2. The hazards from earthquakes relate to shaking and vertical and horizontal displacement or ground, affecting building, dams, bridges, freeway overpasses, and pipelines.  Secondary hazards are rockslides, fires, and flooding.  The hazards from volcanoes are related to the effects of liquid lava, ejecta, and gases.

3. Rocks are large, natural, continuous parts of the earth’s crust.  There are three major types of rocks:  igneous, sedimentary, and metamorphic.  Rocks are affected by changes of physical and chemical conditions that change them over time from one type to another through the rock cycle.

4. Aerial photography, satellite imagery, drilling, gravimetry, and seismic surveys are used to locate mineral resources.  Mineral resource extraction methods include surface and subsurface mining.  Surface mining types are open-pit, contour strip mining, and mountain removal.

5. Mineral resources that can be reused and recycled have a longer depletion time compared to those that cannot be reused or recycled and there is no increase in reserves discover.

Chapter 16: NONRENEWABLE ENERGY
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16-1 Types of Energy Resources

A. Ninety-nine percent of the energy that heats the earth and all of our buildings comes directly from the sun.  

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 indirect forms of renewable solar energy such as wind, falling/flowing water and biomass.

3.
Commercial energy sold in the marketplace makes up the remaining 1% of the energy we use, most from nonrenewable resources. 

B.
About 84% of commercial energy consumed in the world comes from nonrenewable energy sources (fossil fuels, nuclear energy).

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

2.
Biomass energy is renewable as long as it is not harvested faster than it can be replenished.

3.
Many people in developing countries face a fuelwood shortage that is getting worse because of unsustainable harvesting of fuelwood.

4.
Premature deaths are also caused from breathing particles emitted by burning wood indoors in open fires.

C.
People in the U.S. consume as much energy in a day as a person in the poorest countries consumes in a year.

1.
In 2004, the U.S. used 24% of the world’s commercial energy with only 4.6% of the population.

2.
India has 16% of the world’s population and consumes about 3% of the world’s commercial energy

3.
About 94% of the commercial energy in the U.S, comes from nonrenewable energy resources, with the remaining 6% coming from renewable biomass and hydropower.

4.
An important environmental, economic, and political issue is what energy resources the U.S. might be using by 2050 and 2100.

5.
Burning fossil fuel causes more than 80% of U.S. air pollution and 80% of CO2 emissions.  Many energy experts feel the need to move to cleaner energy resources, not because of energy source depletion, but to clean up the environment.

6.
Fossil fuel and nuclear power industries have been receiving government subsidies and do not want to give them up.  The energy path for the U.S. is primarily a political decision.

D.
We need to answer several questions in deciding which energy resources to promote.

1.
It takes at least 50 years and huge investments to phase in new energy alternatives to where they provide 10-20% of total energy use.

2.
The following questions must be answered for each alternative:

a.
How much of the energy resource is likely to be available in the near future and in the long term?

b.
What is the net energy yield for the resource?

c.
How much will it cost to develop, phase in, and use the resource?

d.
What government research and development subsidies and tax breaks will be used to help develop the resource?

e.
How will dependence on the resource affect national and global economic and military security?

f.
How vulnerable is the resource to terrorism?

g.
What are the affects of extracting, transporting, using the resource on human health and the earth’s climate?

E.
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.

1.
It takes energy to get energy.  

2.
Net energy available for use is calculated by estimating total energy available minus energy used, automatically wasted, and unnecessarily wasted in finding, processing, concentrating and transporting to users.  Figure 17-7 shows estimated net energy ratios for various types of processes.

16-2 Oil

A.
Crude oil is a thick, gooey liquid consisting of hundreds of combustible hydrocarbons mixed with small amounts of sulfur, oxygen, and nitrogen impurities.

1.
Three geological events led 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 provide us with food grown with the help of hydrocarbon-based fertilizers and pesticides.  This type of oil is known as conventional oil or light oil.

3.
The oil industry today is a marvel of high tech. events to extract, refine, market, distribute to the world’s populations.

4.
Oil and natural gas are often found together under a dome.  On average, only about 40-50% of the oil in the deposit is recovered.

5.
The remaining heavy crude oil is too difficult or expensive to extract.

6.
Drilling causes only moderate environmental damage, but transportation around the world results in oil spills on land and in aquatic systems.  Harmful effects are also associated with extraction, processing, and use of any nonrenewable resource from the earth’s crust.

7.
Improved extraction technologies should cause less environmental damage.

8.
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.

9.
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 have 78% of the world’s proven oil 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%.  The OPEC nations are almost all in the Middle East.  It is thought that their production of global oil will increase from 30% at present to 50% in future.

3.
Oil is the most widely used resource in the world.  It is of concern that the oil producing areas are politically stable.  This area is often very volatile and may be subject to terrorist attacks.

C.
The U.S. has only 2.9% of the world’s proven oil reserves and about ¼ of that comes from offshore drilling and from Alaska’s North Slope.

1.
The U.S. uses about 26% of crude oil extracted worldwide each year.

2.
U.S. oil extraction has declined since 1985.  Most of the oil extracted costs $7.50-$8/barrel compared to about $2.50/barrel from Saudi Arabia.

3.
In 2003, the U.S. imported about 55% of the oil it used.  By 2020 the U.S. could be importing 64-70% of the oil it will use.

4.
Some analysts feel that importing oil is not all bad, that U.S. oil reserves should be held in reserve.

D.
Known and projected global reserves should last 42-93 years and U.S. reserves for 10-48 years depending on how rapidly we use oil.

1.
Oil production is expected to peak sometime between 2010 and 2030.

2.
Oil will become increasingly more expensive.

E.
Use of conventional oil at current rates means we need to discover oil reserves equal to a new Saudi Arabian supply every 10 years.

1.
We ignore the exponential growth in use of oil.

2.
If oil is continued to be used at current rates:

a.
Saudi Arabia could supply world oil needs for about 10 years.

b.
Estimated Alaskan North Slope oil reserves world meet current demands for 6 months or U.S. demands for 3 years.

c.
Alaska’s Artic National Wildlife Refuge would meet demands for 1-5 months or U.S. oil demand for 7-24 months.

3.
Many developing countries such as China and India are rapidly expanding their use of oil.

4.
If everyone in the world used as much oil as the average American, the world’s proven reserves would be gone in a decade.

F.
The Arctic National Wildlife Refuge (ANWR) is a very fragile ecosystem.  A diverse community of species call this tundra biome home.  It is the only stretch of Alaska’s arctic coastline not open to oil and gas development.

1.
U.S. oil companies have been trying to explore this area for oil and gas.  They are supported by Alaska’s elected officials so they can use the revenue obtained to finance the state budget and give dividends to its citizens.

2.
Environmentalists feel that the potential risks to the environment are not justified by the 20% chance of finding enough oil to meet the needs for only 7-24 months.

3.
Improving fuel efficiency for vehicles would save more oil than might ever be obtained from ANWR.

G.
There are advantages and disadvantages to use of conventional crude oil as an energy source.

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

2.
The CEO of ARCO Oil stated the “we are embarked on the beginning of the last days of the AGE of Oil” in 1999.

H.
Oil sand or tar sand is a mixture of clay, sand, water, and organic material called bitumen – thick, sticky heavy oil with a high sulfur content.

1.
Bitumen was created by bacterial degradation and groundwater at work on oil that had escaped from its origin.

2.
The extraction and processing of this material uses a great deal of energy, so reduces net energy yield for the oil.

3.
Northeastern Alberta, Canada has about 3/4ths of the world’s oil sand reserves, about 1/10th are close enough to be recovered.

4.
Use of these oil sands could reduce U.S. dependence on imports from the Middle East.

5.
This extraction process has severe environmental impacts on land and produces more water pollution, air pollution and more CO2/ unit energy than conventional crude oil.

6.
Oil shale deposits may be another potential source of oil. The material in this shale is kerogen.  It is estimated that there are 240 times more global supplies than for conventional oil.  At present it cost more to produce than the fuel is worth.

16-3 Natural gas

A.
Natural gas consists mostly of methane with 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.
Unconventional natural gas is found in other underground sources.  Methane hydrate deposits are about twice as abundant as the earth’s oil, natural gas and coal resources combined.

4.
Extraction techniques are too expensive at present, but are rapidly being developed.  Methane hydrates must be kept cold or they release methane into the atmosphere when they reach the surface.

5.
Propane and butane gases are liquefied from a natural gas field and removed as liquefied petroleum gas (LPG) that is stored in pressurized tanks.

6.
Methane is dried of water, cleaned and pumped into pressurized pipelines for distribution.

B.
Natural gas is a versatile fuel.  It can be used to run fleet vehicles, medium-sized turbines to produce electricity.  They are cheaper to build, require less time to install, easier and cheaper to maintain than coal and nuclear power plants.

C.
Russia and Iran have about 50% of the world’s reserves of conventional natural gas, and global reserves to 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.

D.
Natural gas was burned to provide about 53% of the heat in U.S. homes and 16% of the country’s electricity.

1.
U.S. production of natural gas is declining and a reversal does not seem probable.

2.
Canadian imports are possible, but Canadian production is expected to peak between 2020 and 2030.

3.
Shipping of LNG is very expensive and reduces net energy yield.  It is also flammable and could lead to large-scale fires at receiving terminals.

16-4 Coal

A. Coal is a solid fossil fuel formed 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. Anthracite is the most desirable type of coal because of its high heat content and low sulfur.  It is less common.

2. Coal is extracted underground in dangerous circumstances (accidents and black lung disease).

3. Area strip mining is used to extract coal close to the surface.  Scars from this mining are rarely restored after mining is finished.

4. Mountaintop mining has polluted 470 miles of West Virginia’s streams and displaced thousands of families.

5. Coal is usually transported by trains.

B. Coal is burned to produce electricity and steel.  Reserves in the U.S., Russia, and China could last hundreds to thousands of years.

1. Sixty-two of the world’s electricity is produced by burning coal.  It is the world’s most abundant fossil fuel.

2. The U.S. has ¼ of the world’s proven coal reserves.  Russia has 16% and China has 12%.

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.

5. 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.

6. Coal emissions cause thousands of premature deaths, at least 50,000 cases of respiratory disease, and several billion dollars of property damage.

C. Coal can be converted to synthetic natural gas (SNG) by coal gasification or in to liquid fuel by coal liquefaction.

1. These procedures require 50% more coal be mined and will add 50% more CO2 emissions to the atmosphere.

2. These techniques are not possible without huge government subsidies.

3. A consortium of major oil companies are working on ways to reduce CO2 emissions during the coal gasification process; this could that it would be a cheaper, cleaner way to produce electricity.

16-5 Nuclear energy

A. In a conventional nuclear reactor, isotopes of uranium and plutonium undergo controlled nuclear fission and the resulting heat is used to produce 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. 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 neutron-absorbing materials move in and out of spaces between the fuel assemblies in the core.  This regulates 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.  These rods must be stored safely for 10,000-20,000 years until radioactivity levels are safe.

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

B. The nuclear fuel cycle includes the mining of uranium, processing it to make a satisfactory fuel, use in the reactor, safe storage of highly radioactive wastes and dealing with the reactor after its useful life.

1. 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.

2. A closed nuclear fuel cycle removes fissionable isotopes uranium-235 and plutonium-239 for reuse as nuclear fuel.  This is rarely done currently because of high costs and potential use of the materials in nuclear weapons.

3. In an open nuclear fuel cycle the isotopes are eventually buried in an underground disposal facility.  These wastes must be stored for about 240,000 years.

C. Nuclear power has not lived up to its promise.

1. Nuclear power plants began being developed in the late 1950s for three reasons:

a. The Atomic Energy Commission promised utility executives that fuel would be produced at much lower costs than coal, etc.

b. The government paid about ¼ the cost of building the first reactors with a guarantee of no cost overruns

c. Congress passed the Price-Anderson Act to protect the U.S. nuclear industry and utilities from significant liability in case of accidents.

2. The goals set forth in the fifties have not been met even with an investment of $2 trillion dollars worldwide.

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

4. The U.S. has not ordered any new reactor since 1978, all 120 plants ordered since 1973 have been cancelled.

5. 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.

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

7. Investors are concerned about the economic feasibility of nuclear power.

8. Vulnerability of these plants to terrorist attacks is another concern.

D. The advantages of conventional nuclear fuel is fairly low environmental impact and low risk of accident, but costs are high, storing wastes is difficult and costly and facilities are vulnerable to terrorist attack.

1. Increased use of nuclear fuel plants would not significantly reduce dependence on oil since oil use is primarily for gasoline and diesel fuel fro transportation.

2. The U.S. Nuclear Regulatory Commission (NRC) estimates that there is a 15-45% chance of a complete core meltdown at a U.S. reactor during the next 20 years.  Also, 39 U.S. reactors have an 80% chance of failure in the containment shell from a meltdown or explosion of gases inside containment structures.

3. There is widespread distrust of the ability of the NRC to enforce nuclear safety in nuclear facilities.

E. There is great concern about the vulnerability of U.S. nuclear power plants and the nuclear wastes they store to terrorist attack.

1. The 2002 study by the Nuclear Control Institute found that the plants were not designed to withstand the crash of a large jet.

2. Insufficient security at nuclear plants is another concern.  The same study also found that many security guards at nuclear power plants have low morale, are overworked, underpaid, undertrained and not equipped to repel a serious ground attack by terrorists.

F. Spent fuel rods stored outside of the containment shells at nuclear plants are vulnerable to attack.

1. The storage pool generally holds 5-10 times more than the core inside a plant’s reactor.

2. If the radioactive material were exposed to air and steam it would cause the outer cover to catch fire and burn fiercely.  The fire could not be put out and would release significant amounts of radioactive materials into the atmosphere and contaminate large areas for decades.

3. Studies indicate that about 161 million people live within 75 miles of an aboveground spent-fuel site.

4. Nuclear power officials feel that plants are save from attack while critics call for constructing much more secure structures to protect spent-fuel storage sites.

G. Low-level radioactive waster must be stored safely for 100-500 years.

1. Low-level radioactive wastes give off small amounts of ionizing radiation.  

2. These wastes include tools, building materials, clothing, glassware and other materials that have been contaminated.

3. From the 1940’s to 1970 most low-level radioactive waste was put in steel drums and dumped into the ocean.

4. Today in the U.S. low-level wastes are placed in drums and shipped to the two regional landfills run by federal and state governments.

5. To lower costs nuclear industry and utility officials are lobbying Congress and the NRC to let these wastes be mixed with ordinary trash and deposited in landfills.

H. Scientists cannot agree on whether there is a safe method to store high-level radioactive waste.

1. Some of the proposed methods are:

a. Bury it deep underground.

b. Shoot it into space or into the sun.  This strategy has been abandoned for now.

c. Bury it under the Antarctic ice sheet or the Greenland ice cap.  This strategy is prohibited by international law.  There is the possibility of heat making the ice sheets unstable.

d. Dump it into descending subduction zones in the deep ocean.  Wastes might be spewed out by volcanic activity.  This method is also prohibited by international law.

e. Bury it in thick deposits of mud on the deep-ocean floor in areas that tests show have been geologically stable for 65 million years.  Because of corrosion problems this method is also prohibited by international law.

f. Change it into harmless, or less harmful, isotopes.  There is no way to do this at present.

I. There is disagreement over the decision to store high-level nuclear wastes at an underground storage site in Nevada.

1. This facility is expected to cost $58 billion to build and is schedule to open in 2010.

2. After it is filled, the facilities will be monitored for 300 years, and then sealed.

3. The Yucca Mountain site is located in an area that currently receives only 15 centimeters of rain per year.

4. There is concern that rock fractures and tiny cracks may allow water to leak into the site and corrode the containers, releasing radioactive material.  This material could explode.

5. The Yucca Mountain site has a nearby active volcano and 32 active earthquake faults running through the site.

6. In January 2002 the U.S. energy secretary stated that the site was scientifically sound despite the concerns of scientists.

7. The shipment of radioactive materials across the country makes them vulnerable to terrorist attack.

8. The U.S. National Academy of Sciences, in 2002, urged the U.S. government to slow down and rethink the nuclear waste storage process.

9. Nevada is still fighting the project in the courts.

J. A nuclear power plant must 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 large volume of 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. Congressional auditors reported that the owners of the nuclear power reactors are not setting aside enough money to decommission plants.  Taxpayers will be saddled with the bill.

K. Dirty radioactive bombs are made of explosives and mixed with radioactive material.

1. Small amounts of radioactive material may be stolen from hospitals, university laboratories, and some industries that use small amounts of radioisotopes.

2. A dirty bomb could kill 12-1,000 people, and increase cancers.

3. Cleaning up such an area would cost billions of dollars.

L. Nuclear power is an expensive way to produce electricity, even with government subsidies.

1. Articles in Forbes, and the Economist stated that not a single nuclear power plant in the world made commercial sense.

2. Although the operating costs of many U.S. nuclear power plants have dropped in recent years, the cost of the whole nuclear fuel cycle must be considered in the true cost of nuclear power.

3. Second generation, smaller, advanced light-water reactors are supposed to have built-in passive safety features that make explosions/radioactive emissions almost impossible.

4. Nucleonics Week states that experts are unconvinced that the goals have been achieved, and it still does not eliminate the threats and hazards of long-term storage of wastes.

5. Each new plant will cost up to $2 billion.

M. Nuclear breeder reactors have been very costly, with bad safety records and the technology has essentially been abandoned.

1. Breeder nuclear fission reactors generate more nuclear fuel than they consume.  This means that the world’s known uranium reserves would last at least 1,000 years.

2. The reactor uses liquid sodium coolant that ignites when exposed to air and is explosive if it contacts water.

3. The U.S. ended government-supported research for breeder technology in 1994.

4. The French built a commercial-size breeder reactor in 1986.  It cost so much that it was shut down in 1998 permanently.

N. Nuclear fusion has a number of advantages, but after 50 years this technology is still at a laboratory stage.

1. This type of energy production has a number of advantages such as no emissions of conventional air pollutants or carbon dioxide.  The wastes are much less radioactive so would only need to to stored for about 100 years.

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

3. Fusion power could be used to destroy toxic wastes, supply energy and decompose water and produce hydrogen gas to run a hydrogen economy by the end of this century.

4. Building a fusion reactor would be much more expensive than the cost of a conventional reactor.

O. There is disagreement over whether the U.S. should phase out nuclear power or keep this option open.

1. Some analysts feel that nuclear power should be phased out regarding all or most government subsidies and the money to subsidize and accelerate the development of other promising energy technologies.

2. According to investors and the World Bank analysts, conventional nuclear power simply can’t compete in today’s energy market.

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.

Summary

1. Alternative energy sources are evaluated based on the availability of each source in the future, the source’s energy yield, cost to develop and use this source, the extent of subsidies needed, effects on national and global economic and military security, and environmental effects.

2. The advantages of oil include supply for the next 90 years, low cost, high net energy yield, easy transportation, low land use, well-developed technology, and efficient system of distribution.  Disadvantages include need for a substitute discovery; low price encourages waste, air pollution, and water pollution.

3. The advantages of natural gas include plentiful supplies, high net energy yield, low cost, less air pollution than oil, moderate environment impact, and easy transport.  Disadvantages include the fact that it is a nonrenewable resource, release of carbon dioxide when burned, leaks, and requirement of pipelines.

4. The advantages of coal include plentiful supplies, high net energy yield, low cost, well-developed technology, and air pollution can be managed with appropriate technology.  Disadvantages include very high environmental impact, land disturbance, air and water pollution, threat to human health, high carbon dioxide emissions, and release of radioactive particles and mercury. 

5. The advantages of nuclear power include large fuel supply, low environmental impact, low carbon dioxide emissions, moderate land disruption and use, and low risk of accidents.  Disadvantages include high cost, low net energy yield, high environmental impact in case of accident, catastrophic accidents, long-term storage of radioactive waste, and nuclear weapons.

Chapter 17: ENERGY EFFICIENCY AND RENEWABLE ENERGY
Key Terms  (Terms are listed in the same font style as they appear in the text.)

animal manure (p. 398)

biofuels (p. 398)

biogas (p. 398)

biogas digesters (p. 398)

biomass (p. 398)

biomass plantations (p. 398)

central receiver system (p. 393)

coal-burning power plant (p. 385)

cogeneration (p. 387)

Corporate Average Fuel Economy (CAFE) (p. 387)

crop residues (p. 398)

dry steam (p. 400)

earth tubes (p. 393)

ecoroofs (p. 388)

energy conservation (p. 385)
energy efficiency (p. 385)

energy-efficient diesel car

ethanol (p. 399)

fuel cells (p. 384)

gasohol (p. 399)

geoexchange (p. 400)

geothermal energy (p. 400)

geothermal heat pumps (p. 400)

green roofs (p. 388)

heat bulb (p. 385)

heliostats (p. 393)

hot dry-rock zones (p. 400)

hot water (p. 400)

hybrid cars (p. 387)

hydrogen revolution (p. 384)

hydropower (p. 395)

incandescent light bulb (p. 385)

internal combustion engine (p. 385)

large-scale hydropower (p. 395)

macropower (p. 405)

methanol (p. 400)

methanol economy (p. 400)

micropower (p. 405)

micropower systems (p. 405)

microturbines (p. 388)2)

molten rock (p. 400)

nano solar cells (p. 394)

net energy (p. 385)

net energy efficiency (p. 385)

net energy loss (p. 399)

nuclear power plant (p. 385)

organic solar cells (p. 394)

photovoltaic (PV) cells (p. 394)

plug-in hybrids (p. 389)

power tower (p. 393)

pumped-storage hydropower (p. 395)

small-scale hydropower (p. 395)

Sodium borohydride (p. 402)

Solar cells (p. 384)

solar cells (p. 394)

solar thermal plant (p. 393)

solar thermal systems (p. 393)

strawbale houses (p. 387)

superefficient cars (p. 389)

superinsulated house (p. 387)

The Geysers (p. 401)

warm-rock reservoir deposits (p. 400)

wet steam (p. 400)

wind (p. 396)

Wind farms (p. 384)
Outline

17-1 The importance of improving energy efficiency

A. Energy efficiency is a measure of the useful energy produced compared to the energy that is converted to low-quality heat energy.

1. Energy efficiency can be achieved by using more efficient technologies that are available and are being developed.  An example is the use of fluorescent bulbs (20%efficient) in place of incandescent bulbs (5% efficient).

2. About 84% of all commercial energy used in the U.S. is wasted.  About 41% is wasted because of the degradation of energy quality imposed by the 2nd law of thermodynamics.

3. About 43% of the energy used is unnecessarily wasted by such things as motor vehicles, furnaces and living and working in leaky, poorly designed buildings.

4. The U.S. unnecessarily wastes as much energy as 2/3s of the world’s population consumes.

5. When buying energy consuming items the life cycle cost (initial cost plus lifetime operating costs) is an important factor in making a decision.

6. Between 1970 and 2003 the U.S. has reduced the amount of energy used/person and have cut U.S. energy bills by $275 billion a year.  Unnecessary energy waste still costs the U.S. about $300 billion/year.

7. Four energy devices commonly used waste large amounts of energy: the incandescent light bulb (95% waste), a nuclear power plant (86-92% waste), an internal combustion engine (75-80% waste), and a coal-burning power plant (66% waste).

B. Net energy efficiency is a measure of the useful energy we get from a resource after subtracting the energy used and wasted to make energy available.

1. Net energy efficiency includes the efficiency of each step in the process of making energy available for use.

2. A comparison of electricity produced by a nuclear power plant and passive solar heating indicates that only about 14% of the initial energy produced is useful compared to 90% for passive solar heat.


3. Two general principles for saving energy are:

a. keep the number of steps in an energy conversion process as low as possible

b. strive to have the highest possible energy efficiency for each step in an energy conversion process.

17-2 Ways to improve energy efficiency

A. Some industries save energy and money by using cogeneration, a combination of heat and power systems.  

1. The same fuel source may produce both steam and electricity.  About 9% of U.S. electricity is produced by cogeneration.

2. Another method is to replace energy-wasting electric motors.  Most are inefficient because they run at full speed with output throttled to match the task.  The cost of replacing such motors with adjustable speed drive motors would be paid back in about 1 year and save enormous amounts of energy.

3. Switch from low-efficiency incandescent lighting to higher-efficiency fluorescent lighting.

B. The best way to save energy in transportation is to increase the fuel efficiency of motor vehicles.

1. Between 1973 and 1985 fuel efficiency rose sharply for new cars sold in the U.S.  This occurred because of government-mandated standards.

2. Between 1985 and 2004 the average fuel efficiency for new cars sold in the U.S. leveled off or declined slightly.

3. Fuel efficient cars are available but gasoline prices in the U.S. are low.  Two-thirds of U.S. consumers prefer larger, more fuel inefficient vehicles, and the efficiency standards have not been raised since 1985 because of opposition from automakers and oil companies.

4. Gasoline consumption would be cut in half if Congress required the average motor vehicle to get 40 miles/gallon within 10 years and it would save three times the oil in the U.S. current proven oil reserves and eliminate all current oil imports to the U.S. from the Middle East.

5. In 2003, China announced plans to impose stricter rules than the U.S.

C. Hybrid-electric vehicles have a battery and a small internal combustion engine to recharge the battery.

1. This vehicle runs on gas, diesel fuel or natural gas PLUS a small battery.

2. Such cars have been available from Toyota since 1997, and Honda and Nissan since 2000.

3. Sales of hybrid vehicles are projected to grow rapidly between 2010 and 2030.

4. People buy trucks or SUVs thinking they are safer than most cars, but they are no safer due to being taller and heavier than most vehicles and make them more prone to roll over and harder to control in emergency stops.

D. Fuel cell vehicles burn hydrogen fuel.  The hydrogen fuel combines with oxygen in the air to produce electrical energy for power and produce water vapor.

1.
Fuel cells are at least twice as efficient as internal combustion engines.

2. They have no moving parts and require little maintenance.

3.
They produce little or no pollution.

4. Affordable fuel-cell vehicles should be on the market by 2020.

5. The fuel-cell car is expected to have a fuel efficiency equivalent to more than 100 mpg.

6. Hydrogen gas stations will need to be built or perhaps a fuel-cell system may be available for home use.

E. To save energy in buildings, we can get heat form the sun, super insulate the buildings, and initiate plant-covered ecoroofs.

1. Atlanta’s Georgia Power Company building uses 60% less energy than conventional office buildings of the same size.

2. Each floor extends out over the floor below it to block out the summer sun, let in the winter sun.

3. Lights focus on desks, not the entire room.

4. ING Bank in the Netherlands built an energy-efficient headquarters that cost no more than a conventional building, but uses 92% less energy.

5. The U.S. Green Building Council has certified 89 office or apartment buildings, etc. since 2001 as meeting strict environmental design standards.

6. The Green Councils Leadership in Energy and Environmental Design (LEED) program established building standards with a silver, gold and platinum scoring system used by more and more architects, developers and elected officials in the U.S.

7. A superinsulated house is another energy efficient design.  They generally cost 5% more to build, but savings within 5 years pays this extra cost.  In Sweden these homes use 90% less energy than a typical American home.

8. Strawbale houses use wall made of compacted straw covered with plaster or adobe.  

9. Ecoroofs or green roofs are covered with plants, provide good insulation, absorb storm water, outlast conventional roofs, and make a building more energy efficient.

F. We can same energy in existing buildings by insulating them, plugging leaks, use energy-efficient heating and cooling systems, appliances, and lighting.

1. Insulate and plug leaks since about 1/3rd of heated air escapes through closed windows, holes and cracks.

2. Use energy-efficient windows with low-E (low-emissivity) to cut heat losses by 2/3rds and reduce CO2 emissions.

3. Stop other heating and cooling losses by wrapping ducts in attics and basements.

4. In order, these are the most energy-efficient methods to heat space:

a. superinsulation

b. a geothermal heat pump

c. passive solar heating

d. a conventional heat pump (in warm climates only)

e. a high efficiency natural gas furnace

5. Microturbines are cogeneration units about the size of a refrigerator that run on natural gas or liquefied petroleum gas (LPG) to produce heat and electricity.  They pay for themselves in 6-8 years in saved fuel and electricity

6. Heat water more efficiently by use of a tankless instant water heater fired by natural gas of LPG – NOT electricity.  They last 3-4 times longer and costs less to operate than conventional tank heaters.

7. Use energy-efficient appliances.  The Department of Energy (DOE) has set federal energy-efficiency standards for more than 20 appliances.  Similar programs exist in 43 other countries.  Environmental benefits are conservatively estimated at $60-80 billion.

8. Use energy-efficient lighting, it could cut electricity cost by 30-60% by using fluorescent bulbs.  Brown University students in environmental studies program showed the university it could save $40,000/year by replacing incandescent bulb in the exit signs with fluorescent ones.

9. Within 20 years we may be using even more efficient white-light LEDs (light-emitting diodes) and organic LEDs.  These bulbs last 80 times longer than incandescent ones.

10. Cut off electrical devices when not using them and cut off the instant-on features in TVs, cable boxes, DVDs, computers, etc.

11. Set strict energy-efficiency standards for new buildings.  This could reduce energy usage per home by about 2/3rds.

G. A glut of low-cost oil and gasoline are part of the reason for energy wastage.  The price does not include the harmful costs.

1. Government tax breaks and other economic incentives for consumers and businesses would help promote improving energy efficiency.

2. Invest in improving the energy efficiency of one’s home and within a few years the investment would be repaid and about 20% more money would be there for use.

17-3 Using renewable energy to provide heat and electricity

A. Six types of renewable energy are solar, flowing water, wind, biomass, geothermal, and hydrogen.

1. Each of the renewable energy alternatives has advantages and disadvantages.

2. Renewable energy is not being developed because there is no financial incentive to migrate to this type of energy.

3. The prices we pay for our current energy do not include their harm to the environment and to human health.

4. In 2001 the European Union adopted nonbinding agreements for its member countries to get 12% of total energy and 22% of electricity from renewable energy by 2010.

5. California gets about 12% of its electricity from renewable resources and plans to get 22% by 2010.

6. If given sufficient government R & D subsidies and tax breaks the U.S. could get 20% of its energy from renewable resources by 2020.

7. Wind turbines operating in Kansas, North Dakota and South Dakota, or with solar energy on a 100 square mile plot in the Nevada or southern California desert, the U.S. could get all of its electricity.

B. By orienting buildings toward the sun, passive solar heating, and by pumping a liquid, active solar heating through rooftop collectors, we can use renewable solar energy.

1. Energy-efficient windows and attached greenhouses face the sun to collect solar energy by direct gain.

2. Walls and floors (made of concrete, adobe, brick, stone, water in containers) store collected solar energy as heat and release it slowly.  These systems add about 5-10

3. 5 to the cost of a house, but the life cycle cost of operation is 30-40% lower.

4. Active solar heating systems absorb energy from the sun in a fluid (air, water, antifreeze solution) that is pumped through special collectors on the roof or on racks ot face the sun.

a. Some heat is used directly.

b. The rest of the heat is stored in a large insulated container filled with gravel, water, clay or a heat-absorbing chemical to be released as needed.

5. The major advantages and disadvantages are listed in figure 17-18.

6. Most analysts do not expect widespread use of active solar collectors for home use because of high costs, maintenance requirements, and unappealing appearance.

C. To cool houses naturally, superinsulate them and work with nature.  Open windows for breezes, use fans to move air.   Block sunlight with deciduous trees, window overhangs or awnings, use a light-colored roof and hang reflecting foil in the attic.

D. Solar thermal systems can collect and transform radiant energy to high-temperature thermal energy (heat) which can be used directly or converted to electricity.

1. One type of system uses a central receiver system/power tower.

2. Heliostats/computer-controlled mirrors track and focus the sunlight on a central heat collection tower.

3. A solar thermal plant collects sunlight and focuses it on oil-filled pipes running through the middle of a large area with curved solar collectors.  The sunlight produces temperatures high enough to produce steam to run turbines and produce electricity.

4. Inexpensive solar cookers can be used by individuals to concentrate sunlight and cook food.  This is especially true in sunny, developing countries.  They reduce indoor air pollution, deforestation and save labor and time needed to collect wood.

E. Solar cells can be used to produce electricity.

1. Photovoltaic (PV) cells/solar cells convert solar energy directly into electrical energy.  The solar cell is a transparent wafer that is energized by sunlight, that causes electrons in the semiconductor to flow, creating an electrical current.

2. The solar cells can be incorporated into roof and glass walls/windows.  BP is building the world’s largest factory to produce windows and cladding and roofing materials with power-producing solar cells.

3. Banks of solar cells or arrays of solar cells can be used to generate electricity.

4. Less developed countries such as India and Zimbabwe are installing solar-cell systems in thousands of villages.

5. Organic solar cells, incorporated into carbon-based polymers could enter the marketplace within a few years.  They could be printed on a sheet of paper and placed anywhere, such as a house, car, or even on clothing.

6. A technology in the works is a nano solar cell that can be embedded in plastic materials; manufactured in large volumes for very low cost.

7. Solar cells currently supply about 0.05% of the world’s electricity, but by 2040 they could supply 1/4th of the world’s supply.

17-4 Producing electricity from the water cycle

A. Flowing water trapped behind dams and released as needed can spin turbines and produce electricity.

1.
Hydropower is an indirect form of renewable solar energy.

2.
Three methods are sued to produce such electricity.

a. Large-scale hydropower uses a high dam across a large river to create a reservoir. The advantages and disadvantages of this method are given in Figure 17-22.

b. Small-scale hydropower uses a low dam with little or no reservoir across a small stream with the turbines turned by the stream’s flow.  A micro-generator, a small turbine can even be used to provide electricity for a single home.

c. Pumped-storage hydropower uses surplus electricity from a conventional power plant to pump water from a lower reservoir to a reservoir at higher elevation for release through turbine when more electricity is needed.

3. Hydropower supplied 20% of the world’s electricity in 2002.

4. There is pressure on the World Bank to stop funding large-scale dams because of environmental and social consequences of them.  Small-scale projects eliminate most of the harmful environmental effects of large-scale projects.

5. Electricity can also be produced by tapping into energy from tides and waves.  The costs are high and there are few favorable locations for this technology.

17-5 Producing electricity from wind

A. Wind power is the world’s most rapidly growing form of indirect solar energy.

1. Use of wind power has increased almost 7-fold between 1995 and 2004.

2. About 3/4ths of the world’s wind power is produced in Europe in inland and offshore wind farms.  Denmark gets 90% of its electricity from wind.

3. The DOE points out that six Great Plains states could produce electricity from wind that would more than meet the nation'’ electricity needs.

4. The advantages and disadvantages of using wind power are shown in figure 17-24.

5. Wind power has more advantages and fewer disadvantages than any other energy resource.

6. Mass production of wind turbines would cut costs of production of electricity to become the cheapest form of energy.

17-6 Producing energy from biomass

A. Plant materials and animal materials can be burned to provide heat or electricity or be converted into gaseous or liquid biofuels.

1. Most biomass id burned directly for heating and cooking.

2. This comprises up to 90% of the energy used in the poorest developing countries.

3. Biomass plantations plant and harvest large amounts of fast-growing trees, shrubs, perennial grasses and water hyacinths to produce biomass fuel.

4. Crop residues and animal manure can be converted to biofuels.  

5. Ecologists argue that it makes more sense to use animal manure as a fertilizer and crop residues to feed livestock, retard soil erosion, and fertilize the soil.

6. The general advantages and disadvantages of burning solid biomass are listed in figure 17-26

B. Some forms of biomass can be converted into gaseous and liquid biofuels by bacteria and various chemical processes.

1. Biogas is a mixture of 60% methane and 40% CO2.  500,000 biogas digesters are used in   rural China to convert plant and animal wastes to methane gas for heating and cooking with the residue then used as fertilizer.


2. Some farms in the U.S. convert waste from cattle, hogs, and chickens to biogas.  The gas can be used to heat farm buildings or produce electricity.

3. About 300 large landfills in the U.S. have wells drilled in them to recover methane produce by decomposition of organic wastes.  BMW’s auto plant in Spartanburg, S.C. obtains more than 1/4th of its electricity and 1/10th its heat by burning methane gas from a nearby landfill.

C. There are mixed signals as to whether we can rely on ethanol and methanol as fuel.

1. Industrialized farming uses more energy to produce crops than can be obtained in the conversion of biomass, so there is a net energy loss using this form of energy.

2. Gasohol is made of gasoline mixed with pure ethanol and can be used in gasoline engines.

3. Methanol, generally made from natural gas, can be produced from carbon dioxide, coal, and biomass.  One chemist, George A. Olah, advocates producing a methanol economy by producing methanol chemically from carbon dioxide in the atmosphere.  He maintains that this will slow global warming.

17-7 Geothermal energy

A. It is possible to tap into the geothermal energy stored in the earth’s mantle.

1. Geothermal heat pumps use a pipe and duct system to bring heat stored in underground rocks and fluids.  The earth is used as a heat source in winter and a heat sink in summer.

2. Geothermal exchange or geoexchange uses buried pipes filled with fluid to move heat in or out of the ground for heating/cooling needs.  The EPA declared this the most-energy-efficient, cost-effective, and environmentally clean way to heat or cool a building.

3. In deeper and more concentrated underground reservoirs of geothermal energy, we find dry steam (with no water droplets) and wet steam (steam and water droplets).

4. There is also hot water trapped in porous or fractured rock.  Wells can be used to withdraw wet and dry steam as well as hot water for heat or to produce electricity.

5. Three other nearly nondepletable sources of geothermal energy are molten rock (magma), hot dry-rock zones, and warm-rock reservoir deposits.

6. About 85% of Iceland’s buildings and 45% of its energy is provided by geothermal energy.

7. The advantages and disadvantages of geothermal energy are listed in figure 17-29.

8. Two problems with geothermal energy is that it is too expensive to tap except for the most concentrated and accessible sources, and it may be depleted it heat is removed faster than it can be renewed.

17-8 Hydrogen 

A. Hydrogen gas can be produced from water and organic molecules and produces nonpolluting water vapor when burned.

1. It could be ready to be phased in by 2020-2030.

2. There are three problems with widespread use of hydrogen as fuel:

a. Hydrogen is chemically locked up in water and organic compounds

b. It takes energy and money to produce hydrogen from water and organic compounds.  It is not a source of energy, it is a fuel produced by using energy.

c. Current versions of fuel cells are expensive, but are the best way to use hydrogen to produce electricity

3. The advantages and disadvantages of using hydrogen for fuel are given in figure 17-30.

4. Difficulties with using hydrogen include lack of free hydrogen, need to use other energy sources to produce hydrogen.

5. It may be possible to produce hydrogen by growing bacteria and algae that will produce hydrogen gas rather than oxygen as a byproduct.

6. Possible ways to store hydrogen once it is produced include:

a. Store it in compressed gas tanks either above or below ground.

b. Store it as more dense liquid hydrogen, but they must be kept very cold and this is costly.

c. Store it in solid metal hydride compounds.  DaimlerChrysler developed sodium borohydride that is safe to pump in and out of a vehicle safely and cleanly.

d. Absorb hydrogen gas on activated charcoal or graphite nanofibers.

e. Trap and store hydrogen gas in a framework of water molecules called clathrate hydrates.

7. Hydrogen may be safer than gasoline because it disperses into the atmosphere quickly, so does not pose a fire hazard, and metal hydrides, charcoal powders and graphite  carriers will not explode or burn if a vehicle’s tank ruptures.

B. Widespread use of hydrogen may decrease the protective ozone in the stratosphere over Antarctica for a few months each year.

1. The problem may not be as serious as originally projected because:

a. The model is based on poorly understood atmospheric chemical interactions

b. The assumptions about leakage of hydrogen may be much too high due to improved technologies

c. Global efforts are in place to drastically reduce ozone depletion by 2050, and widespread use of hydrogen is not expected until after 2050.

C. We need to focus on the immediate priorities of sharply reducing greenhouse gas emissions by increasing fuel efficiency and use of renewable energy.

1. We need to concentrate on reducing dependence on fossil fuels and concentrate on reducing CO2 emissions to help slow global warming.

2. We need to greatly improve fuel-efficiency standards for motor vehicles.

3. Provide large tax breaks for people and businesses that use fuel-efficient cars, buildings, heating systems and appliances.

4. Invest more in public transportation that runs on less polluting natural gas.

5. Increase research and development subsidies for development and phasing in of renewable energy technologies.

6. Provide very large tax breaks for those using renewable-energy technologies for a period of at least 25 years.

17-9 Entering the age of decentralized micropower

A. The era of large centralized power plants id coming to a close.  Decentralized systems called micropower systems that generate 1-10,000 kilowatts of power is the future.

B. Advantages and disadvantages of the decentralized micropower systems over traditional systems are given in figure 17-33.

17-10 A sustainable energy strategy

A. Government use of a combination of subsidies, tax breaks, and taxes can be used to promote or dampen use of various energy alternatives.

B. Economics and politics are the two basic strategies to help stimulate or dampen use a a particular resource.

1. Several strategies include:

a. Keep energy prices artificially low to encourage use of selected energy resources.  Our current system actually encourages energy waste.

b. Keep energy prices artificially high to discourage use of a resource.

c. Increase taxes on fossil fuels to reduce air and water pollution, slow greenhouse gas emissions and encourage improvements in energy efficiency with greater use of renewable energy resources.

C. To develop a more sustainable energy future, we must stop the waste, use the sun, and cut pollution.

1. The U.S. is described as a first world nation with a third world electrical grid system.

2. Implementing policies described in figure 17-35 over the next several decades would save money, create a net gain in jobs, reduce greenhouse emissions, sharply reduce air and water pollution.  They might also increase national security by reducing dependence on imported oil and decrease dependence on large, centralized coal and nuclear power plants.

Summary

1. The advantages of improving energy efficiency include benefits to the environment, people, and the economy through prolonged fossil fuel supplies, reduced oil imports, very high net energy yield, low cost reduction of pollution, and improved local economies.

2. The advantages of solar energy include reduction of air pollution, reduction of dependence on oil, and low land use.  Disadvantages include production of photocells results in release of toxic chemicals, life of systems is short, can damage deserts, need backup systems, and high cost.

3. The advantages of hydropower include high net energy yield, low cost electricity, long life span, no carbon dioxide emissions during operation, food control below dam, water for irrigation, and reservoir development.  Disadvantages include high construction cost, high environmental impact, high carbon dioxide emissions from biomass decay, flooding of natural areas, conversion of land habitats to lake habitats, danger of dam collapsing, people relocation, limits fish populations below dam, and decrease flow of silt. 

4. The advantages of wind power include high net energy yield and efficiency, low cost and environmental impact, no carbon dioxide emissions, and quick construction. Disadvantages include need for winds and backup systems, high land use, visual and noise pollution, interfering with bird migrations, and causing the death of birds of prey.

5. The advantages of biomass include large potential supplies, moderate costs, no net carbon increase, and make use of agricultural, timber, and urban wastes.  Disadvantages include nonrenewable resource, moderate to high environmental impact, low photosynthetic efficiency, soil erosion, water pollution, and loss of wildlife.

6. The advantages of geothermal energy include very high efficiency, low carbon dioxide emissions, low cost and land use, low land disturbance, and moderate environmental impact.  Disadvantages include suitable sites are scarce, potential depletion, moderate to high air pollution, noise and odor, and high cost.

7. The advantages of hydrogen gas include the fact that it can be produced from water, the low environmental impact, no carbon dioxide emission, competitive price, ease of storage, safety, and high efficiency.  Disadvantages include energy need to produce the fuel, negative energy yield, nonrenewable, high cost, and no fuel distribution system exists.

8. The advantages of using smaller, decentralized micropower sources include size, fast production and installation, high energy efficiency, low or no CO2 emissions, low air pollution, easy repair, reliable, increased national security, and are easily financed.

9. We can improve energy efficiency by increasing fuel efficiency standards, large tax credits for purchasing energy efficient cars, houses, and appliances, encouraging independent energy production, and increasing research and development.
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