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INTRODUCTION TO ENERGY RESOURCES TRANSPARENCIES

CONTENT: This is one of a series of transparenitidbe €iences designed to aid teachers in gt
4-8. The visuals and supporting information carubed as a stand-alone curriculum or to illustrat
concepts introduced in textbooks and lectures. déscriptions and images include nonrenew
resources, renewable resources, and environmemtalderations. The overheagsogress from tt
more basic principles to increasingly complex c@tgeand teories. Each page of informat
corresponds to one of the overheads:

1. Types of resourcediow nonrenewable and renewable resources canigeadectricity

2. Fossil fuels:how oil, coal, and gas are jath: ec, tre at :d an £d to release power

3. Nuclear powerhow the energy of the uranium atom can proaueetigtity

4. Hydropower:how the energy of water from lakes, rivers, dar@ldcean can be harnessed

5. Wind and geothermakaw the wind.and the Earth’s heat can he useH4at and electricity

6. Solar: how the Sun': ene/grcer b transfirmed for murt” pur.oc es
7. Bioenergy: how plants and landfill wastes can be processeive energy

8. Transportation how traditional and alternative technologies pane

9. Conservation of hee how s mnle p 2ctices cen < av 2heating anc co ses

10. The environmenthow we can reduce waste and pollution

SOURCES: While some of the images were createdcesfy for this packet, most came from
internet. Almost allof the latter are in the public domain. For thheos, permission was recei
from the photographer, artist, or agency. Credgiven along with the picture itself, and the in&s
addresses on the back pages list the locatiortseahtages and thieformation used in preparing ti
packet. (Especially helpful were the websitte National Renewable Energy Laboratory

collection, the California Energy Commission’s EmerQuest, and the Department of Ener
energy.gov.)

USE: Theie isa culetion of images ori eacii transpaiericy.” This ariaesgé aiiows reiated topics
be conveniently grouped and allows costs to berma@d. (A simple way to display only a few of
Images at a time is to cover the other images witihheet of paper.) €hdescriptions are intendec
assist teachers in presenting information...This nge of the ten sets in the science transpal
series,—Animals, Astronomy, Ecology, Energy Resources, Ggpl Human Body, Matte
Oceanography, Weather, and Work, Force, Eudion. These and other offerings can be viewt
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. TYPES OF RESOURCES

NONRENEWABLE Maps showing locations of Turbine Generator
PN coal, wind, solar, geothermal, Credit: Energy Kids’ Page, National Energy
vd Coal and biomass sources Education Development (NEED) Project
Credits: California Energy Commission
OII Energy Quest web ; NREL.gov PIX (4)

m Natural Gas
r Propane

v SAMPLE

RENEWABLE

=2 (ONLY FOR

Wind

\\
7

" eme PREVIEW)

Credits: Microsoft Powerpoint Clip Art

U. S. Energy Consumption

By Source
Data from: EIA, U.S. Department of Energy

Turbine generator
Credit: Weirton Steel, NREL.gov PIX
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1. TYPES OF RESOURCES AND ELECTRICITY

Nonrenewable resources:Over 90% of our energy comes from nonrenewableuress. Oil, coal, gas,
and propane all derive from the decaying of plamsg animals. Uranium-based fuels need to be mine
The supplies for these are finite and limited. alfew decades, we will have tapped the easily exhch
sources, making it difficult, time-consuming andsitp to reach the dwindling supply. We depend
heavily on petroleum products for heating, manufiacg, and transportation. Coal and uranium are
currently the chief sources for our electric poweeds.

Renewable resources:These resources, in contrast, are in a ready supgatywill not run out. Several
of these can be traced to the Sun: solar (fronSt@s shining), wind (from the uneven heating iof, a
hydropower (from the mover.ciit of Yiater resu:in yinthe wate cCycle’s evaporation, condensation
precipitation, and runoff), ana cinma,s fro 1. Sacwg trees and ‘aints). The others derive froneroth
perpetual energies in nature:..aeot'iermal (fromli £ belo v the Farth’'s surface), tidal (from thd e
and flow of the oceans), and hydrogen (from thameint’s many forms).

Producing electricity: To make electricity, energy must be transforméwl.a turbine, kinetic energy
(energy of motion) is harnessed. At most powentglaa fuel—coal, oil, gas, uranium, or biomass—tea
water to create stear:. Tiic Ste 2m 110 /€S ti rouds pgpa uiuine wiidre uic aressurized rush of stea
turns the blades of ‘a tirbine Tie tu bine’s “gnshaft ic .~2nr ectec t -th< shaft and magneten tt
generator. The electric gerzrg or lics on th xcqple of riagneus.irduction to create electricit
moving magnetic fielc will make the negatively aed electrons in a coil of copper wire move, cagisin
an electric current to flow. (This is the prin@pbehind a bicycle light powered by a dynamo. The
turning of the wheel of a bicycle turns the shdftree dynamo. That causes a magnet to rotatedresid
coil of wire. The induced current lights up a bulbin other cases, the kinetic energy of moving ai
water, or geothermal ste zuiivdir=cuy tu s e el blares (witho ot nzeding to create steatd¥ing
photovoltaic technology .selar =2'"s cirectly ‘rgam th >=Cun s 2ie gy into electricity. (Biomass,
geothermal energy and solar howor an alsc nearv atform' tec n t¢ turn turbine blades.) The
following table summarizes this information:

RESOURCE KINETIC MECHANICAL ELECTRIC ENERGY
ENERGY ENERGY

Nonrenewable: coal, oil, | Heats steam Turns turbine blades Generator makes
gas, uranium electricity
Renewable: solar thermal, Heats steam Turns turbine blades Generator makes
geothermal, biomass electricity
Renewable: hydropower, Turns turbine blades Generator makes
geothermal. wind . electricity
Renewabl: TF NOtOVAItAICS Cells Jenela e electricity
Solar cells \|

Ethics of electricity: efficiency, economics, andhe environment: Renewable resources have many
advantages: Their supply is endless. They lesgedependence on foreign sources. They are Hetter
the environment,—producing much less pollution greEnhouse gases... Despite their high initial cost:
in the long run renewable resources provide efiigieffective, and eco-friendly sources of powkess
than 10 % of our energy consumed now comes fromwahle resources. That amount will increase witt
research, development, consumer education, econoessity, environmental concerns, political
priorities, and efforts for energy independence.




2. FOSSIL FUELS
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2. FOSSIL FUELS

The fossil fuels: Most of our energy needs are now mefdssil fuels. Long ago decaying plant and an
remains were covered over and compressed. Underand pressure, their carbon and hydrogamd (o
lesser extent their oxygen and nitrogen), weresftamed into coal, oil and natural gas. Témerg
contained in these fuels can be harvested and $sede

Coal: During the Carboniferous Period (3886 million years ago), there were vast swamps waitjae
fern, leafy plants and large trees. When thesetpldied, they sank into the swamps and formedangg-
rich peat. They were covered over by the sand; alad minerals that later formed sedimentary r
Under the resulting pressure, coal formed....Cavelpeand secondentury Romans used this hard, bl
rock-like fuel for heating. In/ne 1307 s N :fiven;eri:ans used coar 1or heating, cooking anaking
pottery. In the Industrial Revoluucn of the 176X0e waeuse lin's Caii engines and blast fusndoéne
1880’s coal began to be usel foi creating el ot ici here ¢ra.fol r.hmes of coal—(Enthracite (th
hardest, richest, blackest with the highest amoahtsarbon and potential energy, foumdPennsylvania
(2) bituminous (“soft coal” found in the easternitdd States), (3) subbituminous (found in the W et}
(4) lignite (the most common and softest, found in\thest). It is mined by digging in shafts or by §ing
away the top layers in strip mining. For procegsnd shipping, crushedads moved in trains or boats,
Is mixed with water in siurs, 2 be transportegines.

Qil: 300 million yeais agcdia’on's (\ty iea cre: tures) die |, sani._ans. ¢ we:>d. Under natural h
and pressure, the caihon was transformed into Bihy droplets of oil were located ithe openings

porous rocks, and reservoirs resulted when shifthe Earth caused layers of rocks to trap poobktsl-
imbued rocks. 5,000 years ago natural seepages were used initddieMEast, and Native Americamuse:
oil for medicines and lamps. In 1859 in Pennsyl@agdwin Drake built the first oil well. As the nature
pressure within the Earth is rarelv sufficient ance the oil to the surface, the liquid often mustartificidly
pumped up through a we ...Shuxd wav s, elec'rice aly ‘al d core sen plis ¢aurggest promising sites
drilling for oil. While Cal ‘ornia na Ale ska ar@. r'ch, ncst of our stnoily comes from faga source
especially the Middle East...Once brougnt to tne aaaf tne oil istranspo ted by ship or pipeline
refineries. There the petroleum (crude oil) istedaseparated and combined with chemical additivids
myriad of end products includes gasoline, diegbkefuels, home heating oils, oil for generatitecticity,
fertilizers, toothpaste, clothing, and plastics.

Natural gas: Cleaner than oil, natural gas consists mostiypethane—molecules with one carbon and f
hydrogen atoms. It is found in shale, sandstond, @al regions. (Efforts are now conceniwgtor
methane hydrates,—small ice cages housing pocketethane.). In the second century, the Greeks fc
that lightning ignited natural seepages. In 181yell was used. Natural gas was then used fopdi
streetlights, cooking and warming... Relying uponunat pressure, a series of egpand valves can coll
gas in “Christmas tree” structureShe “horsehead pump” can draw up gas. Forcingi$land sand
glass beacs)-cen creae fractures a1d the prassna e natura’ jas a'ony...'Wnile piioe s had been us
to a limited extent in cities for streetlightswiasn’t until tne 1950’s that naturai gas was beragsported i
great quantities through pipes from sources in @andexas, and Oklahoma. In refining theturally
odorless gas, chemicals are added to give it gdyedetected odor of rotten eggs. Burning natgad
nevertheless produces less pollution than gasolimMdatural gas is used for heating, cooking, anc
production of electricity. Propane, or “bottledsgas a liquefied petroleum gas (LPG).

Pros and cons Fossil fuels supply us with two-thirds of oueetricity and most of our transportation.
Easily processed, it is a practical energy souttes, however, non-renewable, and pollution citmities to
such problems as acid rain and global warming.




3. NUCLEAR POWER

Fission of uranium ﬁA M P I Iéuciear power plant
reait:

Credit: U.S. Nuclear Regulatory Commission OCRWM, DOE
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Nuclear Power Plant

Credit: U.S. Nuclear Regulatory Commission
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Disposing Low-Level Waste Planned Disposal of High-Level Waste

Credit: U.S. Nuclear Regulatory Commission Credit: U.S. Nuclear Regulatory Commission



3. NUCLEAR POWER

Fission: The atom’s electrons (negatively charged eneapk@ts) are outside thricleus, or cente
The nucleus contains protons (positively chargatigh@s) and neutrons (uncharged particlegyher
the number of neutrons and protons are balancedjubleus is stable. As the numbers of protans |
the nucleus increases, so do their repulsive @attiorces. This can leave the nucleasunstabl
that it can undergo fission, or splitting. Wheru@nium atom captures a neutransplits: The
original U-235 atom (containing 92 protons and h&Btrons) splits uglly into an atom of Bariu
(56 protons and 88 neutrons) and an atom of Kryf86 protons and 53eutrons). The fission al
releases energy in gamma radiation and three egtraions. These neutrons, in turn, can caus& ot
uranium atoms to split an/ releasc moe € el gy cftltione neutrons. This process is self-
reinforcing and can become w2 chian reecton b ==25 t) the capiosion of a nuclear bomb. gln

The Process: The leading sources of uranium are Australia, Khgtdn, Canada, and South Afr
Uranium is mined, crushed, ground up, dissolvelgached, and processed. Most mineghium is
more stable U-238 w'n caly 9.7 6 deing the. desitki!35. oncutu nea into gaseous urani
hexafluoride, some of ‘he U 218 s se oaratec dite rem aiuinig “enric h :u™ uel is approximateBs
U-235. This is grc ina & a powaer, pucked in pelland placea-in tubes called fuel rods. the
power plant, when the fuel rods are set in plaissjdn can occur. The energgleased is transferr
to water causing it to turn to the steam that tdhesturbine to create electricity in the generat(n
the pressurized water reactors, the heated virmtmprimary loop heats the water in a secondaoy
that is vaporized in the steam generator. In thengy water reactors, thiseat energy boils the wa
in the steam generator Iri both 1/p s, the steam ncensec by the cuoling from an outside v
source, to be returnec w the core and hectred .5 ge miett Ln:h>ckec theeaction would buil
quickly resulting in the meltiny of ine iacuityWwnen the cuie temperai’/ises above optimal leve
the control rods of boron or cadmium are loweretivben the fuel rods tabsorb more neutroi
When the temperature falls, the control rods aiseda Withconstant monitoring, the adjusted heis
of the control rods can maintain a steady and stegzlction rate.

Pros and cons: 20% of the electricity used in the United Statasie from approximately 1Gfuclea
power plants. (Europe and Japan garner even muvéije proponents of nuclear power point tc
reliability and lack of pollution, criticpoint to such risks as malfunctions and storag@cdifies.
Safety measures are required in the United Statgsavide for the cooling and shutting dowr
reactors and for barriers to contain radicaciivitMeverbeless, in. 1979, an_incident.at Three |
Island in Penncylvaniz caused scme radicaciivitreth tnagtnesnhers, bt the 1alioactive |
and contaminated cooling water were largely coethin (In 1986, damage to a reactor cor
Chernobyl in the former Soviet Union resulted ia telease of large amounts of radioactivitylJow-
level waste must be either buried or stored intenpbols until the heat anddioactivity of th
contaminants dissipate. High-level waste, speglt fa even more prohieatic. In the United States
Is being temporarily held until satisfactory perraandisposal sites are approveldiore commonly |
Europe, it isreprocessed to get usable uranium, plutonium oified into a solid glass that will lat
be buried)...Even justhe cooling and condensing of the steam by a laker or ocean raises t
temperature of the surrounding water—potentialtgraig the habitat for plant and animal life there.




4. HYDROELECTRIC POWER

Hydropower
Dam; Alaskan
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Harnessing Wave Energy Open-cycle OTEC unit

Credit: Energy Quest; California Energy Commission Credit: National Renewable Energy Laboratory



4. HYDROELECTRIC POWER

The Principle: The energy of movingrater has been harnessed for centuries. The &draestrear
or river turned waterwheels that powered gristaliel sawmills. More recently, the kinetic ene
from the motion of water imivers, lakes, and oceans has been used to turpldatdes of a turbine
power a generator which makes the electricity. Safehydropower set-upsnge from large to sm
to micro (with the last providing power to individufarms, ranches and homes).ive=differen
technologies have been developed to create power tiie movement of water; ande, from the he
of tropical ocean waters.

Diversion: The natural flow si ¢ rive: calb . tap, e woreate e'ccuicity. Without the oka dam
water can be channeled into «w=ane. o perstet er sth firce ¢ “thase run-over applications ce
push against the blades of a turkn2, wkich t'ia ct Is of v ire.in :ide 3 generator to make eleityri

Impoundment: Larger operations involve the storing and releafSlarger volumes of water. Dams
can provide a large reservoir of water, some ofciwhlows down the penstock to turn the turk
Adjusting the flow allows for the contraif the amount of electricity being produced, floe tevel o
the reservoir, and fo' th~ araou »t of witer a rivdr.gvnstrei .

Pumped storage: Contial ever the  le »tricity | roduced ¢an be »sewin a ptmped storage facili
During periods of decreased demand for electrigitghts and weekends) water is pumped hazhc
behind a dam, only to be released at a later timnmg higher demand.

Tidal energy: The natural flow of tides near the coast is useghtber water at a higher level bef
a dam. To be of practit ai valt e, uw e ‘nnerencavk el h g ani lo:ide’ s must be about sixteen fi
France and Canada ha = four 2-mvdch saccers st e uncd.

Wave energy: On a smaller scale, the motion of individual oceaves has been tapped to cr
electricity. The rising water of a wave either gaower a piston or caforce the air out of a chamt
towardthe blades of a turbine used to turn the generakbrs has been used to power lighthouse:
automated buoys.

Ocean _thermal _energy conversion (OTEC) A tremendous amount of the Sun’s heat ener
retained by the oceans, especially in tropical vgateTwo sources of water with a tempera
differential of at least thirty six degrees Fahreiblareused. An OTEC unit in Hawaii was starte:
1979 using the warm surface water and deep ocetar.wia their closedycle operation the energy
the warm water vaporizes ammonia (a liquid witlowa boiling point) in its first heat exchanger. -
vapor prescure of th2 ammonia furis tha tumimeadecond heat ‘exchanqger, tne ©olJer ocean
condenss the ammonia back to a liquid, which is thenrretd 10 the first neat excnange to be he
up again. (In opewycle OTEC units, the warm ocean water is itseffor&zed by creating very Ic
air pressure.) The colder ocean water, (whicham risen eight degrees from this process), s
been used to condense the warm, humid air of tipecs to create distilled water.

Pros and cons: Hydroelectric power is a renewable and mpafiluting means of generating
percent of the electricity in thd.S. Since it requires the right conditions, s@teees are not suital
while others are. (Washington, witks mountains and rivers, gets 87% of its eleyriédrom
hydropower.) Care must be taken to diminish thegacot on fish, especially those that migrate.




5. WIND AND GEOTHERMAL

Wind turbine and g(sra;; raanLW smand turtlne; 3-b;e WBoine; 2-blade downwind

wind turbine; wind turbine in Antarctica; wind farm
Credits: Energy Quest, California Energy Commission; Jim Green, NREL; NREL; TVIG Inc., NREL; Warren Gretz, NREL; Northern Power System, NREL;
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Diagram of geothermal power plant; Steamboat Springs;
diamond-studded drill bit; bore hole test site; pipes at
geothermal facility; geothermal power plant; dry steam
geothermal plant

Credits: Energy.gov/U.S. Department of Energy; 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



5. WIND AND GEOTHERMAL

Windmills : Windmills have long been used to transform thergy of the wind into mechanical energy.
2000 B.C. the Chinese were using windmills to pumaper, and the Persians were using them to griaith.
Holland employed the power of windmills to pump &rarom lowland areas.

Wind turbines: Like apinwheel, the blades of a wind turbine will tumthe wind. With the hub of tl
blades attached to a horizontal shaft, that turmiug be transferred to a gearboxiene the turning spe
can be increased. That turning causes a gendéogbooduce electricity. Wind speeds need to Heast 12-
14 miles per hour to accomplish this; yet if widmscome too strongiontrolling brakes prevent damag:
the equipment.Downwind turbines, whose rotors are forced downlyigpically have two blades. Upwi
turbines, usually having three k!ad=s, have yawedr vt mantors that licep the rotors facing in whnd
The rarer vertical axis wind tu:hines ai bc 2g'd es1aonsd the [ arrieus) orsBaped (the Savonit
which are used more for pumpinj ‘vate: ind g ncyngin... A sinjle wind turbine can be used
electricity for a house, a school, or a remoteagdl. Wind farms are common in California, whprhduce
11% of the world’s wind power. The electricity ised directly, charges batteries for later povier,
distributed to the local grid, is sold to localliigs, or isincreased in voltage by transformers to be
through high power lines over longer distances.

Pros and cons of wi'id /Jowe. ,u'er ar initial cestlyinstal ation, ‘wind ‘u bine . are cheap and e
maintained. They ha'e i 0 em 3 onx an | produc ®hotion.  ney ¢an be a docn to farmers and rars
whose vast, wide-open lainus pruvide gemes foi their own wind tuiruines or for rentalesitfor utility
companies. They also can provide power in renmtations. On the other hand, they are only practici
windy areas, and even there the winds will not dreststently blowing. Since theinds may be insufficie
and inconsistent, wind power is often used in hyByistems with other power sourc&ome critics bemo:
the noise, the aesthetic distraction, and thetfettbirds can be victims of the wind turbines.

Direct use of geotherma =zt w aci Th=ic are th ee w ys of (arpiac the Earth’s hdat.direct us
methods, wells and pipe¢ bring water r2te=2lly ¢ pddy th *===<th *> h-at b iildings, warm greenhq
warm swimming pools, run aqoature programs, dehydrate foods, and' even meitvsan roads ¢
sidewalks.

Geothermal heat pumps: GHPs use the 50-60 degree temperatures typiwalhd yearround at depths
around ten feet below the surface of the Earthsuimmer, a ground loopan bring water warmed in a
house to the relatively cooler ground where itasled and then returned to the home'’s interior...intev,
water heated by the relatively warmer soil can ipeginto a building to help heat the air. Domestic et
can be preheated using a heat exchanger.

Geothermal electric plants The first and simplest have been the dry stelamig With those, the stean
temperaturzs ‘ahave. 300 degrees. directly ‘urrSiitignts _that power the qaenerators.to create eddgt
Flash steam ulans convert gzoerraaly heated viase. s urcer haturally.high pressure ‘nto stea
chambers with lower pressure. In the most comnesigd, the binary-cycle plant, the geothermal wgder
100-300 degrees) heats a secondary fluid in adxedtanger. This second fluid has a lower boilinopp so
it is easily converted to the steam that will ttia turbine.

Pros and cons of geothermal powerGeothermal power is a clean and relialelgource, but its availabili
is limited. Whle its heat is renewable, in some locations, wataly need to be reinjected to mainta
sufficiently high pressure. The areas offering liest hot geothermal fluids and shallow aquifersuite
Alaska, Hawaii, California, and some other areashmwestern United States. After high initial co
maintenance measures and costs for geothermal Eoe/éow.
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