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LOCATION OF AND USE OF ENERGY SOURCES
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Turbine and generator (sketch)

SAMPLE

Turbine and generator (photograph)
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COAL
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drill coal at power plant coal plant
Go to www.k8resources&aQiakmission lines)




OIL

SAMPLE
(ONLY FOR

drilling rigP R EVI EW)

| drill bit
P4 W . k8resources.com
Alaskan pipeline

refinery




NUCLEAR POWER
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fission of uranium atom nuclear power plant
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NUCLEAR POWER PLANT
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DEALING WITH NUCLEAR WASTES
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HYDROPOWER
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WIND ENERGY

SAMPLE

ranch windmill: small wind
turbine; 3-blade wind turbine;
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P R EVI E\Ma e downwind wind turbine;
djurbine in Antarctica;
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Wind turbine and generator wind farm

Credits: Energy Quest, California Energy Commission; Jim Green, NREL; NREL; TVIG Inc., NREL; Warren Gretz, NREL; Northern Power System, NREL; Warren Gretz, NREL




GEOTHERMAL ENERGIES

1. Direct useSwqupqL@l hot water:

Wells and pumps bring up naturally heated water.

2. Geothe{@aﬁ\“&&{ pLFr@R

In summer, warm water Is cooled underground; In

\r/]vér:ﬂtt?rz,g Telativer_l-; P?Ewée\r/'\?j)rought up for

0 10 k8resources.com
3. Geo%erm\'\évi'vé'lectrlc pfan S
Heated water’'s steam powers turbines.




DIAGRAM OF GEOTHERMAL POWER PLANT
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GEOTHERMAL ENERGY

Steamboat Sprn(gs Mnond Studded det bore hole test site

PREVIEW)

Go to www.k8resources.com

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




TYPES OF SOLAR ENERGY

*Passive so%'rAhMﬁ\\g Igf water

-Passive(@lN heating o) pr

eSolar thermal power plant (suniight is

focused on w@rR EV FEW))ower turbines.)
*PhOtoVQURIES, (Rupliaty kpocks egsf etecrons

in solar cells, starting electricity flowing.)




PASSIVE SOLAR HEATING
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PASSIVE SOLAR HEATING
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olar heated space

PREVIEW)
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passive heating of air in collector solar cooking




SOLAR THERMAL POWER

Sun’s rays are re%é%cl\!rlﬁfl'mgltrated on water...
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PREVIEW)
In a trmgho thWn %%EQSOMJ&@%Q@% Two tower




SOLAR CHIPS, SOLAR CELLS, SOLAR TECHNOLOGY

SAMPLE
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PREVIEW)

1-solar chip 5-roof

2-solar cellG@-gianglas/w.k8resources.com
3-thin film 7-atrium

4-array 8-school 7 S




SOLAR-POWERED APPLICATIONS

SAMPLE

traffic sign canopy pump on ranch

(ONLY FOR

lights solar Iith;g) R[JEMI&/W)l rg lighthouse

Go to www.k8resources.com

remote radio Antarctica space station Rover Lander

Credits: Warren Gretz, NREL; Todd Spink, NREL; Warren Gretz, NREL; Jerry Andersen (NW Pulbic Rural Power Districty NREL; Warren Gretz, NREL; Chris Gunn, NREL;
Erik Nelsen, NREL; Shell Solar, NREL; Shell Solar, NREL; Sandia National Labs, NREL; Shell Solar, NREL; Northern Power Systems, NREL; APOD/NASA; JPL/NASA




BIOENERGY: BIOMASS

SAMPLE
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wood ch corn stalks municipal waste

PREVIEW)

Go to www.k8resources.com

wood chips for gasification biomass plant control room




BIOENERGY

SAMPLE
ONLY FOR

BIOGAS: wasteWwater treatment, gasification, and bacteria

PREVIEW)

Go to www.k8resources.com

BIOFUELS: ethanol production, preparation and pump
Credits: Todd Spink, NREL; Jim Yost, NREL; Warren Gretz, National Renewable Energy Lab’s PIX (4)




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 plamd animals. Uranium-based fuels need to be mined
The supplies for these are finite and limited. alfew decades, we will have tapped the easily ezhch
sources, making it difficult, time-consuming andsity to reach the dwindling supply. We depend
heavily on petroleum products for heating, manuifiacg, and transportation. Coal and uranium are
currently the ~"..Ciaurces/” r our € ctric preei’ ..

Renewable resu.. 2s:Th :se . »soL ce 5, ir ¢ ntri 2270 1In ¢ ready S| sy v NOt run out. Several
of these can be trac d /s twe ¢ un: so. v (frc 1Bt Bs shining  wind (f »m the uneven heating iof, a
hydropower (ic... mie’inoveme..t of we.er resulangndrthe voac cyc.c o C oporation, condensation,
precipitation, and runoff), and biomass (from Suowgn trees and plants). The others derive fronerth
perpetual energies in nature: geothermal (fromhtet below the Earth’s surface), tidal (from thé e
and flow of the oceans), and hydrogen (from thateint's many forms).

Producing electricity: To make electricity, energy must be transforméal.a turbine, kinetic energy
(energy of motion) is harnessed. At most powentslea fuel—coal, oil, gas, uranium, or biomass—thea
water to create steam. The steam moves througs pipa turbine where the pressurized rush of steam
darng e bic les . a tuline  The tu hine’s mgnshaft is = dnnected v the . haft and m. gnetdn th
gen rator. T e (lecric  enc ator relies o' theciple of me jnetic inc iction to cre te ele’ ricitA
mo\ 1g magr tic iela vi me e the nega vsely oped electrc 1s ina ci | of copy :r\ re n ave, caysin
an e, <fric<arrel t to fi . This is the | rin@pbehind a k cycle lighe nowe:2d b a dy. amo. The
urning of the wheel of a bicycle turns the shdfthe dynamo. That causes a magnet to rotatedrsid
cuil of wire. The induced current lights up a hjlbin other cases, the kinetic energy of moving ai
water, or geothermal steam directly turns the helsi blades (without needing to create steatd¥ing
photovoltaic technology, solar cells directly trfmmen the Sun’s energy into electricity. (Biomass,
geothermal energy and solar power can also hearvatform steam to turn turbine blades.) The
following table summarizes this information:

FI22"'RCE | rzme MECHAI T H TLECTRI™ ENERGY
) | EIERGY __ |:NERG LW A
Nonri ~awlie: Lo He woocam T ns1 onevlad s C :nera  makes
gas, [ ‘anium | ] || || ele st city
Rene.vable: sola. therme,, Heao Sicam TUNS tuionie wiades seneré or makes
geothermal, biomass electricity
Renewable: hydropower, Turns turbine blades Generator makes
geothermal, wind electricity
Renewable: Photovoltaics Cells generate electricity
| Solar cells Y - I ]

Ethiss of =le~ricty: efirie cy. € :oacmics, anthe.envi oomen - !'eaevable rescurc s hove rhary
advantages: Their supply is endless. They lessedependence on foreign sources. They are better
the environment,—producing much less pollution greenhouse gases... Despite their high initial costs,
in the long run renewable resources provide efficieffective, and eco-friendly sources of powkess
than 10 % of our energy consumed now comes frorwahle resources. That amount will increase with
research, development, consumer education, econoetessity, environmental concerns, political
priorities, and efforts for energy independence.



2. FOSSIL FUELS

The fossil fuels: Most of our energy needs are now mefdmssil fuels. Long ago decaying plant and an
remains were covered over and compressed. Unaérahd pressure, their carbon and hydrogemg ¢o
lesser extent their oxygen and nitrogen), weresfamed into coal, oil and natural gas. Témerg
contained in these fuels can be harvested and $s®de

Coal: During#".c" 22rbonife hus Pe "hd (386~ mi"Cii, nars | go), the! .iliCivast swamps aigiae
fern, leafy ple 'ts and large re >s. W 1 nthe « pid »d, the se kintoth swamps and formechargg-
rich peat. They .2re cc erec ove L th:tanc =k line als that ... .c.med sedimentary rc
Under the resulting f es’ ure, cual fi rmc9°...C avg 2eand sec 1dentury Romans used this hard, bl
rock-like fuel wc.v' Catiry. In tho 1300°C Nalver.cricans usoZ CCll foiisiiilg, cooking amaking
pottery. In the Industrial Revolution of the 17§0toal was used in steam engines and blast fuisndoéhe
1880's coal began to be used for creating elettrictThere are four types of coal—(&nthracite (th
hardest, richest, blackest with the highest amoahtsarbon and potential energy, fouimdPennsylvania
(2) bituminous (“soft coal” found in the easternitdd States), (3) subbituminous (found in the West}
(4) lignite (the most common and softest, found in\West). It is mined by digging in shafts or by sira
away the top layers in strip mining. For procegsind shipping, crushedads moved in trains or boats,
is_mixed with water in slurry to be transportedipes.

Jil: £ 300 milli. 1y 'a. s ag liat ms (tiny < 'a.eatures) died sank, an' weverec LU ider ne ural h
and ressure, he car on wa transforme into Bihy drople S°C.Cll '« ere loca :ch e« renings

norou = rocks’ anc reser ¢ rs | sulted whe shifthé Earth ci ised laye. * of roc s tc trap | akketdl-
mbuea 1ucks. 5,000 years agu nawirdl seepages were used inititdeMEast, anu Native Amencamise
o.\ for medicines and lamps. In 1859 in Pennsyilaakdwin Drake built the first oil well. As the natur:
pressure within the Earth is rarely sufficientdock the oil to the surface, the liquid often mhestrtificidly
pumped up through a well...Sound waves, electricetitsrand core samples carggest promising sites

drilling for oil. While California and Alaska areil-rich, most of our supply comes from foga source:
especially the Middle East...Once brought to the aef the oil istransported by ship or pipeline
refineries. There the petroleum (crude oil) isteéaseparated and combined with chemical additivids
myriad of end products includes aasoline, diedélenfuels, home heating oils. oil for goneratitergicity,
fertiliz rs, toc hpe ste, clc 1ing and plast s.

Natur. yas. Clei 1er .. an oil natural gas' on .stsr astl ethane—mc =2¢ ules w' 1 one :arbon and f
hydro 2n atoms. It is" aunc in_shale, sa v stond, a reaions. (L forts ' r: now concergtor
methane hydrates,—small ice cages housing pocketethane.).In the second century, .he Greeks fc
that lightning ignited natural seepages. In 1821yell was used. Natural gas was“nen used fopgi
streetlights, cooking and warming... Relying uporunat pressure, a series of ggpand valves can coll
gas in “Christmas tree” structure§.he “horsehead pump” can draw up gas. Forcingldsl§and sand
glass beads) can create fractures and the pressmmave natural gas along...While plipes had been us
to a limited extent in cities for stree lightsyesn’t until the 1950's that natural aas was befagsported i
g ea queaattes hrcuch pipes fror souices infAand=xas ard Ok aoria. [n.rofiaing thitural’y
odaress ¢S, chenicalsiare added 0 give T Buyedeteciac. 0u0. 01 ritten. egyRurring natural ¢
nevertheless produces less pollution than gasolif¢atural gas is used for heating, cooking, anc
production of electricity. Propane, or “bottledsdds 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 soutcis, however, non-renewable, and pollution cimties to
such problems as acid rain and global warming.



3. NUCLEAR POWER

Fission: The atom’s electrons (negatively charged eneepkgts) are outside thmicleus, or cente
The nucleus contains protons (positively chargatighes) and neutrons (uncharged particledfher
the number of neutrons and protons are balancediubleus is stable. As the numbers of protans i
the nucleus increases, so do their repulsive @attiorces. This can leave the nuclessunstabl
that it can ups==za fissior- or sp'ting. *'her:m=itm a*om capt=22-2neutransplits: The
original U-2% » atoni (con ai.ing 9 ! wrotor ¢ ani héBiti ns splits w ly into an atom of Bariu
(56 protons arw. "R neu’ ons anc ai ate n Of k e H5ro )ns and ZZolons). The fission al
releases energy in i am na 1a ‘ati N ¢ 1/ th 2e  gtrwons.  hese n¢ Utrons, in turn, can causa ot
uranium ator.oiC sp.c and r.le.se .aore er.orgy auitio. el ..o This process is self-
reinforcing and can become the chain reaction ldeds to the explosion of a nuclear bomb. gIn
nuclear power plant, the reaction is controllegrovide a steady release of energy.

The Process: The leading sources of uranium are Australia, Kagtdn, Canada, and South Afr
Uranium is mined, crushed, ground up, dissolvel@ached, and processed. Most mineghium is
more stahla U-228, with. only 0.7%. being the desitb@25 . Onceturrad. into g=2senus urani
iexe .uoride, sor e of thi U- 38 is se) aratr J diite remail ng “enric”.ed” fue is | oproxi ateBp
U-2 5. This s ¢ otd ) a rowder, pc~'.ed in pelland  laced in tubes ce 'ec fuel v dg.the
pow r plant,’ /he 1 the fu 2l r ds are set | plaissjdn can ¢ ccur. Th energs :as dis -ansferr
‘0 wawmaTusing tto tu ) to mmemt2am t at tdhesturbine | ) create ety in e gel ratn
L e pressurized water reactors, the heated vim@primary loop heats the water in a secondaoy
that is vaporized in the steam generator. In thiknlg water reactors, thieeat energy boils the wa
in the steam generator. In both types, the steacoridensed by the cooling from an outside v
source, to be returned to the core and heated .pgdfnleft unchecked, theeaction would buil
quickly resulting in the melting of the facilitytWwhen the core temperaturises above optimal leve
the control rods of boron or cadmium are loweretiben the fuel rods tabsorb more neutroi
When the temperature falls, the control rods aseda Withconstant monitoring, th= adjusted hei
of the contrc roc 5 can i ain ain a stea 'y and’ .ta ctic | rate.

Pros ' nd cons: | 0% o1 he | '2otricityuse ' .nthe  nitt L St=~pe t - map ' oxime 2ly 10luclea
power plants. (Europe and Japan garner even muvki)e proponents of nuclear /.ower point tc
reliability and lack of pollution, criticpoint to such risks as malfunctions and storaggcdifies.
Safety measures are required in the United Statgsavide for the cooling and shutting dowr
reactors and for barriers to contain radioactivitMeverheless, in 1979, an incident at Three |
Island in Pennsylvania caused some_radioactivityetch the atmosphere, but the radioactive
anarconaniiniiad coclirg rvate - rvee aigely coraain i 1980, hariage W rdv2actei te
Chenoby!'/intae foiniel 5cviet L nanres ul ed 1a telea. € of 'aige arou nts of radioastivit Aow -
level waste must be either buried or stored intenppols until the heat an@dioactivity of th:
contaminants dissipate. High-level waste, spesit fa even more probieatic. In the United State
is being temporarily held until satisfactory perraandisposal sites are approveldore commonly i
Europe, it isreprocessed to get usable uranium, plutonium oified into a solid glass that will lai
be buried)...Even justhe cooling and condensing of the steam by a laker or ocean raises t
temperature of the surrounding water—potentialtgralg the habitat for plant and animal life there.



4. HYDROELECTRIC POWER

The Principle: The energy of movingvater has been harnessed for centuries. The édraestrear
or river turned waterwheels that powered gristnaitel sawmills. More recently, the kinetic ent
from the motion of water invers, lakes, and oceans has been used to turnldtes of a turbine
power a generator which makes the electricity. Safehydropower set-upsinge from large to sm
to micro (with.the last providing.nower to. indivialuifarms_ranches and _homes).ive-differen
technologie/ have weenr 2 =lope ocres. po mrthie no ementc water; ande, from the he
of tropical oc. =~ waters

Diversion: .~~~ ari flow oi a1 ver ape ap| 2d to crea >.~'~2atric 2+ ‘ithout the ofa dam
water can be channeled into a canal or penstoblereTthe force of these run-afer applications ce
push against the blades of a turbine, which tura<bils of wire inside a generator to make eleityri

Impoundment: Larger operations involve the staggiand release of larger volumes of water. C
can provide a large reservoir of water, some ofctvHiows down the penstock to turn the turk
Adjusting the flow allows for the contraf the amount of electricity being produced, foe tevel o
the reservoir, and for the amount of water arrivdlogvnstream.

Pur ped stoi \ge Cntrc ov rthe elec ici y produced ca be edég 1 a pum ed storage facili
Du ng perio’ 5 ¢ de e sec demand foi :lectrigciights an weenen s) water s f uwnp 1 bgehc
beh. dad~.,0 lyto. < rel ased at alz =r timneg higher emand.

Jidal energy: The natural flow of tides near the coast is useghtber water at a higher level bet
a dam. To be of practical value, the differencevben high and lowides must be about sixteen fi
France and Canada have found much success ussngettod.

Wave energy: On a smaller scale, the motion of individual eceaves has been tapped to cr
electricity. The rising water of a wave either g@wer a piston or caforce the air out of a chamt
towe mhlade S turbie - “teturn theryeperd™ 'mobren us d to pow or lighthouse:
auto 1ated | U0 ;.

Ocei 1 thermal z2nerg * cor rersion (OT.'C A tr me dous amoi 17 of ‘a¢ Sun’e heat ener
retai..ed by the ocearc, ecoClilly in ticpical reate. oo Carces of weler witk a tempera
differential of at least thirty six degrees Fahmitlareused. An OTEC unit in Haw i was starte:
1979 using the warm surface water and deep oceter.wia their closedycle operation the energy
the warm water vaporizes ammonia (a liquid witloa boiling point) in its first heat exchanger. *
vapor pressure of the ammonia turns the turbimea decond heat exchanger, the colder ocean
condenss the ammonia back to 2 liqui<; which is thenrretd to the first heat exchange to be he
ap ngaii. \In‘cpeny iz CTIEC L1its, tha warpi ocean wate i it ej‘arized by creating very e
Ar resse) Thenolcer cean water, (vhickimdsrisen Riakt Her re 2s' rom this process) dvs
been used to condense the warm, humid air of tipéct to create distilled water.

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



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 griaih.
Holland employed the power of windmills to pump ardrom lowland areas.

Wind turbines: Like apinwheel, the blades of a wind turbine will tumthe wind. With the hub of t
blades attached.*~.a horizontal sheft that turmae bo fransferred to a eo~rhahane the turning spe
can be increi sed. ‘inattu i Jcau =sage (i duce . ecl city. Wi d speeds need to Heast 12
14 miles per . m=to acce apl h thi ; =t if vi B me to stt ngontro =~ hrokes prevent damagr
the equipment Dowr. jinc .27 »s,\ ho e/ otc s a :T1orced dc vidwigpic lly have two blades. Upwi
turbines, usu '\ h27.n¢ .hree bl de , he 2 ye wed vith motore that kee the rators facing int® whnd
The rarer vertical axis wind turbines can be egtgveshaped (the Darrieus) orsBaped (the Savonit
which are used more for pumping water and grindjngin...A single wind turbine can be used
electricity for a house, a school, or a remoteagdl. Wind farms are common in California, whighduce
11% of the world’'s wind power. The electricity issed directly, charges batteries for later povier,
distributed to the local grid, is sold to locallitigs, or isincreased in voltage by transformers to be
through high power lines ovlonger distances.

Tios A~ ~ons of-wind pawe=: After 21 initial.costlyinstallet~=.22ind tirhinas are.~k=22n and e
mair ained. “he) I e n en ssions ar. ! pro .ugmhation. T ey can bs a boon »fa ners a drarn
wh( ;e vast, | ide op n lc 1Wds orovide ga ¢, for their own = ind furbi es or for rer alesitf~  utility
con ranies. ’ ne) alsc e 1 pr vide power | remmtations. O the other 1and, the y a : onl; oractici
windy ~re27and vent. ret exwinds will otdreststently blc ving. Since thein’s me * be in. ifficie
and inconsistent, wind power is often used in hd/Bsistems with other power sourc&ome critics bemo:
tne noise, the aesthetic distraction, and thetfeattbirds can be victims of the wind turbir

Direct use of geothermal hot water: There are three ways of tapping the Earth’s hdatdirect us
methods, wells and pipes bring water naturally écdty the Earth to heat buildings, warm greenhg
warm swimming pools, run ageature programs, dehydrate foods, and even meitvsan roads ¢
sidewalks.

Geot 2rmal | eal Jumps. 5H s usethe 0-60 ¢ .gre ' tel peratures ypit [ 4 ye' rou d at depths
arour 1ten f et| alow s sy ~222%the farth dmn er, ¢ Z720=d loc mnori g v ater v armed in a
hous' to the rele ively ooler jround wher it sled i 1\d 1 en returnec tc¢ the ¢ ne’s ir erior...intev.
watel neated by 1e rele ‘vely »ormarsoil ¢ ripegic 0 & 2ildin~to h ) hee  ne air, Domesticen

can be preheated using a heat exchanger.

Geothermal electric plants The first and simplest have been the dry stelam®@ With those, the stean
temperatures above 300 degrees directly turnsutiénes that power the generators to create etégt
Flash steam plants convert geothermally heatedrwias is under naturally high pressure into stéa
chambers with lower pressure. In the rios' comnewigd _the hinarv-cvcle olant, the geothermal wer
00300 Hegreas) hees a cecondi r/ fluia i i @x #=igor. This secord lui | has ~!“war boilic pp s
ivie‘easily Coitver:2d ‘o tl 2 clearn acw!l e turdine!

Pros and cons of geothermal power:Geothermal power is a clean and reliaieleource, but its availabili
is limited. While its heat is renewable, in some locations, watay need to be reinjected to mainta
sufficiently high pressure. The areas offering iest hot geothermal fluids and shallow aquiferduite
Alaska, Hawaii, California, and some other areashimwestern United States. After high initial co
maintenance measures and costs for geothermal poe/&w.




6. SOLAR ENERGY

Passive solar heating of water:The two primary units in harnessing the energghefSun are theollectol
and the storage container. The collector’s glatgtass or plastic cover) helps insulate a box toatainsa
dark absorber plate. In active systems, a pumpesidive heated water. In passive systezneyectiol
currents circulate the water (relying upon the @ples that warmed fluids edess dense and therefore
while colder, denser fluids will be pulled down bwavity). Preheated water can engehot water tar
which then bricigs wup to 7 > desi .1 temp . att acaww ! w er can  su ue used to heat thefa
building.)

Passive solarheatinc of/ ir The > a : fiv 2 cor pol 2nts to he ting the idéa bilding using the Sun
energy. (1) Thewerwre usually a window, allows ine light in. () rabsuiuens the hard, dark surfa
that collects the rays. (3) Thieermal massmasonry or a container of water, stores the &eatgy. (4) Th
distribution of the heat is accomplished by conduction (dicecttact), convection (circulation of heated .
or radiation (passage of heat energy through way&3)Thecontrolsare the various feates of the buildin
that modify the heating: south-facing windows, hedaining construction materials, sensors, blivess.
dampers, curtains, and overhangdhis heating can be “direct” when features of thelding itself ar
heated, as in the walls or floor. It can also imglitect” when a container of wet or a separate Trom!
w#'t abserhs and stores the heat during the Ay, tonrelease. it in _the evening when the heat er
r diat’ 5 out t¢ the :(oling oor he heat an a'.o warm an is lated roo’ « suchs. 35 ce or ¢ ‘eenhol
/hos  warmec ail ca. be pas iively vent. 7' .nto thia tiving ¢ hace_or (ctively £ bw in hv arfSolal
ooki 9, using nirl ir-lik > < irfa es, can pas it food.)

S vlar thermal power plant: Sunlight can be focused to heat water to craatersto turn turbines to pav
generators to make electricity, and it's all dorighwnirrors. There are three types of arrangements of
mirrors: Reflecting troughs of parabolic mirromncbe automatically rotated to traitie motion of the St
to focus the rays on a pipe of water. Dish-shaymiéctors reflect the rays towaadthermal receiver whe
a fluid is heated to drive a piston or to turn avelishaft to produce electricity. A vast arrayhefiostats or
individual mirrors, can reflect light to a powemter.

Photo\ i (P 0 i09V0 oo wivol es the/ Cor rers Lo wgi dner . P! otoltaic cells, als
known 1s sole ce s,use 1e un'sradia feng go <el ctronsloc e fr n the ato s. Therenoen
of the "wlas to &l e ¢ 1> suiface gis . cha Je  merendal \ hic 1 ¢ ee 2s el trici§ilicon s

most ¢ '/mmonly t ie as ‘s cr stalline struc v elifatd th movemen ¢ ele t ins. | dividual elte
joined and modules and packaycu i arrays whichheadn a ivuiwup, in a porte unit, or in a standlone
structure... The more pliable and efficient polycajlgte thin film and single crystalli‘.e thin filman b
built into windows or shingles, but they amore costly...The electricity produced can be uskeecty,
stored in battees, or sold to local utilities to be distributeal the grid. PV has a myriad of applicatic
wristwatches, calculators, lights, appliances, watemps, road signs, lighthouses, satellites, landr ol
planetary rovers.

Sclar_lightiry:' 'By ‘cclecig lght e nd t.ansferrira it throagh foer cotc ¢xbrs mlight can b diroc
transferred into interior spaces.

Pros and cons These norpolluting methods rely on the ultimate renewablksorece, the Sun. After t
initial costs and installation, they are extremahgxpensive and require little maintenancéue tc
cloudiness and nighttime darkness, these approauhss store sufficient energy or lsed in a hybri
design along with traditional electricity.



7. BIOENERGY

Biomass: Energy can be derived from the remains of organiernaé—plants and animals. T
sources used now include wood, plants, the residues froiculagre and forestry, and the orge
parts of wastes. These materials can be lbluoreprocessed in biorefineries to produce electr
heat, fuels, or chemicals.

Biopower: Tl -ough comb usian, £ 3nass'c nt :burn d{ heatw testeam. The steam camn
the turbines to vicite el ctric ty ir gune’at rs, ==*Cneg  or cam sviuc he power to carry ¢
industrial prcresses’ ‘T rect-ti 2d 5ysi 2 ns’ use woodssla 1er woo  industry waste materjaac
even municipar wastes as feedswock. “Cofinng” of biomaiss cuan dinmisiies oureliance on coe
with the advantage of reduced emissions (especially of sulfuideio

Biogas In a variety of methods, organic materials can begswed to yield high energy gases—
particularly methane. Methane, a byproduct of decortipasican be directly collectedAt landfills,
pipes can be inserted into fields of municipal wastegather the gas. Domes at water treat
facilities and manure lagoons at farms can contain the methara gi¥. This natural process

feilitat o tdigl cters” [ whil h aim Y mair aain themige «o.cat thodnal 1 cgacis. Wit
“npre /ed dige tel s cnd ¢ op - filtering nc cleaning of o ‘ated ga¢ fuels, tt roc uct car be up
5% ure mef ar :Re ce¢ ch rs are tryin to develop eve ....c.2 ¢ fibacteri ,t _'C. anismst

arry  ut “ans erol ic dig » tio. '—(decom| asition of thgam : matter 1. the a¥ sen e of ¢ 'ygenit.
I gh temperatures and low levels of oxygen, gasificatiomverts wood and plant matter into a
misture of hydrogen, carbon dioxide and methane. holgsis, bianass feedstock is heated witt
oxygen. Without combustion, the resulting chemicahdes yield a pyrolysisil that can be burn:
to create electricity.

Biofuels: Treatment of biomass can also produce fuels for tratadjpm. Ethanol, a form of adtol,
is released in the fermentation of carbohydrates imags. It is used as a fuel additive that rec
the ci wuir MOl sawe and vuier plllutants fre M eiwenk istior engir 2s.. Biodiesel,
combi ation fa :oholv th =getable ¢ |, an’ nal #atrc cycled co kin¢ ¢ “eas 2s, ¢ \n be either i
additiv o, an alt inac ce fue 1or aiesel e \gir es.

Pros and cons Biomass Is a renewable resource that Is relatively environmefite! dly. Trees ar
plants can be harvested much more quickly and readilyftisaii fuels. The conversion of wastisc
actually shrinksour landfills and manure lagoons. Increased use of i®rfeads to a decrea
reliance on the more polluting nonrenewable fossil fuels. Thusaweot only become less depen
upon foreign oil, but farmers and industry can become moreedilfit as well The farmer can cre:
a fue! from livestoc!s wastes and, inth 2 p ocessycut-pollutions @tok elesiric Lills (An addsd bre
is tha. one D1 1ne Hyprodacts of araerobc dicessamnor lizer.) |actoies, 11 convarting bio i
can create their own electricity, neat, and poweridaustrial processesIndiviauals can also bu
methane in microturbines and power fuel cells...Methdmmyever, if directly released intde
atmosphere, contributes to global warming at a ratetymes faster than carbon dioxide di
Burning methane and biofuels creates some carbon dioxidéwdvatare fewer harmful pollutants tl
from the burning of fossil fuels. Increased demé#rdagricultural feedstock, especially corn,

already impacted wor-wide food supplies and cos



