Coal Basics

Coal Takes Millions of Years To Create

Coal is a combustible black or brownish-black sedimentary rock composed mostly of carbon and hydrocarbons. It is the most abundant fossil fuel produced in the United States. 

Coal is a nonrenewable energy source because it takes millions of years to create. The energy in coal comes from the energy stored by plants that lived hundreds of millions of years ago, when the Earth was partly covered with swampy forests. 

For millions of years, a layer of dead plants at the bottom of the swamps was covered by layers of water and dirt, trapping the energy of the dead plants. The heat and pressure from the top layers helped the plant remains turn into what we today call coal.
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Source: National Energy Education Development Project (Public Domain) 
Getting (Producing) Coal

Where We Get Coal
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Click to enlarge »Coal production is the amount of coal that is mined and sent to market. In 2010, the amount of coal produced at U.S. coal mines was 1,085.3 million short tons. Coal is mined in 26 States. Wyoming mines the most coal, followed by West Virginia, Kentucky, Pennsylvania, and Montana. 

Coal is mainly found in three large regions, the Appalachian Coal Region, the Interior Coal Region, and Western Coal Region (includes the Powder River Basin). 
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Uses of Coal

About 93% of the coal used in the United States is used for generating electricity. Except for a small amount of exports, the rest of the coal is used as a basic energy source in many industries including steel, cement, and paper. The major uses of coal are: 

For Electric Power

Coal is used to create almost half of all electricity generated in the United States. Power plants burn coal to make steam. The steam turns turbines (machines for generating rotary mechanical power) that generate electricity.

In addition to companies in the electric power sector, industries and businesses with their own power plants use coal to generate electricity. 
For Industry

Blast Furnace in a Modern Steel Works
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Source: BBC (copyrighted)
A variety of industries use coal's heat and by-products. Separated ingredients of coal (such as methanol and ethylene) are used in making plastics, tar, synthetic fibers, fertilizers, and medicines. 

Coal is also used to make steel. Coal is baked in hot furnaces to make coke, which is used to smelt iron ore into iron needed for making steel. It is the very high temperatures created from the use of coke that gives steel the strength and flexibility for things like bridges, buildings, and automobiles. 

The concrete and paper industries also use large amounts of coal.

Coal & the Environment

Coal is an abundant fuel that is relatively inexpensive to produce and convert to useful energy. However, producing and using coal has many impacts on the environment. 

Impacts of Coal Mining 

Surface, or strip mines, are the source of about 70% of the coal that is mined in the U.S. These mining operations remove the soil and rock above coal deposits, or “seams,” disturbing land at its surface. 

One surface mining technique that has affected large areas of the Appalachian Mountains in West Virginia and Kentucky is mountain top removal and valley fill mining, where the tops of mountains have been removed using a combination of explosives and mining equipment and deposited into nearby valleys. As a result, the landscape is changed, and streams may be covered with a mixture of rock and dirt. The water draining from these filled valleys may contain pollutants that can harm aquatic wildlife downstream. While mountain-top mining has been around since the 1970s, its use became more widespread and controversial since the 1990s. 

U.S. laws require that dust and water runoff from the affected area has to be controlled, and that the area has to be "reclaimed" close to its original condition. Many surface mines have been reclaimed so well that it can be hard to tell that there was a surface mine in the area. However, there are areas that have not been reclaimed as successfully.

Underground mines have less overall impact on the environment than surface mines. The most serious impact of underground mining may be the methane gas that has to be vented out of mines to make the mines safe to work in. Methane is a strong greenhouse gas. In 2009, methane emissions from underground mines accounted for about 10% of total U.S. methane emissions and 1% of total U.S. greenhouse gas emissions. Surface mines contributed about 2% of U.S. methane emissions.

The ground above mine tunnels can collapse, and acidic water can drain from abandoned underground mines. Underground coal mining is a dangerous profession, and coal miners can be injured or killed in mining accidents, especially in countries without strict safety regulations and procedures. Miners can also get black lung disease from the coal dust in the mines. 

Emissions from Burning Coal

In the United States, most coal is used as a fuel to generate electricity. Burning coal produces numerous emissions that adversely affect the environment and human health.



Click to enlarge »

The principal emissions resulting from coal combustion are: 

· Sulfur dioxide (SO2), which contributes to acid rain and respiratory illnesses 

· Nitrogen oxides (NOx), which contributes to smog and respiratory illnesses 

· Particulates, which contribute to smog, haze, and respiratory illnesses and lung disease 

· Carbon dioxide (CO2), which is the primary greenhouse gas emission from the burning of fossil fuels (coal, oil, and natural gas) 

· Mercury and other heavy metals, which has been linked with both neurological and developmental damage in humans and other animals. Mercury concentrations in the air usually are low and of little direct concern. However, when mercury enters water — either directly or through deposition from the air — biological processes transform it into methylmercury, a highly toxic chemical that accumulates in fish and the animals (including humans) that eat fish.

· Fly ash and bottom ash are residues created when coal is burned at power plants. In the past, fly ash was released into the air through the smokestack, but by law much of it now must be captured by pollution control devices, like scrubbers. In the United States, fly ash is generally stored at coal power plants or placed in landfills. Pollution leaching from ash storage and landfills into groundwater has emerged as a new environmental concern. 

Reducing the Impacts of Coal Use

The Clean Air Act and the Clean Water Act require industries to reduce pollutants released into the air and the water. 

Industry has found several ways to reduce sulfur, nitrogen oxides (NOx), and other impurities from coal. They have found more effective ways of cleaning coal after it is mined, and coal consumers have shifted towards greater use of low sulfur coal. 

Power plants use flue gas desulfurization equipment, also known as "scrubbers," to clean sulfur from the smoke before it leaves their smokestacks. In addition, industry and government have cooperated to develop technologies that can remove impurities from coal or that make coal more energy-efficient so less needs to be burned. 

Equipment intended mainly to reduce SO2 (such as scrubbers), NOx (such as catalytic converters), and particulate matter (such as electrostatic precipitators and baghouses) is also able to reduce mercury emissions from some types of coal. Scientists are also working on new ways to reduce mercury emissions from coal-burning power plants. 

Research is underway to address emissions of carbon dioxide from coal combustion. Carbon capture separates CO2 from emissions sources and recovers it in a concentrated stream. The CO2 can then be sequestered, which puts CO2 into storage, possibly underground, in such a way that it will remain there permanently. 

Reuse and recycling can also reduce coal’s environmental impact. Land that was previously used for coal mining can be reclaimed for uses like airports, landfills, and golf courses. Waste products captured by scrubbers can be used to produce products like cement and synthetic gypsum for wallboard. 

Geothermal Basics

What Is Geothermal Energy?

The word geothermal comes from the Greek words geo (earth) and therme (heat). So, geothermal energy is heat from within the Earth. We can recover this heat as steam or hot water and use it to heat buildings or generate electricity. 

Geothermal energy is a renewable energy source because the heat is continuously produced inside the Earth.

Geothermal Energy Is Generated Deep Inside the Earth
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Source: Adapted from a National Energy Education Development Project graphic (Public Domain) 

Geothermal energy is generated in the Earth's core. Temperatures hotter than the sun's surface are continuously produced inside the Earth by the slow decay of radioactive particles, a process that happens in all rocks. The Earth has a number of different layers:

· The core itself has two layers: a solid iron core and an outer core made of very hot melted rock, called magma.

· The mantle surrounds the core and is about 1,800 miles thick. It is made up of magma and rock. 
· The crust is the outermost layer of the Earth, the land that forms the continents and ocean floors. It can be 3 to 5 miles thick under the oceans and 15 to 35 miles thick on the continents. 

The Earth's crust is broken into pieces called plates. Magma comes close to the Earth's surface near the edges of these plates. This is where volcanoes occur. The lava that erupts from volcanoes is partly magma. Deep underground, the rocks and water absorb the heat from this magma. The temperature of the rocks and water gets hotter and hotter as you go deeper underground.

People around the world use geothermal energy to heat their homes and to produce electricity by digging deep wells and pumping the heated underground water or steam to the surface. We can also make use of the stable temperatures near the surface of the Earth to heat and cool buildings. 

Where Geothermal Energy is Found
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Source: National Energy Education Development Project (Public Domain) The ring of fire goes around the edges of the Pacific. The map shows that volcanic activity occurs around the Pacific rim.
Naturally occurring large areas of hydrothermal resources are called geothermal reservoirs. Most geothermal reservoirs are deep underground with no visible clues showing above ground. But geothermal energy sometimes finds its way to the surface in the form of: 

· Volcanoes and fumaroles (holes where volcanic gases are released)

· Hot springs
· Geysers
Most Geothermal Resources Are Near Plate Boundaries

The most active geothermal resources are usually found along major plate boundaries where earthquakes and volcanoes are concentrated. Most of the geothermal activity in the world occurs in an area called the Ring of Fire. This area encircles the Pacific Ocean.

U.S. Geothermal Resource Map
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Source: U.S. Department of Energy, Energy Efficiency & Renewable Energy
When magma comes close to the surface, it heats ground water found trapped in porous rock or water running along fractured rock surfaces and faults. These features are called hydrothermal. They have two common ingredients: water (hydro) and heat (thermal).

Geologists use various methods to look for geothermal reservoirs. Drilling a well and testing the temperature deep underground is the most reliable method for finding a geothermal reservoir. 

U.S. Geothermal Is Mostly in the West

Most of the geothermal reservoirs in the United States are located in the western States and Hawaii. California generates the most electricity from geothermal energy. "The Geysers" dry steam reservoir in northern California is the largest known dry steam field in the world and has been producing electricity since 1960.
Use of Geothermal Energy

Some applications of geothermal energy use the Earth's temperatures near the surface, while others require drilling miles into the Earth. The three main uses of geothermal energy are: 

· Direct use and district heating systems use hot water from springs or reservoirs near the surface. 

· Electricity generation power plants require water or steam at very high temperature (300° to 700°F). Geothermal power plants are generally built where geothermal reservoirs are located within a mile or two of the surface. 

· Geothermal heat pumps use stable ground or water temperatures near the Earth's surface to control building temperatures above ground. 

Direct Use of Geothermal Energy 

There have been direct uses of hot water as an energy source since ancient times. Ancient Romans, Chinese, and Native American cultures used hot mineral springs for bathing, cooking, and heating. Today, many hot springs are still used for bathing, and many people believe the hot, mineral-rich waters have natural healing powers.

After bathing, the most common direct use of geothermal energy is for heating buildings through district heating systems. Hot water near the Earth's surface can be piped directly into buildings and industries for heat. A district heating system provides heat for 95% of the buildings in Reykjavik, Iceland. 

Industrial applications of geothermal energy include food dehydration, gold mining, and milk pasteurizing. Dehydration, or the drying of vegetable and fruit products, is the most common industrial use of geothermal energy. 

The United States Is the Leader in Geothermal Power Generation

The United States leads the world in electricity generation with geothermal power. In 2010, U.S. geothermal power plants produced about 15 billion kilowatt-hours (kWh), or 0.4% of total U.S. electricity generation. In 2010, five States had geothermal power plants: 

· California had 35 geothermal power plants, which produced 83% of U.S. geothermal electricity. 

· Nevada had 18 geothermal power plants, which produced 14% of U.S. geothermal electricity. 

· Utah had two plants, and Hawaii and Idaho each had one geothermal plant.

Geothermal Contributes Significant Share of Power Generation in Several Countries 

Twenty countries including the United States had geothermal power plants in 2008, which generated a total of about 60.4 billion kWh. The Philippines was the second largest geothermal power producer after the United States at 9.8 billion kWh, which equaled about 17% of the country's total power generation. Geothermal power plants in El Salvador and Iceland produced about 1.4 and 3.8 billion kWh respectively, which was equal to about 25% of the total power generated in those countries. 

Geothermal Energy & the Environment

The environmental impact of geothermal energy depends on how it is being used. Direct use and heating applications have almost no negative impact on the environment.

Grand Prismatic Spring, Yellowstone National Park, Wyoming

[image: image10.jpg]



Source: Stock photography (copyrighted)
Geothermal Power Plants Have Low Emission Levels

Geothermal power plants do not burn fuel to generate electricity, so their emission levels are very low. They release less than 1% of the carbon dioxide emissions of a fossil fuel plant. Geothermal plants use scrubber systems to clean the air of hydrogen sulfide that is naturally found in the steam and hot water. 

Geothermal plants emit 97% less acid rain-causing sulfur compounds than are emitted by fossil fuel plants. After the steam and water from a geothermal reservoir have been used, they are injected back into the Earth.

Many Geothermal Features Are National Treasures

Geothermal features in national parks, such as geysers and fumaroles in Yellowstone National Park, are protected by law, to prevent them from being disturbed. 

Hydropower Basics

Energy From Moving Water
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Source: National Energy Education Development Project (Public Domain) 
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Source: Tennessee Valley Authority (Public Domain) 
Hydropower Generates Electricity

Hydropower is the renewable energy source that produces the most electricity in the United States. It accounted for 6% of total U.S. electricity generation and 60% of generation from renewables in 2010.

Hydropower Relies on the Water Cycle 

Understanding the water cycle is important to understanding hydropower. In the water cycle: 

· Solar energy heats water on the surface, causing it to evaporate.

· This water vapor condenses into clouds and falls back onto the surface as precipitation (rain, snow, etc.).

· The water flows through rivers back into the oceans, where it can evaporate and begin the cycle over again.
Mechanical Energy Is Harnessed from Moving Water 

The amount of available energy in moving water is determined by its flow or fall. Swiftly flowing water in a big river, like the Columbia River that forms the border between Oregon and Washington, carries a great deal of energy in its flow. Water descending rapidly from a very high point, like Niagara Falls in New York, also has lots of energy in its flow. 

In either instance, the water flows through a pipe, or penstock, then pushes against and turns blades in a turbine to spin a generator to produce electricity 

History of Hydropower

Hydropower is one of the oldest sources of energy. It was used thousands of years ago to turn a paddle wheel for purposes such as grinding grain. Our Nation's first industrial use of hydropower to generate electricity occurred in 1880, when 16 brush-arc lamps were powered using a water turbine at the Wolverine Chair Factory in Grand Rapids, Michigan.

The first U.S. hydroelectric power plant opened on the Fox River near Appleton, Wisconsin, on September 30, 1882. 

Because the source of hydroelectric power is water, hydroelectric power plants must be located on a water source. Therefore, it wasn't until the technology to transmit electricity over long distances was developed that hydropower became widely used. 

Where Hydropower is Generated
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Most U.S. Hydropower Is in the West
Over half of U.S. hydroelectric capacity for electricity generation is concentrated in three States: Washington, California, and Oregon. Approximately 31% of the total U.S. hydropower is generated in Washington, the location of the Nation's largest hydroelectric facility — the Grand Coulee Dam. 

Most hydropower is produced at large facilities built by the Federal Government, such as the Grand Coulee Dam. The West has most of the largest dams, but there are numerous smaller facilities operating around the country.

Most Dams Were Not Built for Power

Only a small percentage of all dams in the United States produce electricity. Most dams were constructed solely to provide irrigation and flood control. 

Hydropower & the Environment

Hydropower Generators Produce Clean Electricity, but Hydropower Does Have Environmental Impacts

Most dams in the United States were built mainly for flood control and supply of water for cities and irrigation. A small number of dams were built specifically for hydropower generation. While hydropower (hydro-electric) generators do not directly produce emissions of air pollutants, hydropower dams, reservoirs, and the operation of generators can have environmental impacts.

Fish Ladder at the Bonneville Dam on the Columbia River Separating Washington and Oregon
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Source: Stock photography (copyrighted)
A dam to create a reservoir may obstruct migration of fish to their upstream spawning areas. A reservoir and operation of the dam can also change the natural water temperatures, chemistry, flow characteristics, and silt loads, all of which can lead to significant changes in the ecology (living organisms and the environment) and rocks and land forms of the river upstream and downstream. These changes may have negative impacts on native plants and animals in and next to the river, and in the deltas that form where rivers empty into the ocean. Reservoirs may cover important natural areas, agricultural land, and archeological sites, and cause the relocation of people. 

Greenhouse gases, carbon dioxide and methane, may also form in reservoirs and be emitted to the atmosphere. The exact amount of greenhouse gases produced from hydropower plant reservoirs is uncertain. The emissions from reservoirs in tropical and temperate regions, including the United States, may be equal to or greater than the greenhouse effect of the carbon dioxide emissions from an equivalent amount of electricity generated with fossil fuels. 

Fish Ladders Help Salmon Reach Their Spawning Grounds

Hydro turbines kill and injure some of the fish that pass through the turbine. The U.S. Department of Energy has sponsored research and development of turbines that could reduce fish deaths to less than 2%, in comparison to fish kills of 5 to 10% for the best existing turbines. 

In the Columbia River, along the border of Oregon and Washington, salmon must swim upstream to their spawning grounds to reproduce, but the series of dams along the river gets in their way. Different approaches to fixing this problem have been used, including the construction of "fish ladders" that help the salmon "step up" and around the dam to the spawning grounds upstream. 

Natural Gas Basics

How Was Natural Gas Formed? 

The main ingredient in natural gas is methane, a gas (or compound) composed of one carbon atom and four hydrogen atoms. Millions of years ago, the remains of plants and animals (diatoms) decayed and built up in thick layers. This decayed matter from plants and animals is called organic material — it was once alive. Over time, the sand and silt changed to rock, covered the organic material, and trapped it beneath the rock. Pressure and heat changed some of this organic material into coal, some into oil (petroleum), and some into natural gas — tiny bubbles of odorless gas. 
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Source: U.S. Energy Information Administration (Public Domain) 

In some places, gas escapes from small gaps in the rocks into the air; then, if there is enough activation energy from lightning or a fire, it burns. When people first saw the flames, they experimented with them and learned they could use them for heat and light.

How Do We Get Natural Gas?

Operators Preparing a Hole for the Explosive Charges Used in Seismic Exploration
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Source: Stock photography (copyrighted)
The search for natural gas begins with geologists, who study the structure and processes of the Earth. They locate the types of rock that are likely to contain gas and oil deposits. 

Today, geologists' tools include seismic surveys that are used to find the right places to drill wells. Seismic surveys use echoes from a vibration source at the Earth’s surface (usually a vibrating pad under a truck built for this purpose) to collect information about the rocks beneath. Sometimes it is necessary to use small amounts of dynamite to provide the vibration that is needed. 

Scientists and engineers explore a chosen area by studying rock samples from the earth and taking measurements. If the site seems promising, drilling begins. Some of these areas are on land but many are offshore, deep in the ocean. Once the gas is found, it flows up through the well to the surface of the ground and into large pipelines.

Some of the gases that are produced along with methane, such as butane and propane (also known as "by-products"), are separated and cleaned at a gas processing plant. The by-products, once removed, are used in a number of ways. For example, propane can be used for cooking on gas grills. 

Dry natural gas is also known as consumer-grade natural gas. In addition to natural gas production, the U.S. gas supply is augmented by imports, withdrawals from storage, and by supplemental gaseous fuels.

Most of the natural gas consumed in the United States is produced in the United States. Some is imported from Canada and shipped to the United States in pipelines. Increasingly, natural gas is also being shipped to the United States as liquefied natural gas (LNG). 

We can also use machines called "digesters" that turn today's organic material (plants, animal wastes, etc.) into natural gas. This process replaces waiting for millions of years for the gas to form naturally. 
Getting Natural Gas to Users

Natural Gas Is Often Stored Before It Is Delivered

Natural gas is moved by pipelines from the producing fields to consumers. Because natural gas demand is greater in the winter, it is stored along the way in large underground storage systems, such as old oil and gas wells or caverns formed in old salt beds. The gas remains there until it is added back into the pipeline when people begin to use more gas, such as in the winter to heat homes.
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When the gas gets to the communities where it will be used (usually through large pipelines), it flows into smaller pipelines called "mains." Very small lines, called "services," connect to the mains and go directly to homes or buildings where it will be used.

Natural Gas Can Also Be Stored and Transported as a Liquid

LNG Transport Barge Unloading
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Source: Stock photography (copyrighted)
When chilled to very cold temperatures, approximately -260°F, natural gas changes into a liquid and can be stored in this form. Because it takes up only 1/600th of the space that it would in its gaseous state, liquefied natural gas (LNG) can be loaded onto tankers (large ships with several domed tanks) and moved across the ocean to other countries. When this LNG is received in the United States, it can be shipped by truck to be held in large chilled tanks close to users or turned back into gas when it's ready to put in the pipelines.
Where Our Natural Gas Comes From

Most of the Natural Gas Consumed in the United States Comes from Domestic Production 

U.S. natural gas production and consumption were nearly in balance through 1986. After that, consumption began to outpace production, and imports of natural gas rose to meet U.S. demand for the fuel. Production increased from 2006 through 2010, when it reached the highest recorded annual total since 1973. The increases in production were the result of more efficient, cost-effective drilling techniques, notably in the production of natural gas from shale formations.

Share of 2010 natural gas marketed production: 

· Texas (30%) 

· Wyoming (10%)

· Federal Offshore Gulf of Mexico (10%) 

· Louisiana (10%) 

· Oklahoma (8%) 
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Click to enlarge »In 2010, 88% of net imports came by pipeline, primarily from Canada, and 12% came by liquefied natural gas (LNG) tankers carrying gas from five different countries.
Schematic Geology of Natural Gas Resources



Source: Modified from U.S. Geological Survey Fact Sheet 0113-01 (Public Domain)
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Supplemental Gas Supplies 
Supplemental gas supplies include blast furnace gas, refinery gas, propane-air mixtures, and synthetic natural gas (gas made from petroleum hydrocarbons or from coal). These supplemental supplies totaled 67 billion cubic feet (Bcf) in 2010. The largest single source of synthetic gas is the Great Plains Synfuels Plant in Beulah, North Dakota, where coal is converted to pipeline-quality gas.

Uses of Natural Gas
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Natural Gas Is a Major Energy Source for the United States
About 25% of energy used in the United States came from natural gas in 2010. 

How Natural Gas Is Used

Natural gas is used to produce steel, glass, paper, clothing, brick, electricity and as an essential raw material for many common products. Some products that use natural gas as a raw material are: paints, fertilizer, plastics, antifreeze, dyes, photographic film, medicines, and explosives. 

Slightly more than half of the homes in the United States use natural gas as their main heating fuel. Natural gas is also used in homes to fuel stoves, water heaters, clothes dryers, and other household appliances. 

Where Natural Gas Is Used

Natural gas is used throughout the United States, but the top natural gas consuming States in 2009 were: 

· Texas

· California

· Louisiana

· New York

· Florida 

· Illinois

Natural Gas & the Environment

Natural Gas Well Drilling Operation 
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Source: Bureau of Land Management (Public Domain) 
Natural gas has many qualities that make it an efficient, relatively clean, and economical energy source. There are, however, environmental and safety issues with its production and use. Many of the areas that are now being explored and developed for natural gas production are relatively pristine and or are wilderness areas, and development of these areas have large impacts on the area's environment, wildlife, and human populations.

Natural Gas Is A Relatively Clean Burning Fossil Fuel 

Burning natural gas for energy results in much fewer emissions of nearly all types of air pollutants and carbon dioxide (CO2) per unit of heat produced than coal or refined petroleum products. About 117 pounds of carbon dioxide are produced per million Btu equivalent of natural gas compared to over 200 pounds of CO2 per million Btu of coal and over 160 pounds per million Btu of fuel oil. These clean burning properties have contributed to an increase in natural gas use for electricity generation and as a transportation fuel for fleet vehicles in the United States. 

Natural Gas Is Mainly Methane — A Strong Greenhouse Gas

Natural gas is made up mostly of methane, which is a very potent greenhouse gas. Some methane leaks into the atmosphere from coal mines, oil and gas wells, and natural gas storage tanks, pipelines, and processing plants. These leaks are the source of about 25% of total U.S. methane emissions, but only about 3% of total U.S. greenhouse gas emissions. The oil and natural gas industry tries to prevent gas leaks, and where natural gas is produced but can't be transported economically, it is "flared" or burned at well sites. This is considered to be safer and better than releasing methane into the atmosphere because CO2 is not as potent a greenhouse gas as methane.

Natural Gas Exploration, Drilling, and Production Has Many Environmental Impacts

When geologists explore for natural gas deposits on land, they may have to disturb vegetation and soils with their vehicles. A gas well on land may require a road and clearing and leveling an area to make a drill pad. Well drilling activities produce air pollution and may disturb wildlife. Pipelines are needed to transport the gas from the wells, and this usually requires clearing land to bury the pipe. Natural gas production can also result in the production of large volumes of contaminated water. This water has to be properly handled, stored, and treated so that it does not pollute land and water.

While the natural gas that we use as a fuel is processed so that it is mainly methane, unprocessed gas from a well may contain many other compounds, including hydrogen sulfide, a very toxic gas. Natural gas with high concentrations of hydrogen sulfide is usually flared. Natural gas flaring produces CO2, carbon monoxide, sulfur dioxide, nitrogen oxides, and many other compounds depending on the chemical composition of the natural gas and how well the gas burns in the flare. Natural gas wells and pipelines often have engines to run equipment and compressors, which produce additional air pollutants and noise.

Strict Safety Regulations and Standards Are Required for Natural Gas

Because a natural gas leak can cause an explosion, there are very strict government regulations and industry standards in place to ensure the safe transportation, storing, distribution, and use of natural gas. Because natural gas has no odor, natural gas companies add a strong smelling substance called mercaptan to it so that people will know if there is a leak. If you have a natural gas stove, you may have smelled this "rotten egg" smell of natural gas when the pilot light has gone out.

Uranium (nuclear) Basics

The sun is basically a giant ball of hydrogen gas undergoing fusion into helium gas and giving off vast amounts of energy in the process.
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Source: NASA (Public Domain)
How Fission Splits the Uranium Atom
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Source: National Energy Education Development Project (Public Domain) 

Nuclear Energy Is Energy from Atoms

Nuclear energy is energy in the nucleus (core) of an atom. Atoms are tiny particles that make up every object in the universe. There is enormous energy in the bonds that hold atoms together.

Nuclear energy can be used to make electricity. But first the energy must be released. It can be released from atoms in two ways: nuclear fusion and nuclear fission.

In nuclear fission, atoms are split apart to form smaller atoms, releasing energy. Nuclear power plants use this energy to produce electricity.

In nuclear fusion, energy is released when atoms are combined or fused together to form a larger atom. This is how the sun produces energy. Fusion is the subject of ongoing research, but it is not yet clear that it will ever be a commercially viable technology for electricity generation.

Nuclear Fuel — Uranium 

The fuel most widely used by nuclear plants for nuclear fission is uranium. Uranium is nonrenewable, though it is a common metal found in rocks all over the world. Nuclear plants use a certain kind of uranium, referred to as U-235. This kind of uranium is used as fuel because its atoms are easily split apart. Though uranium is quite common, about 100 times more common than silver, U-235 is relatively rare.

Most U.S. uranium is mined in the Western United States. Once uranium is mined, the U-235 must be extracted and processed before it can be used as a fuel.

During nuclear fission, a small particle called a neutron hits the uranium atom and splits it, releasing a great amount of energy as heat and radiation. More neutrons are also released. These neutrons go on to bombard other uranium atoms, and the process repeats itself over and over again. This is called a chain reaction.

Nuclear Power Plants

Nuclear Power Plants Generate About One-Fifth of U.S. Electricity 

Nuclear power accounted for almost 20% of the total net electricity generated in the United States in 2010, about as much as the electricity used in California, Texas, and New York, the three States with the most people. In 2010, there were 65 nuclear power plants (composed of 104 licensed nuclear reactors) throughout the United States. Most of the reactors are east of the Mississippi. 

Nuclear reactors look like large concrete domes from the outside. Not all nuclear power plants have cooling towers.

[image: image25.jpg]



Source: Stock photography (copyrighted)
Nuclear Power Comes from Fission

Most power plants, including nuclear plants, use heat to produce electricity. They rely on steam from heated water to spin large turbines, which generate electricity. Instead of burning fossil fuels to produce the steam, nuclear plants use heat given off during fission. 

In nuclear fission, atoms are split apart to form smaller atoms, releasing energy. Fission takes place inside the reactor of a nuclear power plant. At the center of the reactor is the core, which contains the uranium fuel. 

The uranium fuel is formed into ceramic pellets. The pellets are about the size of your fingertip, but each one produces roughly the same amount of energy as 150 gallons of oil. These energy-rich pellets are stacked end-to-end in 12-foot metal fuel rods. A bundle of fuel rods, sometimes hundreds, is called a fuel assembly. A reactor core contains many fuel assemblies.

The heat given off during fission in the reactor core is used to boil water into steam, which turns the turbine blades. As they turn, they drive generators that make electricity. Afterward, the steam is cooled back into water in a separate structure at the power plant called a cooling tower. The water can be used again and again.

Getting (Producing) Uranium

The fuel most widely used by nuclear plants for nuclear fission is uranium. In nuclear fission atoms are split apart to form smaller atoms, releasing energy. Nuclear power plants use the heat from nuclear fission to produce electricity.

Uranium Is Found in Nature but Must Be Processed into Fuel

Uranium is nonrenewable, though it is a common metal found in rocks all over the world. Uranium occurs in nature in combination with small amounts of other elements. 

Nuclear plants use a certain kind of uranium, U-235, as fuel because its atoms are easily split apart. Though uranium is quite common, about 100 times more common than silver, U-235 is relatively rare. 

Economically recoverable uranium deposits have been discovered principally in the western United States, Australia, Canada, Central Asia, Africa, and South America. Once uranium is mined, the U-235 must be extracted and processed before it can be used as a fuel. Mined uranium ore typically yields one to four pounds of uranium concentrate (U3O8 or "yellowcake") per ton, or 0.05% to 0.20% U3O8. The Nuclear Fuel Cycle describes uranium processing in more detail.

Typical Conventional Uranium Mill



Source: U.S. Energy Information Administration, Office of Electricity, Renewables, and Uranium Statistics (Public Domain)
Most of Our Uranium Is Imported

Owners and operators of U.S. civilian nuclear power reactors purchased the equivalent of 47 million pounds of uranium during 2010. Uranium delivered to U.S. reactors in 2010 came from six continents:

· 8% of delivered uranium came from the United States 

· 92% of delivered uranium was of foreign-origin: 

· 41% originated in Kazakhstan, Russia and Uzbekistan 

· 37% was from Australia and Canada 

· 14% came from Namibia, Niger, and other countries 
Nuclear Power & the Environment

Dry Storage Cask
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Source: U.S. Nuclear Regulatory Commission (Public Domain)
Nuclear Power Plants Produce No Carbon Dioxide

The first sentence is questionable: is nuclear energy really "clean"?

Unlike fossil fuel-fired power plants, nuclear reactors do not produce air pollution or carbon dioxide while operating. However, the processes for mining and refining uranium ore and making reactor fuel require large amounts of energy. Nuclear power plants have large amounts of metal and concrete, which also require large amounts of energy to manufacture. If fossil fuels are used to make the electricity and manufacture the power plant materials, then the emissions from burning those fuels could be associated with the electricity that nuclear power plants generate. 

Nuclear Energy Produces Radioactive Waste

The main environmental concerns for nuclear power are radioactive wastes such as uranium mill tailings, spent (used) reactor fuel, and other radioactive wastes. These materials can remain radioactive and dangerous to human health for thousands of years. They are subject to special regulations that govern their handling, transportation, storage, and disposal to protect human health and the environment. The U.S. Nuclear Regulatory Commission regulates the operation of nuclear power plants. 

Radioactive wastes are classified as low-level and high-level. The radioactivity in these wastes can range from just above natural background levels, as in mill tailings, to much higher levels, such as in spent reactor fuel or the parts inside a nuclear reactor. The radioactivity of nuclear waste decreases with the passage of time through a process called radioactive decay. The amount of time necessary to decrease the radioactivity of radioactive material to one-half the original level is called the radioactive half-life of the material. Radioactive waste with a short half-life is often stored temporarily before disposal in order to reduce potential radiation doses to workers who handle and transport the waste, as well as to reduce the radiation levels at disposal sites. 

Spent Reactor Fuel Storage and Power Plant Decommissioning

Spent reactor fuel assemblies are highly radioactive and must initially be stored in specially designed pools resembling large swimming pools, where water cools the fuel and acts as a radiation shield, or in specially designed dry storage containers. An increasing number of reactor operators now store their older spent fuel in dry storage facilities using special outdoor concrete or steel containers with air cooling. There is currently no permanent disposal facility in the United States for high-level nuclear waste. High-level waste is being stored at nuclear plants. 

When a nuclear power plant stops operating, the facility must be decommissioned. This involves safely removing the plant from service and reducing radioactivity to a level that permits other uses of the property. 

Nuclear Reactors and Power Plants Have Complex Safety and Security Features 

An uncontrolled nuclear reaction in a nuclear reactor can potentially result in widespread contamination of air and water with radioactivity for hundreds of miles around a reactor. The risk of this happening at nuclear power plants in the United States is considered to be very small due to the diverse and redundant barriers and numerous safety systems at nuclear power plants, the training and skills of the reactor operators, testing and maintenance activities, and the regulatory requirements and oversight of the Nuclear Regulatory Commission. A large area surrounding nuclear power plants is restricted and guarded by armed security teams. 
Getting (Producing) Oil
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Click to enlarge »Where Is Oil Produced? 
Crude oil is produced in 31 States and U.S. coastal waters. In 2010, 51% of U.S. crude oil production came from five States: 

· Texas (21%)

· Alaska (11%)

· California (10%)

· North Dakota (6%)

· Louisiana (3%)

About one-third of U.S. crude oil was produced from wells located offshore in State and Federally administered waters of the Gulf of Mexico. 

Although total U.S. crude oil production has generally decreased each year since it peaked in 1970, it increased by 3% in 2010 from 2009, in large part due to a 40% increase in production from North Dakota. 

In 2010, the U.S. imported about 49% of the crude oil and refined petroleum products that it used. 

About 100 countries produce crude oil; the top five producing countries in 2010, and their share of total world production: 

· Saudi Arabia (13%)

· Russia (12%)

· United States (9%)

· Iran (5%)

· China1 (5%)
After the fall of the Soviet Union, Saudi Arabia became the world’s top petroleum producer.
1Includes crude oil only.

Offshore Drilling

What Is Offshore?

Image of a Coastline
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Source: Stock photography (copyrighted)
Map Showing Exclusive Economic Zone Around the United States and Territories
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Source: National Energy Education Development Project (Public Domain)
Diagram of Shore and Ocean Overlaid With Territorial Sea, Exclusive Economic Zone, the Continental Shelf, and Continental Slope
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Source: National Energy Education Development Project (Public Domain)
When you are at your favorite beach in Florida or California, you are not at the very edge of the country.

Although it might seem like the ocean is the border of the United States, the border is actually 200 miles out from the land. This 200-mile-wide band around the country is called the Exclusive Economic Zone (EEZ).

In 1983, President Reagan claimed the area of the EEZ in the name of the United States. In 1994, all countries were granted an EEZ of 200 miles from their coastline according to the International Law of the Sea. 

The U.S. Bureau of Ocean Energy Management, Regulation, and Enforcement (BOEMRE) leases the land under the ocean to producers. These companies pay BOEMRE rental fees and royalties on all the minerals they extract from the ocean floor. Individual states control the waters off their coasts out to three miles for most States and between 9 and 12 for Florida, Texas, and some other States. 

The continental shelf drops off at the continental slope, ending in abyssal plains that are three to five kilometers below sea level. Many of the plains are flat, while others have jagged mountain ridge, deep canyons, and valleys. The tops of some of these mountain ridges form islands where they extend above the water. 

Most of the energy we get from the ocean is extracted from the ground. Oil, natural gas, and minerals all come from the ocean floor. 

People are working on other new ways to use the ocean. Solar and wind energy have been used on land, and now they are also being used at sea. Other energy sources that are being explored in the ocean are wave energy, tidal energy, methane hydrates, and ocean thermal energy conversion. 
What Fuels Are Made From Crude Oil?
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Note: A 42-U.S. gallon barrel of crude oil yields about 45 gallons of petroleum products.

What Fuels Are Made from Crude Oil?

After crude oil is removed from the ground, it is sent to a refinery by pipeline, ship, or barge. At a refinery, different parts of the crude oil are separated into useable petroleum products. Crude oil is measured in barrels (abbreviated "bbls").

One barrel of crude oil, when refined, produces about 19 gallons of finished motor gasoline, and 10 gallons of diesel, as well as other petroleum products. Most petroleum products are used to produce energy. For instance, many people across the United States use propane to heat their homes.

Other products made from petroleum include: 

· Ink

· Crayons

· Dishwashing liquids

· Deodorant

· Eyeglasses

· CDs and DVDs

· Tires

· Ammonia

· Heart valves
What Is a Refinery?

A refinery is a factory. Just as a paper mill turns lumber into paper, a refinery takes crude oil and turns it into gasoline and many other useful petroleum products.

Refineries Operate 24/7

A typical refinery costs billions of dollars to build and millions more to maintain. A refinery runs 24 hours a day, 365 days a year and requires a large number of employees to run it. A refinery can occupy as much land as several hundred football fields. Workers often ride bicycles to move from place to place inside the complex.

A Night Photo of the Pascagoula Refinery in Mississippi
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Source: Stock photography (copyrighted)
Oil & the Environment

How Does Oil Impact the Environment?

Products from oil (petroleum products) help us do many things. We use them to fuel our airplanes, cars, and trucks, to heat our homes, and to make products like medicines and plastics. Even though petroleum products make life easier — finding, producing, moving, and using them can harm the environment through air and water pollution. 

Emissions and Byproducts Are Produced from Burning Petroleum Products

Petroleum products give off the following emissions when they are burned as fuel: 

· Carbon dioxide (CO2) 

· Carbon monoxide (CO) 

· Sulfur dioxide (SO2) 

· Nitrogen oxides (NOX) and Volatile Organic Compounds (VOC)

· Particulate matter (PM) 

· Lead and various air toxics such as benzene, formaldehyde, acetaldehyde, and 1,3-butadiene may be emitted when some types of petroleum are burned 

Nearly all of these byproducts have negative impacts on the environment and human health: 

· Carbon dioxide is a greenhouse gas and a source of global warming.1 

· SO2 causes acid rain, which is harmful to plants and to animals that live in water, and it worsens or causes respiratory illnesses and heart diseases, particularly in children and the elderly. 

· NOX and VOCs contribute to ground-level ozone, which irritates and damages the lungs. 

· PM results in hazy conditions in cites and scenic areas, and, along with ozone, contributes to asthma and chronic bronchitis, especially in children and the elderly. Very small, or “fine PM” is also thought to cause emphysema and lung cancer.

· Lead can have severe health impacts, especially for children, and air toxics are known or probable carcinogens.
Laws Help Reduce Pollution from Oil

No Dumping/Drains to River Sign
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Fish Swimming Through "Rigs-to-Reefs" Project
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Source: Courtesy of the Mississippi Department of Marine Resources 
Over the years, new technologies and laws have helped to reduce problems related to petroleum products. As with any industry, the Government monitors how oil is produced, refined, stored, and sent to market to reduce the impact on the environment. Since 1990, fuels like gasoline and diesel fuel have also been improved so that they produce less pollution when we use them. 
Reformulated Fuels

Because a lot of air pollution comes from cars and trucks, many environmental laws have been aimed at changing the make-up of gasoline and diesel fuel so that they produce fewer emissions. These "reformulated fuels" are much cleaner-burning than gasoline and diesel fuel were in 1990. 

Technology Helps Reduce Drilling's "Footprint"

Exploring and drilling for oil may disturb land and ocean habitats. New technologies have greatly reduced the number and size of areas disturbed by drilling, sometimes called "footprints."2 Satellites, global positioning systems, remote sensing devices, and 3-D and 4-D seismic technologies make it possible to discover oil reserves while drilling fewer wells. 

The use of horizontal and directional drilling makes it possible for a single well to produce oil from a much bigger area. Today's production footprints are also smaller those 30 years ago because of the development of movable drilling rigs and smaller "slimhole" drilling rigs. 

When the oil in a well becomes uneconomic to produce, the well must be plugged below ground, making it hard to tell that it was ever there. As part of the "rigs-to-reefs" program, some old offshore rigs are tipped over and left on the sea floor to become artificial reefs that attract fish and other marine life. Within six months to a year after a rig is toppled, it becomes covered with barnacles, coral, sponges, clams, and other sea creatures. 

If oil is spilled into rivers or oceans, it can harm wildlife. When we talk about "oil spills," people usually think about oil that leaks from a ship that is involved in an accident. The amount of oil spilled from ships dropped significantly during the 1990s partly because new ships were required to have a "double-hull" lining to protect against spills.

Natural Seeps are a Major Source of Oil in Ocean Water

While oil spills from ships and offshore platforms are the most well-known source of oil in ocean water, a lot of oil actually gets into water from natural oil seeps coming from the ocean floor. The natural seeps may be a "major" source of oil that enters the environment globally, but they are slow, small, and spread out over large areas, and the ecosystem has adapted to them, vs the catastrophic impact that a tanker or well spill has on the areas affected. 

Leaks also happen when we use petroleum products on land. For example, gasoline sometimes drips onto the ground when people are filling their gas tanks, when motor oil gets thrown away after an oil change, or when fuel escapes from a leaky storage tank. When it rains, the spilled products get washed into the gutter and eventually flow to rivers and into the ocean. Another way that oil sometimes gets into water is when fuel is leaked from motorboats and jet skis. 

When a leak in a storage tank or pipeline occurs, petroleum products can also get into the ground, and the ground must be cleaned up. To prevent leaks from underground storage tanks, all buried tanks are supposed to be replaced by tanks with a double lining. 

1. U.S. Environmental Protection Agency, Climate Change State of Knowledge.
2. U.S. Department of Energy, Environmental Benefits of Advanced Oil and Gas Exploration and Production Technology (October 1999).

Solar Basics

Energy from the Sun

The sun has produced energy for billions of years. Solar energy is the sun’s rays (solar radiation) that reach the Earth. This energy can be converted into other forms of energy, such as heat and electricity.

Radiant energy from the sun has powered life on Earth for many millions of years.
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Solar Energy Can Be Used for Heat and Electricity

When converted to thermal (or heat) energy, solar energy can be used to:

· Heat water — for use in homes, buildings, or swimming pools

· Heat spaces — inside homes, greenhouses, and other buildings

· Heat fluids — to high temperatures to operate a turbine to generate electricity 
Solar energy can be converted to electricity in two ways:

· Photovoltaic (PV devices) or “solar cells” change sunlight directly into electricity. Individual PV cells are grouped into panels and arrays of panels that can be used in a wide range of applications ranging from single small cells that charge calculator and watch batteries, to systems that power single homes, to large power plants covering many acres.
· Solar Thermal/Electric Power Plants generate electricity by concentrating solar energy to heat a fluid and produce steam that is used to power a generator. In 2010, solar thermal-power generating units were the main source of electricity at 13 power plants in the United States: 

· 11 in California 

· one in Arizona 

· one in Nevada 
The main benefits of solar energy are:

· Solar energy systems do not produce air pollutants or carbon-dioxide

· When located on buildings, they have minimal impact on the environment
Two limitations of solar energy are: 

· The amount of sunlight that arrives at the Earth's surface is not constant. It varies depending on location, time of day, time of year, and weather conditions. 

· Because the sun doesn't deliver that much energy to any one place at any one time, a large surface area is required to collect the energy at a useful rate. 

Where Solar is Found

Solar Energy Is Everywhere the Sun Shines 
Click to enlarge »
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Source: National Renewable Energy Laboratory, U.S. Department of Energy

World Map of Solar Resources
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Source: United Nations Environment Programme (UNEP), NASA Surface meteorology and Solar Energy (SSE), 2008. 

Solar energy is by far the Earth's most available energy source. Solar power is capable of providing many times the total current energy demand. But it is an intermittent energy source, meaning that it is not available at all times. However, it can be supplemented by thermal energy storage or another energy source, such as natural gas or hydropower. 

California Has the World’s Biggest Solar Thermal Power Plants

There are nine solar power plants, in three locations in California's Mojave Desert.
Concentrating solar power technologies use mirrors to reflect and concentrate sunlight onto receivers that collect the solar energy and convert it to heat. This thermal energy can then be used to produce electricity via a steam turbine or heat engine driving a generator. 

Solar Power Can Be Used Almost Anywhere at a Variety of Scales 

Low-temperature solar collectors also absorb the sun's heat energy, but instead of making electricity, use the heat directly for hot water or space heating in homes, offices, and other buildings. 

Even larger plants than exist today are proposed for construction in the coming years. Covering 4% of the world's desert area with photovoltaics could supply the equivalent of all of the world's electricity. The Gobi Desert alone could supply almost all of the world's total electricity demand. 
Solar Energy & the Environment

An Array of Solar Panels Supplies Energy for Use at Marine Corps Air Ground Combat Center in Twentynine Palms, California 
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Source: U.S. Marine Corps photo by Pfc. Jeremiah Handeland/Released (Public Domain) 

Using solar energy produces no air or water pollution and no greenhouse gases, but does have some indirect impacts on the environment. For example, there are some toxic materials and chemicals, and various solvents and alcohols that are used in the manufacturing process of photovoltaic cells (PV), which convert sunlight into electricity. Small amounts of these waste materials are produced. 

In addition, large solar thermal power plants can harm desert ecosystems if not properly managed. Birds and insects can be killed if they fly into a concentrated beam of sunlight, such as that created by a "solar power tower." Some solar thermal systems use potentially hazardous fluids (to transfer heat) that require proper handling and disposal. 

Concentrating solar systems may require water for regular cleaning of the concentrators and receivers and for cooling the turbine-generator. Using water from underground wells may affect the ecosystem in some arid locations. 

Wind Basics

Energy from Moving Air

How Uneven Heating of Water and Land Causes Wind
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Source: National Energy Education Development Project (Public Domain) 
Wind is simply air in motion. It is caused by the uneven heating of the Earth's surface by the sun. Because the Earth's surface is made of very different types of land and water, it absorbs the sun's heat at different rates. One example of this uneven heating can be found in the daily wind cycle.

The Daily Wind Cycle

During the day, the air above the land heats up more quickly than the air over water. The warm air over the land expands and rises, and the heavier, cooler air rushes in to take its place, creating wind. At night, the winds are reversed because the air cools more rapidly over land than over water. 

In the same way, the atmospheric winds that circle the earth are created because the land near the Earth's equator is heated more by the sun than the land near the North and South Poles. 

Wind Energy for Electricity Generation

Today, wind energy is mainly used to generate electricity. Wind is a renewable energy source because the wind will blow as long as the sun shines.
Electricity Generation from Wind

How Wind Turbines Work

Diagram of Windmill Workings



Source: National Renewable Energy Laboratory, U.S. Department of Energy (Public Domain)
Map of U.S. Wind Capacity 



Source: National Renewable Energy Laboratory, U.S. Department of Energy (Public Domain)
Like old fashioned windmills, today’s wind machines (also called wind turbines) use blades to collect the wind’s kinetic energy. The wind flows over the blades creating lift, like the effect on airplane wings, which causes them to turn. The blades are connected to a drive shaft that turns an electric generator to produce electricity.

With the new wind machines, there is still the problem of what to do when the wind isn't blowing. At those times, other types of power plants must be used to make electricity.
Wind Production

In 2010, wind turbines in the United States generated about 2% of total U.S. electricity generation. Although this is a small fraction of the Nation's total electricity production, it was equal to the annual electricity use of about 8.7 million households. 

The amount of electricity generated from wind has grown significantly in recent years. Generation from wind in the United States increased from about 6 billion kilowatthours in 2000 to about 95 billion kilowatt hours in 2010.

New technologies have decreased the cost of producing electricity from wind, and growth in wind power has been encouraged by tax breaks for renewable energy and green pricing programs. Many utilities around the country offer green pricing options that allow customers the choice to pay more for electricity that comes from renewable sources to support new technologies.

Where Wind is Harnessed

Wind Power Plants Require Careful Planning

Operating a wind power plant is not as simple as just building a windmill in a windy place. Wind plant owners must carefully plan where to locate their machines. It is important to consider how fast and how much the wind blows at the site. 
Map of U.S. Wind Resources 
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Source: National Renewable Energy Laboratory, U.S. Department of Energy (Public Domain)
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Wind Turbines in the Ocean
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Source: Stock photography (copyrighted)
As a rule, wind speed increases with altitude and over open areas that have no windbreaks. Good sites for wind plants are the tops of smooth, rounded hills, open plains or shorelines, and mountain gaps that produce wind funneling. 

Wind Speed Is Not the Same Across the Country

Wind speed varies throughout the United States. It also varies from season to season. In Tehachapi, California, the wind blows more from April through October than it does in the winter. This is because of the extreme heating of the Mojave Desert during the summer months. The hot air over the desert rises, and the cooler, denser air above the Pacific Ocean rushes through the Tehachapi mountain pass to take its place. In a state like Montana, on the other hand, the wind blows more during the winter. 

Fortunately, these seasonal variations are a good match for the electricity demands of the regions. In California, people use more electricity during the summer for air conditioners. In Montana, people use more electricity during the winter. 
Major Wind Power Locations

Large wind turbines (sometimes called wind machines) generated electricity in 36 different States in 2010. The top five States with the largest generation of electricity from wind were Texas, Iowa, California, Minnesota, and Washington. 

International Wind Power

Most of the wind power plants in the world are located in Europe and in the United States where government programs have helped support wind power development. As of 2008, the United States ranks first in the world in wind power capacity, followed by Germany, Spain, and China. Denmark ranks ninth in the world in wind power capacity, but generates about 20% of its electricity from wind.1
Offshore Wind Power

(From http://www.eia.gov/kids/energyexplained/renewable/ocean.html)

Conditions are well suited along much of the coasts of the United States to use wind energy. However, there are people who oppose putting turbines just offshore, near the coastlines, because they think the wind turbines will spoil the view of the ocean. There is a plan to build an offshore wind plant off the coast of Cape Cod, Massachusetts. 

12008 is most recent year data on capacity available as of June 29, 2011. 

Wind Energy & the Environment

Wind: A Clean Source of Energy

Wind Farm at The Cerro Gordo Project, West of Mason City, Iowa
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Source: National Renewable Energy Laboratory (Public Domain)
Wind is a clean source of energy, and overall, the use of wind for energy has fewer environmental impacts than using many other energy sources. Wind turbines (often called windmills) do not release emissions that pollute the air or water (with rare exceptions), and they do not require water for cooling. They may also reduce the amount of electricity generated from fossil fuels and therefore reduce the amount of air pollution, carbon dioxide emissions, and water use of fossil fuel power plants. 

A wind turbine has a small physical footprint relative to the amount of electricity it can produce. Many wind projects, sometimes called wind farms, are located on farm, grazing, and forest land. The extra income from the turbines may allow farmers and ranchers to stay in business and keep their property from being developed for other uses. For example, wind power projects have been proposed as alternatives to mountain top removal coal mining projects in the Appalachian mountains of the U.S. Off-shore wind turbines on lakes or the ocean may have smaller environmental impacts than turbines on land. 

Drawbacks of Wind Turbines

Wind turbines do have negative impacts on the environment, but the negative impacts have to be balanced with our need for electricity and the overall lower environmental impact of using wind for energy relative to other sources of energy to make electricity. 

Modern wind turbines are very large machines, and some people do not like their visual impact on the landscape. A few wind turbines have caught on fire, and some have leaked lubricating fluids, though this is relatively rare. Some people do not like the sound that wind turbine blades make. Some types of wind turbines and wind projects cause bird and bat deaths. These deaths may contribute to declines in species that are also being affected by other human-related impacts. Many birds are killed from collisions with vehicles and buildings, by house cats and hunters, and by pesticides. 

Most wind power projects on land also require service roads that add to their physical impact on the environment. Making the metals and other materials in wind turbines and the concrete for their foundations requires the use of energy, which may be from fossil fuels. Some studies have shown that wind turbines produce much more clean electricity over their operating life than the equivalent amount of energy used to make and install them. 
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