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companics can pur.
chase them 2 small medula it that become operational
§ shot peiod. A wilty company can purchase PV clments
Comimiing A illon dollas o more and  decade o e o
iretion for  masive conseational poweeplant. Used i his sup-
Plementzy way. he PV unitscoukdprovid the aitionalcnergy
heeded,fox exarmple, o pover rigaion pomps on ot susny day
T remote areas that e ot served by elctrc power plans,

e ot el fox eyt o exend powe hines
vaccines, grind grain, charge batierics. an ‘\w‘\ rural homes.
T g Accoin 1ot i for Siaablc Powe
i Lo At Affcs hov nsled PV sl el

et e homen. A PV panel the sz o two i b

o sapply arra bousehold withepough lecuricty foc ive lighes,

The cout of manufactring PV modules s steadily declined
over th past fosrdecades rom an average actoey eice of lmost
$90 pes wat n 1975 0 bt $090 per wai in 2012. The cost of

prodocing clectiity from PV remsin a bi highe
S techn e st as (S0.03 10 $0.09 per ilowat
oy, bt can be competiive with ydroclecric powes ($0.07
Kilowat-hour).
Future techn
aomicaly compeiive with clecricty produced by €9
ety soarces. The production of thin-fim sola clls, which ire
mchchesper reased coss Thi
e pradoced a fleibl shetsthat e ncorporaed o blding
mate fing shingles. More
han 120,000 Japancse homes have indaled PV solr ocrEY o
{n inthe past few years, and Cl
e foofs by 2015, Other promising technological advances are

jca rogres wil make PVs ncreasingly <o

manuficture,has o s can

uch s s, window glas,and

i has commited 0 Tl

e seastznd ol celsand nano-scale PV technologis.

1. Whatis activ ol snergy? Passive solar !

3. What v he advantagesof roducing elecricy by ol themal.
anerty? By photovltic PV sola celi?

Indirect Solar Energ:

Tfine biomoss, explin why ¢ an example ofindrect 5030
vty and oulin how s Used 13 source of enery,

Dot thelocations tht can makie cptmum use o wind o€y
ot ropeowe,and Compar thepotanial fwind enery 3
Dydropomer

Combution of_blomass—wood and_othet
anic mater —is an example of indirec 30ar
energy because green plants, which use S0aK

eoerky for photosyatbess, sore the oergy it

Windaills,or wind tarbines,

enerue clecrcity 83 ype of hydropower

becaune sl energy drvesthe hydry

e Chupter ).

ENERGY FROMBIOMASS

Blomass, o of the oldes fels known o humans, consists of

it a s growing plant and algal crops,crop WAKiS,
e and wood chips, anima wastes, nd wood (Figure 128).
it Cotain chemealcoerey that comes from the s radh
ot cocrey, which photosyntete organims use 0 form organic
cleesis Biomass i  renewabi form of nergy when used 2o

e than it i prod
Tl when biomas 5 overwsed (see Chapter 7). Bomss
e replace ol fucs. The eatite photosynthesis prodction of
o oiinatal Urited State amouets 0 oy balf of our curest

s that would mean devorng i 10 10 0er U,

e o which can be  solid iguid. o s s burned 0
elease s cnergy, Soid bio

e food,paper, and comsrucion materias.

s such s wood is bumed dirctly
to ctain eergy. Biomass- rewood,charcoal (wood
it i hated 1 30 xygen-fee environment 10 COnCERIT it
oergy and drive off waieq, anmal dung.(pimariy undigested
o fer. and peat (paty decayed plant matier ound in bogs.
T swampa)—sopplies 2 substantial portion of the. world's
merey: At Jesst hlf o he humat popoltion elies o0 bomass a5
i i s ofeoersy.In developing counties, wood s the
ey fue for cooking. Biomass ccounts or about 4% of toal
'S, encray prodoction: Bioaas in the form of low-cost esidues
{rom s, popee ils, and agricuural indstsies s burocd i
Povwer lans o peaceate sbout 7.6 gigawatts (GW) of elecuricty.
i b possble 1 convert biomass, particolrty animal wascs,
ot blogas. Biogas, which is wuly composed of 4 mixture of
s (mosy methane), s sored and transpocied ke naturl g3
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155 clean fuel—its combustion proces fewer polluants than
ither coa or biomass. In India and China, several millon family
sized biogas digesters use microbial decompositon of household
‘and agriculural wastes t produce biogas for cooking and lighti.
‘When biogas conversionis complet,the solid remains are emoved
from the digester and used s ferilizer. Alinough the technology
for biogas digesers is relativcly simple, the condition inside the
digester, such a the moisure leveland pH, must becarcfully m
tored fthe Bacteia are 0 produce biogas at an optinum level

Biomass can be converted 1o liguid fucls,especially methanol
(methyl sicoho) and ethanol (ehyl lcobol), which can be wsed in
internal combustion engines.In many pars ofthe world, aomotise
fuels must contain 10 ormoreethapol. Biisel, made from plant
o animal o, is becoming more poplar a an aertive fuel foc
diesel enginesin trcks, form equipment, and bosts. The ol s ofiea
efined from wasie ol produced at restaurants e .. the ofl used 10
make french frics: biodicsel burms much cleane than dise fel.

Although some US, energy companies convert sugarcanc.
om, or wood crops o sicohol, others are interestd in the com-
‘mercial conversion of agrculiural and muricipal Wascs into
ethanol. Costs are high but declining, and an increasing oumber
of waste-to-cthanol conversion systems are coming on lne. Sev
eral companies are curratly building plants that convert biomas.
(using comaalks,rce straw, th fbrous residucs from processed
Suparcane, and sewage sludge) o ethanol, Currntly, the prfi
abilty of ctanol i possble nly because o governmeat subsidies
hat reduce thanol’s cost. Companies planning wast-to-cthanol
processes acknowledge they need govermment subsdies intially
but think they eventually will compete with gasoline without
government help.

"A major challenge forliquid biomass fucl s that i can take
Jarge amounts of caergy t produce them. In ddition, they are ot
always “climate-neuiral” since more CO. may be produced than
Captured. However,recen escarch suggests hat usiog switchgrass
ot ethanol in the Great Plains may actually store more carbon in
{he ground (s roots and rhizomes) cach year than s rlessed from
he thanol. Switchgrass has the added benetit hat, when covering
{arge areas, it can reduce erosion and provide habitat for threat.
cned praiic plant and animal speces.

Advantages of Biomass se Biomass is an tractiv source of
energy because it reduces dependence on fossi fucs andoficn uses
Wastes, thercby reucing our wast-disposal problem. Biomass is
sually burned 0 produce energy, 50 the pollution problems of
fossil-fel comivstion paricolary carbon dioxid cmission, e
ot completely absca i biomas combustion, However, the low
levels of solfa and ash produced by biomass combustion conr

e favorably with he levels produced when bituminous coal is
bumed. It possible to ot the CO, eleasd o the atmosphere
from biomass combustion by increasig ree planting, As trees
photosysthesize, they absorb atmospheric CO and lock it p in
‘rganic moleculesthat make up the Body of the tre, thercby pro-
Viding a carbon “Sink ™ Thus, f bomass s rgeneraied o replace
{he biomassused, b0 et CO, s contributed 0 the atmosphere.

oisdvantages of Bomass s Use of bomas, copcil
e e e ok =y
production Tequires land, water, and energy, Becasse e of

indirectSolarErargy 231

sgriculural land for encrgy crops competes with the growing of
foo)crops, shiftng the balance toward cnergy production might
deercase food production, contributing 1o higher food prices. In
“addition, the energy used to produce biomass ofien requires some
use offosil fuels
AL least half the world's population relies on biomass a5
jts main source of cnergy. Unfortunately, in many areas people.
bum wood faster than they replant tres. Intensive use of wood
for encrgy has resulied in severe damage (0 the environment,
inclding soil erosion, deforestation and desertifcation, sif pol-
tion (especially when burned indoors), and degradation of water
supplics.
P Coop residucs,  category of blomas that includes comstalks,

wheat stalks, and wood wastes at paper mill and sawmills, are
increasingly being used for coergy. AL fist glance, it may seem
hat crop residues, which normally remain in the soil afie har-
Vest would be a good source of energy i they were colected and
bumed. Aftr al, they are waste materals that will eventually
decompose. However, the systems perspective reminds us that
crop residues eft i and on the ground preveat erosion by hokding
thesolinplace,and their decomposition enriches the soil by mak-
ing the mineral orginaly in plant residues available fornew plant
growth. Il crop esiducs were removed from the ground, th soil
would eventually b depleted of miperals, and is future productiv-
ity would decline. Forest residues, which remain in the soi after
rees are harvested, fll similarecological oles.

WIND ENERGY
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Figure 12,9 Harvestng wind energy.

ey o Gt i Th 0t wi e g vid
e, g 10 he Anerictn Wind Evrgy A
e orth Ihkmer\.h Kansas, South Dakota, Moe-

Ok, Minncson, and fowa. 1
R st he wind ey i Norh Dakio, Texs, nd
ekl ot we cood sopply moc thancacugh
B et e et e of e e Uied St
s ot underway n s and may o
e s i enrey s capred and placed o rgiosl
e deloin wid cocry 0n & ol scle
ey prodced n Tesa d d in New Yok Ci)
e eiopment of e technoogies for s 0d i
it sy

Claion, are
{ana, Nebraska, Wyoming

The tse of wind powe docs ot cause major envionme
{af problens, athoagh reported bird and bt kil represat one
onterm. The California Encrgy Commission esimated that scy
ol hundred binds, many of them rapors (bids of prey), e
o dead i he siciiy ofthe 7,000 trbines at Allamont Pass i

Ciforsa during o two-yess sty most b colided with the
Jaes dternined that Alamont Pass is 3 majoc
o ptiway. Technical “xes,” stch as paincd bldes
and antperching devices 1o discourage
{be tawers, were implemented at Altamont Pass. Ot
e reqed 0 shut down operation during peak igratcey i
o, Deelopes o future wind farm sites curently conduct vol
Titary idife s andty o lcaie st away from bird and

arbines. Stdies
biad migras

s have

Wind peoduces o0 wiste and i  clean soure of energy.
produces n cmisions of s dcxide, carbon dioxde, o Bitr>-
e anads, Every Kilowatt-houe of cleciricity generated by wind
Povwer e than fosslfcl prevents 05101 kg (1102 ) ofthe
Breeahouse gas CO, rom entrin the unospbere. The iggest co-
Siaints on wind are cost and public resisance. Wi research and
prcuction have no b subsidized 0 the same extent a8 nclesc
Eoerey e lomass;nonetheless, s costsof other energy sourees
{ocrease wind isbecoming inceasingly compediv. The Not i my
bockyand (NIMBY) effect (se ltr in the chapte) plays a mived
ot Some pople considerwind frms o b aiactiv, whi others
{hinkthey s ncsy and visualy pleasant blights o the andscape

HYDROPOWER

Hydropower is the workd's main renewable source of elecrl
el generstion, producing about the same. amount of lectricity
S do the work?'s nuclar pover plants. The sun's oergy drives
e hydrologic cycl, which encompasis preciptaion. vapar

{ionfrom land snd watc,transpication {rom plants, wod drsinage
‘o (s Figare 4 6). As wate flows rom higher clevations
back 10 scafevel, we can hamess s energy. The potental eneegy
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of water held back by a dam s converted to kinetic encrgy as the
water falls down a penstock, where it
clectricity (Figure 12.10), Hydropower is more ffcient than any
other cnery source in producing electricity—sbout 90% of avail
able hydropower encrgy is converted into clectricity. Table 122
‘ummarizes the reasons for and problems with dams.
Hydropower gencrates approximately 19% of the worll's
electricity, making it the most widely used form of solar encrgy
The 10 countres with the greates bydroelecric production are,in
decreasing order, Canada, the United Staes, Brazil, China, Russia,
Norway, Japan, India, Sweden, and France. In the United Sttes,
‘approximately 2,200 hydropower plant produce between 8% and
12 of s electricity, making it the country's leading renewable
energy source, Highly developed counties have already built
‘dams at most of thei potentialstes, but hi s ot the ase i many
developing nations. Pariculaly in undeveloped, unexplaited parts
of Africa and South America, hydropower represeals a great
potential source of electicty
Although most sites for traditional hydropower plants are
alreadyin use in the United States, new technologica innovations.
show promise for expanding our bydropower capaciy. About
97% of existing U.S. dams curently do not gencrate electriciy.
because traditional hydropower technology is suted only foc large

ms turbines to generate

Figure 12.10  Hydroslectric powsr A contrled low of wtee
Felased down the penstock s  ubine, which enerie oty
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Table 122 Advantages and Disadvantages of Dams

ReosnstoBuidoams Prablamswetoars
B pove Frlogcl Gpion
o downstream

Mechanical power
Irigaion
Navigaion

Flood control.
Commercal ishing

 Sediment sopped in dam
« Waer source divered
« Fish migration haled at dam
Eevlogicaldisroption n

Resrestion reservoir
« Fihing  Habia floded

« Swimning + Seumen b

* Boing + Pollution i toxic maerals are:

submerged
Displacereatof peop
Lo of cutualresourees
Catastrophic ilore
Disexe

Scismicity

Evaporaion from reservoir

dams with rapidly Newing watcr and large flow capacties. The
ew technologies can produce electricity at smaller dams. Several
‘companies now manufacture trbines that harness clecriity from
Jacge, slow-moving rivers o from sirams with small flow capaci-
ties. As these new technologies improve,they have the potental to
increase the amount of electricty generated by hydropower with-
ot the construction of a ingle pew dam.

Impacts of Dams ~ One problem associated with hydropower is
tha building a dam changes the natural flow of a river. A dam
causes water to back up, looding Jarge areas ofLand and forming
reservo, which desiroys plant and animal habitas. Native fshes
are particulrly susceptibe to dams because the orginal river eco-
system is s0 aliered. The migration of spawning fish i also dis-
rupted (see the discussion of the Columbia River in Chapter 13).
Below the dam, the ance-powerful river is reduced (0 8 relative
trickle. The natural beauty of the countryside is affected, and cer-
ain forms of wilderness recreation are made impassible or less
enjoyable, although the dams permit water sports i the reservoir.

Atleast 200 large dams around the world are associated with
reservoir-induced seismicity—earthquakes that occur during and
after the filing of & large reservoir behind a dam. The larger the
rescrvoir and the st t i filld, the greater the ntensity of seis-
mic activity. An area does not have to be scismically active to have
canhquakes induced by reservoir.

In arid regions, the crestion of 4 reservoit resuls i grester
evaporation of water because the reservoir has 4 large and slow
moving surface area as compared 10 the original stream o river.
Asaresull, serions water los and increased salinty of the remain-
ing water may occur.

1 a dam breaks, people and property downsiream may be
endangered. In addition, waterborme discases such as schistosomi-
asis may spread throughout the local population, Schistosomiasis,
a tropical discase caused by a parasitc worm, damages th liver,
urinary trat,nervous system, and lungs. As moch as Blf the pop-
ulation of Egypt suffers from his disease, lagely a5 a resut of he
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Aswan Dam, boilt o the Nile River in 1902 to contol flooding
ot used since 1960 o provideelectic power,(The larg reservoir
bebind the dam provides  habittfo the worm, which spends part
o s 1fe cyele a the water, The worms nfect bamans when ey
bathe, swim, o walk barefoot long, watr banks or when they
drink infected water)

The cnvironmental and social impacts of a dam may not be
acceptable tothe people fiving n a patcular aea. Laws peevent
o restrict he buiing of dams in cerain locations. I the United
Stais,the Wild and Scenic Rivers Act prevenss the hydeoelctic
‘development of cetain rivers,athough the pumberof ivers pro-
{ecied by this Jaw i les thas 1% of thepaton’stotal sversysems.
Ouber countric,soch as Norway and Sweden,have similar .

Daims cost  reatdealto bulkdbotare rlatively inexpensive
1o operate. A damn has a lmited e span, sually 50 0 200 years,
ecuase over time th reservoie illsin with sl unil it cannotbold
enough water 10 generate clectriciy, This trapped si. which s
ich In mutrients, 18 prevented from eariching agriculural lands
Gownstream. The gradual depleton of agrculural productivty
downsteam from the Aswan Dam in Egypt is well documenied
Egypt now relies on heavy applications of chemical exlzers
maintin he fertilty ofthe Nle Rver vlley and it de

S R e
i
T D T
e
R e
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T T
T b
b e s
e e,
T

ave becn submerged. Also, even as agreuliure is mproved
owasteam, housands of bectare of arabl lands upstream have
een foaded and therchy removed from production.

China niially hod difficulty finding invesiors, since the
ety abowt design, consiruction, and eflciveness WS %0
‘rent Watrborne disases,inclding malaria aod shitosomiasis
e Tikely 1o ncrease. As people moved away from the reseroic.
e entr ciies were razed and emoved: i i ikly tht (xic
o s wel 35 buman s aninal wastes remin, which could
Contaminae the newly creaied reseroir. The rie of sedimenta-
{ion, o buldup o silt ehind the damn is not well undersiood. Too
much sedimentation would undermin all he major reasons for the
i igation, food coutrl, and hydropower prodoction. B

(OTHER USES OF INDIRECT SOLAR ENERGY

A e otber forms of indirct sola energy ay become impor-
ant i the foure. Ocean wavesare produced by winds, which are
ced by the sun: wave cnergy Js therefor consdered an idi-
et formof solr nergy. Like oter ypes o flowing water, wive
e potentia ot a tubive,thrcby generating clec
A Britan, Japan, and several other Couniries

e invesigatin the production of lecrcity from ocean Waves.
T commercial wave power sation are currently operational,
offthe cosss of Scoland and Portugal

e flure, we may geperae poer Sing 0GEaD eTperature
sradicat,th diference in femperature at sarious ocean depis.
s moch s 1 24 ifference xiss between warm suface water
2 cold, deeper ocean wate. Ocesn emperature gradicnts, which
e gresiest in the tropics, ae the resultof sola cnergy warm
g the surface of the ocean. Ocean thermal energy conversion
(OTEC) would iake advantage of this tempeature difference
o produce clectricity or 1 cool bulkings. The firs commercial
OTEC,plant is under constrction i the Natural Energy Labora
fory of Hawii Authority on the sl of Havwaii. AS technology
{mproves and costs of oher cRerRY Sources £0 Up. 0CEan Waves
0 OTEC may become more viable

1. Whatisbomass?

2. Wit re the advantages and disadvantagesof Using wind 10 po-
e lecticiy? O using hydropower o produce dactricy?

Other Renewable Energy Sources.
Leaenine onireTIVE

- Desribe geothermal energy and tdal energy, the two forms of

Tenewable energy that are ot difect o ndiec resuls of solat

gy

Geothermal and sl cnergy are encewable energy sourcs that are

ot ditect o indiret rsults of solar enery, Geothermal nergy.
15 the maurally occuring hest within Eart. Tidal energy, caused

?
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by changes in water level betwen high and low tdes s explited
10 generate clectricity on a imited sale.

‘GEOTHERMAL ENERGY

‘Geathermal energ
sncient

e natural heat within Earh, arses from the
at within Earth's core, from friction where continenial
plates lide over one another, and from the dec:
of radiosctive elemens. The amount of geoth
mal energy i enormous. Scientsts estimate that
JUSt 1 ofthe heat contaned in the uppermost
10k of Eath'scrust i equivalent 10 S00times
the energy containedinal of Eath'scl and
ural gas resources. Nonctheless, because it i difcult to exract,
‘eothermal is ot ikely to compete with wind, hydropower, or
Solar energy.

Geothermal cnergy is typicaly associated with volcanism.
Areas of geologically recent volcanism contain asge underground
heat reservoirs. As groundwater in these areas ravels downward
‘and is heated. it becomes buoyant and iscs un it s rapped by
an impermesble layer in Esrl's crust, forming a hydrothermal
reservoir. Hydrothermal rescrvoirs contain hot waer and poss
bly steam, depending o the temperature and pressure of the fud.
‘Some of the hot water o sicam may escape 0 the suface, creating
ot springs or geysers. Hot springs have been used for thousands
of years for bathing, cooking. and heating buildings.

Hydrothermal resrvoirs arc tpped by drillng well similarto
hose used for extracting ol and nauralgas. One option i o heat
watee, which can then be sed t heat uiklings. Altemaively, the
heated fuid can be broughi 1 the surface, and the resaling steam
i expanded through  turbine {0 spn a geneator, creating clectric
ity (Figure 12.11).

‘The United Sutes, with about a 2.5-GW capacity, is the
world's largest producer of geothermal clectriciy. Elctric power
i currently prodoced at geothermal fels in Alasa, Californa,
‘Nevada, Utah, and Hawali, The worlds largest geothermal power
plant s The Geysers,  geothermal feld n northern Califoria that
provides electricity for 1.7 million homes. Orber important pro-
ducers of geothermal encrgy inclode the Philippines,laly, Japan,
Mexico,Indonesi, and Iceland. Total geothermalelctric apacity
s curtenly about § GW.

Iceland, s country with minimal fossil-fucl o noclear energy
resources, 1 geographically situted (0 optimize the wse of geo-
thermal cnergy, Located on the Mid-Atlantic Ridge, s boundary
between two contincatal plats, Ieeland i an siand of intense
Volcanic activity and consequently has considerable geothermal
resoutces. leeland wses geotbermal cocrey o generse lectrcity
and 0 beat twothinds of it homes. n addition, most o the frits
‘and vegetables required by the people of celand ae grown in o~
hermally beated grecnbiouses.

Geotbermal cocgy is comsidered envirommentaly herign
compared. o conventionsl fossl-fucl-based. enery technoln:
i because it cmits caly a fiaction of the i polloanc Toe
most common environmental hazard associated with

; ber.
malencrgy I the emision o hydroge sulde () g which

energy o Eavs
hestingartne
Honote

25

Figure 12,11 Geothermal energy. Show s one desig for o
scothermal pover plan. Pessuized hot watr pumped from under-

mond gencaies sieam in  heot exchanger. The stcam tur a turbine
and genrats clcticity. Afler it e, te ieam i condensed snd
recielaid. Thecooler bot sl presurized waer i enjected o the
pround, ehestd, and vd agsin

comes from the large amounts of dissolved minerals and salts
found in the steam or hot water, Some geothermal reservoirs con
tain H.S in quantities that require mitigation to meet air qualty
standards. Air pollution-control methods are highly cflective but
o ncrease the energycost. A lesser concern associated with geo-
thermal energy is that the surrounding Land may subside, or sink,
a5 the wate from hot springs and their connecting underground
reservoirs i removed. Although experience has shown this is

0t  problem at most geothermal felds, it has occurred at a few
of them.

‘Geothermal Power and Water Use The water used to tans-
fex heat from geothermal well tothe surface is not incxhaustible.
Same geothermal applications recirculate all the water back into
the underground rescroir, ensuring decades of heat extraction
e v s comsume a porion o te waer,
eveanually depleting water in the underground reservoir. A good
cxample s The Geyer gotherml bk, were s ey 40
‘ears of production, about halfthe water is depleted but about 95
of the heat remains inthe rock,
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Geothermal Energy from Hot, Dry Rock Conveationa wse
Seothermal cocrgy i on hydrothemal reservoics—ibat
pwotcr—to brin the bes to the surface. These geo-
{hermal resources ar fimitd geographically ad epeesent ol
& small raction o toal geodbermal energy. A allenaive is o
Sccess he vast amout of geothermal eoergy stored in hot, dry
fock. Resarchersat the Los Alamos Ntional Labortory in New
Mexio demontrated the feasiilty of drlling iio s, dey rock
fractuin rock with hydraulic pressre: then circlaing v nto
e factre 1 make an atificial underground reservoi. The pres:
rized wates was returoesd 1o the surface i  second wel,where i
{urmed toseam and drove an electicty-generatng trbine. Tech
o creac such systems is expensive, bt i time it could
reaty expand the exient and e of geothermal esources.

Heating and Cooling Buildings with Geothermal Energy
ocreasingly, geothermal encrgy s employed 1o heat and cool
commercial and residentia buiklings. Geothermal heat pumps
(GHPe ke advantage of the difference n temperature between
Eart's soface and subsurace (t depths from 1 10 aboot 100
), Underground temperaures foctuate only slightly and src
huch cooler i summer and warmer in winet than st empers.
{ares, GHP have an underground arangemment of pipes conainiog.
icuiating fluids 0 extract sl beat n winir, When Eari acts
5 hat souree, and 1o transer exces heat underground in e
Tacr, when Earth acts s  hea ink (Figure 12.12). The bundreds
f et of pipe form a ground loop tha feeds into a eat pump,
‘which direess the flow of besied or cooled ai. Geotherml betiog.
yictu can b modifedto provide supplemental ot watr

“High intalltion costs curraly fmit the number of GHPS.
However, with the growth of green architectre and risig foel

Figure 12,12 Geothermal heat pump. This disgra s busd o0
1 el e o i e Phillp Merill Envioomeral
Cnte in Anaplis, Matylan. The pips running thogh the baling.
s dergroand s closed loop. n s, which s he
ipre ototng e walefromthe bkl (rd ige) s from
{he roand cooled (e pips). I wine, h ogputc happeas: OV
{og ol waer s wannet when s o the biklin, The proand's
emperte 4 acontant 122°C (S4F)yearroud.

costs, commercial and residental wse of GHPs is on the i
Bencis include low operating costs, which may be haf those of
comentonal sysims, and. high efficicacy. The Emiroameotal
Provection Agcney (EPA) estimacs that GHPS o the most <ff
o beating sysem avalabe, two o three times more fficient
{an cber hotng s, prodoce the fowest arbon dioxide

TIOAL ENERGY

Thdes thealernate sing and fallng of the surface watee o the
ovean and sca hat geneeally oceu twice cach day, re the result
o the graviatonsh ol ofthe moon and the sun. Normally. the
iflcrence fn watr el etween high and ow tides s 3bout 0.5 m
{122 11, Cerain coustal regions with artow bays e extremely
Jarge iffrence i wate lvel between high and low ides. The
ey of Fundy in Nova Scotia has the Iargest ides i the world.
wiha difeence of ot 16 m (53 ) between highnd low tdes
Wair o high tde contains enomous amounts of potental
cneryy o compared 0 low tde. This tdal energy can be captred
ot danm aceuss a bay or a trbine that works much ik 4 wind.
{arbine) and comverted into clecrcity. Tl
awer plnts cumenly operse in France, Rus
. China, and Canada. However, otl global
prodction ool afew MW and s not cxpected
1o incresse much i te near fuure

1. Whatoe thepros and cons o sin goathermal nergytoproduice
eciny?Of using il power?

N Nuclear Power

- istinguishbetween nucear energy and chamical energy.

 Descrbe the muciear el cycl, Incluing the process of
envchment

- efinenuceoreoctor s describe atypicalnucearpower escor

“The remainder of this chapte explores nclear energy and ts ol

in electricty gencration. In 1905, Albert Einsteln first hypoth
esired that mass and energy ae related in bis  naclar eperty The
now-famous cquation £ = me,in which encrgy  eoeeyolesed

i o s ) s b e o
{6 e This ot i e, wich e
i comenod 1 nry,hd ket 1o i vt st
e

L S ——
it il o coppin 1 o snct b
Vs s foml s, Combontion i o hmes T, 10
ity chemin s, st of o el o o Ghange
oo o ntherclemet, o o o ek s ()
inge o cocy. The e e  comrtion s ot
it escions cones o chnges e chemiclbods ot
e e s g Chemcl o e it teeen
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clections, and ordinary chernical reactions nvolve the FEATAIES
ment of clectroms (see Appendis 1),

In contrast. energy
changes in the mucli of atoms; small amounts

en Th ot uclear nvolves

ment, sceomparied
by he s o age
‘smountoterty

of matter from the ucleus are convered into
Jarge smouns of energy. Two diffrent nclear
resctons release energy; fssion and fusion
In fsion, the process nuclear power plnts
use, larger atoms of ceran elemcats are split
ot two smaler stoms of diffrent clements.
Tn fsion, the process tht powers the sun and
other stas,two smalle atoms are combined (0
make one large atom of a diferent clement.
T both fission and fusion,the mass of the cad
produc(s) i less than the mass of the strting
materials) becsuse a small quaatity of the starting materials) is
conserted intococry

Nuclear reactions prodoce 100,000 imes more energy per
atom than fs avilable from  chemical bond between 1o loms.
T nuclear bombs, energy from many atomie fissions i telased
all it once, producing a tremendous surge of energy tha destroys
cverything i s vicinity. When nuclea caerzyis used 10 geneate
Slectricity the nuclear reaction s controlld to prodice smallr
‘amouts of cnergy inthe form ofhest, which is then converted 0
electricty

"Al atoms are compased of positvely charged protons, ega-
tively charged electrons, and elctrically neutal peatrons. Protons
‘and ncutrons, which have spproximtely the same mass, re clus
fered in the cener ofthe stom, making up its nucleus. Elecrons,
‘which posses e mass i comparison with protons and ncutzons
orbit around the nucleus in distnet regions. Electrially neutai

toms possess dentical numbers o postvely charged protons and
Degatively charged clectons.

“The atomic mass o an clement is cqual o the sum of po-
tons and ncotrons in the s, Each element has  characteistic:
‘wtomie mumber, o number o protons per atom. I contras, the
Tumber of neatrons in cach aom of & given clement may vary,
resling in atoms of one clement with diffrent stomic masses.
Forms of a singl element that difle in tomic mass e Known
s Wotopes. For cxample, normal hydrogen, the lightest clemen,
‘ontains e poton and 10 heutrons n the nucleus of each aomn.
The two iotopes of hydrogen are deuterbum, which contans one
proton and one nevtron per nuclus, ad trithum, which contains
‘e proton and two neutronsper nucleus. Many sctopesar stabl,
ot some are uastabl: the unstabi ones, calld radioisotopes, e
radioactive because they spontancously emit radiatlon, a forn of
encrey conssting of partices. Th ooly radioisotope of hydrogen

wo bghtweightstomic
oo orsnge
panid b the eesse
ol starge amountal

ey
E e
L e
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Ehe ot
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e rateof ecay. The time require for ape-hal
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of the total amount of a radioacive substance (0 change into &
iflenent mstial s called ts radioactive halt-fife. The half lives
‘o diffrent radioisolopes vary cnormously (Table 12.3). The balf-
e of odine (1:232)fs oaly 2.4 hours,the halflife of titium is
12:3 years, and the halFlife of an isotope of uranium (U-234)is
250,000 years.

Ursaiu
conventional nuclear pover plans, is @ nonre
newable resource. present in imited amounts
in sedimentary rock in Eath's crust. The stcps
{nsolved in producing the uranium fuel used in
uclear power plant, from mining 10 disposal,
‘rccollctively called the nuctear uet cyle (Figure 12.13).

Subsantil deposits of uranium are found in Australia (20.4%
of known world reserves), Kazakbstan (18.2%), the United States
{10.6%), Canada (9.9%), and South Afrca (89%). In the United
Sttes, uraniom s found in Wyoming. Texas, Colorado, New
Mexico, and Utah, Uranium ore contans three isotopes: U-238
(99.28%), U235 (071%), and U-234 (les than 0.01). Because
U235, the isotope used in conveatonal fssion
reacions, is such  minor part less than 1%)  processbywhich
of uranium orc, uranium must be refined after —ium oreis refined fer

35 minngioincesethe

Concerzation o fion-

SDievas,

octea ontcyde The
Droctes nvoved n
Droducing the el ed
st esctors nd
indisposingof st
e rcles wastes

ore. the mineral foel used i

mining to increase the concentration of U
o at least 3%. This refining process, called
anvichment, is energy-intensive

Afte arichment, the ranium fucl used in a
uctear resctoris processed into small pelets o
ursnium dioxide;cach pellet contaas th energy
equivaleat of 100 of coal (Figure 12.14a). The
pelets are placed o fuel rods, closed. tobes.
ofin a5 fong as 4 m (about 13 1), e fuel rods
e then grouped into square fuel assemblies, generally of 200
rods cach (Figure 12.14b) A typical nuclear reactor contains 150
10250 fuel assemblies

In nuclear fision, U-235 s bombarded with neutrons
(Figure 12.15), When the nuceus o an atom of U-235 is stuck
by and absorbs  neutron, i becomes unstable and splits fnto two.

evcnthat ot snd
maimaine s controled

foreecy

Table12.3 Some Common Radioactivesotopes Associated.
with the Fision of Uranium

Lo Half-Life (yeors)
foe 1 e
Romon 133, 004153 days
comiss o
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Figure 12,13 Nuclear fuel eycle rom miningto disposal.The
e of b Sgar shows o mined o ocomes fcl 0
e pla. The right e shows ediocive wases it st
e e s dspond o doring e cycl. ok ies e
e s s ok curodlyaecuring. 1 1976 e Usied Sics sopps
e ol for conomic s poical easons:
dom, o i e e
v eprocoin spt e o eve s et fel. Decp
kol pet o s curaty e dy sl coun
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s, nclading he Ued Sses.

cmaler toms, cach approximately half the sie of the crginal
ranim atom. In the fssion process, o o three peulrons are
i eectedfrom th uraniom atom. They collde with ther U-235
o, pencrating a chain reacion as those atoms are spit and
o newtronsare releass 1o colide withadditonal U-235 toms.

The fision of U-235 relases an enormous amount of beat.
used o trnsform water ino steam. The sieam, n tum, s wed f0
Sencrste clecircity. Producton of electriciy s possib bocune
The fvion resction i contrlld. Recal that mucleas bornbs make
e of uncontroled fssion reactons. I the control mecharisn
s ouelear porwer plaat were 1 fil & bombike aucear explo-
o could ot take place because nuclear fel only has 35 1 3%
11235, wheress bombgrade material contains t feast 20%—and
asall about 855 10905 —U-235. I the ighly unikely event of
‘an uncontroled fssion reaction, 3 immense amount of heat could
e generated. However,the reactor vessl and masive cOncTele
o buiing re designed 0 contain the e, aloog With

he ttcndantradicactviy

Fach et conains

() Toe i pelles e foaded
Joog folrod, whic e grouped 0
e foc] e

Figure 1214 Uraniom fl.

@

Figure 12,15 Wuclea fsion Sxing s e f e of e e
peatron bombardment (1) of  uranium-235 (U-235) muclews causs t 10
i i sl e s gt (3 s verl ¢
ot ). The e erons bomband ey U235 ol cousing
{hen s (4 el il mor fce netrons (5 3 chin e
Ko Mty il e of i o fragments v et
ain the sonof U-235. iR

ELECTRICITY FROM CONVENTIONAL NUCLEAR FISSION

About ot of US. e power plats ave resrizd
s eactoe. Thee ave for mai prs: e reci e, e
et gencato, e traoe, ad ¢ Condemser (Figre 1216
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Figure 12.16  Prassurlzed water reactr. Fision of uranium-235 ha occurs s the rescot veselproucesbest, it produce i i he
o gemcrso. The seumves  ine o everate electricy, The scam thn Javes he trbine and s pomped through & conders before et
o 10 e i o Putbpig bk e rom he condense 03 ke o rasvecooling ower contrlsexces b, Aflr it s cocld,the wter
{5 putnped hack i the condener: Approvimaicly to-ind of all sclea powee lats n the Ui Sais are of s .

Fission occurs in the reactor core, and the heat prodoced by
oclear fision i sed to prodoce sicam from liquid water in the
Steam generator. The turbine usesthe siam 1o drve a generator
hat produces electriity, and the condenser cools the sica, con-
Verting it back toa liquid.

“The reactor core contins the fuc] assemblics. Above each
fuch assembly 1 & control rod made of a special metal alloy that
absorb neutrons. The plant operstr signals the control rod t0
move ciber up out ofordown intothe fuel ssembly. I te control
Fod i out of the fuel ssembly,fee neutrons collde with uranium
‘o in the foe rods, and fsson takes place. If the control rod
s completely lowered into the foel assembly, it sbsorbs the free
eutrons, nd fssion of uranium 0o longer occurs. By controling
he placement of the control rods,the plant operato produces the
exact amout o fision required.

reactos use liquid sdium rather than wter a5 a cools
s  hghly reactive metal that reacts explosively with water and
urms spontancously i ai a the high emperatures maintained in
reeder reactor. Loss of ths coolant would resul in an uncon-
{rolled reaction that would slmost certainly ip open the contain-
‘ment bullding relcasing radiosctive materials intothe atmosphere.

n adition, because it is chemcaly differeat from uranium,
Plutonium s much easer to process nfo a weapons-grade material.
‘As additiona couniies develop nuciear power, breeder reactors
‘willallow them t0secrey prodce bomb-qualiy plutonium moce
essily than by processing uranium. The plutonium used for India’s
st nuclar test bomb in 1974 came from iis “ciilian” breeder
feactor development program. The United States performed the
st breeder rector experiments but abandoncd it brecder reac-
tor development program in 1977, during the administration of
President Carte, 3 decision supported by every subsequent U.S.
president.

More common, pariculrly in’ Europe.

 BREEDER REACTORS AND MIXED OXIDE FUEL (MOX)
FOR NUCLEAR FISSION

ived it o
are reacors. that use mixad oxide fuol (OX).  (MOX) Arescor el

Uranium ore is mostly U-235, whichis nt fissonable and is a For MOX reactos, spent fuet from standard comins-

wase productof convemtionl uciar fision. I breeder noclsr  uranum-based reacors i reprocesed. and the L0191 anm axide

fsion, however, U-238 i convered 10 pluto-

and o ouce.

s o extracted pltonium and U-235 are used ¢ fucl.  Tmepincmices
ten Aypesmim, PU-239, iionabi solop no found in Thisopton can s be sed 10 mix some of the. o Fom epocmsed

it Tssan A BATE. Some of the neirons emited i breeder  pluonium from noclear weapons wilh rasiom e o Homoer

oriserabe U281 s fiion e aidional posum  and 5 10 geere cleiricity, MOX s ow  Suniinsocotes.

from U-238. A breeder reacor this makes more
fissionable fucl than it wses. The fuel i then
reprocessed 10 concenrat the Pu-239 for use s fuc,

e

used in about 30 European reactors. Theough
the “Megatons to Megawatts” program, about

includiog gamsnted
wespons.

i 17,000 washeads from former Soviet stockpiles 5947 sl Thewsed
‘Because it can use U-238, plutonium-based breeder fission  were b i n e U s e
. ined s MOX in inthe United

can generate much larker quanite of cncrgy from wranium ore Staes between 2011 and 2013, ek
han nuclesr fision wsing. U-235, When ooc adds the uraniom S

e e s i e
s gt i e e i
e
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L. Whatis the diflerence etween chemic energy

energy?
2. Whatisthecuciear o cyce?
3. Howdoesanuclea resctor produce elecrcty?
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Pros and Cons of Nuclear Energy.
- Dicuss the pros and cons of electic power produced by nuclear
enerey
- Descrbe the nuciea power plantaccidentsat Thee Wil iland,
Chermoby,and Fukushima Dalichi.

One ofthe reasons nuclear encrgy proponets rgue for the wide-
spread adoption of muclear encrgy s that it can have fewes rou-
tine cavironmental impacts than do fossi fuels, particalarly coal
(Table 12.4; sce also Table 10.1). The combustion of coal, an
extremely diry fuel, o generate lectricty i responsible o more
than one third of the ai pollution i the United States. According
1 the Energy Information Administration (EIA), coal and natural
gas power plant are responsibl for 675 of the nation’s sulur
ioxide emissions, 23% of itrogen oxide emissions, and 407% of
human-made carbon diovide cmissions.

‘Nuclear power emits no cmissions dirctly ino the atmo-
spbere and is a carbon-frce source of electicty. ALthe very least,
proponents say we should use nucleargenerated power unl other
Carbon-fe energy technologies, such as wind and solar power,
become more ffcien and cost-competiive. Opponeats argue that
the underlying problems with fossil fucls and nuclear power are
simila: Large-scale technologies have unpredictable but poten-
tially large-scale consegquences.

‘Nuclear power cannot have much diect cffect on our depen.
dence on crude oil, since only 3% of the clectrcity produced in
the United States comes from oil. However, while gasoline is cur-
ety the major energy source for trapsportation woeldwide, it s
difficult to copture the carbon teleased from gasoline engines. If
e world decides o limit greenhouse gas emissions, which seems
ikely,and if gasoline prices continue 0 rise, electric vehicies will
become  ignificant porton ofthe world's avtomobile let. I that

appens, nuclear power could then contribute much more 0 the
{ransportation sector than it do¢s 1OW

However, nuclcar encrgy generates radioactive waste.such as
spent fucl. Nuclear power plants also prodoce other rdioactive
astes,such s radioactive coolant fuids and gases in the reactor.
‘Spent fuel and other radicactive wastes are highly radioactive and
imgerous. These wastes present substantal health and environ-
et hazards and therefore require special storage and disposal

Noclear power s also not e
eral steps involved in producing i
disposal, currently require substr
iesel, This means that nuclear energy indirecly conributes o the
‘ereenhouse ffect—about 210 6. of carbon are produced pee ilo-
att-hour, sbout two orders of magnitude Jower than carbon pro-
duced from fossl-fuel clecticity. I addition, replacing only 10%
‘of the curren US. use of fossl fuels would require doublin the
umber of muclear power plants, which s  long-term proposition

‘While adsocates present many reasons why we don't have
more nuclear power, a major hurdle is cost, Unfortunately. it is
iffcult 1 get  good sense of the rue cost of nuclear power—or
mostenergy sources,for that matter—because of various govern-
ment programs and incentives, including subsidies. Curently, it
is generally more expensive 10 produce electriity from uclear
power than from coal, hydropower, or narural gas. Few places
remain to build large dams o the United States, though, 50 new
nuclear power is more pronising than new hydropower. Coal
and natural gas have been heavily subsidized over the past few
ecades, and both emit substantial amounts of carbon dioxide. 1f
the indirect costs of subsidies and the carbon dioxide extemality
are added i, noclear energy appeass much more competitiv.

Tn the 19405 and 1950s, the U.S. government provided sub-
santial amouts of funding for nuclear power research—far more
than for other non-fossil-fuel energy sources. It does not, how-
ever, make sense (o factor this into the cost of current nuclear
power, because it s what economists cal  surk cost—it was speat

irely climate-neutal, since sev
from mining t0 processing 1o
1 amounts of gasoline and

Table 12,4 Comparison of Environmentalimpactsof 1000-MW Coal and Nuciear Power Plants®

Impoct Cool Nucleor (ConventionalFisson)
Landvse 17000 sres 1900 acres
Dy o reirement 9000 tondey Skgny
Avalability o el baed o present cconomics A few bundeed years 100 ears, maybe konge (moch longes with
e fson)
i poluion Modertc 0 severe, depending on polltion Lo
contots
Clinate change ik (cabon dioxide emisions)  Severe Relativcly smalls+
Rdioacive emissions, e Taurie 28000 caris
Watc polision Ofensevere t mioes Potcotlly severe ot macear wase i
from camirophic accidets Shortem sl ok Long-term ik over b
Link 0 oclee weupons No Yo s
sl ccuptions dchs 0303 ot
Cenainy sbout ks Wellknowa. Highly wecriin
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i the past and has no impact on the cost of new auclear POREE
The U.S. governmentis legally commiled o ke possession ofall
high-level nuclear waste from commercial nuclear power plants
Howeer, fees paid by the companies producing that wastc ace suf
ficient 1o cover antcipated removal and disposal costs.
Proponents of nuclear encrgy wsully point o France, which
oblains 785% of tselectricity from nuclear energy because cletric
ity generated by French nuclear power planis s 27% ess xpensive.
than that generated from coal. The lower cost of nuclear POWEr is
partly explained because France uses the same design for al
nuclear power plants. Nuclear cnergy proponeats beleve tha the
Usited States could achive the same economic eficiency. Oppo-
nents of nuclear pawer dismiss the example of France because the
Freach goverment, like the govemments of other counrics hat
use nuclear power, heavily subsiizes the nuclear indusir
‘Overall the cost of producing clectricity using nuclear power
s uncertain. Estimates range from 2 t 14 cents per Kilowstt-hour
for electricity from new nuclear power plants, compared 10 10 6
cents. per Kilowatt-hour from new caal power plants. The uncer-
tainty in the cstimates arses from determining how mch licens
ing constructon, uel, and wast disposal will cos,as well s how
1o factor subsidics nto the equation.

SAFETY ISSUES AT NUCLEAR POWER PLANTS

Alihough conventional nuclear posr plants cannot explode like
‘tomic bombs, accidents can happen in which dangerous levels of
Tadistion are released int the environment and fesul in human
asualtcs, At high temperaures,the metal encasing the uranium
foel can mel, relcasing radation; tis is known as & meltdown.
“Also, the water used in a nuclear reactor 0 transfe heat can boil
‘away during an accident, contaminating the atmosphere with
radiosctivit.

“The probabiltythat & major accidet will oceur i considered
Jow by the muclesr indusiy, but public perception of the risk is
high for several reasons. Nuclear powee risks are involuntary and
‘poentialy catastrophic. In addition. many people ar disrusful
5 the nuclearindustry. The coasequences of an aceident are dras-
‘i and lfe-theatening, both mmediaely and long after the cci-
et has occurred. We now considerthrce major accideats, one in
he United States (Thiee Mile Island), a sccond at Chernobyl in
Ukaine, and  third at Fokushimms Datici n Japan.
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of Nuclear Energy

e st v fld 10k abmal bl prbles (o
b ncreed ) 0 the acciden.
\ Three Mile Island clevated public apprehension bout nuclear
o ook 12y and 1 billion o repic and reopen the
e ato e Ml . the afeamah of e accident,
s prpted cosrctondelays nd canclaions of
e et powes plns acos the Unied Sies
ettt o Three Ml e e 8 sronger cutre of
ey s g n th nuclear ndusty. New safey
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Chemobyl One of the wo vort el pover plnt accidets
ook g i Apeil 198 t he Cheroby plant, ke e fr-
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e of oo mateal i th smcphes, The efect of
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o 1 Gl et f the e k. el gt (. of
Vhom e e o expr 1 h g Jevels of o,
it coungously 1> comain e Acvding 0 the World
s rgansaion WHO, b he e ol 1956, 2 gt
e o st pesomnel b i fom rdinio exposure. I
o, 11600 pee wh e v » 340 (1.5 rodhis
iround th pln wee iy evacustd and sl
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4 conined o a1 woukd ok e Even s poceine e,
orkercout sty e o oy s o ikt e T
msged ot g was chssed . conece, - e
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it rnge of s comrivrd e e, Thse il
violations of safety rules, flawed design, inferior construction, and.
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buikting and instabilty at low power. This type of reactor s not
{ased commercally in cither North America or Western Europe.
because nuclear enginecrsconsider it 00 unsafe, and a Chernobyl.
type accident could o occur at most reactors cureatly in use.

Russi and Lithuania st v reactors ke the one in Cernobyl
in operaton, although they bave made safty improvements in
thea since the Chernobyl explosion

Human erro also contibuted sigificandy. Many operators
lacked scientifc ortechnical rining, 0d they major
misakes i response o the niil problem, Asaresultof the disas
{er st Chemobyl, the Soviet government developed a reraining.
program for operstors at al its muclear power plants, and safety
features were added 1o existing reactors. Nonetheless, nuclear
porwer plantsrequire many operators, and human cror willremain

‘One of the disquicting consequences of Chernobyl ws the
unpredictble course taken by spreading radistion (Figure 12.17)
Chemoby's radiston cloud sevealy domped radioactve fallout
ver some arcas of Europe nd Asi, leaving cthe areas relatively
mouched and making it diffcul to plan emergency responses for
 possible future nuclear accidnt.

As the health effcts of the accident at Chernoby] arc moni
toved over the years, the death toll sppears less substantial than
‘was originally expeced, but sl considerabl. In the decade affer
the accident, epidemiologits observed increased incidence ofleu-
Kemis in infants and of thyroid cancer and immunc aboormali-
ties in chikdren exposed to radioactive fodine from the Chernobyl
fallout. Nearly 400,000 aduls and more than | million chidren
bave received goverment aid forrelated heakh problems. Many
of those who were exposed 1o radition rom ChemobyT suffersd

nade seve

Figure 12,17 Radioactiv allout from
Chernoby. Part of Ukgaine, Belarus it
s, Sweden, Norway, rane, iy, and Swi-
et received beay rdoscive fallo fom
e scedens

from debilitating mental stres, anxity, and depression, the ec0-
momic and socal cost of which are dificul 0 assess.

‘Breast cancer, stomach cancer, and other organ cancers are
hought to be the major causes of radiation-related deaths, bot
hese are so common i the general poplation that it is difficult
el which were caused by radiation from Chemobyl. Thirty
years afer the acciden, the number of cancer deaths is highly
lisputed, with esimates ranging from 4000 to 20,000. Estimates
Viry because of uncertainty about both exposure amounts and the
effcts of small doses of radiation. The most reent Biological
Eiffects of loaizing Radiation (BEIR V) expert panel concluded
{ht it s appropriat 1o assume that even minute doses of onlzing
radiation are harmful. However,if thre i a theshold, ar lower
Jevel of exposure below which radiation does not Cause Cancer,
{hat sssumpion would substantially overestimatc the tumber of
cancer-laied deths.

‘Nocar eactor designers, engineers, and regulators have
\earmed a great dealfrom the sceideat and subscquent cleanup and
entombmentat Chernobyl. Doctors have leamed more abouteffec

{iv treatment of people exposed fo massive doses of radiation.
Ecologiss have leamed both about how nuclear materials move.
hrough he food chan and, more generally, about how natural sys-
{ems change when large numbers of humans abruptly move away
from an area.

Fukushima Daiichi On March 11, 2011, a magitude 9.0 et
quake struck Japan, causing considerable damage across the coun
{ry. An cnsing sinami, bowever, caused much more long-tem
harm,inclding severe damage o the Fukushima Daiichi nuclear
power staton. The plant i located on the northeasier coast of
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Japan; the Fukushima Prefecture was one of the arcas i hardest
by the tsunami,

The tsunami. diseupted both the normal power supply and
e backup systems tha pump cooling wter a the six eactors at
Fukishima Daiichi. Without cooling wate, the cores experienced
melidowns, Atleast one explosion occurred; his was nota nuclear
explosion, bu

one caused by a buildup of hydrogen i an over.
beated vessel (Figure 12.18) 1 s likely that the entir facilit
will e not only inoperable but unsafe to humans for decades or

onsiderable. amounts of radicsctvity were released into
the environment, er that

mostly s comaming
er leaked into groundwter or was itentionally
the ocean. To avoid human cxpos

4 cooling W

the Japanese govermment
‘evacuated everyone within 20 kilometers, 3nd recommended that

everyone within 30 kilometers evacuate as well Eveaually, over
400,000 peaple were displaced, many of hem permanenily.
According 10 a February 2013 World Health Organization
(WHO) report, favorable wind conditons dring the 2011 disaster
dissipated the radiaion, leaviag oaly a few hot spots that have.
slightly higher risks for cancers in chikiren and thyro
in women. However, evacutions i the immediae afieruth of
the eveat led to about 1,600
well as physical and paychological atigue, cspocially among the
elderly
In’ sddiion

s due 0 unteeated illneses, 35

the cconomic. effects have been substantial
Beyond the cost of evacustions—a burden made grestee by the
thousands of Japancse left bomeless by the

fishing feets in he surrounding area v becn ied. Testing con-
tinues to reveal fishes with high rdiaton conamination, leading
‘South Kores to ban Jspanese fish and seafood. The nuclear power
plant itself i permanently closed. at 3 ostof hundreds o millons
‘o doflars. Other hamincludes loss o e (several workers were
Killed trying to sabilize the reactors, and others were exposed fo
potcatialy fatal doses ofeadition). As with Cherobyl, much of

wunami—famirs and

fWudearEnergy 243
the human costs e associated with dislocation, and siress associ
sted with uncertainty abou possible exposures.

Stdies since the sccident suggest thatthe facility should have

and prepared for an accident of this ms

been betir designed

nitude, both o reduce the effects and better respond when it did

occur, Managing cooling water and other radiation rleases con:

tinges tobe a challenge at the i, and the exteat of radiation con-
ation on land and in the ocean femain uncertain

PUBLIC AND EXPERT ATTITUDES TOWARD NUCLEAR ENERGY.

acilites and a.
advocates and
opponents are engaged in  vicious eyele of istrust. The NIMBY.
or “not in my backyard,” response commonly follows a proposal
for & nuclear power plant wcility. NIMBY prevails in
nuclear energy ssues partly because, despite expert assurances.
that it will be safe, o one can guaranee complete safety, with
o possibility of an accident

The NIMBY response of opponeats has parallels in the
‘rrational public® belief beld by many pro-nuckear advocates
and expert, as well 3 the DAD ("decide, announce, defend”)
spprosch taken by industry and government, Historcal exposures

An ongoing challenge to bath new nuclear power

permanca repository for high-level wasts is th

i waste

from nicear testing. misrepresentations of nuclear power safety
that became known in the 19705, and the “mpossible” event at
Three Mile Island hase gencrated substantial publi distrust of
both the muclear industry and govermmental regulators. This dis-
trustcan be amplifid by iteractions with experts, who often have

e understanding of the nature of public resistance of raniag in
elfectively communicatin risks. Experts who encounter ths dis-
trust misinterpeet it a iationaityof ignorance.

Unfortunately, the driving forces behind NIMBY, DAD, and
disrust are difficlt 10 resolve. Some nuclear power proponents,
beliving that the public s uninformes. resct with campaigns
explaining how “safe” a proposal is. The public feels insulied,

Figure 12,18 Damaged Fukushima
DaiichiNaclear Power Plant. This

image, captred by an unmanoed droe oo
March 24,011, showsthe severely damged
i3 et Uit 4 rght) Note the
oy 0 the ovean.
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which

ad 0 futher distrost and dismissl o expert argusnens,
‘Which the experts agan misinierpet s imationality and sntiscien:
i ttudes.

This vicious eycle persists between nuclar advocates who
chronicaly misunderstand the naure of public opposition aod the
esistance of many people 1 anything nuclar. Breaking it will be
cssential fo a nucear renaissance and a successful auclear waste
management lan.

1. Ingenersiog sectrichy, how do the eniconments efectsof conl
combustion and conventionsl nclea fission compare?

2. Whatwere the ffectsof the noclesr powe plantaccidents ot
Thvee il land inPennsybani, Chrroby i Unsaine, 30d ik
anima Daichiin J3pan?

Radioactive Wastes
- istingiah between lowlevel and ighlevel adoactive vastes.
~ Expa th pros and cons of e storage 30d deep geologc
diposal

Radiouctive wasies areclssifiod as ither JowJevel o highlevel.
Prodiced by mclear power plants,universityrescarch abs,nocear
mediine. depurtmets in. hospials, and. industric, lowdevel
adioactive wastes inclode glasware,

pape, wter, and cther materals conaminated
Ty radicactviy. The Low-Lesel Radioactive
‘Waste Policy Act, passed in 1980, specified thal.
al staes e esponsibl fo the wase they gen
crte, and it encouraged states to develop facilies o handic ow
Jevel radioacive wistes by 1996, Three it curently accept
waste for the ntin country—Washingion Stse, South Carolina.
and Utah. New technologies to compact lowlevel radioactve
Wwaste have dramaticaly redced the volume being disposed of in
these nucleas dumps.

s
[remsioriony

“The primary high-evel adiosctive wastes
v Fadoscivesol.  produced during noclese ision ar spent fucl
ot o g0t rods and asemblies. Hightlevel radioctive
Fetbrgsamtol wases e ao generaed duin e eSS
g of spent fel. Prodiced by nuciear power
plants and uclesr weapons fcilies,high-evel radioactive wases

v mong the most dangerous human-made hazardous wIses.
Fuel rods biorb neutrons,thercby forming radioisolopes, and
can be used for only about three years before becoming ighly
radioactive spent fol. I 2010, the United Sates had about
370,000 cuble meter of spent foe tored erporarily t 65 nucieac
poveer planss sround the counry. Worldwide, aboot 15,000 meric
o of spent fue are produced each year A& the radicisoiopes i
spest fuel decay,they produce considerable e, are extemely
toxic 0 rganisms, and reman radioative fo thosisands of years.
“Thei dangerous level of radioactivity require special handlog.
Sccure torage of these materals must b uarantced fo thousands

of years, il they decay sufficiemly t be safe.

s possible tha aucar power geveraton will ncease sub-
antialy i the upcoming decades I the 1oog erm. most wastc
xperts conclude that decp geologic bural s the best solution.

For permancat disposal,the National Research Councl has
conclded that hghlevel radioactive wastes should be tored deep
inderground, An appropeiae sorage site st have geologic st
bility and ltle oc no water flowing peasby, which might cause
container o cormde and trnsport the waste away. Currely, the
Uit Sate has 0 designaied wast sorage location (see Case In
Poiot: Yucea Mountain). Meanwhile, rdioactive wasts continue
1o aceumlate. Most commercially operaed nulear power plants
tore thei spent fuel i huge indoar pools of water on-si. Sorage
i water s ncessry for at least  few years because some of the
materials with shortbal-ives decay. However, waier-based 3

age s ot spproprise o ong periods

Increasingly, muclear wastes are being.
it wetsorage o dry cask storage, which consists o farge eyl
e of concrete nd stel tht hold 10 or more metric tons of
ighlevel waste, More than two dozen commercially operaed
plans have boitdry casks. and many others ave commitied 0 do
e same,due to uncerainty sbou the foure of underground sor-
e (Figure 12.19). Thee ar two teasons why power plant own-
o object o dey cask sorage. Fir, such fciltes are extemely
apensive (0 build. Second, once waste s ransferrd 10 dry cask
Sorage, it i much safer than when it was stord in wter, Cone-
quenly. the argument or sipping it o permasent underground
Sorage becomes miuch ess compeling.

Worldwide, most counties have committed 10 eventually
having decp geologic disposal. However, to dae no country has
opened a permanent sie. France continves (0 reprocess it ful
e has two potential ies under nvesugation. Neither Japan nor
Canada cumently has identifid candidate sites.

snsferred from oo

WASTES WITH SHORT HALF-LIVES AND HIGH-LEVEL
LIQUID WASTES.

Some radioacive wastes are peoduced diectly from the fssion

Figure 12,19 Ory cask storagefor spant fuel. Exccusk. desgned

it ot 0y, o il el g
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Most of these, inchuding keypton-55 (half-lif, 10.4 years), stron
1hum-90 (halflife, 28 year), and cesium-137 (half-life, 30 years),
have relatively short-erm radioactivity. In 300 10 600 years they
il have decayed tothe point where they are safe.

The safe storage of fssion products with reldvely short half
lives is of concern because fission produces larger amounis of
these materials than of the
Health concens exist because many of the shorterlived fission
products mimic essential utricats and tend to concentat in the
body, where they continue o decay, with harmful effects (see the

rias withextremely long hal{-lives.

discussion of bioaccumalation n Chapter 7). One of the common
fission products,strntium. 90, s chemically similar o caleium.
Strontium90 was accidentally eleased into the cavironmen from
improperly stored radioactve waste, it could become incorporated
into human and snimal bones and teet i place of calcium. Inlike
manner, cesium-137 replaces potassium in the body and accum

Tates in muscle tisoe, and iodine- 131 concentates in the thyroid
gland

Highilevel liguid wastes are dangerously unsiable and diff
cult to monitor. For that resson, they are convered t0 solid form
before they are stored, The U goverment waas 1 stoe high:

evelliquid wastes in enormous slass orceramic logs that ae con-
tained in stainles steel canistrs. The glass or ceramic contains
boron, which absorbs neutrons and 50 will prevent he logs from
exploding. Solidifying liquid waste ato solid glass or ceramic
Togs. known s virification, i an established pracice in Europe
The United Staes began producing glass logs in 199, alough
it does not yet have a permanct disposal sie for these hazard
ous logs. Highlevel liquid wastes ae tempocarly stored in lage
underground tanks in New York, Washingion Stat, Idaho, and
South Carolina.

‘ case 1w pomm

YUCCA MOUNTAIN
I 1984, before the first commercial powee plat opened the U,
Sovermment decdod to be rsponsible (o al hghlevel waske
Seocited with clecrcty production. Tn 1952, passage of e
Nuclear Waste Poicy Actreqired the st sic o b operational
Ry 1998, It o legaly reqired te U, government o tke own
i ofmuclear waste, Since 1999, adioctive wasis from the
manufcture of nuclesr eapons bavebecn soredpermantly i
eep ndrground salt bods a the Wase Iolaton it Project
OWIPP) ncar Carlsbad, New Mexico. However, the deadin for
Compltion of n opertonal highevel radoaciv civilian waste
Sepoxitory was postponed from 1998 0 2010 10 2017-—snd prob-
iy Wil be posiponed again.

I 1987 ancodmen 0 the Noclear Wase Polcy Act, Con-
gress dentted Yucea Mountainin Nevada s e oty canditate
being formally considered 3 @ pemancat. underground storage
She for maicvel rdiocive wase fron compenilly opes.
‘ated power planis (Figure 12.20), Yucea Mountain could ke he
52.000-plu toas ofspent fc prouced i the Unied e o
plospet o il ol s 225 Nyt
/uees Mouatan would b 4 e geologc depes s
e needed. i

205

Stos st
Caniters conanng
spent rucioar el

Figure 12.20 Yucca Mountain. I and when sent el i stord st
‘Yocea Mountan, it will e n' buge complex of intrconnected tanncls
Jocstd in ense volcaie rock 300 (1000 ) beneaththe mountain

st Canister cotaining High levl adioactive waste may be stored in
ihe e

‘The U.S. Department of Energy (DOE) has spent billions of
dollass conducting feasibiliy swdies on Yucea Mountain’s geol
ogy. Resuls indicate that the ste is saf, at east rom volcanic.
eruptions and eanthquakes. Howeer, the suitability of Yuccs
Mountain has been mired in scientiic, management, cost, public
opposition, and scheduling controversics. and Nevadans oppose
the sclection of their state for a radioactive waste sit. In 2002
Congress finally approved the choice of Yucca Mountain a5
the US. nuclear waste repository, despite the sate of Nevada's
opposition. In 2004, US. federal courts decided that any per-
‘manent burial sitc must meet standards of the EPA for the next
1 million years—an increase from the previous 10,000-year san-
dard. Guaranteeing safety over a million-year period sireiches
the credibility of any scientfic asscssment, In 2008, the DOE
fommally submited its application for a license 1o operate the
faclty, but under the Obama administration,the application has
been withdrawn. For some tinke, the nuclear industry has been

weighing wheher o e  lowsal {6 e b e e
g0 forward. & B

o —
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“The Yucca Mounain s, some 145 kan (90 mi) northwest
of Las Vegas, is controverial in part because it i eas a volcano
{its las erupion may have occurred 20,000 years ago) and active
carthquake fault ines. The possibility of a volcanic eruption at
Yucea Mountain is currently considered remote (1 chince in
10,000 during the next 10,000 years). Concerns that carthquakes
might distor the site and ais the water able, resuling in radic-
acive contamination ofair and groundveer, were examincd when
3 magnitode 5.6 carhquake occured in 1992 about 20 km (sbout
12 mi) from Yucca Mountin, Sientsts were already monitoring
watr able elevation, and they measured a 1-m change cased by
the carthquake. The wate tabe s some 800 m (2625 ) bencath
the mountain cret, S0 water clevation changes due (0 cathquake
acivity e not onsidered a serous problem by mast (bt notall)
experts

Trunspocing highdevel wastes from nuclar reactors and
weapons sies s a major conceen of pponents ofthe Yucea Mou:
1ain site. The typical shipment would travl an aversge of 2300
e, and 43 states would have these materials passing through
‘o their way 10 Yucea Mountain. Eight sates—Illinos, Indiana,
Towa, Kansas, Missouri, Nebraska, Utah, and Wyoming—would
contain majo raasporttion orrdors 0 Yocea Mountain.

“Aroundthe world, more than two dozen countis plan 0 tore
{hei spent uranium fue in decp underground deposits. Many of
these countries e having smilac challenges o public opposition to
propaned sits. Frane, long conidered a ocear power Success
Sory,has been unable o scecta pemanet i In Sweden, apper
entagreement o it came only after the couniry agreed o discon-
finoe nuclear power—that docision has since been revisted as
cnergy demand and climate change concerns icrease. =

DECOMMISSIONING NUCLEAR POWER PLANTS.

Noclear power plants ae nialy liceased 0 operate for 40 years,
lthough the Nuclear Regulatory Commission (NRC) hasgranicd
permission for 49 reacton o exiend thei operating licenses for an
Siditional 20 years. As nuclear power plant age, ertain iical
Sections. soch as the reactor vessel, become britle o corrded.
‘Conseqently,exteasionsar granied when opecaors demonsrate
{hat afety systems and physicalstructures can be maintained for
hat long. At theend of thei opertiona useflpess, nuclcas power
plants e ot simply abandoned o demolished because many
arts have become conaminated with radioacivity.

e options exist when a uclear power plant i close:stor-
sge,enfombment, and decommissioning. I an okd plant s put into
Sorage, he utlity company guards it for S0 0 100 years, while
Some of he radicactive materias decay. This decreas i radioac-
ity makes it safr to dismantle th plant e, although accidn
talleaks durin the stoage period are sulla oncern,

Most experts do not consider entombment, permincatly
encasing the etie powerplantinconcret,  viable opion because
{he tnb would havetoremaintact for at least 1000 years. Aci-
denta leaks would ikely occur during that tme, and we cannot
‘puaranee that future geacrations would nspect and maintan the

“tomb”

The thind option for the reirement of a
uclear power plntis 0 decommissionthe plant
immedinely afee it closes. The workers who

dennision To

it the lat st wesr prscive coing. S porioos
e v for ke 10 il Gl
e e oot oy e el ot down
o e . o down. sl setons f i ¢
e o vl Adiocive vase g S
e Tnmadonsl At Eaersy Ay
ol pover s ver prmapenly eired 5
e e e Ui S, many et powes
e me ermen g, Al 33 o 2010, 145 operionl
i i e 30y oo ke (e et 0
e ) e Unie S, ncla pver plat ope
i decommisnin fd 3 the e ity
o

1. Whtis lowlevel adioactive waste, and how s t disposed of?
Wt s higheve radioacive waste, and how s t crrentystored?

2. Whatae some ofthe sdvantages of storing ighvevel adioactve
Wast o Yocca Mountain? Whatsre some ofthe disadvantages?

The Future of Nuclear Power
LEARNING 0B IECTIVE
 Brify descive how future nuclear power reactors might difer
from eurrent lants.

I an efot 10 promote nucear energy, nuclear and wtily excct
tives have developed  pla hat adesss the safey andccons
Jssues asocited with nucear power, They eavision building a
Series o “new generation” nucleas eacors designed o be 101imes
S than curret reactors. Costs coukdbe eld inline by standard-
fring nuclear power plants rtber than cusim-buiding cach oe.
When France standanized tsplan designs, cosi were lowered
considerably. The plan calsfo impcoving buiding schedules and
srcamlining the regulatory process

“The NRC has ceriied four new advanced ractor desigas and
s reviewing thrce others. Nuckar xperts considerthe ew fssion
eactors safer than the nuclar reactocs that are cumenly operatin
o it St The nw secrionof s pover
though smalle, simplr in design, less expensive 10 buikd, and
sfer 10 operae, wil stil produce igh-evel radioactive wastes
and have  potenial link  pucear weapons,but they willprodce
e o no grecahouse gases.

“The Intrnaional Aomic Encrey Agency classifes reactors
s lrge i they podice more than 700 MW ofcectricity. The car-
st commercal noclea eactors were quite small, but by the end
Of2012,305 of the workd's 439 resctors were arges the remaining
134 were small or mediom reactors (SMR). It i Hikely that
the future SMRs will make up a arger propertion o the warld's
nuclear invory.

SMRs have sveral advantages.Firs, new echnalogic,inc
i e O s N et g el . St
Africasnd presurized wates eactosbeing developed i the Repub-
T of Kore and Argeoting,are casily scalable—that s, they can be
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de bigger or smalle a5 nesded. Historicaly, most niclear reac
ors were designed in ne size—large. Second.in many plces, dve
10 energy demand and transmisson infrasincture, smalle reactors
ars more appeopriate. Any posible nuclear renassance il prob
ably consist of many smaler facilities ather than a few large ones.

Fusion, the atomic reaction that powers the sar, Ty one
day be an important source of cncrgy.In fusio, two lighter stomic
nuclel are brought together under conditons of high beat and
Pressure so that they combine, producing a larger nucleus. Fusion
makes the energy produced by burming fosi fuels seem trfling:
30 mlL (102) of fusion fuel hs the energy equivalent of 270,000 L
(70,000 gal) o gasoline.

Tsotopes of hydrogen are the fuel for fusion. In ove type of
fusion eacton, the nucli of deuterium and witim combine 10
form helium, eleasing huge amounts of theemal energy (heat) in
the process—hest that would be conerted to clectiity. Devte
Fium, o heavy hydrogen, i present n watr and i rlaively casy
10 separate from normal hydrogen. Tritum, which i radioactive.

7

is not found in natur; this human-made hydrogen isotope is
formed during the fusio resction by bombarding ancther clement,
Tithium, with neutrons.

Unfortunaely, many technological difficullics have becn
encounered ineffrts o stage & controlled fusion eaction. It takes
phenomenally high temperatures (millons of degrees) o make
atoms fuse. To date, the best fusion experiments generae 3bout
one.thind of the energy used 10 beat the fuel.

Another challenge is confining the fuel. At extremely high
temperature, a ga separates into negative clectrons and posiive
uclei. This Superbeated, ionized gas, called plasma, has a te-
deney 1o cxpand. Confnement of the plasma i necessay 5o that
he nuclet are close cnough 10 one another o fuse, but a regular
container does not work because as soon s the nuclei hi the con-
{ainer wall, thy lose so much encrgy they cannot fuse

. Mol fturenuciea power reactors difefrom current plants?

REVIEW.OF LEARNING OBJECTIVES WITH SELECTED KEY TERMS

« Distinguish between active and passive solar heating and
describe how each s uses

Pusivesolar hesting i sy ofpuin he s’ coegy 0 wih
(ot equiing mechasical devies (pumpe o fans) 0 disiote the col.
Jocted hes. Correndly,ahoot 7% of e homes bl e Unied Staes
e pasive sl esure. Active sola bestng is 8 yvcn of patig
{he sin's coerky o us i whih » seis of collectons abace th soar
‘herky.and pumps o aos dsbute hecoloid st Active ol bt
it o sne fo hing v a1 e Exicot, space esig

.+ Contrast the advantages and disadvantages of solar thermal
Siectic generation and photovoltics for converting solar energy.
o electriciy

‘Solar thermal electric generation s & means of rouciog clcticy in

et th st cocrgy s concciaed by o oc e oo 3

e e, the et i vid o geerecleceicy. Soa thermal

Pl e ot vt cont-competivewithrdioa ol b ey e e

P ieient than b dirct solar techoolgie, a0 they do oo peace s

oo o conthute 1 c i gt e chane. Potovlta

DoV nchode sola clls, wlers o thin- s of i e,

o ko o galim snenide, it s s wits censn ol

ot ey pepert electncity— i, o ofcetrons—when they

v sla ey PV device penere ity with b poluion

oal maitenance, bt ot st caly sbo 105 1o 15% eficient t

Eoovetiog larcocsyfo ety

. Define biomoss, expan why i an example of ndiect solar
nerey nd autine howt s Used a4 souceofanery.

o coniss o plat kol ht i s 3 el Bloas s -
o e sl oy ecane e rpric e el
D o Biosis o dely o prdice ko iy
O enedn ol charou. s (ogas, o L ndhanet e
T, Do ey b oo sy o g o, o
ety devloiog o i ad i e sveal o g
e rac g o sl sgtor e

 Describe the locations that can make optimum use of wind
enerty and of hydropower, and compare the potentialof wind

Wind energy is cletric encigy obined from sutace ae curens
caused by the soar warning of i, Harvsting wind energy 0 gencr-
e clectricity has gret potcnial because it s curely he ost cost.
competiv of all form of soar coersy. Hamessing wind energy i
mont proftabie i arcas with sy contoual winds, such as isands,
cussta arcss, mountain passs, and grssands, Hydropower relics on
Bowing or fllig e o gencat clecrcity. The damming of rvers
and teams to geocrae clecticty is the major form of hydropover,
ety hydeopowee produces. ahout 195 of he world™s elcicty.
Enironmeniland socal poblens avociated it hydopover nclude
ccoloica devicion upstrca and downircan,icressed evaporaion

of waer, diseas and pollton. dispacement of poople and imundaion
of b,

+ Describe geothermal energy and tidal energy,the two forms of
renewble energy tha are ot diect or ndirect results of solar
enerey.

Geothermal energy i he e of encryfrom Eat' e o ciber

sy hesing o e geoeetion of ey, Gecthenl corgy can b

bained from hydrochermal reseroir of besiod wate e Ean's .

e, The exablishd tchncloy fo extrcing geothermal cocrgy from

besied aras o Ean's crust nvolves deliog well and beinging the

sieam o ot wte 0 the suface. Tidl emergy i  fom of rencwablc
cocry hat e o the e fow of e iden o generste ety

v cumendy sed on  very e sl

- Distingush between nuclesr anergy and chemical energy.

I ontinry chemical rection, e o of oo clesnt do o change
intofons of ot cemen, o docsanyof i s () chnge
o ccry o contrn, mucear energy i o ey s by s
hdon o fudon n s cersy sl s of e rom somic
e e comvrid o b amts of €08y
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Dstingsh besween actve and paive s hesing and how

et sencaon an phtevotac pant ot conering o

prodices a tremendots amount o cncrgy, of hich caly

1 portionreaches Eart. Solae encegy difers from fossil and
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Figure 12.3  Passive solarhes
designs. How docs passive s beaing
duce climae change?
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ot s ot

China. Recent desigas for solar cookers ransmit slas light ito
the cooker; a glass cover prevents transmission of the nfrared
Wavelengths (hea) that would pormally scape from the cooker.
Pots containing food ar placed nside  bor 00  black metal plate.
Sola cookers can feach temperatures of 180°C Just over 350°F)
‘and cam bl boke, simmer,and sauté oods. In average sunlght, 3
‘person can cook afull meal in o to four hours
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Most cectric

i the United States s fd into 3 g1
‘worck of cables tha carry clectricty where i i neded. One s
dvantage s that electricty produced from solarsources can only
e produced during daylight hours, However, i areas where elc
e c day. the fact that solar sy
tems work only during the day is o  serious disadvantage. The
world's largest solar thermal sysem is currently operaing i the
Mojave Desertin southem California

thermal cncrgy systems are inbereaily more efficient
Solar technologies because they concentate the sun’s
cnergy. With improved engincering, manufacturing. and construc
tion methods, solar thermal encrgy may become cost-compettive
With fossil fuels. Sola thermal plans produce lectriity ot 8 cost
Of S0.05 10:$0.13 per Kilowati-hour (KWh);the lower ead of this
range i competitve with coalfred plants. (Table 12.1 compares
the cost of generating elecriity from a varcty o sources). This
‘cost should drop over the neat decade 2 the technology matur
In addition,the environmental benefits of solr thermal plants are
significant because they do not poduce ai polltion or contribute
10 cid rain o global

e change

PHOTOVOLTAICS.

Photovoltaics (), which include, in particular, soar cels cur-
rently provide more than 21,000 MW of clecriciy workdwide.
“This i about the same as 21 lrge nuclear power

oy :
s ooty s 7% o ol
eodo ot iy, Ptovlic marlscomert s
e el o sty (ure 1267 ey
i e vty g o e sy
rrndonct i

sunlight, even on cloudy o rainy days.

While manufacturing PVs creaes polly-
tion, whie in operation they generate clctric
ity with n0 pollution and miimal maintenance.
“They are used o any scle, from small, portable
modsles to lrge, multimegavait power plaots
(Figure 12.7), Our curent PV solar el techncl-
oy, though sed o power satelles, drone air-
craf, highway sigoals, watches, and calcultor,

sotrcell Avateror
ninfimof sl sote

 paom asenice, tat
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Table 12,1 Generatng Costs o Elecric Power, 2010

Generting Costs
EnergySource (conts per lowotthour)*
Hydropower st
Biomass 65
Geotbermal S0
Wind ey
Solar thermal s13
Phatovoliics (V) £
Natnl g 4
coal Py
Noslest power 214

R ——"
e o 3w g ot 0 o 0 e o o
i <20 100wt e o

e i vy

29

lkon and othee materials. St excte electrons, which areefcied
{romslconatons. Ueful clecricy s genccwod whe the cisied
ectnons flow outof the PY sl heough a wite.

Figure 12,7 Photovoltaic panel. These pases e cost effective
bocausethy serve two purpose: They generat cectriiy and shade
puking ot

s e limitations tha prevent the cells” widespread use (0
generstc electricty. Photovolai sola cels ae only about 1%
1o 185 efficient  converting solar encrgy to clctricty (athough
experimental cels reach 40%), and the number of slar panels
needed for large-scle usc would require  great deal of land. AU
curent eficiencies,scvealthousand acees of solar pancls would
e requied 0 absor enough solr encegy 0 produce the clectric-
ity genersed by a inge Large conventional power plant.
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