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WIND  ENERGY

Wind turbine and generator wind farm
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GEOTHERMAL  ENERGIES

1. Direct use of geothermal hot water:
Wells and pumps bring up naturally heated water.

2. Geothermal heat pumps:
In summer, warm water is cooled underground; in 
winter, relatively warmer water is brought up for 
heating.

3. Geothermal electric plants:
Heated water’s steam powers turbines.
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DIAGRAM OF GEOTHERMAL POWER PLANT

Credit: Energy.gov/U.S. Department of Energy
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pipes at facility     geothermal plant    dry steam plant

GEOTHERMAL  ENERGY

Credits: Sierra Pacific, NREL; Sandia National Labs, NREL; Fraser Goff (Los Alamos National Lab), NREL;  Robert R. Jones 
(Oklahoma State U.), NREL;  Warren Gretz, NREL; Pacific Gas & Electric, NREL
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TYPES  OF  SOLAR  ENERGY

•Passive solar heating of water

•Passive solar heating of air

•Solar thermal power plant (Sunlight is 
focused on water to create steam to power turbines.)

•Photovoltaics (Sunlight knocks loose electrons 
in solar cells, starting electricity flowing.)
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Credits:  Sun Systems,  NREL; Alan Ford, NREL; Gen-Con Inc., NREL PIX; 
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PASSIVE  SOLAR  HEATING

passive heating of air in collector        solar cooking
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Credits:  Warren Gretz, NREL; Rick Mitchell, NREL; Frank Jeffrey, NREL; John Grobler NREL; PowerLight Corp., 
NREL; Subhendu Guha of Uni-Solar,  NREL; Warren Gretz, NREL; Foundation of Environmental Ed, NREL

SOLAR  CHIPS,  SOLAR CELLS,  SOLAR  TECHNOLOGY
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Erik Nelsen, NREL; Shell Solar, NREL; Shell Solar, NREL; Sandia National Labs, NREL; Shell Solar, NREL;  Northern Power Systems, NREL; APOD/NASA; JPL/NASA

lights       solar lighting    houseboat      buoy          oil rig             lighthouse

remote radio             Antarctica               space station          Rover Lander

SOLAR-POWERED  APPLICATIONS

RV             traffic sign             canopy              pump on ranch

SAMPLE

(ONLY  FOR

PREVIEW)
Go to www.k8resources.com



Credits:  Warren Gretz; National Renewable Energy Lab’s PIX (5); Burlington Electric Department, NREL

wood chips                       corn stalks       municipal waste

wood chips for gasification    biomass plant          control room
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Credits:  Todd Spink, NREL; Jim Yost, NREL; Warren Gretz, National Renewable Energy Lab’s PIX (4)

BIOENERGY

BIOGAS:  wastewater treatment, gasification, and bacteria

BIOFUELS:  ethanol production, preparation and pump
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1.  TYPES  OF  RESOURCES  AND  ELECTRICITY 
 
 
Nonrenewable resources:  Over 90% of our energy comes from nonrenewable resources.  Oil, coal, gas, 
and propane all derive from the decaying of plants and animals.  Uranium-based fuels need to be mined.  
The supplies for these are finite and limited.  In a few decades, we will have tapped the easily reached 
sources, making it difficult, time-consuming and costly to reach the dwindling supply.  We depend 
heavily on petroleum products for heating, manufacturing, and transportation.  Coal and uranium are 
currently the chief sources for our electric power needs. 
 
Renewable resources:  These resources, in contrast, are in a ready supply that will not run out.  Several 
of these can be traced to the Sun:  solar (from the Sun’s shining), wind (from the uneven heating of air), 
hydropower (from the movement of water resulting from the water cycle’s evaporation, condensation, 
precipitation, and runoff), and biomass (from Sun-grown trees and plants).  The others derive from other 
perpetual energies in nature:  geothermal (from the heat below the Earth’s surface), tidal (from the ebb 
and flow of the oceans), and hydrogen (from that element’s many forms). 
 
Producing electricity:  To make electricity, energy must be transformed.  In a turbine, kinetic energy 
(energy of motion) is harnessed.  At most power plants, a fuel—coal, oil, gas, uranium, or biomass—heats 
water to create steam.  The steam moves through pipes to a turbine where the pressurized rush of steam 
turns the blades of a turbine.  The turbine’s turning shaft is connected to the shaft and magnet in the 
generator.  The electric generator relies on the principle of magnetic induction to create electricity:  A 
moving magnetic field will make the negatively charged electrons in a coil of copper wire move, causing 
an electric current to flow.  (This is the principle behind a bicycle light powered by a dynamo.  The 
turning of the wheel of a bicycle turns the shaft of the dynamo.  That causes a magnet to rotate inside a 
coil of wire.  The induced current lights up a bulb.)…In other cases,  the kinetic energy of moving air, 
water, or geothermal steam directly turns the turbine’s blades (without needing to create steam)…Using 
photovoltaic technology, solar cells directly transform the Sun’s energy into electricity.  (Biomass, 
geothermal energy and solar power can also heat water to form steam to turn turbine blades.)  The 
following table summarizes this information: 
 
       RESOURCE KINETIC 

ENERGY 
MECHANICAL 
ENERGY 

ELECTRIC ENERGY 

Nonrenewable:  coal, oil, 
gas, uranium 

Heats steam Turns turbine blades Generator makes 
electricity 

Renewable: solar thermal, 
geothermal, biomass 

Heats steam Turns turbine blades Generator makes 
electricity 

Renewable: hydropower, 
geothermal, wind 

 Turns turbine blades Generator makes 
electricity 

Renewable: 
Solar cells 

 Photovoltaics Cells generate electricity 

 
Ethics of electricity:  efficiency, economics, and the environment:  Renewable resources have many 
advantages:  Their supply is endless.  They lessen our dependence on foreign sources.  They are better for 
the environment,—producing much less pollution and greenhouse gases… Despite their high initial costs, 
in the long run renewable resources provide efficient, effective, and eco-friendly sources of power.  Less 
than 10 % of our energy consumed now comes from renewable resources.  That amount will increase with 
research, development, consumer education, economic necessity, environmental concerns, political 
priorities, and efforts for energy independence. 
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2.  FOSSIL  FUELS 
 
 
The fossil fuels:  Most of our energy needs are now met by fossil fuels.  Long ago decaying plant and animal 
remains were covered over and compressed.  Under heat and pressure, their carbon and hydrogen, (and to a 
lesser extent their oxygen and nitrogen), were transformed into coal, oil and natural gas.  The energy 
contained in these fuels can be harvested and harnessed. 
 
Coal:  During the Carboniferous Period (360-286 million years ago), there were vast swamps with algae, 
fern, leafy plants and large trees.  When these plants died, they sank into the swamps and formed an energy-
rich peat.  They were covered over by the sand, clay and minerals that later formed sedimentary rocks.  
Under the resulting pressure, coal formed….Cave people and second-century Romans used this hard, black, 
rock-like fuel for heating.  In the 1300’s Native Americans used coal for heating, cooking and making 
pottery.  In the Industrial Revolution of the 1700’s, coal was used in steam engines and blast furnaces.  In the 
1880’s coal began to be used for creating electricity…There are four types of coal—(1) anthracite (the 
hardest, richest, blackest with the highest amounts of carbon and potential energy, found in Pennsylvania), 
(2) bituminous (“soft coal” found in the eastern United States), (3) subbituminous (found in the West), and 
(4) lignite (the most common and softest, found in the West).  It is mined by digging in shafts or by scraping 
away the top layers in strip mining.  For processing and shipping, crushed coal is moved in trains or boats, or 
is mixed with water in slurry to be transported in pipes.  
 
Oil :  300 million years ago, diatoms (tiny sea creatures) died, sank, and were covered.  Under natural heat 
and pressure, the carbon was transformed into oil.  Tiny droplets of oil were located in the openings in 
porous rocks, and reservoirs resulted when shifts in the Earth caused layers of rocks to trap pockets of oil-
imbued rocks…5,000 years ago natural seepages were used in the Middle East, and Native Americans used 
oil for medicines and lamps.  In 1859 in Pennsylvania, Edwin Drake built the first oil well…As the natural 
pressure within the Earth is rarely sufficient to force the oil to the surface, the liquid often must be artificially 
pumped up through a well…Sound waves, electric currents and core samples can suggest promising sites for 
drilling for oil.  While California and Alaska are oil-rich, most of our supply comes from foreign sources, 
especially the Middle East…Once brought to the surface, the oil is transported by ship or pipeline to 
refineries.  There the petroleum (crude oil) is heated, separated and combined with chemical additives.  The 
myriad of end products includes gasoline, diesel, other fuels, home heating oils, oil for generating electricity, 
fertilizers, toothpaste, clothing, and plastics.   
 
Natural gas:  Cleaner than oil, natural gas consists mostly of methane—molecules with one carbon and four 
hydrogen atoms.  It is found in shale, sandstone, and coal regions.  (Efforts are now concentrating on 
methane hydrates,—small ice cages housing pockets of methane.)…In the second century, the Greeks found 
that lightning ignited natural seepages.  In 1821, a well was used.  Natural gas was then used for lamps, 
streetlights, cooking and warming… Relying upon natural pressure, a series of pipes and valves can collect 
gas in “Christmas tree” structures…The “horsehead pump” can draw up gas.  Forcing fluids (and sand or 
glass beads) can create fractures and the pressure to move natural gas along…While pipelines had been used 
to a limited extent in cities for streetlights, it wasn’t until the 1950’s that natural gas was being transported in 
great quantities through pipes from sources in Canada, Texas, and Oklahoma.  In refining this naturally 
odorless gas, chemicals are added to give it its easily detected odor of rotten eggs.  Burning natural gas
nevertheless produces less pollution than gasoline… Natural gas is used for heating, cooking, and the 
production of electricity.  Propane, or “bottled gas,” is a liquefied petroleum gas (LPG). 
 
Pros and cons:  Fossil fuels supply us with two-thirds of our electricity and most of our transportation.  
Easily processed, it is a practical energy source.  It is, however, non-renewable, and pollution contributes to 
such problems as acid rain and global warming. 
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3. NUCLEAR  POWER 
 

 
Fission:  The atom’s electrons (negatively charged energy packets) are outside the nucleus, or center.  
The nucleus contains protons (positively charged particles) and neutrons (uncharged particles).  When 
the number of neutrons and protons are balanced, the nucleus is stable.  As the numbers of protons in 
the nucleus increases, so do their repulsive electrical forces.  This can leave the nucleus so unstable 
that it can undergo fission, or splitting.  When a uranium atom captures a neutron, it splits:  The 
original U-235 atom (containing 92 protons and 143 neutrons) splits usually into an atom of Barium 
(56 protons and  88 neutrons) and an atom of Krypton (36  protons and  53 neutrons).  The fission also 
releases energy in gamma radiation and three extra neutrons.  These neutrons, in turn, can cause other 
uranium atoms to split and release more energy and additional neutrons.  This process is self-
reinforcing and can become the chain reaction that leads to the explosion of a nuclear bomb.  In a 
nuclear power plant, the reaction is controlled to provide a steady release of energy. 
 
 
The Process:  The leading sources of uranium are Australia, Kazakhstan, Canada, and South Africa.  
Uranium is mined, crushed, ground up, dissolved or leached, and processed.   Most mined uranium is a 
more stable U-238, with only 0.7% being the desired U-235.  Once turned into gaseous uranium 
hexafluoride, some of the U-238 is separated out.  The remaining “enriched” fuel is approximately 4% 
U-235.  This is ground to a powder, packed in pellets, and placed in tubes called fuel rods…In the 
power plant, when the fuel rods are set in place, fission can occur.  The energy released is transferred 
to water causing it to turn to the steam that turns the turbine to create electricity in the generator.  (In 
the pressurized water reactors, the heated water in a primary loop heats the water in a secondary loop 
that is vaporized in the steam generator.  In the boiling water reactors, the heat energy boils the water 
in the steam generator.  In both types, the steam is condensed by the cooling from an outside water 
source, to be returned to the core and heated again.)…If left unchecked, the reaction would build 
quickly resulting in the melting of the facility.  When the core temperature rises above optimal levels, 
the control rods of boron or cadmium are lowered between the fuel rods to absorb more neutrons.  
When the temperature falls, the control rods are raised.  With constant monitoring, the adjusted heights 
of the control rods can maintain a steady and stable reaction rate. 
 
 
Pros and cons:   20% of the electricity used in the United States came from approximately 100 nuclear 
power plants.  (Europe and Japan garner even more.)  While proponents of nuclear power point to its 
reliability and lack of pollution, critics point to such risks as malfunctions and storage difficulties.  
Safety measures are required in the United States to provide for the cooling and shutting down of 
reactors and for barriers to contain radioactivity.  Nevertheless, in 1979, an incident at Three Mile 
Island in Pennsylvania caused some radioactivity to reach the atmosphere, but the radioactive gases 
and contaminated cooling water were largely contained.  (In 1986, damage to a reactor core in 
Chernobyl in the former Soviet Union resulted in the release of large amounts of radioactivity.)…Low-
level waste must be either buried or stored in onsite pools until the heat and radioactivity of the 
contaminants dissipate.  High-level waste, spent fuel, is even more problematic.  In the United States it 
is being temporarily held until satisfactory permanent disposal sites are approved.  More commonly in 
Europe, it is reprocessed to get usable uranium, plutonium or vitrified into a solid glass that will later 
be buried)…Even just the cooling and condensing of the steam by a lake, river or ocean raises the 
temperature of the surrounding water—potentially altering the habitat for plant and animal life there. 
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4.  HYDROELECTRIC  POWER 
 

 
The Principle:  The energy of moving water has been harnessed for centuries.  The force of a stream 
or river turned waterwheels that powered gristmills and sawmills.  More recently, the kinetic energy 
from the motion of water in rivers, lakes, and oceans has been used to turn the blades of a turbine to 
power a generator which makes the electricity. Sizes of hydropower set-ups range from large to small 
to micro (with the last providing power to individual farms, ranches and homes).  Five different 
technologies have been developed to create power from the movement of water; and one, from the heat 
of tropical ocean waters. 
 
Diversion:  The natural flow of a river can be tapped to create electricity.  Without the use of a dam, 
water can be channeled into a canal or penstock.  There the force of these run-of-river applications can 
push against the blades of a turbine, which turns the coils of wire inside a generator to make electricity. 
 
Impoundment:  Larger operations involve the storing and release of larger volumes of water.  Dams
can provide a large reservoir of water, some of which flows down the penstock to turn the turbine.  
Adjusting the flow allows for the control of the amount of electricity being produced, for the level of 
the reservoir, and for the amount of water arriving downstream. 
 
Pumped storage:  Control over the electricity produced can be extended in a pumped storage facility.  
During periods of decreased demand for electricity (nights and weekends) water is pumped back up to 
behind a dam, only to be released at a later time during higher demand. 
 
Tidal energy:   The natural flow of tides near the coast is used to gather water at a higher level behind 
a dam.  To be of practical value, the difference between high and low tides must be about sixteen feet.  
France and Canada have found much success using this method. 
 
Wave energy:  On a smaller scale, the motion of individual ocean waves has been tapped to create 
electricity.  The rising water of a wave either can power a piston or can force the air out of a chamber 
toward the blades of a turbine used to turn the generator.  This has been used to power lighthouses and 
automated buoys. 
 
Ocean thermal energy conversion (OTEC):  A tremendous amount of the Sun’s heat energy is 
retained by the oceans, especially in tropical waters.  Two sources of water with a temperature 
differential of at least thirty six degrees Fahrenheit are used.  An OTEC unit in Hawaii was started in 
1979 using the warm surface water and deep ocean water.  In their closed-cycle operation the energy of 
the warm water vaporizes ammonia (a liquid with a low boiling point) in its first heat exchanger.  The 
vapor pressure of the ammonia turns the turbine.  In a second heat exchanger, the colder ocean water 
condenses the ammonia back to a liquid, which is then returned to the first heat exchange to be heated 
up again.  (In open-cycle OTEC units, the warm ocean water is itself vaporized by creating very low 
air pressure.)  The colder ocean water, (which has only risen eight degrees from this process), has even 
been used to condense the warm, humid air of the tropics to create distilled water. 
 
Pros and cons:  Hydroelectric power is a renewable and non-polluting means of generating ten 
percent of the electricity in the U.S.  Since it requires the right conditions, some places are not suitable 
while others are.  (Washington, with its mountains and rivers, gets 87% of its electricity from 
hydropower.)  Care must be taken to diminish the impact on fish, especially those that migrate. 
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5.  WIND  AND  GEOTHERMAL  
 
 
Windmills :  Windmills have long been used to transform the energy of the wind into mechanical energy.  In 
2000 B.C. the Chinese were using windmills to pump water, and the Persians were using them to grind grain.  
Holland employed the power of windmills to pump water from lowland areas.   
 
Wind turbines:  Like a pinwheel, the blades of a wind turbine will turn in the wind.  With the hub of the 
blades attached to a horizontal shaft, that turning can be transferred to a gearbox, where the turning speed 
can be increased.  That turning causes a generator to produce electricity.  Wind speeds need to be at least 12-
14 miles per hour to accomplish this; yet if winds become too strong, controlling brakes prevent damage to 
the equipment.  Downwind turbines, whose rotors are forced downwind, typically have two blades.  Upwind 
turbines, usually having three blades, have yaw drives with motors that keep the rotors facing into the wind.  
The rarer vertical axis wind turbines can be eggbeater-shaped (the Darrieus) or S-shaped (the Savonius) 
which are used more for pumping water and grinding grain…A single wind turbine can be used for 
electricity for a house, a school, or a remote village.  Wind farms are common in California, which produces
11% of the world’s wind power.  The electricity is used directly, charges batteries for later power, is 
distributed to the local grid, is sold to local utilities, or is increased in voltage by transformers to be sent 
through high power lines over longer distances. 
 
Pros and cons of wind power:  After an initial costly installation, wind turbines are cheap and easily 
maintained.  They have no emissions and produce no pollution.  They can be a boon to farmers and ranchers 
whose vast, wide-open lands provide good sites for their own wind turbines or for rental sites for utility 
companies.  They also can provide power in remote locations.  On the other hand, they are only practical in 
windy areas, and even there the winds will not be consistently blowing.  Since the winds may be insufficient 
and inconsistent, wind power is often used in hybrid systems with other power sources.  Some critics bemoan 
the noise, the aesthetic distraction, and the fact that birds can be victims of the wind turbines. 
………………………………………………………………………………………………………….. 
Direct use of geothermal hot water:  There are three ways of tapping the Earth’s heat.  In direct use 
methods, wells and pipes bring water naturally heated by the Earth to heat buildings, warm greenhouses, 
warm swimming pools, run aquaculture programs, dehydrate foods, and even melt snow on roads or 
sidewalks.   
 
Geothermal heat pumps:  GHPs use the 50-60 degree temperatures typically found year-round at depths of 
around ten feet below the surface of the Earth.  In summer, a ground loop can bring water warmed in a hot 
house to the relatively cooler ground where it is cooled and then returned to the home’s interior…In winter, 
water heated by the relatively warmer soil can be piped into a building to help heat the air.  Domestic water 
can be preheated using a heat exchanger. 
 
Geothermal electric plants:  The first and simplest have been the dry steam plants.  With those, the steam at 
temperatures above 300 degrees directly turns the turbines that power the generators to create electricity. 
Flash steam plants convert geothermally heated water that is under naturally high pressure into steam in 
chambers with lower pressure.  In the most common design, the binary-cycle plant, the geothermal water (at 
100-300 degrees) heats a secondary fluid in a heat exchanger.  This second fluid has a lower boiling point, so
it is easily converted to the steam that will turn the turbine. 
 
Pros and cons of geothermal power:  Geothermal power is a clean and reliable resource, but its availability 
is limited.  While its heat is renewable, in some locations, water may need to be reinjected to maintain a 
sufficiently high pressure.  The areas offering the best hot geothermal fluids and shallow aquifers include 
Alaska, Hawaii, California, and some other areas in the western United States.  After high initial costs, 
maintenance measures and costs for geothermal power are low. 
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6.  SOLAR  ENERGY 
 
 
Passive solar heating of water:  The two primary units in harnessing the energy of the Sun are the collector 
and the storage container.  The collector’s glazing (glass or plastic cover) helps insulate a box that contains a 
dark absorber plate.  In active systems, a pump moves the heated water.  In passive systems, convection 
currents circulate the water (relying upon the principles that warmed fluids are less dense and therefore rise, 
while colder, denser fluids will be pulled down by gravity).  Preheated water can enter a hot water tank 
which then brings it up to the desired temperature.  (Heated water can also be used to heat the air of a 
building.) 
 
Passive solar heating of air:  There are five components to heating the air inside a building using the Sun’s 
energy.  (1) The aperture, usually a window, allows the light in.  (2) The absorber is the hard, dark surface 
that collects the rays. (3) The thermal mass, masonry or a container of water, stores the heat energy.  (4) The 
distribution of the heat is accomplished by conduction (direct contact), convection (circulation of heated air), 
or radiation (passage of heat energy through waves).  (5) The controls are the various features of the building 
that modify the heating: south-facing windows, heat-retaining construction materials, sensors, blinds, vents, 
dampers, curtains, and overhangs… This heating can be “direct” when features of the building itself are 
heated, as in the walls or floor.  It can also be “indirect” when a container of water or a separate Tromble 
wall absorbs and stores the heat during the day, only to release it in the evening when the heat energy 
radiates out to the cooling room.  The heat can also warm an isolated room such as a sunspace or greenhouse 
whose warmed air can be passively vented into the main living space, or actively blown in by fan.  (Solar 
cooking, using mirror-like surfaces, can passively heat food.) 
 
Solar thermal power plant:  Sunlight can be focused to heat water to create steam to turn turbines to power
generators to make electricity, and it’s all done with mirrors.  There are three types of arrangements of these 
mirrors:  Reflecting troughs of parabolic mirrors can be automatically rotated to track the motion of the Sun 
to focus the rays on a pipe of water.  Dish-shaped collectors reflect the rays toward a thermal receiver where 
a fluid is heated to drive a piston or to turn a drive shaft to produce electricity.  A vast array of heliostats, or 
individual mirrors, can reflect light to a power tower. 
 
Photovoltaics (PV):  Photovoltaics involves the conversion of light to energy.  Photovoltaic cells, also 
known as solar cells, use the Sun’s radiant energy to knock electrons loose from their atoms.  The movement 
of the electrons toward the cell’s surface sets up a charge differential which creates electricity.  Silicon is 
most commonly use as its crystalline structure facilitates the movement of electrons.  Individual cells are 
joined and modules and packaged in arrays which can be on a rooftop, in a portable unit, or in a stand-alone 
structure… The more pliable and efficient polycrystalline thin film and single crystalline thin film can be 
built into windows or shingles, but they are more costly…The electricity produced can be used directly, 
stored in batteries, or sold to local utilities to be distributed to the grid.  PV has a myriad of applications:  
wristwatches, calculators, lights, appliances, water pumps, road signs, lighthouses, satellites, and lunar or 
planetary rovers. 
 
Solar lighting:  By collecting light and transferring it through fiber optic cables, sunlight can be directly 
transferred into interior spaces.   
 
Pros and cons:  These non-polluting methods rely on the ultimate renewable resource, the Sun.  After the 
initial costs and installation, they are extremely inexpensive and require little maintenance.  Due to 
cloudiness and nighttime darkness, these approaches must store sufficient energy or be used in a hybrid 
design along with traditional electricity. 
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7.  BIOENERGY 
 

 
Biomass:  Energy can be derived from the remains of organic materials—plants and animals.  The 
sources used now include wood, plants, the residues from agriculture and forestry, and the organic 
parts of wastes.  These materials can be burned or processed in biorefineries to produce electricity, 
heat, fuels, or chemicals. 
 
Biopower:  Through combustion, biomass can be burned to heat water into steam.  The steam can turn 
the turbines to create electricity in generators, can create heat, or can provide the power to carry out 
industrial processes.  “Direct-fired systems” use wood chips, other wood industry waste materials, and 
even municipal wastes as feedstock.  “Cofiring” of biomass with coal diminishes our reliance on coal, 
with the advantage of reduced emissions (especially of sulfur dioxide). 
 
Biogas:  In a variety of methods, organic materials can be processed to yield high energy gases—
particularly methane.  Methane, a byproduct of decomposition, can be directly collected.  At landfills, 
pipes can be inserted into fields of municipal waste to gather the gas.  Domes at water treatment 
facilities and manure lagoons at farms can contain the methane given off.  This natural process is 
facilitated in “digesters” which aim to maintain the temperature at the ideal 100 degrees.  With 
improved digesters and proper filtering and cleaning of the collected gas fuels, the product can be up to 
95% pure methane.  Researchers are trying to develop even more efficient bacteria, the organisms that 
carry out “anaerobic digestion”—(decomposition of the organic matter in the absence of oxygen)...  At 
high temperatures and low levels of oxygen, gasification converts wood and plant matter into a gas 
mixture of hydrogen, carbon dioxide and methane.  In pyrolysis, biomass feedstock is heated without 
oxygen.  Without combustion, the resulting chemical changes yield a pyrolysis oil that can be burned 
to create electricity. 
 
Biofuels:  Treatment of biomass can also produce fuels for transportation.  Ethanol, a form of alcohol, 
is released in the fermentation of carbohydrates in biomass.  It is used as a fuel additive that reduces 
the carbon monoxide and other pollutants from internal combustion engines.  Biodiesel, the 
combination of alcohol with vegetable oil, animal fat, or recycled cooking greases, can be either a fuel 
additive or an alternative fuel for diesel engines.   
 
Pros and cons:  Biomass is a renewable resource that is relatively environmentally friendly.  Trees and 
plants can be harvested much more quickly and readily than fossil fuels.  The conversion of waste also 
actually shrinks our landfills and manure lagoons.  Increased use of biomass leads to a decreased 
reliance on the more polluting nonrenewable fossil fuels.  Thus we can not only become less dependent
upon foreign oil, but farmers and industry can become more self-reliant as well.  The farmer can create 
a fuel from livestock wastes and, in the process, cut pollution, odors and electric bills.  (An added boon 
is that one of the byproducts of anaerobic digestion is a fertilizer.)  Factories, in converting biomass, 
can create their own electricity, heat, and power for industrial processes.  Individuals can also burn 
methane in microturbines and power fuel cells…Methane, however, if directly released into the 
atmosphere, contributes to global warming at a rate twenty times faster than carbon dioxide does.  
Burning methane and biofuels creates some carbon dioxide, but there are fewer harmful pollutants than 
from the burning of fossil fuels.  Increased demand for agricultural feedstock, especially corn, has 
already impacted world-wide food supplies and costs. 
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