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{rom an incandescent bulb. However, compact fluorescent light
bulbs today provide light of much higher quality than did those.
a decade ago, and the technology continues to improve. The
United States, Australia, and other countries have passed laws
resiricting sales of incandescent bulbs. (See You Can Make a
Difference: Saving Energy at Home for additionalenergy-saving
suggestions for the home.)

The development of more eficient lighting. appliances, auto-
mobiles, buildings, and industrial processes has helped reduce
‘energy consumption in highly developed countris, and develop-
ing countres have been able o adopt more efficient technologies
rather than older, higher-cnergy alfematives. Table 10.2 shows
that energy intensity, a measure of energy use per dollarof GDP,
has decreased in most couniries over the past thrce decades. For
example, new condensing fumaces require approximately 30%
s fuel than conventional gas furnaces. “Superinsulated” build-
ings use 707% 10 90% less bt than do buikdings insulated by stan
dard methods (Figare 10.9).

The National Appliance Energy Conservation Act
(NAECA) sets national fliciency standands for refrigeraors,
freczers, washing machines, clohes dryers, dishwashers, roon
air conditioners, and rangesovens (including microwaves). By
one cstimate, these standards had decreased electricty use i the
United States by 7% by 2010, a reduction equivalent 0 removing
51 coal-fred power planis from service

The NAECA requires appliance manufacturers (0 provide.
Energy Guide labels on al new appliances. These yellow labels
provide estimates of annul operaing costs and efficency levls.
‘Consumers who use this nformation (0 buy energ-efficint sppl-
ances save hundreds of dollars on uilty bills.

Energy Savings in Commercial Buildings _Energy costs often
account for 30% of a company’s operatng budget. Unlike cars
which are traded in every few years, boildings are usually used
Tor 50 or 100 years; thus, 3 company housed in an older buikling
normally does not have the benelits of new, cnergy-saving tech-
ologics. It makes good cconomic sease fo these businesses 10

Table 10.2 Comparison of 1980,2006, and 2012 Energy

Intensiiesfor Selected Countries
Energyintensey”
Countyy 19 w06 o
Kenya am e aes
Todia W0 T swo
e 7 e s
Moo 6082 Gl6 s
France 86 686 saes
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Canata W00 13 06l
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favest in cnergy improvements, which often pay for themselves,
in'a few years (Table 10.3). The California Energy Commission
estimates that *high-performing buildings,” which use about 20%
Joss encrgy, cost $3 10 §5 mare per square foot o build but save as
much as S67 per square foot over the life of the building!

Excaont nsuaton

Fow oo windows
o north. east and

(@) Some ofthe characteristics of a superinsulated home, which is
50 wellinsulated and airight it does not requie  furace in win-
fer. Heat from the inhabitant, lightbulbs, stove, and other appl-
ances provide almost all the necessary heat.

(6) A superinsulated office building in Toroato, Canada, has south-
facing windows with insulating glass. The buiding is 0 wel insu-
Hated it 0ses o flumace.

Figure 104 Superinsutated buildings.
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Encrgy-eficent upgrades of exitng buikings can provide
snual cacrgy savings of as much as S2 per square oot In one
Soocessfl spproach, energy-services companics make detailed
sevsments af bow busipesses can improve theix cocrgy cf
Eioney. In developing s proposal, an EnErgy-Services COmPATY
sranoes a cetin amount of energy savings. It rovides the
funding 10 accomplsh the improvemeats, which may be assimplc
e g exiting hesting. veniltion, and air-conditoning
ystem or s majoc 4 relacing il existng windows and ights
e redoction in uiliy costs 8 used 1o pay the EncrEY-Serices
conpany bt once the bill i pad,the business bencfits from all
‘akditionalcoergy savings.

Bllings thot posuce 35 much oF more cnrgy tha they s
arecalled zero-netoenergy buildings. The Omega bukling in the
hopter fscdoction is one example. Around the count, ind:
Sitals at vaming thei homes nto ero-net€nergy buidings by
ipgradin insulation,reducing their demand for EnErEY SEFVCES,
28 adding passive and aciv solartechnologics(see Chapte 12)
‘Although sero-netenergy buikdings remain are and ofen do 50t
Rave payback timesoffss than a few decades, thosc Experimes-
ng it them now are providin knowledge and expericnce for
foture desigoers and buikders.

Electric Power Companies and Energy Effciency _ Changes in
the regulations governing elctric tltis haveallowed wlies ©
‘ake more money by generatng les elctricty. Such programs
provide nceatives o save ergy and therehy rduce power plant
Cissions that contmbute o environmental roblems.
Traditionaly. o meet fture power necds, clctric uilies
planned to buld new pwer plants o purchase aditional power
from shemative sources. Now they often avoid these massive
expernes by demand-ide management, in which they belp
clectricty consumers save encrgy. Some wiies suppor COCTEY.
comservation and efficiency by offring cash awards fo consum-
‘v who install enry-cficient techaologies. When voters n Cali-
fomia decide 10 clos the puclear power plan at Rancho Seco,
the Sacramento Manicipal Uity District paid cusoruers © buy
more ffiient efigeratoes and 0 plant rees o shade their ouses.
hereby owerinair-conditoning costs. These effors helpe the
company reduce the demand for eleuricty.

Some utlis give customers energy-flcicnt compct fluo-
rescon light bolba, e conditioners, o atherappliances. They then
e sighiy highe rates or  small Icasing fc, but te greater
Cincrncy seslts n savings for both he utiliy compaay and the
o, The wilty company makes more money from sclling
et elctricty because it docs not have o invest in aditional
power gencration o meet increased demand. The CORSUCE Saves
Because th eicient fight blbs or appliances use less encrgys
‘which more than offses the higher racs.

‘Acconting to the American Council for an Energy-Eficient
Economy, U.S.clctrc power plants are themselves an important
{arget for improved energy eficiency. Much beat is lost during
e peneration of elctricty. I al this wasted energy were bar-
pessed—for example, by cogeneration—it could be used pro-
nctively, thereby conserving €nergy. Another way {0 increase
ocegy cfficiency would be 0 improve our clctric grids because
Sbout 10% of ekctricty i lost during transmision. To accomplish
{his. some energy experts cavision that future electricity wil be
penerted far from population centrs, converted (o supercooled
hydrogen, and trnsported through underground superconducting
pipeines. The technology o build such conduits has not yet been

descloped

Energy Efficiency in Transportation Tramsporation s
oo which iy iprvcmens e b e
 fr more could be done. The man energy service provided
by sutomobiles s quickly and comfortbly moving people and
e s s e and o) s o lce o
ancber However, much of e cnrsy contained i gallon o
- b, Atomobic s e pover by s of
tiny controlld explosion, and ey operae at igh temperaures.
Ony  fractionof that energy is usd o urn the cngine, and ince
engines nly opeat at peak eficency within a ramow range of
s, OCTRY s Wasicd s the car accelerate,slows, and shifs
sears. Addiona encrgy loses oceur from braking (bruke pats
gl v nop - i) o o o when s
ot he rod o, i, h uomonls el eighs
or 0 the passcngers, mesning that mos of the caergy

i ok wasteda et
mnvl-un:’“!""“ sed to move metal, plasic, and rubber
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YOU CAN MAKE A DIFEERENCE .

Saving Energy at
Home

The average household spends sbout $1600
‘each year on utity bils. This cost can be reduced.
considerably by Investments n energy-efiient
technologes. When buying a new home, a smart
consumer should demand energy efficency.
Although » more energy-eficient house might
cost. more, depending on the technologies
employed, the improvements usually pay for
themselvesin two or three years. Any time spent
in the home ahter the payback period means
substantial energy savings. Energy efficiency
has become an essentil element of design
codes nationwide and wil amost certainly bean
important partoffture home deslgns.

‘Some energy-saving mprovements, uchas
thicker wall insulation,are easer toinstal while
the home is being buit, Other improvements
an be made in older homes to enhance enerEy
effiiency and, a5 3 result, reduce the cost of
heating the homes. Examles nclude insalling
thicker aticinsulation,instaling storm windows
‘and doors, caulking cracks around windows and

Goso doors and

partaly cose

doors,replacing neficen applances and fur
aces, and addinghestpumps.

Wany of the same improvements provide.
energy sovings when ahomesairconditioned
Addiional cooling,efficiency is achieved by
{nsulaing th ar condioner ducts,especialy
in the attic, buying an energy-fficient ai
Conditioner; and shading the south and west
Sides of 2 house with deckduous rees. Window
Ihades and awningson south-and westfacing.
windovs rediice the heata bullding gains from
{ts environment. Cellin fans can suppiement
i conditiners by making 3 room feel com-
fortable at 8 higher themostat settng, Make
Sure your celing an is set o draw warm it
toward th celing n the summer, and reverse
hissexting nthewinter.

Other energy savings nthe home include
thefollowing seefigure):

o Replace incadescen balbs with more
cocrey-fficient lght babs

« Tnsall a pognmmabe thermosat, which
cuts heating wnd si-condioning coss p

‘Satwinkr hormostat
160 orlower and
Summr bamosatat
78°F o hgha, or b

o Lowe the temperstre stin on wate bes-
o to 140F (with  dishwasber) o 1XVF
(vitbout).

o ol owlon shower beads andfxetaca-
ors o redice the st of Bk water .

o Bl coery “vampies.”oesppiances
{hat e chcuity even when hey e ot
(e (A sty by rescarcher ¢ Comel Unier-
Sy siggests that American househokds wasic
3 hilion eachyear onelecicity vampies)

How does a homeowner leam which
improvements wil result nthe mst substantal
energy savings? i additon o reading the many
‘aricles on energy effcency n newspapers and
mogazines, good way toleam aboutyourhome
1510 have 3 comprehensive energy audit done.
Hostfocal ity companies will send an energy
xpert t yourhome toperform an auditfo litle
of no charge. The sudt il deteine the toal
‘erty consumed and whee therma loses are
occuringthrough the cling,foors, wals,or wi-
Gows). O thebass o this assessment, the energy
xpert wil then make recommendations about
howto educe your hating and cooling il

Use compactfonrescant
s, Tum ot ignts
‘when leavinga oo
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Knoviag where cnergy i s provides opportuites foc
oprmement, Conshlrable coergy can be saved by propery
g s soce s ricion i geoeated. Usinglghir e
e o bodies, rames, an cven enpnes an educe weight
B oy Plasicsar fuch lghir than meal but lack the
i dabily, and eat. rsiance occesary for tmany
e o prts. However, advancs nclude the development of
e ein parts (ceramics can olrte high tcmperatures
e srocural material (Kevlz is vy srong). Bty
2o Kevlar welgh less tan the metals ey replce
el anflow can b  ignificant soure ofcncrgy loss though
B ot ar esigns inclode exensive Ising 0 it
mize wind ressance
dorn veicle dsigas incrcase efficiccy in other plices
For ol te engine o aToyot Pius pasoline-letic bybesd
s . v whe e ar s n moton.This alows
o o pea effccncy. Regeoersive braking ecaptres
o the nerty cberwive wasted a the vehicle lows. Flec
e i perse st moch lower temperatres than do gsclise
e while e shocricty s {0 powe lectrc vhicles -
i comesfrom buming foss fuels, it can be done mre
ey o e powe lans han under the ood of st
' ot s reced coergy effiicncy i the populity of
i SUVA, and lght tocks, il of which have gt avr
s wag than scdn-ype atomobile. I 2007, he Usied
ot e standard ha will equie s he aveage ol
Sieiency for pasenger vebiles—incding miivans, SUVs, and
i ke 38 mpg by 2020, compared 1o the veage foel
e o 29:2 mpg for vehiclessokd in 2010, Whie this is &
eie mprovement (e average was 19:9 mpg for vehicles
it i 1978, core echalogies can provde ruch mor €ff-
et vehices, anging p 0 lmost 100 mpg:
riing Wit can ffect fficicncy s well. Ragh aceler
{ion Patites more pergy than smocth sccelration,and hangiog.
i e cergy han dos maiaaning  constat speed
A eaing contant spee choosin the righigea i answith
o amsmision), and miimizing stop-un-£0 diiving can
save comsiderable fu
Eetency is cqually important in other ransporation sec-
s Now siceat, ships, ok, and rains ae all mch o fuel-
it than e older models. Lighier parts and bt cngine
e s mpocant innovatons.Since mos ansporation s
o o ueleise, naturl s, o e fel for airraft, ships,
acks, and s rains—rises i Gl prices modale PN
et Opertor o theselarge vehiclesare taoed i 10 vse
them effceoly.
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fing from one set of cnergy services 1 another, equival st
Onters can even improve quality of fife, Keep in mind as well that
quality of ffe s a subjective Kea—some people ike driving big.
Powerful cars and drive loag disances for fun; cthers eefersmaler
Vehicles and would rathe avoid diving whenerer possbic.
Transportation in highly developed counties provides an
opportunity for conservation that improves the quality of lfc
Individuals often commte two or more hour every day i beavy
raffic. In many cases, changing commutes would be diffcul, ot
there are a number of ways in which conmutes could be reduced
while saving time and not detracing from the workday. Examples
include carly or lae start times, fewer butloager workdays. work-
s from horme, and satllt offics. I addition, for shorier com:
mutes, walking or bicycling can both improve bealth and reduce
energy use. Recall from the Chapter 7 introdoction tht increased
eliance on cars and trucks has had a measurable negative efect on
public health inthe United States
Conservation opportuniies sbou
2012 study found that s much as 4% of U.S, coergy is used 10
roduce food that s wasted. Purchasing and managing food more
Carefully,then, has great conservation poeatial. Likewise, locally
roduced and dried foods fequire less energy 10 transport than
mports and prepared fonds. Producing meat requires far more
cnergy per calorie consumed than does producing vegetables.
frits, and grains
Similar conservation opportuitis can be found i homes and
buidings~—for example, B besting unuscd rooms and adjosting
hermostatsat night and when the buiding is cmpy. Lighting can
be tomated to turn off when  roon is Do i use. Some busi-
Pesses even encoursge seasonally appropeiate clothin 5o th
iings can be kept cooler in winer and warmer in summer, In
‘diion 10 saving energy and money, occupants are more comfort-
able as they go o and from work.
One way o encoursge energy comsrvation is o climinate
©ubsidies, which keep energy prices ariicilly low because the
‘goverment thinks they are beneficial 10 the
‘economy. When prices relect he true costs of

gricaltue 35 well A

subaidy Goverment

T e e
T O R T

gasoling; ven wih the recet lrge inceases i gasine coss.
$solin remains much esscxpensive i the Uit Saes than in
e Couniries. During 2008, Westen Europeans pad about tice
o for gasolineas did U, ctizens (Table 10.4). Lower g
e prices cncoursge greler consumpton, Over the e few

e more realistc pice for gasoline—including 2 ax 0 offset
Y aeavalites (Chapter 2)—could be itzoduced 10 encoursge peo-
i t0 byt eficen uomobie, carpol, and e oblc ans-
portaton (Table 10.5).

meview

1. iowcan thesame enegyserices be provided withessenergy for
lighing? For vansportation?

2. wihen does conservatin reduce qaliy of e Improve qualty
ol

EneySunge 199

Table 10,4 AComparison of Gasolne Pricesn Selected
Countres (including Taxes)
Regulor GoolinePrie bolars per Gollon)

untry 201 208 21
Urited Sses Sis1 BE in
Canata 17 4 476
Mexio 24 304 )
Tukey 305 938 959
Frnce 35 X 776

Table 10.5 AComparison of Energy Input for Diferent Kinds
of Transportation

Energy nput (nTUS"
Method of Transprtation per person,pe Mile
Automotile (@iverooly) a0

Ral o

Carpool S0

Vanpoo! 1094

Bos 9%

U s for Briish hermal ues 8 cocry i oquvale 10

Electricity, Hydrogen, and
Energy Storage
- Exploin why electricy s 3 flexble form of energy.
. Provide examples of therol hydrogen could play 3 afture fusl
source.

 Describethe dvantages and disadiantages o toring energy.

Hydrogen and electricity are versatile secondary forms of encrgy;
hat i, they are no found i nature in sable amousts, but they can
be generaed from any energy sources, Consequenly,they can be:
asclean ordity s the fuels used t0 produce them. Electrcity has
becn in use for ver a century and will probably play an increas-
ing ol in the futoe. Hydrogen i ikely 0 be a major fuel n the
foture, although it i not ikely (0 see widespread use for at least
a decade, We offen want fo sore energy when demand does not

match p with prodction
ELECTRICITY
Electricity, i the context o usable esergy, s the flow of electrons

in 8 wire I continues to be a verstile form of energy, as it can
casily be converted into light, heat, or motion. I can be released
invery small precise amountsin delicae electronic cquipment or
‘with enough power 0 move  freighttain a1 igh specds.
Electricity can be generaed {fom almost any coergy souree.
In miostcases, electricity s prodiced when an €0ETEY SOUICE SpiTS
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 arbloe Foc cuample, cos canbe bumed o ten wale i il
e s h e 8 tain, o wkr e (2
o aine. Th usbin tms  gneratar, n wbich 3
v pins around 4 magaet o 8 magac 34 e 8
e wires (Flgure 10.6) The spining causs clectots b
it i flow o cectron s clcticlty. Elecricty
e e froun sioed chemica enery. A batcy contalis
e hen  wie s connecid 10 he wo cds (ols) o the
iry: clctrns flow from ove ple 10 te et

e Mowiog trough a i in  siale dirction b
alrect et (DCh, whereasclctrons moving bock aad foth
ek withinthe wir s alernalog current (AC) fhe
e eaeat con e wied 1 produce heat or powes ncande
e bl It can e used to power a variey of clcton
e ding uorcscent lght buls, elvisions, d compulcr
ol it can b vsed 0 drive lectric motors, which are et
iy enersons opered i fevere. Inamota, 3 Slectrch e
e 1o bundic of wiressround  magoet, making be
e . This siaing anbe put 10 other urpsce—Such o
e e rve shfh o car o the compressr o gt
o air conditoner

it oty elctrical sysems were focal, with coe o two
it of prodoction serving 3 small st of st
et ines now cay enrgy from  varity of povee plans
e souen o sers who may be bundreds of mies 1wy
b piat of enerion (scc Environews: Smant Grids). This
ot e dvaniage and disadvantag that the enviromenal
s st wilh ancneryyseeare cxpeicced fr fromh
e ple ho e e nery For cxampl, e pcry fom <ol
el Arizona rovidespower t homes,businesses, d

Figure 106 Tubine dren geneata By '
e it o i cc et o i
e et o, o i s o o
e e e e v o e T
o b el

i i Low Angeles: Te suling pollin e 500
s 1L poplaicn, bt 1 b BT
e, and s s, dowT i o ¥ the cosl

< bomed

ENVIRONEWS

‘Smart Grids
st (s mberof challeagsssocaed wh e e
o . et ot g s prodeio 18 3
e and ot sapme g Pk demrd
o moon n the ot wirmer dagt. eahy Wlties
e v e soan, both toughodt e doy 0o O
e vy i ey cn e demaad s 0o
Soartcres

s cont o oty conmulcaon beoween ampu
et and o sprment nd ppance For Pl
e any s now gt dacount iy ol vace
e ne aeiogs 1 be st Yo b damand. O1r
s cveahar, vt Yosr, o e o ool

e ok ety otk emonds, S G|
e viogy mperantio s beche heymose Ko
et et o e gid—lo campietrovgh oohep |
e S i ologyslows s o e une woghy
et g coss 330 avoig G backts

HYDROGEN AND FUEL CELLS.

Hydogenis 3 common clmeot—waer molecules contan (v
e o ad o oxygen . While v conais ltle

e Shemicalenerg,  hydrogen molecuc with o hydeo-
i () comain e amounts of valble caegy. B
e gt room temperatute, will explode when combined
e et O he smosphere,eleasin coerey and formy
e When chilled o ~2SC (—423°F), H; becomes a iguid
o ke opmoch e space than H, 5.

Hydtogen i both dventages and disadvantges 3 an ETEY
Sorte Ont aditage it s very igh ey densiy, comp-
bt of gt o Tpetid naural s (LNG) (e Chaptee
T T, anlke con a0 sclar oerey, hydeogen coukd subst-
o gasoline i sutomobiles and e forms of tnsportton.
Anober advastage i ht hydrogencan be prodoced from any cec-
(el ssrce, Flectrysls i the process of sing clctricity (0 sepa:
et Orand Hi hich canbe separaely captred and sorsd
(Figure 10.7). Finally, when H, is burned with O, the two products
S vl cncrey 4 witer 1o recaouse gases nd o ober
ol except foe rlatvly smal amouats of oxides of igogen
{ice Cute 19), Crtatly, ot of the H, i the Uit Saes
enermted theough o fonming sl as. This s moch lss cxpen-
e hanletrolysis bt s considrabic amounts o CO;

Unlotunaily, H has seven disadvantsge, Tis cxreme
oty means that it bas to be stred, handied, and transporied
e i
‘avantge of bing lghicr tha ai, whik spillod gasoline spreads.
on the ground.) In addition, the process of converting water into

[ &=
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Figure 107 Electolysis.
Flecticty can it waee o3
processcaled electoyui. This
produces hydrogen ga, which
epresents achemical form of
encrsy. Following g compres.
o, pipsines can o
hydrogen o wsers. When burmod
¢ presence of oxygen,bydro-
fen produces sable coegy and

ormyaen

e

s et oy o of e ey fom s
5 e capred e ygenis e, S i
o f ecity o 10 b ol a5 By
2w <oy, i hydogen rom s ety wil
i e it eonesia rblems o ih s
o st pomiing way 10 s g i 3 ol el
Afotoan el o ey (Fare 108)
e st which s 0100 smount of oy, s el
s e s g ey pplicd il Pl sl
e g an cyyen) . saptd o i s,
O ey et e otaped vt e bty Whes
Bt e el ol wae foms nd gy
e St cot. o cls kb s pre
e it wilh g, ot s, i (vhich
el st 157 e s s e
o povie ey fo a rage of wss. Banks
o et pevid ey fo bodings o faciries. Some

w o

soion
Figure 10,5 Cross scton of s hydrogen fel el Hycogen
By prodaced hroughclecrolyi. 1 e ety sore o the.
oyt f encwable,the chemica ey n e ydrogen can be
Comidered renewable.

o-=-9,

od EnergyStorsge 201

compnies ar looking at smallr applications, producing small
o el that woukd replace bateres i cel phones and l3piop
omputrs. And, a5 we discuss futher i the next section,ful clls
‘can be used 10 power vehicles.

‘ case 1w pomnr
HYDROGEN AND ELECTRICITY FOR
TRANSPORTATION
Sinc rnspurtation sccountsfo about 0% ofthe il used word-
il most trnsportation, whetber by i land, o wate, lics o
o fuel, While it may become possibe 1 capture CO; from
atonary power plans, it s much hardr 10 do S0 wih moving
\ehicles Consequently,shifling 0 altemative powes sources for
Sehices s & galin many counrcs.

“Th technology 10 use hydrogen as  substitye for gasoline in
eile, while improvng, i ot yet commonly available. Hydro-
en el cell vhicles (HFCVS) e now being used insome indus-
el and government flects, Hydrogen vlicles for use on public
oods curtntly can travel 5o more than about 350 km (220 i
on'a single tank of fuel, whercas 500 ki (310 mi) i the typical
iimum distance for commercal vebicle. The car pictured in
Figure 109 can ravel about 480 km (300 mi) 0 asingle load of
hydrogen, Honda produced the first commercal HFCV in 2008;
several other manufacturers have followed, but the mumbe i pro-
duction emains lo.

Having such vehicies is not particulrly usefl if H, is not
readily available. A national hydrogen infrastrcture resembling
the cuent nfrstrcture for gasoine and diesel distribution
would have 0 be developed. AL th end of 2013, thee were over
‘one bundeed hydeogen fuling stations n the Unied Stes, about
cne-thind of which were in California. Compare his (0 the hun-
dreds or thousands of gas stations in any major city.

Keeland, which s no domestc foss-fol esources, plans t
b the sord'sfis et of fuc cell buses, obaining its hydro-
sen el by using existing geothermal and hydroclctric tesources.
“This uggests another majoc advantage of folccls—independence
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109 Hydrogen-powered vehice Pl wker Ao

hepn teting s e I

from energy imports. This independence could come a an envi

ronmental cost if we significandly increase coal lectrcal gener
tion 0 produce Bydrogen
Several technologies are competing with HFCVs o be

foture power source £ ks, 3nd we should probably

expect sccas combiastion of oads within the
ext several decades Hybed vehicles that run oo ga
lectricty are common in the United Stats (e Chaptes 20)
but new shernatives include pure electric vehicles (PEVS) and
plugein hybrid clectrc vehicles (PHEV), which run on clec
tricty and another fuel (Figure 10.10) PEV and PHEVS can be
chirged hroagh regular wall utets when demand fo clectricty
s low, The downside of PEV' i that hey typiclly hav very short
fanges befor they must e discharged and 5o are ot a verstile
a5 PHEV Either allows us & s using cars but power them
with carbonree energy sources like wind, sola, or nuclear. A
recent Electric Power Research Insitte sy suggests that 407
ofthe vehicles on the roads in 2030 could be PHEVS.

Finally, fleible el vehicles (FFV), which have been
around as long s theintermsl combustion cngine, are increasingly
atractive. Raber than running only on gasolne, FFVs could run
o gasoline, ethanol, mixed uel o compressed atural gas. FEVs
coukd slso be combined with hybrid or PHE technologie. This
‘would allow consumers {0 choose amon foels "

ENERGY STORAGE

A challenge commmon 10 many energy resources i that t
available when we want o need them. Energy froma ew resourees,
incloing gasoline, hydroclectric generation, and natural gas, can
be casly ncreased o decreased i response (0 changing demand.
Not all surces areso convenient, however,Some, such assolar and
‘wind, are both inermitini—hat i, they are sbundant sometimes
but spars o novexistnt i odher ties—and unprediciable. Ot
eoergy soures, especialy large coal o nuclar plans, are most
effctvely operatedat aconstant power output. Nefther iermittent
availabilty o constan production fts with energy demand (here

electric hybrid vehicle. Pure elecric v
chices (PEHV), ke the oo pe
et t home, Elctric vehices
e e any clecricl sre can be el
Jesand PEHVS, e

ure 10,10 Plug
6 ad plaginclectrc by

o e e et
st geological ormations, such as caverns et empey Al

summertime sun i the desert, for example, i most

al energy, Kinetic
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Figure 1011 Sultur
sodium battery forarge.
scale energy storage. Buoks
of baterie ke these can b
o wore e amounts

demand s low, o be relesed
¢ demant ncreasesor when
ther soppics e reded.

he next few years. including the lowa Stored Enerey Pack, which
‘couples with a wind farm with CAES.

oring thermal cocrgy is commonly done at arge buldings

i the summer. At ight, when clectricity demand i low, wates ot

another figuid is chilled. During the day,tischiled wate s used

o cool ai in th builing. The same principl i wsed. atbough

i the winter: When clecricty demand is low.

i this ot liguid s used 10 warm the bulding

dring the day

ateries are the most common forms of clectrochemical
energy storage. Baticris can range n size and capactyfrom those
i watches and bearing aids 1o Jead-acid bateies found in
a1 Huge banks of sulfur-sodiom cell used o Sore energy at
pomer plants (Figure 10.1). The advnag of baeris is that

o typielly stale s can Bld a chrge fo 3 exiended
i Homener, ey can b expensive 0 bl ad minsin,
T ecane they conan concentrted hzardous chenicals,
kpora or recylng of ved Btteries can et environmenal
TS (see Chapt 2. Hylogen i vt o vy o
Do, inclin tha  can soe coery produced from a variety
fsources.

e imetic energy sorage systems, an lectfc motor accel-
craes a fiwhel (3 heav, sinning objec) o & high ottonal
ST Vate, the enrey can be ecapurd by operuing the
e s a gencrato hat conerts the Kincc cnegy nlo lecr-
O mersy a4t slows the spin. The disaantage of s system
et cton eventually disspates much of the Kinetic cocrgy
e ated e, Some expermcatl fywhecls that e magnetic
s and a ke in 3 vacuum spin s s s 50.00 evolu-
ions per minute

‘Superconducting magnetic energy storage (SVES) takes
dvantage of & phenoncaon that ccurs a exvely low tem-

. Tnthese condiions, crtan mterialscalled upercon.
s can contain an clecicl curent lmos indfntcly, A
e aniage of SMES systcms s that they must be ept blow

{he temperature of iquid nitrogen (~196°C, o
very e SMES sysiems have been built and instaled foc com
reia e, They have mostly been used i indusiry o o stabilize
o gids. However, arge-scale SMES projectsmay be used for
Crergy storage in the future

1. Wihatare some ways thatelectricy can be used?
2. What aresome uses forhydrogen fuel cels?

3. Whatar some pos and consof storing energy a5 hydrogen?
botteris? n fywheels?

Energy Policy.
LEARNING OBIECTIVE
- Discuss how polcydecisions shape energy resource and technol-
ogy devclopment.

Energy policy has always been a major issue in the Uited States—
s in every couniry, Howewer, over the past several years, energy
policy has become increasingly important in political debate. The
need fora cobecent energy policy i driven by sevenl fctor
First, encrgy is & major driving force in any cconomy. Second,
energy supply is limited, wid maintaining supply and develop-
ng alcrnaives require long-term strategy and investment, Third,
energy purchases, production, and consumption have substastial
environmental downsides tht are iffcut 0 manage without gov-
ermmental intervention.

‘An effctive energy policy for any country has four central
objectives. These objectives are best achieved when encrgy pro-
duction and consumption are considered from a systems perspec-
five. Since what people wan is not energy per sc but the services
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e et from cnergy, a efective polcy shoukd consider bow (0
et o increase our quality of Iife with less ener. Policy
el also balance the shortAem goal of mainaining secure
oateesfo the cacrgy we use pow and the long-tem goal of bav
I bt tha , e expensive,fessenvironmentaly damaging.
o sccure—energy fesourcesinthe future.

‘OBJECTIVE 1: INCREASE ENERGY EFFICIENCY
AND CONSERVATION

Over the past several decades, the eficiency of ma
o improved. Butdespite gain, global cnergy use continics
o increase. Improvement must occar on many fronts, from indi-
Vidls conserving heating ol by weatherproofing thee homes, 1
‘Sroups of commuters conseving gasoline by carpooling. o corp-
Fations developing more nergy-<flcient products

Otien it & difficult fo individuals or companics o invest in
purchases hat reduce energy use i the long run if those invest
P ehts are costy i the short run. Similarly, companies may a0t
Fecover costs ofrescarch tht leads to more efcient technologics.
T o cases, individuals may not know sbout encrgy Costs o€
svailable opportunites to reduce those coss. One objective of an
<ffective encrgy policy,then, i 0 support o provide long-em
ment in conservation and eflcicocy while also informing
dzens about e energy cots and lternatives.

“An energy policy that was efecive, although controversial,
was the nationwide SS-mille-per-hour speed limi, which was the
T i the United States from 1974 10 1995, Fiel consumption
Increases approximalely SO if a car is deiven at 75 mph ratber
han ot 55 mph. However, many Americans objected tha the
'S5 mph speed limit increased ther ravel times and that osttime
as more expensive fo businesses than were energy gains. By con
{rast, most cties and states have plaaming policies that promote
orge,unimpeded roads and feeways,  policy choie tha encour
ages vehicle use.

OBJECTIVE 2: SECURE FUTURE FOSSILFUEL ENERGY
SUPPLIES

A comprehensive national cnergy strategy could include the
cavironmentally sound and responiible development of domesti
cally produced fossil fuels, especiay natura gas. Three concerns
exist about this clement of a national cnergy sirlegy: Securty,
conomics, and the environmeat. Oil is an intemationally traded
‘commodity and much of it comes from a small number of coun-
fries. Couniies (incluing the United States) that import large
quantiies of ol are sghtfully concered about secure SOUTCes.
Oil is a global commodity, 50 increasing il production in any
country icreases the global supply but has a limited impact on
that country’s own supply.

Everyone, eavironmentalists included, recogaizes the need
fora dependable energy supply. Securing a future supply of fossl

temporary sirategy because
ces that will eventually be

onrenewable reSOuTS ally be
o elicent our wse o how much

| eaintining & sccure <nerEY SUPPIY
lanced by developing aliemative

el whether domestic o forei s34
fosil fuels arc

depleted, regard
Serve. In the United S
o the short term should be b
Ererty sources for the long e

oBJECTIVE 31 DEVELOP ALTERNATIVE ENERGY SOURCES

gy willfocus on identiyin.
e cnvironmentally benin.

A lfcive longerm cnegy S
g, and developng expe
e ey maourss. An exanple of bow (b
can work s nuclear power: Without enormous investments by
e s e coupes over the st cnta
e e S o mcria s power now, Mach smallr
e e win, and oler echnologcsTave meant 3l
e orceshave no developed s qickl a8
e ey o cabon tax could fmance progeams (0
v s sstinablecoegy ure
s chane nth United Ssts makes t
e amers t0 both sl energy back (0
i Faly privatc adopters of mof-
odependen from e grid.
o <o s the quality of leticity pro-
e vame o ha coming from he grid. Moden sl
e g, oweven convert leucity (0. form compatle
i . An ereaing umber of ORSUDEr A€ v able 10
it e power metes T backward 3 they suppy lecriit
ohe gridt

for individual

‘OBJECTIVE 4: MEET PREVIOUS OBJECTIVES WITHOUT
FURTHER DAMAGE TO THE ENVIRONMENT

We must weigh the covironmental costs of wsing & paricular
enerey source agant it benefits when i i considered 2  practi-
al componeat of n energy policy. Any country can tequie that
it domesic suppie of fssl fucls be developed with s much
tfenion 10 the cavironment as possible. This may make those
fucls less competive o the global market, but it would bring the
benefitofabeter qualty of if foe e citizens of tht county.
One opton in the United States is a S-cent 1ax on each
barel of domestcally produced oil or ton of domestially pro-
duced coal 0 establis a reclamation und for some o the en
ronmenta damage caused by delling or miniog, production,
and rfining. This could be accompanied by a similar taiff on
il ol i i R e e b

Review

1. Whatare the fourobjectves described Inthis section?

2. Howdo policy decisions
Y ey docons et e cemapmek ol rrey
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estenery usecanbe ssgned toone
of tree categories: transporation, indus:
{ry (incudiog sgricuture), and buings.
gy developed countris, enery use
diided roughly evely amon, these the.
And whie technologicalimprovements can
educe the amaont of energy consumed by
ny f the three categoris, recent deveop-
s show thatt s possibie to design com
mercaland residentsl uldings that equire
o energy beyond that provided by the sun.
‘chitects and engineers constanty push
the limits of energy-saving pracices and
technologies. The Omeg Center or Sustin
able iingn New York reresentsthe prom
{seof reen design (e photo) Completed n
2009, the building hs now operatedfo over
v years with no et energy use.Aystem of
naturl fiters and o designed wetand pro
cess the wastewster not oty forthe uiding
butfor the est ofthe Omega campus as wel.
The bulding i the fist ever t be certifed
both LEED Patinum and 3 Uving Bulding.
LEED (Laadersip n Energy and Envion
mental Design) certfication was it deve-
oped In 1998 by the US. Groen Bulding
Councland has changd the way thousands
ofbuldingsare desgned. A typical LEED-cer
e bullding uses o o enery thn at-
Gonaldesign and prvides better g and
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Living Building o the Omega Centerfor Sustainabl Living.

Dusigned by BNIM,
ey s
o

woking condiions for the

 order to quably or dfeent cereaions
frombescto Platnum), s bulding musthave
wsainabe desin eotures i uch categoric
s cnergy, materils,and indooe i Quly.

‘Athough LEED cerification s iven when
3 buidng 15 competed,  new gos o many
desgnerss o demonstrate thtbuidings et
form 2 nended ovr time.One approach s
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betreated o it ingnatural processes, and
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inconstruction rcperations The hing Bl
ing cetfcatin s ot worded unt the bl
inghasoperated successolyor t st e,
So'tor, aboot  half dozen facities hove been
recoized under this new standar, and &
umberofsdonal proecsoreinthe design
orconstrcton phses

Bulders need not obain certication in
order to have green design features, any
ofthe essons lrmed by designers Uying to
et LEED or Lving Bulding standards are
now common pracice i the IAdustry. But
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architects understand what works ond what
the next opportunites e
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Energy Consumption
and Policy
Explain the mportance o th concentaionof energyna source.
* Descrte globatenergyuse.

Many cnergy sources have been describod ecently as cean. nc
0 coal. solar, ond mucear power. However, m ncigy source is
clean: e, nergy sourees vary i hei dvantages and disadvan:
tages. Before we explore i detl the cavinonmertal efectsasoci
e with fosil fucl, uclear hydropover, win. sl and ober
encrgy resources, we wil ake  browd ook at ene
sumption,and policy

Everything humans do requires energy. We use eneigy 10
move and build things as wel & to best, cool and iluminatc
our lving and work spaces, We use cergy 10 plant, water, har
vest,process. ship, and stor food. Encegy s reguised (0 capture
eneray—o drill for 0d pun

build solar panel,and 0 nsal wind tebines

Justa few hundred years ago, imost il the eoecgy used by
people was derived from agriculure (nclding wood, dung, and
e, wind, or water. Encrgy sources were ocal, and activ
Were limited by the amountof seful eersy that couk be extracted
rom them. Only a smal amovstof useflenergy canbe extracted
froma bucketfull of wood, 5 compared 1 the amount tht can be
extracted from th same bucket fll o gasoline.

A few thousand years ago, the discovery of i, the domest
cation of animal, and atr thefnvenion o windenlls and sailing
Shipe sigrificanly ncreased people’ ablty to manipolte heir
ovironments, but these advances were mitor in comparison 10
e cnergy we can capture rom fossil fel: nucear; and lage-
Sesle e of hydropower, solar, wind, and biomas. Electiciy
‘i ncreasingly, hydrogen allow s o concenirte Large amounts
o scful cnergy from & wide range of sources. However,

1o mine coul and wranium,

eveloped commin
ofnerey)

. e 191

concentration of wastes

and a range of polloants.
clude how concentrated
nclude.

concentration of coergy hasalo Ied 0
ssocited withcocrgy,including hes

‘Advantages of an energy source
o s, availability. safcy. and versault. Disadvaniages

haad poteatal, enironmental damage, and cost. Crude o, for
example s a versaie energy sousce. I s €y 10 transport and
an bé made inf 8 variey of diflren foels, including diesl, et
ok, and gasolie. We canstore and use gasolne n personl ato-
mobiles, atough if splld or gnied. it can cause serous i
Ties and environmental damage. Similry, nuclear materials are
extremely hazardous to handle, They are not versatle—we use
hem exclusively o generate elecricity, However, when wed in
‘welldesigoed and managed reacors, nuclear material can cause
Jess covitonmental damage than docs caal, the world's main

‘Whi crude o and uranium ore are found n only & few pats
ofthe workd,al pars ofthe workd can acces solar power.  turn.
hough, sola s dsadvantags,incloding that i i subject 10 both
Scasonal and daly variabilty, and capturing it reqires cqipment
hat can be expensive and environmentally harmiul 1o produce
Table 10.1 ity some of the advantages and disa
major enegy source; furher detals on cach ase found in Chap-
ters 1304 12

antages of

ENERGY CONSUMPTION

Conspicuous difcrences in per person encegy consumption are
found from county to counry (Figure 10.1). lohabitants of
wealthier couniris typicaly consume much more energy per
person than those in poorer countries. Although less than 20%
of the world's population lived in highly developed countries
in 2014, they used 60% of the commercial energy consumed
worldwide.

A comparison of energy requirements for food production
llsraes energy consumpion diflcrences between counres.
Farmers in many countricsly o theie o physicalcncrgy o e

o

o cagscormmarel ery consrrion
oo o e, 012
3

Canocn Untod oo Egt ioda
o —

Figure 10.1 Annual perCapta commercial energyconsumption selected countrie, 2012. Enersy conssmpeon e pern o ighy

much e s i develonin couniris (The ol oded with e bar gragh ) (Compied o U, Deparet
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Fabie 101 Advantages and isadvantagesof Severst Majo Enery Sources
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Figure 10.2 Energy consumption inthe United States. This digram provi
s, The flows onthe left indicate the types of encrgy supply,
piy) and imports (sbout 25% of supply), Where the encrgy is used is shown on the right, split among res

United

rnge of iformation sbout energy supply and use i the
seluding those from domestic production (about 75% of sup-

fential, commercial, indusrisl,

o ransporuation end sss. All pumbersae eporicd a5 percent oftota supply. (Adaptd from the U.S. Department of Energy)

energy of animals o plow andtend felds.Tnconirast gricultre
o United St imvales encrey-consuning machines, such
= trctors. automtic loxers, and combies. Indusrialzed agi-
e aio reies on enegy-itensive ferlizers and pestcides
e g energy input 5 ne esson the agicaural productivit
o hghly developed countic is restee tha that of developing

Werld energy consumpiion has incressed every year since
198 From 2009 10 2010, for cxample, enery consumprion
cesased warkdwide by about 455 Theincreae s o, hawever,
I disvibuted around the workd. Cint more than doubled i
herty consumpion over the past decade. Similaly, India now
e marc cnergy than i id i 2004, By comrst, enrgy e
e United Sttes, Germany, o Japan i abo the same 35 i
was  decade g0

"\ ol of many developng counrcs s mprove tei stan
gand of g, One way o schiev thisgol i hrough cconomic
evelopment aprocess sualy sccompanicd by arise i per capia
e consiption. I addition, s discused in Chaper 8, the
e opalton contnues t iocreae, 1ad most ofthis growth
ccurs n developing counres.

T 2011, the most recent year for which we have sccura
b ol word energy consumption ws almost 90 billon

(G). The Uit Sais consumed 103 billion GJ, o

e world total (Sown from 2% just hre years el
Figure 102 summarizes US. eacrey supply and wse in 2011,
P o on th Ieft tnd usage 0 the right. In 2011, Chins

O o b, l ey o i i hag e
e e e, = ol
et fEmer (DO e he o e il

consumed 116 billion GJ (21% of workd total) and Kenya, 0.23
billion GJ (0.045). In 2010, China surpassed the United States in
total energy consumprion (see Chapter 20).

However, China's population is much larger than that of the
United States, 50 s per capita cnergy use—the amount used per
person—is considersbly smaller. The United States has one of the
world's highest per capita energy uses, at about 56 GJ per person
per year. That s sbout 6 times a3 much energy per person as s
used i China and about 60 imes as much as is used by the aver-
age Kenyan.

Review

1. How doesthe concentraton ofenergy n a source afect how

people can use nergy?

. Howdo the United State, China, and Kenya compare n total
energy consumption’ I per capita energy consumption?

2

Energy Efficiency and
Conservation
CenRNinG ovstcrives
- Expoin the eatonshp between energy servicesand effcency.

- Describe some advantages and  disac
Ly ages fantages of conserving

Human energy demand will continse (o increase, if only because
the human populationis growing. n adition, energy consumption
contnues (0 ncrease a developing countries raisethe standard of
living. However, a cncrgy becomes more expensive, we can look.
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erergy e g wast Many encrgy experts consider energy
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EMERGY EFFICIENCY

Encrgy efciency s a messoreof the am

ot of availabe cncrey

) work. Tn principl
chersy effiiency ranges from 0 10 100%. That i, we can tans
o acoe, aome.or all o the cnergy ina i souce o enegy

watral g for

0 —almostal

sevice thatae wseful o .
househokd cooking s an
{he encrey contained n the naural gas can b comeried o heat
in the sove or oven. In contras, burning i

ictricty has  maximum eficiacy of sbout 60%. This means

xample, i

ciency of close

i) s 0 geverate

{ht we sould need almost twice s much natural 5 0 gencrile
ook at home a5 we would i we burmed the gas at the

e bome

i pracice,of coune, choosing which sert o oven fo e
more complicaed. We have to provide the cnergy af the place
Where it s nesded, which means piping natural g5 0 3 bome oF
power plant and installng powee loes 1 dliver clcticiy. AS
‘e discuss below, lectricty can be geoeraied wsing a variety of
resource in addition o natralgas. We usally need 1 make such

< . a home is bull or  replacement appliance is pu-
‘hised, which means committng o th slected energy source for
3 decade or more.
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