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The 	rg 
badge is tor you to use both tue pamphlet and 

the suggestions of your counselor. 

Your counselor can be as important to you as a 
lt  coach isto an athlete. Ilse all ofthe resources 

your counselor can make available to you. This 

may be the best chance you will have to learn 

aboutthis particular subject Make it count, 

If you or your counselor feels that any information 

	

- 	 in this pamphlet is incorrect please let us know. 

Please state your source of Information. 

J Merit badge pamphlets are reprinted 

and requirements updated regUarly. Your 

suggestions tor improvement are welcome. 

Who Pays forThis Pamphlet? 
This merit badge pamphlet is one in a series 

of niore than 100 covering all kinds of hobby and 

career subjects. lt is made available tor you to buy 
; 	 as a service ofthe national and local councils, Boy 

Scouts of America. The costs otthe development, 

	

1 - 	 pamphiets 
 paid tor bythe Boy Scouts ofAmerica in orderto bring 

you the best book at a reasonable price. 

Send comments along with a brief statement about yourselfto 
Pilots and Program Devefopment, 5272 

Boy Scouts of America • 1325 West Walnut Hill Lane• Irving, TX 75038 
lt you orefer, vou mav send your comments to meritbadgeScouting.org . 
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Requirements 
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--- prem 	eson. 
a blog, pdca. webste er m 3r!de on ee um er con-

energv. Discus with vour coeo: 
1eaiI in ine aricie vere tereng io vou, ffie eut--

b raiser. and wbar ideas addresser tha vou 
edersand. 

b.Ae........have conilT :::....... ....r:i .nts 2 rhrough S 

	

seurce 	 1 a. Exo ......... 
cotiise:c 	vou a-. e iearnc'd in 
roonirements that heins tu hetter rnidersand 
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hi.:bu.b. bcer drili. :. .. phone. nuciear reacurr, 
swea: iodge. 
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:::and ev efficie::v ...v exainir tu 
cc)mmo:; x:npie 	. s.on w€:e 

energy 	:es hrough s.stem to produce a useful result. 
Do the following: 

a. Identify the parts of the System that are affected by the 
energy movement. 

b. Name the sy:c- rn's primarv source of energy. 

c. ldentifv the useful outcomes of the system. 

d, lder.:ky the energy iosses of the System. 

4. Conduct an crergy audit of vc:: c'r.e. Koep a 14-dv 
log that rec:rs what you an. ;o..:r 	did to red;ce 
ene:cv use. Inciude the following in your report and, after 
the 14-d 71v period, discuss what you have learned with 
vour coseIor. 

a. List the types of eriergv used in your home such as 
c:etricitv, v.d, oi. .quicl petroleum, and natural gas, 

how each is delivered and measured, and the 
cost; OR record the transportation fc& 

:i, miles per ga.an, and trips usi:ic 
family car or another vehicle. 

b. Describe wc vou and your family can use energy 
resources m:: 1y. In preparing v•cur dis.c.:ssion, 
consider th€ J-:gv required for the ::ings yc.i do and 

on a da: bc 	(cooking, showering, using lights, 
t:ving, wat:h IV, using the c;':nputer). ExpIcr: 

s mean c: 	.:stnabie energv sources. Ex;ain 
.I.v:u can chcctc vour energy use through r:se 
and recycling. 

5. In a notebook, ider.:Iv and describe five exampies of energy 
waste in your schooi or communitv. Suggest in each case 
possible wcs ec: :c:ce this woste. Doscribe the idea of 
trade-offs i 	;:e:c': ..e. In vou :c$;:cose, do the following: 

a. Expiain how the changes you suggest would lower costs, 
reduce pollution, or othen.vise improve your community. 

b. Explain what changes to routines, habits, or convenience 
are cccessar: :cduce enecv waste. Teil whv people 
migh: resist :he canges vo: s:ggest. 
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6. Prepare pie chirts showing the following information, and 
expialn 10 vc: counselor the important ideas each chart 
revcis. i' 	 got your informatio:. 	how 
cot affects 	of a nonrenewable energy resource and 
aakes altema.- ives practical. 

a. The energy reources that supply the tJnited States with 
rnos: 	its ecgy 

b. The share of energy resources used bv the United States 
that comes from other countries 

c. The proportion of energy resources used hv homes, 
businesses, induv, and transportation 

d. The fuels used to generale Anierica's eiectric'.' 

e. Th' vor1ds k'own and estimated primary enegv 
.urce rest:.s 

7. Teil what is heing done to make FIVE of the fol!owing energy 
s':ems produce more usable energ.. .............c\nation, 
describe the techno1iz., cost, environmental impacts, and 
safcy: concerns. 

• Bionass digesters or waste-to-energv piants 

• C'ceneration plants 

• lossil fuel power plants 

• Fuel ceils 

• Geothermal power plants 

• Nuclear power olants 

• Solar power s:stems 

• Tidal energy, .'.ave energv, or ocean thermal energv 
convc::on devices 

• Wind turbines 

8. Find out what opportunities are available for a career in 
onergy. Choose one Position th 	::teres:.':ou a 	describe 
die education and training requireu. 

4 	ENEROV 



Contents 

ENERGY 	5 



Where Would We Be 
Without Energy? 
Energy is i• - s:: 	:: 	heat, co0. :0 	ight 	.•:::::s. schools. 
offices, anc 	ner9v rr•::s :rs, t::::., 	planes, 
trains, and 	he i::: net, instruments, 

sh. telep  
cvcic 	:::.:c euefgv. 'ou cannot :::::eisiand 

.............. : ::::. live 	:. 	•.'::::.: 	.inderstandin 	energ.. 
te United States in the 21st c:::: 	:::e ni:-: :nergv- 

A high personal ntc:s:ve sccfclv in ;:::: 	:stor. 	•:.:: 	:-tec: 	:.auntrv. 

energy use rate we :e for 	:nte 	:::::: .:: 	::)mm:::.:::::: : 	 d tr: - snortation 
. 	 : 	 . 

unrt 	l€d 	 sik " 

is an indicator and a prepack0 	s: 	:....1 of 	::::::es that 

of a high Americ:: 	citizeus eMiect re4uire ahunuaut eueigv to produce 
or oper.:: 

living standard. 

The level of goods and services in one's everyday 
life is known as the standard ofliving.The kinds and 
amounts of energy a nation uses is a major factor in 
creating its standard of living. Access to energy leads 
to economic freedom—having the resources to live 
and work comfortably.To understand the possibilities 
and problems of America's future, we must understand 
our use of and reliance on various kinds of energy. 
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Eectn 	iig par. 	encans use energv 
todav. 	 ne werk all 	.' u enerv. Thmk how 

zes X hen the  
Von ca... :- t ilip on a ligh , 	Heldsior. 	 . uer. 

a . :. toa: brc.. warm a nnk in th€ 	ic. . ..:: do 
thir 	Ise thar .: .i:es eiectricitv. Most tii vout :. 

activllies ahrupziv 
\ow think svhat wouL: .•3ppen if ±. 	:j . 	e taes 

had te eo vhe;;t pewer. . Iife of 	 know il 
tedav .•  

Eficient operation of traffic in cur country requires consistent supp$ies of fuei as weil 
as eiertricity to control traffic sigflCiS 

in our wav of 
nu will need to u:.::rsta: .. ... •:.erg\ 	:1 the 

c 	eeergv-ed 	.... 
ra-.n abc:. 	:Ies use ei energv an(] how 

hahils can he har 	:.: break. 
Saving. produ.. : 	 an. 	--:sing ::rgv wisev will be critica 

to Americas futurc 	we :: 	:o ie: future generations with 
a wond in which 	can I..r 	::.‚ as er h. 
havo. von and :.:.:•:.: 	ole: of temorro 	::1jst begin 
fhe hard werk 	rsta; 	v and the v. :oe ii will 
plav in the future. 
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A Scout Raises 
Questions 
Nate tvaikeil out of die court of honor wearing i wide, proud 
smile. 1 le could stil! hetr his name being cailed tu come tu 1,he 
front and recuive his nev rank patch: "Nathan Fnbert Gomez, 
Star Scout." 

Alreadv he was planning his next step. What merit badge 
would he urork on next? 1 le lind tniked about lt with Joc Philips, 
an assistwt Scoutmaster with Troop 21. Joe said: "Energy is 
a goncl hadge to work on. Understanding energv and its use 
is iIltp(rtnttt to Scouts who want tu be responsible memhers 
of thcft ioniiv, community, country, and world. Responsible 
ellergy use touches every aspect of our modern lives every day. 
TIte t-:nergv merit bad-e will show von how tu conserve energy 
and use lt viselv. lt w1l heli you understnd \vhy ettergy is 
vital to the way we live." 

That was gond enough für Nato. Eneroy lt would be. 
'Uhu next day, Nate and Ins family weit shopping. Nate 

wanted to see what he could learn about energy while shop-
ping, so he brought along n notei.00k. His family needed a 
new refrigeritor. The stur.' hai rows of refrigeritors and other 
appiilnces. \Vhi!e bis niotlier tlked with the slesperson, Nate 
walked up and down the rows. He noticed a large yellow sticker 
on each refrigeritor. 

The sticker was the EnergyGuide® tag and it contained lots 
of information. The statement that drew Nate's attention was 
"Ilus nudel's yearly operaling cost is $44." He looked at other 
modek. iheir tags gave different yearly operating cost. ranging 
from 53! to $59. Nate wrotc in bis notebook the opernting costs 
of several models. 
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Nate woiniered why 
operatilig cosis would be 
different. He saw that the 
retrigerators were differ-
ein sizes, shapes, colors, 
an1 brand naines. 'lhey 
were lined up more or 
less in the order of their 
yeariy l)1ranng cost. 
Then Natu R lized thev 
also were lined li() in 
order of selling price. He 
ohserved lila; thc least 
expensive refrigerators 

wirn utners ueicre You 

This Model uses 724 kWhlyear 
This Model's energy use ranks 9.8 on the scate 

Uses Least Energy 
618 

W1' 0 	HL rnost CUSUY per 

kWh/year (kilowatt hours per year) is a measure of energy (electricity) year tu operate, and the 
use. Your utility company uses lt to compute your bilL Only models more expcnsive models 

between 24.5 and 26.4 cubic teet with the above teatures are used in 
this scale. were cneaper to operate. 

"\\'h\•' is that?" Nate 
Refrigerators using more energy costmoreto operate. This wondercd 	He iiiecl (0 ModeVs estlmated yearly operatlng cost is 

think of things (hat mighl 
affect the price of a refrig- 
erator and ehe cost of tun 

Based on a June 7, 2002 U.S, Government national average cost of ning it. Why would one 
828 cents per kWh tor electricity. Vour actualoperaling cost will vary refrigerator use more dcc- 

depending on your local utitty rates and your usa of lIre PfOdUCt. tricity thian another? Nate 
didn't know much about 

Most appliances come with an EnergyGuide® tag that how a it.'frigerator works, 
teils how much it costs to operate the so li€ didii't get far with 
apphance for one year. ‚„‚‚ 

IIIb 	 1 JUC Will 

he good questions to ask my Energv merit bange counselor," 
thougli.t Nate, ‚md Lic mnade a note for himseit in his notebook. 

‚'\fter finistug at the appliance store, the faniily stopped 
at a car dealership. Nate's dad needed a new truck and he 
wanted to look at different models. Evely truck had a sticker 
the size of a sheet of notebook paper on the side window. 
These stickers cuntained Ion; of information hesides the vehicle 
price. Each listed the make and model of the truck anti the 
\ :‚ lriomms  options that came vith it—ir-conditioning. power 
wmndo'.vs, pover door locks, etc. The price ei sonme of the 
options was listed, but some were included in ehe hase price. 
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Nate saw tiat every sicker iso 1IsIei the "MPG highvav 
ancl MPG city. Ne wnndeied whv lese tWO tiinibers forritiles 
per galion wouid be dfferent. Ne .t[so woitdered if the more 
exens'e trucks were cheaper to opeiatc, Hke „he retrigerators. 
Howover. after checking, Nate feund that h gliet -priced tntcks 
generany got 1ou'r fuel niiiea. naking them rnore expcnsve 
to „live than ower-pricee codels. 

i\ saiesrtin saw Nate scrb Ing in his notebook and canie 
over. Nate expLuaed whai he was doing, and the salesman did 
his best ulc\pialn what affects mieage figures: engne size, 
air-conditioning, weight of the truck, transmission type, ancl 
more. Nste made notes, but he was not satisfied. He now had 
more 	for bis Energy counselor. 
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Wheri he got horne, Nate searcheci the internet for infornia-
tion on gascI:2  mileage. He reacl how Congress in 1975 passed 
a la,- 	ing compnies that make cars and 1f !u trucks 
incIuchn. ckups, SUVS, and vans to build ehes' \'hic!es SO 
they net t -c:tain gas mileages. The law was sutg 	n require 
marc efficient cars and trucks so the country would use less 
gasoline and dies-oll Fuel. The website said the law was meant 
to get av.rage gas miieage up to 40 miic-s per gallon. 

Nate wondered: If requiring 40 miles per gallon saved gas, 
why not mahethe Iaw so that vehieles gut 45 niles per qa]lon? 
Or 50? OF 100? if vou can pass a iaw requnug car comanies 
to bui)d cars willi heller mileage, why was 40 miles iler gallon 
the geal? 

"flev, look at this!" Nale's dad exclain'ed. "You're working 
an thi' [ne -u merit badge, right?" Mr. Gnmez handed 
Nate the evening television schedule, whicit had this prograni 
listecl: "America's Energy Future,' 7 i'.i. 

12 	ENERGY 



p.t. Nate was m front of the reevIsion wtth tus 
notebook ano pencii, He recorded tntormat:on mai espeaallv 
caht his attention. This mdud&: 

C the electrictv produced in the Lnned Siates, mcre ihart 
nat comes trorn ceal-nred power panLs. 

A ]arge coai-fired potver plant can consume hLalOI) tons of 
coal per da!, 
The same size parn will produce more than 10.000 tons of 
carbon dioxde. water vapor, particulates. and fiv ash. 

Of the energv in the coal. that goes in. oniv about 35 percent 
::asenergvll 	- :itvpnxuce 

Nate watched the scenes of a coal-fired plant sud tiS huge 
coohng towers, The narramr told how warte heat was released 
nio fie ar as the plant ooera:ed. Nate saw gant pumes of 

steam nse :nte the skv. 'Whv dcn' thev insulate the pant so 
the lwma ioesn'r escae" he rhought. "Or retise :he heat' 

nsiy 	13 



Ie 	 e:. Naic pu, asce s:h:o 

grabted ie 	 e t: hec te spers s:res 

Te spz:s 	was :r :he same pa c :e ier a3 une 

busess es. Nae saw a headi:e the 	:ess aes: 

Fae Ces Trvmg L) Be ihe Fure L?da' 
The ahcle aketi aEat 	 :qzee 	:ean ene:gv 

irzes. 

 

E-.-er.-  Hve vold hw fuei ‚eils were mar;es af enegv 
:t ear ane des:rt'ei orher alrerra:r;e soes 

:f er.emv: photeiec:h cells ha: c:;:verz sha irecrv :mc 
e:eicrv: w;:J trrbines usr :he free energ'v 

wer mes and s;nesses: arta 	hanged :a :sef:i enerv 

v pr:c:ng a as caiied 
As Na-- read ne fuel-ce arcle, a date :aigt hs mien- 

Fue celis '.ere hrs developed v 	am Greve n :he 
:S3Is That made Na:e stop and :hi:k. h ;ue :els -ire cea, 

qa:et. a:d a gcd smrce o eergv. ;vhv d:nt we use 	:e o 

:hem I thev have been aru: 	:r rnore han ::i vear-. 

are we slll 	zin ahwat hv thev t1 prav:de energv r rhe 
:e In act ;v:h alt :he god thins Samabom sciar ceis, 

wlndml]s. and arher orrns 	nNe energv. wiw are we 
ismgoa au gas'Itne and PJ::ntng pz!;ver rams t!lat lose 
:xo-:hirds o he energv thev ake tn as 

Naes questlns bounced 	Itls hea. He rhe:gh: 
[ndersiandlag enegv seems easv. So wh'; cant scternlsrs 

eigineers. peii:i:ians. and ether aduhs aaswer :hese easv ues- 
As he headed for his h-rst :eetirg with h:s mehr baie 

zmseIor. Ire ha a notehek hill ei inio:mattort ani a heah 
hill ci qresttons. Nare undersreod there was m.cn to 
isaver ah:ar energv that ne dli not undiersiand> :ight ne 
hut Ire was wiiilrtg to team 

Renewable energy from sources such as sunlight, 

wind, and water is replaced by natural processes. 

Nonrenewable energy sources (including coat and 

oH), once used, cannot be replaced. 
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.ergy sources, like these solar pns n h&p ci,t down on poHution. 
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Energy From the Stars 
The c:stions Nat as..:l as he prer-,- 	to siud 	:.ergv 
a:- mportam o-ne„ To undersiand the answers. vou must 
team abaut 

 
-he sclence of energv. Theo vor will udersta 

that the answer to all o Nates queshons tand manv othe:s 
teiles on the same basIc c: caIIed 

team he second hiw. v must frst learn ahnut the 
chm::.:ueristics 	 iergv cornes ::::o. 

and naturativ the irst law of thermodvr m:::ics All c: lils 
tart Information hegins with the sw of energv. 

The Story of Energy 
All forins of e::m:gv trace their origin to the 

Stars are huge balls of mosdv hvdrogea 	rogm:cr in 
space bv crushinggravitm Stars radiam imoums 	nergv 
in all directions 1w changing hvdmoge :.ellumar.: 	[her 
heavier eercn:s Through ehlier release 
enerv or storch 	:he ouclet of die :m:nents thev 
create. In the tre ;caous h-at and p;csm star, !wo 
hvdrogen aroms are crusl:m:: together until thev ioin c.::ei 

ENERGY 	17 



Te ew ac:eu 	re :!r:ra 	e 
re e:eei—heun The 

iai 	re3± t.: rrrri :e Star  

a:er 
h s.ars : H.rh. 

ar ger 0 10er. rhev se aiomr;:aea;:er  
e'. -er . ;:ar :a:r:  

Zrt:Ill. 	: ia: prdrce rrrr .:: r: 	a: 
f::::r i.• .. .r nms. T aa;e :: 	er :ha:: 	n 

arge srar eveav 
airde ar e':eat caec 

Tb 

and reads theai ::r 
race. :ea;sr r-e:eve 

:ar all a:?r 	heaer :har 
were:.:e-i t'v 

uLTern'a e\Lk'S::5. 

Sr:- ..L:ie: have 
energv Lored 	after 
ftrer f ::an. Over Ilme 
hev release :his eerg-; 

:am rar reeas 
anerv 

 

am neco- marc 
stabe, rr dsciurge paraces 
har carrv 	the eaergv 

Supemov 

Someveryheav' eerren:s =-e-ass energyin still anotherway.The 
nuclei of uraniur 	D:U:cn 	ca beak apart in a process of fission. 
The mass ofthe .sces .........ess than the mass of the original 
nucleus that broke are- Te cs ass is converted into pure energy. 
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Our Nearest Star: The Sun 
All of the energy sources in the worid around us comi' from 	A watt is a 
the energy ponring cm of stars. Amt most of the energy Ihat 
po\vcrs the fullctious of our world comes frorn a tinvportion 	measure of power. 

of the energy of the sun—our nearest star. 	 One horsepower 
The suil constirtly produces aheut 400 biflion hiltion 

megawalts cl e cetgy. The amount tht hits Eartli is tiny ahout 	equals 746 watts. 

five 10-billionths of the total energy of the sun), but that tiny 	A megawattis 
portion powers all of Earth's life forms, food nroduction, and 1 Million watts. 
weather processes. 1 he rest of the - un s energy goes flying past 
us irito scace. 

Products of the Sun's Energy 
Riut cne v tioods from the sun as a nixture m ci lerent 
foroc. :t. .'!r''c'rgnetic radiation. Thmk of this a, a Icuntain 
that COrISIa nt.1 . rc.s a mixture of different beverages. In the 
mixture are coffee, tea, fruit punch, soda, grape juice, orat;c 
juicc. and lemon hice. Wo can nndersltnd the wholc mix by 
ulerst.Inding the ditt€'t od tyo of bovotagos that make it up. 
While this concoction is made of seven different drinks, they 
all are alike in one way—oach is made of mostiv vjler. 

Similariv, electromaguctic radiation is a mix of seven dif-
ferent Kinds of what is basically one thing—radiant energy. 
Scientists divide the mixture into di fferent categorios for esc of 
studv ancl discttssion. 'l'he seven kinds, from lowest 10 higliest 

ire as olines. 
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The electromagnetic spectrum 

1. Radio waves. People USC radio vaves to sond inf(rmation 
to reLci\'cn s—radios. \ianv stars uni cnbuia' dust und 
clouds in space) also give off radio waves. Another natural 
sourc:e 5 lightning. As a thuccdcrstorni approaches,you Icuar 
crackies on the radio caused bv hursts of radio waves crcated 
hy lightning flasicos. 

2. Microwaves. Stars and galaxies create natural microwaves. 
in ncccruwave ovens, microwavos penetratc Inod and cause 
vuter rnolecuies in the food ja vibrate, producicig heat to cook 

thc food. 

3. Heat (infrarcd radiation). Heat possesses enough energy 
tinn we can feel it if it is intense enough. 

4. Visible tight. Ohjects in the world around us scatter and 
hsorb visible light, 

ucccn. na us to see. 

The visible spectrum of Iight 

20 	ENERGY 



-- FROM THL- STARS 

5. Ultraviolet Iight. Ultraviolee light has enough energy in its 
waves to damage the receptors in our eyes or the outer Iayers 
of our skin. UV radiation is the cause of suntans, sunburns, 
and some forms of skin cancer. 

The powerfLd energy of an X-ray can be put to use in the 
medical field. 

6. Xrays. X-rays have so much energy they can pass through 
our bodies and create a digital image on the other side. Hot 
gases in our galaxy emit natura! X-rays. 

7 Gamma radiation. This is energy so powerful lt can pene-
trate deep through solid materials. Star processes or the decay 
of some radioactive atoms produce gamma radiation. 

ENERGV 	21 
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1  euTä gle  Z F MO- I  0.M 
Energy comes to Earth from electromagnetic radiation given 
off by the sun, stars, nebulae, and other sources in our galaxy. 
Energy is stored in heavy atoms made in the death expiosions 
of stars. So how does this celestial energy drive the natural 
processes in nur earthly world? 

Mechanical Energy: Objects in Motion 
Mechanical energy is the motion energy of physical objects. 
Solar radiant energy can move objects, including air molecules 
in Earth's atmosphere. As air molecules absorb heat from the 
sun, they gain energy and move faster. As they move faster, 
they spread out. As they spread out, the air in a given space 
gets thinner, making it lighter, and it rises. The rising of heated 
air causes winds that have many powerful effects on Earth. 

For example, if wind becomes strong enough, it picks up 
sand and dust and becomes a powerful eroding force. Wind 
blowing over water creates waves and currents. Wind pushes 
sailing ships, and it can heip you ride your bike (or hold 
you back). 

1 
LJ Alt oftheeffects  

of wind are due to 
. the radiant energy 

heating 

E RGY 
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Another form of mechanical energy is the effect of the wind 
on movable solid objects. As wind vibrates leaves, a dining fly, 
or the siding on a house, it produces sound. Any time the use 
of energy causes air vibrations, the result is sound waves. Sound 
carries the energy of molecules in motion. 

Sound can be powerful. Sonic waves can blast cavities out of teeth 
or crush kidney stones.The roar of a jet engine or an explosive blast 
can cause pain. People who are deaf can feel music coming out of 
strong speakers. 

Radiant energy has other effects on the natural environ-
ment. Heat, microwaves, and visible light all make water mole-
cules move faster. Solar energy increases the temperature at the 
surface of the oceans and adds energy to snow and ice until 
they are warmed enough to melt into water. Bot probably the 
most important effect of the sun's radiant energy on water is 
to evaporate liquid water into water vapor, which rises into the 
atmosphere and is moved about by the winds. When it cools, 
lt condenses back into liquid water and falls as rain. 

24 	ENERCY 



\ FRG\ 

Cheniical Energy 
The sun's radiant energy drives processes by which atoms form 
bonds that store energv. The best-known way this is done is 
photosvnthesis. A plant absorbs low-energv substances from 
its envirenment (mainly carbon dioxide and vater) and, using 
radiant energy from the sun, builds complex molecules (glucose 
being the most importane). The complex molecules have energy 
seored in their bonds. 

The plant mav use the energv in these complex molecules 
for its own gmwth, repaic and reproduction. An animal may eat 
and digest ehe plant and mc ehe energv released from ehe plant's 
molecules to make molecules for its own use. Also, buming 
ehe plant will release ehe chemical energv stored in ehe mol-
ecules. Burning gives radiant energy—light and heat. 

Chemical 

Erergy includes 

rn9 eergy 

-- batteries, 

ne rg 

Light energy is converted to chemical enegy stored in the bonds of glucose 
and other molecules. 

This process of storing radiant energv in high-energy mole-
mies has been happening on Earth for a bog time. Uncountable 
eons of planes and animals have lived, stored up ehe sun's 
energv in their motemules, ehen died. In many places, large 
amounts of these planes and animals were buried under layers 
of sediment that tumed Co rock. Under ehe pressure of ehe rocks 
and the heat from the interior of Earth, these materials became 
coal, oft, and natural gas. These forms of stored chemical energv 
are known as fossil fuels. 
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Nuclear Energy 
The heat from inside Earth flut helped form the fossil fuels 15 
radioactive decay—one of ehe few forms of energy that does 
not come directiv from our sun. Radioactive atoms, formed in 
stars, release energv from their nudel. lnside Earth, a constant 
release of this energy continues to heat the interior, If not für 
this proress. Earth would bug ago have coobed to a frozen 
mass, even with the energv input of the sun. 

Electricat Energy 
Radiant energy frorn the sun produres elert 3 energv in 
nature bv stirring :ie winds and clouds. :: irring huibds up 

electrical char-cz 	clouds and results in iiniuing. Lightning 
produces the fla-: c:1ght (electrical energy) wo sec. 
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Another form of nuclear 

energy, mentioned earlier, is 

fission. Fission occurs when 
very heavy atoms absorb 

neutrons (atomic particies) 
and split, converting mass 

to energy. Today, the fission 

process is used in nuctear 

reactors in power plants tha: 

produce electrical energy. 

city 	:a:ure come fror 
co occons. The most imerestin o :hes 

be hie rec:ions in the bodies of eiecr o&s tha: use :ss 
ec!ricim zo stun mcv and for defens: lllectrc,chemicai reac-
:i::: aiso Droduce :he eie::..i:v in icst batteries 



:!e have di 	iha  
mvig ma,ie: €cc'nduc:or e 

The ed of 	nez causes 	e:c cune: in 
he:. 

-ars, powe: panls, anu oI:er races B\ :smg surces of 
•:h. nic3  ere:gv. riao.ne.s can Ee sru:i ins -  e co.s c v:€, 

Summary of the Kinds of Energy 
3wash 	.: :ergv. Eveihing :h: ncves 

-i 	 changes foi 
iiquhi to 3 gas. hums, grows. o: .: ......: 

u.teres:ing invc4ve :-.ergv. Ms: of ih 
t:aces :s 	z o our sun. 

While chemical energy is useful for storing radiant 

energy until lt is needed, electrical energy is useful 

for moving energy from place to place. Electrical 

energy is convenient, making energy available at the 
flip of a switch. For more about electric currents see 
the Elecrricity merit badge pamphlet. 

This inrrojucric: -........... orns o: enerrz: a.o;v 
cuss :he scienrific it:; c::. heIns us urte:szanc ene:gv 
Wo 	cover rno:e abo.: : - s: of these ideas ia:e:. 

Electrical energy is important as an easily transferred, 
readily available, on-demand form of energy. 
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The First Law: 
Good News 
To appreciate vhy we sliould 	ite encigv, w' must ulkier- 
stand the rules that describe u Leluvor u eucrgy. These ruies 
were learned mostly over the past 200 years. 

By the end of the 1840s, three scientists—Julius Mayer, 
James Joule, and Hermann Helmholtz—all came to the same 
couclusiofl from different evidence. Thc-y learned that energv 
is never destroyed, nor can lt be created. Energy does change 
from one form to auother, but the universc always has the 
same total amount of energy. This principle that energy cannot 
be created or destroyed is known as the law of conservation 

ofen't,'e. 
This was a key discovery because lt focused the studv of 

energy on understanding energy corncnoorts. Scienhsts at ihis 
time were mostly interested in one form of energy—heat--and 
its rnovements. Because of 'his, the name given to the studv of 
heat encrgy comes Imin t\vo Greek wurds meaning "heat and 
"movement"—thennodynamics. The law of conservation of 
energy also is known as the first lau; of thermodynwnfcs. 

'vVe usualiy think ei conservation as saving resources 
und using them wisely. But to a scientist studying 
energy, cooservation of energy means that, in any 
System that runs on energy, the energy going in 
most equal the energy coming out. 
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Energy Source Comparson Unit Btu in 1 Unit 

al Ton (2,000 pounds) 1,700,000 

E 'ctric heat pump Kilowatt-hour 6,803 

'ctric radiarit bester Kilowatt-hour 3,413 

od Candy bar (252 calories) 1 

sobne 

GaI(on 

Gallon -.  

139,000 

125,000 

Nsturn ass Cubic foot 1,030  

Nu 	.r Ossion Gram of uranium 235 10,000,000 

Nucearfusion Gram of hydrogen 100,000,000 

Solar enerqy 	 Square ysrd 16 x lO 

Water power Gallons per 100-foot fall 0.234 

od (whiteoak) Cord 28,200,000 

Dod(pine) 	 Cord 20,500,000 
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T. 	.'.hennods 	nno 
or de::: .. :‚:: my changc: ::. :::. Als in einsam. 

e ener: 7 : dPve some useful process. We 

	

s:: 	:s:s a 	. oi ener and then CCdi2 : system 
we want usuaUv !i:. hean or 

r::. •  ::::-.::. -;itv, we mustget Manne :s.::s.:: 
i..:tcitv ca.. iv used to m:s .:::‚ heat. ald ::.:tn. 

iemua! energv ci ue1s is used jo nae cars mce. 

In every case where we want useful work done, w 
must find a source of energy, because energy cann 
be created. 

Energy Conversion Devices 
Erervuseiu!::happen::.... ihr :.::2 ........ 
energvfro'.s::s::nto suche.2c..... 	... 
cars. trac .::. ...... :.::wer 	.:.rns, the' ............... 	:iusck 
power o .... ......... 	::d anirnals. Livin 	:: .:.....d. .inc1ud- 
ing humansj are :::nplex svsterr.t .. ........:::ning the 
chernical energv z -.-- : -ed in iood t.: .25 	:nove 
men: 5 mme ei di: :hernicai energv is used to make 
ins Hat that 	.::..;ss mAnn. \V:i:-: ..s use 
ci; musc!es 	s-s:... :..: 	rot;, 	jch a 
1cm, the u7 ur 5.:s...: ..... 	that cornes irom 

:ood we etc. 
Other than muscle power. iire has b:s -  the 

most useful energv conversion. Fire is an 
conversion korn chemical 

	

n. 	id heat 
1........acess..:.;catersiunc 
T.55. 10 n:s: heat avaiiabie 
i.:..:p us comtc::sle 
coki we''i Mao.v de ,  
have bee.s ::ivented to 

heat to 
heip .: 2.:: mplish 
ade :5 

W. 
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- 	 . 	 con. 	rmai 
er 	Pee hve 

dfferem :- 	 r1 	 enenv 
nverson Eadv szeam n :.:s .d fire 	ower :rains. 

v' 	 :.: .irs. rrncks. nses, 
aItE .nd tr. - 	he -  nower fr. : 

ennes. wlucn use fire .nside 	anner m e engine. 
uses 	nipd burnirr o zs ne n provide 

Exnverfu1 pushr -  : j :e send vehdes nw spce. 

::ns are 	ChuIes tha cerr eIecrri.ca energv 
mm rnecca energv. Manv devmces 	eezmrc momers 
creamhmg movement when ;ve nee.' 	ns move a.r and push 

:um o furc 	11  amr condmic'ners 	.. nam a:: 	- 

i-eezers and reftzeramors use eecro momors w mnove heu. 

The ;vindshmed wiers o ca:s wor en eenrIc momnrs Wamer 

nun. . earae door oeners, eevaw: Z . drawbridges. ..:: 

emvc . 	::.: nomors. 

Substances with stored chemical energy that can 

be converted to useful motion in an engine are 
fuels.The most common fuels are materials that are 

burned to produce heat or power. Food is fuel—the 

source of the energy we use to move, think, and heat 
our bodies. Materials used in a nuclear fission or 
fusion reactor also are called fuels. 
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Energy conversions are usecl to make electricity. Many 
power planis reiv on a combusiion boiler to use a chemical fuel 
to boll water into steam. Nuclear plants use a nuclear reactor 
as their sotirce of heat and steam. Steun-powered power plants 
need to convert the motion of the steam (rom a straiglit line 
into a circuiar, spinning motion. The device that does this is a 
turbine. The spinning motion of the turbine shaft can then be 
connectecl to a generator, which converts this mechanical energy 
tu elecuicitv. 

TUR13INE 	GENEATOR 	ENEOGY 

Steam-powered power plant 

We often convert electrical energy into light. The most 
common electric light is an incandescerit light, which super- 
heats a wire insidc a bulb until it giows. Fluorescent lighis are Electrons are 

different and actuaiiv make two energy conversions. First, particles of an 
elecirons passing through a mercury gas strike mercury atoms 
and give off ultraviolet light. The UV light strikes a coating on atom that carry a 

the inskle of the tube and changes UV light into white light. negative charge 
This eftect is knovn as fluorercnce. We also are ahle to convert 
electricity into a useful form of light with lasers. of electricity. 

Iil:eries provide portable, stored electricity. Thev com- 
monly power flashiights, radios, anil other portahle devices. 
Inside these batteries, reactions change chemical energy into 
electric current. When all of the chemicals have reacted, the 
battery cannot be inade to produce more electricity. 
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Storago batterü's makc' use of two energv conversions. They 
use electricity to store chemical energy, then switch chemical 
energy back to electricity when needed. A car battery is a stor -
age batteiy that uses an dcid solution and lead plates to store 
the electricily used to charge lt. Rechargeable litluum batteries 
produce electricity by transferring flthium atoms from the anode 
(negative pole) to the cathode (positive pole). By applying 
eiectricity to the battery, the lithium atoms can be forced back 
to the anode. Then the battery is ready to use agab. 

Most modern cefl phones get their energy from 
rechargeable Iithum batteries. Cell phone manufac-
turers strive for the lightest batteries possibe that 
can store the most energy.This energy is converted 
to radio waves, or eectromagnetic energy, when the 
phone is in use.This etectric& energy conversion 
gives off thermal energy as waste and is why your 
phone can sometimes feel hat when you are using it. 

So many other devices convert energy, it is impossible to 
name them all here. This list, however, may give you additional 
ideas für cornpleting requirement 2. 

• Radio trarismitters convert electricity into radio waves, and 
radio receivers convert the radio waves back into electricity 
that speakers can change to sound (mechanical) energy. 

:' 

-. 	 .. 

/ 

Lithium ion batteries have high power and energy.  
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• Solar t!i5 convert radiant energy, or sunlight, directiy 
into electricity. 

• Explosives convert chemical energy into motion—in a hurry 

• A car transmission takes in mechanical energy and gives 
out mechanical energy, but it aliows us to control this 
energy more precisely. 

• A colnT.nuer takes in eiectriciiy and makes tumy changes to 
it to stare aud use the information lt represents. 

• Sailboats use the mechanical energy of the wind to create 
mechanical motion of the boat. 

• 1'opes and rnicroscopes work by gathering hght energy 
and organizing lt so ve can see hidden objects better. 

The first iaw of thermodynarnics is good news for energy 
users because lt teils how energv can be changed from one 
form to another to make lt usabie. Many cliiierent devtces use 
energy conversions to provide the systems that make modern 
living possibic. 
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The Form of Encrgy table lkts devices that ('unvert energy 
frort) one form :o anrnher. The co]umns represent the encrgy 
that is sed; the rows show the cnergy that resuits. Shaded 
Luxes mean there is no practical :ft' that mkes the corer-
sion des.crihed. For example, no wa is known tu use chemical 

o !nake atonic ( n ucIe,lr) 	rv. 

Some of the devices in the table will be familiar 
to you, and some are probably unfamiliar. Discuss 
the table with your counselor as you complete 
requirement 2. 

38 	ENEAGY 



- 
2 

0 

— 

- ->- 

2 
3 

2 '.2 

3 
3 

'5 

- 	- 	.- 	- 
0 s t - 

= 
.2 -5 

-5 	 55 __5_335 
55'S 

o --s 

- 

5 - 5 
5 

3 
3 5 
3 55 

-5-5 - 

rf  cm 
cc 

0 0 0 0 
0 0 2 
1 w 0 2 





L. 

i 
IN'  ne Second Law: 

Bad News 
Now we rorne to the second !aw of thermodvnamics, ehe 
sciemific prinriple that will let us answer all the questions 
Nate asked as he began working on the Energv merit badge. 
The second law is orte of ehe most important principles in 
science yet orte of the most diffirult to understand, lt will be 
the basis for almost all of the remaining work vou will do to 
understand energv. Am von ready? Here lt is: 

Heat fiows from hot to cold. 

Titere! Don't von feel smarter already? Come Co think of 
lt, lt doesnt look all that hard. However, the important thing 
is that you urzdersrand what lt means—how lt is applied Co the 
world we live in. That is what makes it difficult. 

First, take the statement apart anti make sure you under 
stand the kev words and ehe ideas behind the words: heat, hot, 
and cold. Heat is a form of radiant energv that ran inrrease ehe 
teniperature of materials or rause inelting, evaporation, or other 
phvsical efferts in matter. Hot and raki are comparative terms 
that refer to ehe relative temnerature of different parts of a svs-
tem. Any part of a s v ith more heat than another part is 
liot. The part of 2 ;; vith less heat is cold. An Ire rube 
with a temperature 	rees Fahrenheit sitting outdoors on 
a 20-degree day 	2 purposes of the second Iaw. Heat 
will flow from ehe ice ruhe, making ehe ruhe colder than it was. 

But the second law still does not exp!ain murh. Whv ran't 
legisiators pass a law requiring I00-mileper-ga1lon rars? Whv 
rio elertric power planes waste so murh heat? The second law 
does not answer those questions—vet. 
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To make the second lav marc usefuk we m 	asi. \Vhat 
causes heat to move from hat to cold" The 3flSWJ 	that noth- 
ing makes it move; ii ius 	That is a critical point of the 
second law. \hu do not 	Ao anvthing to make heat move 
from hat to cold, in fact, you tinnot do anvthing to stop it. 
The process is spontwteous. 

\ 
\\\ N\ 

\ \: 

insulation anly siows ehe movement of heat from hat Co cold. 

\Ve often vant to stop heat frorn flowing from bot to cold. 
Materials designed 10 do exactiv that are called iusulariori. \Vhen 
we have heat energv in a piace where it is useful, \ve tr to keep 
ii there. \Ve huild homes so thev retain heat during the winter. 
We have insulated containers to keep soup or hat chocolate 
warm. Ovens are lined with materials to keep the heat inside 
to cook the food and not warm up the kitchen. 

\Ve caii slow the movement of heat from bot to cold, bot 
we cannot stop it. That is an important part of the second Iaw 
of thermodvnamics. To remind us that heat flows from hat 10 

cold with rio action needed to start it, and that .': cannot stop 
lt [rom fioving, we state the law as: 

Heat fiows spontanesusiy from liot to cold. 

Anather element of the second law is that when heat is concen 
Irak n one place in a system, it will move toward all parts of 

.tem that are cooler. lt moves in all directions. Ii vou build 
a n i a fireplace, the heat not onlv moves into the room, it 
also .:ats the bricks in the back and [bar of the fireplace. Same 
of the heat goes up the chimnev with the smoke. 
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nsulate to slow heat flow, we use reflecting 
• 	unect he - ' o where we vant lt. Howeve-. :e can 

of the hc in a s stern to go where lt wi a what 1. 

ve want it to da. •••• 	is part of the second law as weil. 
flov::ht in all d:: 	H.'rtant to ti:c c-c,d 

ielp :.:: :::mber th ::::c 	this idea, 
another 

Heat fiows spontaneously from hot 
to cold in all directions. 

Energy Is Lost But Not Destroyed 
t.rg\ lsse 	posih!'. 'e m't 	oot !io vct must 

.jt Ihm - 	»::i lav. 	:.:s: 	m of 
lost energy is simpiv 	::- dency for heat tc 	tane- 

:ilea 
Ever: 	.: 

extra heat because some of the heat :i go away frorn where 
lt is useful, Heat 	:-es where lt does not da the work of 
t }i 	\"tpTfl j 

The frs av•; o 	rnod''ai S Sflvs 	Co- 

n 	be recd or destruvnci. enery -anno ,  ha 

Srh,aC trraa rau might thnh 	na'hr (an 

nut o enara'y  ouever c n 'Th uts o 

3rQunci t n'a',' n0 b H fo rmr, ‚a ca nyy' 

pactrctu arnros°s. Energ\ iS an cesnov-u nuc T 

na Ö- as: tu u  au a scurne of Ls TUI 	ehV 
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Fricton isa force tha 	;ists motion when surfaces come in 	:‚ith each oth, 

l'hvsical svstcni 	::c:a: 	vaste hat in other 	vavs. Sorne 
heat that we do not 	:'aduc 	;ccur 	anvwav. All 

Energy - usrng S%'Sti 	•• 	with moving 	:h: 	ontact otheF ::ts produce 

systems produce heat :::::t frictkm 	1 	1' 	:1i or ::rings can reduce hut 
not eiirninate frictior.. 	;aI scrn. friction converts 

waste heat. mechanical energy ii:i 
All c.:.:ic.l svs:c:s 	;:oduce heat. As eleci::•::.:v 

passes th;; 	anv cond:.::i:c material, sonc 	s gener- 
ated. Th - 	:.: - :c 	c'sistanc. 	; -‚Juctor has, tl. 	.::..1cr it is 	or 

through anti tl. 	waste hc: 	tina ti. 

Resistance causing a concluctor to become hot does 

useful work in a toaster.The wires in this smaH appU- 

ance heat up to toast bread. 

Svstenis with uarts that move through a t'Iuid lose enerov. 
............iquic  
air resist:::::.' or drag. 	Parts ..............c 	air s 	:1010- 

cules anti ca 	therr 	used 
10 increase tl:c ‚ 	 r-rnc 	::Ic :::.::::::::S 	•::s:. 	s.: .'where 

first law. 	. 	 .::c:gy gain in the fh::i 	becomes an 
energy loss in tiic 

- stein. 
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Another energv 1055 cames froni uuni tu sse .oise 
somd, is a shock wave thar moves al: molecules as it :raveis 

thrugfl :hem. Ths increas-ed metion of the air molecules is 
increased hear in the alt. Au.-  system that is maing a sound is 
losing energv and releasing heat. 

The second Iaw savs that no system zan use all the energv 
in:ts source. Ever: rime we r so take advamage of the tirst 
aw hv converting energv from one form so anorher. some of 

the sou:ce energ; gers ost—u cannot be used so do the work 
of -,he svsem. 

Scientists and engirteers dlvi Je energv in mechanical svs-
tems inte zwo categories. The energv that does what the system 
was built so do is called e'g-  The energv that lost 
tecause al systems obev the second iaw is caik-d ucs:e e:e: 

To compare dfferent systems, wo look at the ratio of useftil 
work the system does so die total eaerg jr uses. This ratio i the 

rtc of die system and usualiv is expressed as a perc- 
age. lt determiried bv dividing the useful energv bv the tota l  
enemv dias wem inro die system and then multiplving bv 100. 
The meinl energv plus die waste energv mmi awavs exactiv 
equal die total energv dias was put inro die system 'the first 
:atv. Efficiencv of a real system rtiust alwavs bi- iess than 100 
percent because die total enerzv must aiwavs be more than die 
useful energv of a system (the second 

--sistance  
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Here are some common situations you might consider 

for requirement 3: An incandescent Iightbub changes 

electricity into light with about 5 percent efficiency. 

Gasoline cars are less than 10 percent efficient. 

Motorcycies are about 20 percent. Plants convert 

between 3 percent and 10 percent of the 

sunlight they receive into stored diemical 

\ energy.The rest of the sunlight just warms 

their leaves 

r 

A 

x. c Dtys a ~  

svsern Zar. be 100 

cecet efc ep: 

..‚ reecaras Je 
pc:e c 	 ct:x Hvve:, 
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The second law says that heat fiows from hot to cold, 
and we can use this heat to do useful work, bot some energy 
always will be wasted. And there is more bad news. We know 
that as a fire burns, lt produces lotv-energy materials such as 
carbon dioxide, watet, ashes, and smoke. These materials have 
some energy in their molecules, but we cannot make use of 
it—ashes do not burn. Eveiy system that uses fuel to do useful 
work eventually ends up with low-energy waste materials. 

If we want more work out of the system, we must put more 
highenergy material (fuel) into the system. The more fuel we 
use, the more wastes we produce. Those wastes must go some-
where. If we release those wastes into the environment, they 
affect plants, animals, and ecosystems. The second law now 
says that we cannot use energy for useful purposes without 
producing pollution. 

Now you know that the simple, six-word second law of 
thermodynamics has proven to be highly complex. lt explains 
why we use insulation and reflectors to control heat energy. lt 
teils us why machines cannot be 100 percent efficient. lt shows 
us why all energy systems produce some kind of pollution. 

Next, we will apply the second iaw and answer some of 
the questions Nate raised. 

Fuels will be 

reduced to 

low-energy 

materials that 

can be a source 

of pollution. 
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A Good Energy Family 
A fish never thinks about the water it swims in. In the modern 
world, people are like fish living in a sea of energy. Energy is 
all around us, and yet we tend to overlook lt the way a fish 
ignores the water. 

Some uses of energy are more obvious than others. We 
may heat our homes with oil or gas. We put gasoline in our 
cars to make them go. Electricity cooks our food, lights our 
way, and operates the television. These are easy-to-find uses 
of energy. 

Bot much of the energy we use 
is unseen. Millions of Btu are 
hidden in the materials of our 
houses, furniture, appliances, 
food, and clothing. Thousands 
of Btu may go into your garbage 
can every day, in the energy 
used to make the paper, plastic, 
and other materials you discard. 
To become aware of the sea of 
energy, you must learn to look at 
a newly mown lawn or the snow 
removed from a driveway and 
see lt in terms of the energy it 
took to accomplish that task. 

Consider one example: a can 
of corn. What forms of energy go 
into producing it? 
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A farmer starts a tractor. The tractor is made with about a 
ton of steel. One ton of steel requires 52 million Btu of energy 
to produce. To form the steel into a tractor requires more energy. 
The tires, wiring, windshield, and other parts are made of other 
materials that also require energy to make. 

The farmer fills the tank with diesel fuel, hooks up a 
plow, and piows the field. (A modern 12bottom plow is made 
from another ton of steel.) The plowed field is rough, so the 
farmer hooks up a disk (another ton of steel), refills the diesel 

The United States tank, and smooths the soil. Thea to plant the corn, the farmer 
supplies food to refuels (more diesel), hooks up the corn planter (more steel), 

and pulls the planter over the Held. 
a good part of The corn sprouts. Solar energy drives the complex chemical 
the world with its interactions that cause the plants to grow. The plants use sun 

energy-efficient 
light to convert carbon dioxide, water, and soil nutrients into 
roots, stems, leaves, and corn. 

food production The new plants need water. If rainfall is scanty, water 

and dstribu- must be pumped to the crop. The water pumps (made of steel) 
usually are fueled by propane, butane, or natural gas. 

tion System. Insects, fungi, arid other pests try to feed on the growing 
plants. Weeds invade, blocking the sunlight and robbing the 
corn of water. The farmer fights back with the sprayer (made 
of steel) that is filled with chemicals to kill the pests. These 
chemicals are made from oil or natural gas that can be manu 
factured into weed killers, insecticides, and fungicides. 
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When the corn is ripe, the farmer fuels the corn picker 
(more diesel and steel) and harvests the corn. The corn is 
loaded into a truck (more diesel and steel) and driven to the 
packing plant. 

The packing plant is a building made of steel, concrete, 
and glass. The corn is processed, cooked (usually with natural 
gas), and canned. The cans are packed into cardboard boxes, 
which are loaded into a different truck (more diesel and steel) 
and taken to a grocery store (more steel, concrete, and glass). 
The store has electric lights, refrigeration, air-conditioning, and 
heating. The store's electrical supply likely comes from coai or 
nuclear electrical plants. 

How Much Energy Does lt 
Take to Make? 
Aluminum 48 million Btu per ton 

Cardboard 19 million Btu per ton 

Concrete 75 million Btu per ton 

Glass 90 million Btu per ton 

Steel 52 million Btu per ton 

You ride to the grocery store in a car 
(made of steel, runs on gasoline). You buy 
the com, take it on your next campout, 
empty the can into a steel pot, and heat the 
corn over a fire. 

The corn you have eaten is a product 
of modern agriculture that would not be 
possible without abundant energy. lt took 
coal, oil, natural gas, propane, butane, gaso 
line, diese] fuel, nuclear power, hydropower, 
muscle power, a fire, and lots of energy 
stored in tons of steel and other materials. 
And where did lt all begin? The energy the 
corn needed to grow came from the sun. 

Now you have some idea how much 
energy surrounds us and affects our 
daily lives. 

r 	

', 
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Compare the energy used 

n one room, such as 
the kitchen, with 
another room, like 
the bathroom. 

. 

The Second Law at Home 
A modern home is a complex collection of systems that provide 
heat; light; shelter; water; entertainment; ways to store, cook, 
and eat food; sewage disposal; and garbage removal. (And that 
15 only a partial list.) In all systems designed to do these tasks, 
the first Iaw of thermodynamics will be at work. To use energy 
to do useful work, the energy must be changed from one form 
to another. 

Survey Where You Live 
For requirement 4, watch for energy use (and energy 

waste) in your home.You might: 

• List devices that do work for you. Record the task 

done, the device used, the energy source, and how 
the task would get done without the device. 

• Keep track of energy hidden in materials. Watch the 

garbage can as a meal is prepared or while yard 

work or some other task is done. If possible, weigh 

some of the discarded materials and convert the 

amounts into Btu lost. 
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Whenever ehe first law es functiomng to gee useful work 
doeie, the second law also will be actirig to limit the efficiencv 
of the energv conversions In modern homes, people pav for 
the elecericiev and fuels thev use to operate the vanous sys-
tems. Therefore, in our homes v:e ' -. ave a ec:al case of ehe 
second iaw: 

Energy wasted = Money wasted 

An example of ehe second l; 	v: 	1ome is the 
effect of overheating lf the insede of a house is warmer ehan 
the outside, heat will move from ehe inside to the outside. If 
the difference between inside and outside is small, the energv 
loss will he small. If ehe inside is much hotter than the outsicie, 
the energv loss will be 1 

.1. 

- 	
-: 

• 	 .•.- 	•-• 	- 	 .•et 	 - 

90 ra door opene 	: 	r i np) 1-  s motors i t &ese 
elecJ energy  to niove mechanical parts. 
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The second law of thermodvnamics in vour home is also a law 
of tracit'-offs In a trade-off, when vou act to seek a good thing, 
other things happen too. You can never eliminate all problems. 

At one time, people heated their homes bv huilding fires 
indoors. Fires make smoke, ancl smoke filling the space where 
von live and breathe is bad tor vour health. So people huilt 
stoves that contain the fire, release the smoke, and radiate heat 
into the living space. 

One trade-ott in huilding a stove is that vou must hc 
energv to use energv this vav. You can not huild a propei 
trom wood or stone You need a material like steel to cm 
the fire and transfer the heat. You must live in a society mal 
has the energv to make steel in huitd stoves to help make vour 
livtng space more comfortah.. 

A second trade-otf is ti:: 	c 	leni than a fire 
in Your living room. As the stovepipe caints tüt smoke away, 
sone of the heat of the fire goes out the chimnev with ii. Now 
you must use more fuel to -ei the same amount of heat into 
vour home. Vou have improved the safetv and comtort of vour 
heating system, hut the nev system is less energv-efficient 
than the original. 

Whenever people use energv. thev \vant lt to he convenient. 
Warming a house during a cold winter takes much vood. Coal 
has more concentrated heat. \Vhere coal is available, people 
cnn switch to it tor more convenient heating. 

Sut coal does not grow aho:z:ound like woocl Cml must 
be mied. CoaI miners need sne::i toois tor mining. Energv 
goes mtito making those tools. 	s casier tu mine coal with 
powertul machines, hut huilding mining machines takes mort 
steel and also energv to run the machines. 

Although cmi) is a good heating fuel, someone must regu-
ar1v feed lt into the turnace. Oil can he fed in hv automatic 

pumps. Heating '.vith oil requires electricitv to start the furnace, 
pump the oil, and run a fan to hlow air over the firebox. Also, 
oi) has many uses other than tor heating. lt we use oil tor 
home heating, we have less tor other purposes. 

Using electric heaters is the most convenient wav to heat 
a home. lt vou want more heat, lust turn up the healer. The 
trade-otf is that electricitv comes trom a s .  stem that is about 
30 percent efficient. Therefore, ve must vs.: 100 Btu of fuel to 
deliver 30 Bw of heat energv to a home. 
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Recovery Costs 
Eariier wo taged aiong as Nato Gonez lookod at reiriera 

Nae found tha more ca gv-eificiem refrigerators cost 
manov. This the seconi aw at work.resuhing in 

Tac prirtriale ci building a reir!geraor is sirnrl-e: Consrtuct 
a bax and piace a ceoling und agalast the outside suriace. The 
cooiing und uses energv ta da wark in removina hear iram the 
sides ci the lxix. Thea ihe heat in thje air irtside moves ra the 
cocier 

 
S --  Je ci the reirigeratar. Heat in iaod pur inside then goes 

:e am 
xin asvou starr rita reirigrt, thesecond iaw kicks 

in. The motor chaages &ecrricirv iat 	orion and makes noise 
and wasre hear in the process__enerj lost. The COli5 draw 
!reat born the iced box, hut thev also draw heat born the air 
araur.d the reTioartr Not ah ci the cacilag d-es -,he ward wo 
wam. As scan aas die fcod bex is cool. dem irom die cursda 
staus movit in—dem maves born hat ra coid. 

The rel 	aror wo mc considering irres a lot ci en 
arn1 wastes 	cd addirlanal energv. Wo ;vam ro made ri 

war betten :1 cart reduce -he nahe abo wasre herr of ide 
compressor bv buulding 

 
il more careiriliv whh berter materiaLs. 

The trade-oll for a heuer comaresror is higher cast ci 13 o 
abo materials. Wo ran risc marc eilicient rohr, wird the trade-aii 

icre labor. rmerjars mrd rast. We ran siow the movemem 
cm inro -,he refrigerarar hv insulation. hut mmc or heuer 

:boatuan addsto die rast. r is harder ra ass.emhle her heuer 
reirigerarar, abo thar cosrs marc irr labor. 

Wo en  tip wird a reirigorator thaz mm 	much marc 
than am original mc. Who would buv ;Tz gmarr Scours, thars 
whcl The carr ci using a reirigeraror is not cmv the nrice ra 
buv ln bur also ide rast ta um lt. 
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rie:e e:pe;v- 

Refrfgerator A Rgrtor B 

[urciiaseprice  

	

Energ, -ar 15years 	 2  

Total cost 

	

S1,678 	 S1,474 

	

avs 	 :i. Te 
B 
3.: 

A government-backed program called Energy 
Star* identifies apptiances that are especialty 
energy-efficient. Energy Stars  appliances exceed 
federal efflciency standards. (To qualify for the 
Energy Star5  rating, refrigerators must exceed 
federal standards by 20 percent) 

MareTrad&Offs 

	

aeci nergv;se a: 	 i 

hme eamg in :h winzer- A c.;e ;e:e zc 

	

F: iei ise at'cit S e:cei: 	he zhan re 3 

	

sg:ee Fhr:e. However 	ike :c he 	Thev 

m':e cche 
ave ee:gv 

e:tee, ;r'earrce 	::ade- 	 eec 

A -ca x'me m 	uch i: 	g: :heun. 

	

srre pecPie -hhe :e eh 	a: p: 	:he 

che:: acc.  
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ATrombe wall is a masonry or other thick wall that absorbs solar heat by day and 
reteases it into the building at night. 

Habits may be the most powerful barrier to energy savings. 
People get used to how they use energy, and these habits are 
hard to break. Wearing more ciothes in a cooler house feels 
different. Many people would rather spend more money (and 
use more energy) than change their habits. 

Reduce:The First R 
One strategy for cutting energy use and costs at home is to 
reduce activities that use energy. This can be as simple as using 
electronic devices less often for entertainment or making it a 
habit to turn off Iights you are not using. 

Here are some other ways to reduce your energy use, 

• Lower the thermostat. Every 1 degree the thermostat is low-
ered saves about 1 percent of the heating energy. (Be sure to 
discuss this with your family first!) 

• Have one of your parents lower the temperature of the water 
heater. Water heaters do not need to be set above 120 degrees 
Fahrenheit. The hotter the water, the more heat will flow 
out of the heater and the more money lt will cost to operate. 

• Every three months, drain a quart of water from the valve 
on the bottom of the water heater. This prevents sediment 
buildup and keeps the unit efficient. 
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• Hand-shovel snow, use a push mower, use hand-operated 
trimmers, rake leaves, and sweep walks and driveways 
with a broom. 

• Replace ordinary (incandescent) lightbulbs with compact 
fluorescent lightbulbs, which are more energy-efficient. 

• If possible, your parents can pay household bills by computer. 
Many companies will send an electronic bill, and customers 
can pay the same way. 

Another great way to save energy and money 15 to reuse things 
that require energy to produce or process. By using products 
twice, you can cut energy use, and therefore costs, by half 
or more. 

As a Scout, you may already practice this idea on bog 
camping trips. (When you must carry what you use, you learn 
to be efficient.) Maybe you carry one towel and use lt at least 
twice before lt is washed. 

You can do the same at home. Hang up a towel and use 
it again, and you will cut the energy needed to wash towels 
by 50 percent. By using toweis twice, each year a family of four 
can save 73 boads of laundry, 1,000 gallons of heated water, 
detergent, fabric softener, and the cost of running a dryer. 

What other items can you reuse 10 save energy? A short 
list might include the folbowing. 

• Use the back of scrap paper for printing drafts on your 
computer er doing homework. 

• Take bags with you to the store to cariy purchases home. 

• Check junk mail for envelopes you can reuse. 

• Get things you want (like video er computer games, music 
CDs, videos, and DVD5) frorn yard sales er swap with 
friends to save money and energy. 

• Build a compost pile 10 turn food scraps, leaves, and dead 
plants into free, effective fertilizer for a garden or landscaping. 
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A Formal Energy Audit 
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Most TocaT uiÖes will give customers free 
pampHets kits  

also kxate helpfu nternetsites(wthywpawats 
pekan)bysafergaudit 

By now you should see every piece of glass, piasrc, 

steel, aluminum, wood, concrete, and paper as both 

raw materials anti the energy lt took to turn the mate-

rials into finished products. Efficient energy use not 

only conserves vital natural resources, but also saves 

money. An energy-efficient famity today must break 

wasteful habits and find ways to use energy more 

wisely. When the second law of thermodynamics has 

free run of a home, energy and money go out intc 

the cold. 
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Neighbor 
Think about what makes up your local community—the houses, 
businesses, schools, churches, government buildings, banks, 
restaurants, gasoline stations, recreaeion facilities, and maybe 
power planes. Just as we obey laws in our community, we 
also muse obey the second law of thermodynamics. At home, 
the second law means wasted energy and wasted money. 
Fighting energy waste is even more important when we gather 
together in communities of people. In communities, energy 
waste means wasted taxes and fees, community lands polluted 
or spoiled, and energy abuse (deliberately usirig more energy 
than is necessary) that harms our neighbors. 

: 1 rb1IeIr! 
Running modern communities takes large amounts of energy. 
In the past 150 years, Americans have obtained the necessary 
energy by building power plants, hydroelectric (water power) 
dams, oil refineries, coal mines, and other energy-producing 
systems. In every case we are trying to concentrate energy into 
fuels and electricity. This gives us ehe forms of energy we need 
but produces waste energy and pollution. 

Consider a coal-fired electric power plant. To produce 
800 megawatts of electricity, a modern coal-fired plant uses 
10,000 tons of coal per day. The carbon compounds in the 
coal are burned with air to release heat that was stored in ehe 
compounds. This burning produces tons of carbon dioxide and 
water that go up ehe chimney stack. 

A lump of coal is only partly carbon compounds. lt also 
contains minerals that will not burn. Some of the unhumable 
material becomes a fine powder that will go out the stack with 
the water and carbon dioxide, if ailowed. 
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But this fine dust is not good für plants, animals, or humans. lt 
muse be contained. Containing it uses some of the energy the 
plant produces and so reduces the total efficiency of the system. 

Coal ash may contain urantum, arsenic, antimony, 
cadmium, beryllium, lead, and other substances that 
harm humans and the environment if reteased in 
largo amounts, and so they must be disposed of in 
some safe way. 

A coal-fired power plant cannot run at 100 percent effi-
ciency. Comparing ehe energy in the fuel (ehe coal) to the 
energy in the delivered electricity shows that a well-running 
plane is about 35 percent efficient. The energy in the fuel 
must be converted to heat in steam, converted to motion in 
a turbine, and converted to electricity in a generator. In each 
of those conversions, energy is lost. 

Oil refineries, nuclear plants, solar electricity, coal mines, 
hydroelectric dams, and natural gas systems all have environ-
mental impacts. They cannot escape the second 

If society did not accept some energy trade-offs, much of our 
medical technology would not be available to heip save lives. 
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However, Ehe second Iaw is a iaw of trade-otis, vhich 
means good news comes with the bad. A power plant produces 
energy that we use to live our lives. Without large-scale energy, A 100-Watt 

we could not light, heat, or cool our buildings. Wie could not 
communicate through teiephones, television, radio, er Ehe 
internet. We wouid not have access to a safe suppiv of food a 

as it is grown, harvested, processed, delivered, refrigerated, ye 	c'eatssro 
and cooked. We couid not operate modern hospitals, water- 
treatment facilities. waste-treatment planEs, and other heIth pounds 	air 

and safeiv systems. pollution at a cost 

of about $60. 

While every large-scale energy use affects people and 
the environment, modern society greatly benefits from 
energy availability. Our challenge is to balance benefits 
and costs—a trade-off.We live with the second law 
every day. 

The American Car 
Modern American communities depend on people's abiliev 
to easilv move around in personal vehicies (passenger cars, 
iight trucks. SIJVs, etc.). According to Ehe U.S. Department of 
Transportation, there are more than 300 million househoid 
vehicies in ihe United States. These ves :R.:el more than 
4 billion passenger miles each vear. 

The gasoline-powered piston engka se 	widely 
used car engine todav. Cars are mechanics svte: -. :hat obev 
Ehe laws of therrnodynamics. You alread\ 	:C earned that 
there is a limit to Ehe efflciency achievabie in burriing fuels to 
do work. Because of the limitations, car engines run at abont 
30 percent eificiency; that is. 30 percent of the potential energy 
in Ehe fuel is converted to useful work. 

Nate stopped reading and put down his maa badge pamphiet. I see: 

he thought. "This answers a question 1 had when 1 started to vork 

on Energy. Legislators might want to pass laws to requfte oetter ass 

mileage. But even if they want to, they can't pass a ax that makes 

a car more efficierit than the laws ofthermodynarrhcs aoa Nature 

gets the lost word!" 
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The tirstfunctional 

elertric rar was 

built in 1915. 

An engine effirienry of 30 perrent would be good if all 
of the energv went direrely Co ehe wheels Ev make the rar go. 
However, Ehe forre made by ehe engine must go through a 
rlutch and transmission so we ran shift gears. The transmis 
sion muse turn a driveshaft that is ronnected to a differential 
that atlows the wheels Es turn at different rates around a 
rorner. Finaily, an axle turns the tires, whirh rub on the road 
bv frirtion to make ehe rar move. This adds up Co at least 
five energv conversions. 

The second law,  of thermodynamirs savs there is an energv 
loss in earh ronversion. In the end, onlv about 14 percent of 
Ehe energy in the rars fuel produces motion of ehe vehirle. 
When the trip is rompleted, the rars movement is stopped by 
road friction, air resistance, and braking. Considering that Ehe 
onlv useful work performed was moving you from one piare 
Co another, ehe proress is less Ehan 5 percent effirient. 

More effirient diesel engines are one alternative to gaso-
line-powered rars. Diesel fuel has a higher energy rontent 
than gasoline, and diesel engines ran operate at up to 45 per-
rem efflcienry. 

Then why,  arent more personal vehiries diesel-powered? 
Partiv hecause diese] engines are harder to start in rold weather. 
are noisier, and tend Co vibrate. Diesel engines also are more 
expensive to build. Arneriras hiel supply system is set up 
mainlv Co deliver gasoline. Personal preferenres and habits 
also have a part. Car buvers romplain that diesels smoke more 
than gasoline rars and Ehe exhaust has a bad odor. 

A future option may be Ehe elertrir rar, Elertrir raus 
are beginning to have ehe power, speed, and range Ehat ron-
sumers wars. 

Many people see elertrir rars as a pollution-free method of 
Eransportation. However. the e]ertririty used Es rharge an electrir 
rar does not rome without energv losses and pollution. A loral 
utillty mav use roal. oil, or liquid petroleum or natura! gas Co 
produre elertriritv for elertrir rars. As utilities irirrease eIer-
trir produrtion. they produre more rarbon dioxide and water 
vapor, whirh go into the atmosphere with other pollutants. 
Burning more fuel to produre more elertririty means the whole 
system ran artuallv produre more pollution. 



Efficient electric cars may come in the future. But in the 
meantirne, inventors have developed a cross between a gaso-
line car and an electric car. Called hybrid ecu's, these are on 
the market today. A hybrid car uses a conventional engine for 
accelerating and an electric motor for cruising. Hybrid cars use 
dynamic braking, which siows the car by taking energy from 
the car's motion to charge the battery. 

The tirst law is at work in dynamic brakingThe energy 
to charqe the battery must come frorn somewhere. lt 
cornes from the motion of the car, and so, makes the 
car slow down. 

To save energy at home, you can reduce energy use and reuse 
materials that require energy to produce. The third R—recy-
cling—is a little different. Recycling requires more than an mdi-
vidual or family commitment. lt takes a community effort. 

Recycling is collecting usecl materials to serve as raw mate-
rials for manufacturing. Recyciable materials required energy to 
produce. The heat that was necessary originally to separate iron 
or aluminum from its natural ores is not needed in melting 
steel or aluminum cans. Far less energy is needed to make new 
goods from recycled materials. Also, many p!astics are made 
from oil. Recycling therefore saves energy resources two ways. 

e* e* e* 
•_' !r_, 

	 _‚ 

Recycling not only saves energy, hut also keeps 
materia's out of landfills and garbage dumps. 
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As shown in the table, it takes much less energy to recvcle 
used materials than to use nex raw materials. 

Material Btu per Pound Energy Saved 

by Recycling 

Cardboard 9,600 25 percent 

Glass 45,000 30 percent 

Paper 8,500 60 percent 

Steel 26,000 76 percent 

Plastic 40,000 90 percent 

Aluminum 24,000 95 percent 

data in ths tahle come [rom varinus sources. Different sources 
may pve other [igures. 

Most communities today have recycling programs. People 
who bring materials to recycle or put them on the curb for col-
lection need only be careful to clean and separate. For example, 
newspaper is efficient to recycle, bot papers with too much 
dirt, mold, or other contamination are not suitable. Metals 
can be recycled many times, but problems arise if consumers 
include paint cans or containers with toxic materials. 

As a good energy neighbor, you have a responsibility to 
use energy wisely to reduce pollution that might harm others 
or the environment. As you complete requirement 5 for the 
Energy merit badge, remember that the laws of thermodynamics 
say we cannot use energy on a large scale withour waste heat, 
noise, and pollution. Bot by encouraging community leaders to 
use energy wisely and to have a community recycling program, 
wo can lessen the chance our energy use might harm our 
neighbors or our environment. 
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Fcr recvcng to do trimostgood,peop1emustmakeitpart of yliving. -. 	y 
&urces have informaton on recycling and howto start a progr ircomm ff 

ßC o  es not a ready axist. 
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Todav. with 5 percent o -,he ;vorh: :ic'pu1atcei. rhe L! nited 

Saes consumes 25 percent o the r1ds energv and nroduces 

marc ,han 5  percem of the worc imods and servces To 

undersand energv use narionw 	- 

is consumed and supplied. 

Ycar Quads of use Year Quds of use 

1949 5 72. 

1950 -.6 162 

1955 402 1985 76A 

1960 1 1990 

1965 1995 

1970 2000 



SupDty and Demand 

gE&IDENIIAL-19% 
22% 	1 

28% 	J 	
31% 

US, ua 	in 2011 
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Earlie ri crng energv 	ur hc:ies a cm- 
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ai ere: u'i w Itgh.he-m, and cLXM 0117 

wp!v wa:e: and eecrcitv: srore and p:epare food; 
and n:cvde en:eanmem. Energ use h :he reidenta1 and 
ccmnrcia1 secwrs n 2011 arnounted to abut 41 pe:ent 

U.S. ital. indsria enerzv ue 2,1 11 iook abMr, 
iperzert of the nat;natotal. The fd. jaer. chernicaL 

per:1eum. and Primar meta dunes use :he most en 
iti this secron 

The t:arsora:ion secwr relies hea:iIv on liquid fueL 
, d-a` cars. not puhhc mass-transit svs:etns. use much ei 

.e energv :er :ranspertation in die Lnited Szates. Because d 
eur :eltance un ndividnaI vehic:es, 1) oercem ei die worlds 
ei use ever; da eces ro fuel personal cars and light trucks in 
die Unied Sra:es. Transponatien accoums for abeut 25,  Dercent 
of [ 5 	v 	m,u-  rh ,;n t-thr 	-f 
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Production bySource 

OH 
the a 	rce c energv n Amerca. sppxng 

percent oi the eergv we use. 	zaken ;m 
:he earth rmis: he 	or 	tmo spe:c i'rci.ts 
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I is iithi.. 	 .: 	 today stechnel -- 	 - ts irne: 
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epIoration hr new oü fiakls ann ppelie constnacti 
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Natural Gas 
Natural gas provides abom one-fourth .24 vercem of our 
estergv suppiv. Natural gas requires linie processliug hefore 
use. lt has fewer poliutams than other fossil fuels so u keeps 
the air cleaner. lt also dees not produe a solid waste for dis 
posa like roal . Abeut ene-haif of herne- n the Cnited States 
are heated with natura: gas. Gas also is usetul te operate 
stoves. ciorhes dvers. and tvater hearers. Nearlv one-third 
ei etr natural gas is useil to- preduce electricirv. Luke oh, gas 
must be produced thrugh wells and aiso raises concerns 
al - envronmental imtacts. 

Co a 
f 	s the tossli fuel most ahundant in the United Stare-. Coa 
currentiv meers one-fifzh 20 ercent of eur enesgv demand 
Ahorn 90 vercent ef hie coai hurned in hie Caited States is tor 
p:oduclng eiectridrn Coai-fired power planis suppiv almost 
ene-haf of hie eiecricirv we use. Because coal produces ashes 
and smoke as lt huns—as weil as sulfu: and nhrous oxides. 
carbort floxtde, ano water vapor—we must cons.aer envrron-
memal concerns when determinfug coals usetulness in the 
future. Coal 	also rases environmental ssu 

Nuclear Power 
Nuciar tower trodrrces ahorn 5 iercent ef cur energv. all in 
hie zhrm cf elec:richv Nuciear-generared eiect:icirv is ahorn 
20 percent of US- electric.al pr3du.:tin. Nuciear power has the 
porenhal te produce subsramiai anoums of eiecrricirvwithout 
adding carben dod:cde er orher gases re hie atmcsphere. -Hie 
iisposa: ci radioactive ;vastes 15 hie trade-ofL heweven which 
must be :rranaod ;vlien usinn nucicar pover. 
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In all of this, the second law of thermodynamics is vital for 
understanding the problems in controlling our energy use. 
Of the approximately 98.9 quads of energy consumed in the 
Unitecl States annually, 38.2 quads (almost 40 percent) are 
converted into only 12.4 quads of electricity (wiCh a 66 percent 
loss). Of the 12.4 quads of electricity, 0.8 quad (more than 
6 percent) is lost from resistance in electrical lines. 

Internal combustion engines are only 15 percent to 20 per-
cent efficient at converting ehe chemical energy in petroleum 
fuels Co mechanical energy that moves our vehicies. In other 
words, 80 percent of all fuels used in transportation become 
wasted energy cast out into the environment. 

The effect of dumping wasted energy into the environment 
is only one impact of the second law. In addition, energy waste 
assures that we will continue to rely on imported oil to meet 
our energy needs—especially tiansportation fuels. As other 
countries develop their economies, they will rely more on the 
world's limited energy supplies. Competition and tensions will 
grow as more people seek a share of energy resources. lt is 
important that we use our available resources xvisely even as 
we move to de 1op sustainable energy technologies. 

Energy reserves are supplies that are known to exist. 

Coal is the largest of the world's fossil-fuel reserves. 

Known sources of coal could last 200 to 300 years cl 

today's rate of use.The global oll reserve, however, 

could be exhausted within 40 to 60 years. Natural 

gas reserves also could be used up in about 60 years. 

Uranlum reserves for nuclear fission are estimated nt 

about 50 years. 

To be a good energy citizen, you must und(-: stand the tight-
knie relationships between energy and our econo. ..y, energ, and 
our standard of living, energy and our security in the world, 
and energy and our future. 
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The Future of Energy 
Vh \3i 	 vcrkon he Energv mert hadge. W :sed 
evei er 	made hm zhink abem rhe pasl 
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:nere them? Becae ae had !earned so mi'ch 
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inrreascd in cnst. carniakers rieeded 
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:echncc. repiacee :iT:: 	en :he :echnoiogv :urned ui 

monz 
in je

- 	: itCj :girurs. 
::dcrhernonrenewabieenergv 

srres her:: 	a--er, he,-  will become niere expensve. Then 
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er anv other nonrenowahle fuel. 

Renewable, or sustainable, energy comes from sources that 

theoretically cannot be exhausted, such as solar, water, and 
Fossil fuels are nonrenewable sources of energy. 
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To meet the world's future energy needs, existing 

technologies must be improved and new ones 

developed. In this section you will read about several 

technologies, each of which needs development to 

change our energy futureYou can use this informa-

tion to heip meet requirement 7 and as a starting 

point to locate other resources for a hitler picture of 

energy technologies. 



The simplest and most common use of biomass is burning 
wood. Broadly, biomass energy is energy from photosynthesis. 
Solar energy stored in plant and animal materials can be burned 
as a heat source or converted to liquid or gaseous fuels. 

Biogas is usually methane produced from decaying animal 
wastes and garbage. Special digesters can use natural processes 
to break down carbon compounds and produce methane. The 
gas burns c!eanly into carbon dioxide and water. 

Liquid biofufls are produced by fermenting biomass sources. 
The two most common biofuels are ethanol and biodiese!. 
Adding ethanol to gasoline gives a cleaner-burning transporta-
tion fuel. Biodiesel can be used alone to power a vehicle or as 
an additive to reduce emissions. 

Electricity generated using biomass fuels is biopower. 
Waste-to-energy plants burn trash and garbage to make elec-
tricity. Biomass sources alone do not release enough heat to 
power electrical generation, but they can be chemically con-
verted and burned to rio the job. Mixing biomass with coal, 
cal!ed co-firing, can generate electricity and reduce the pollu-
tion emitted from a power plant. 

ENERGY 	79 



The Greenhouse Effect 
Carbon dioxide, water vapor, and methane are known as greenhouse 

gases because, in Earth's atmosphere, they act to trap energy from 
the sun much like the glass roof and walls of a greenhouse. Here is 

what happens. 
Sunlight comes to Earth as waves of radiant energy with different 

wavelengths.The short-wavelength energy easily passes through air 
(or greenhouse glass). When that energy reaches land or water, it is 

absorbed.The second law of thermodynamics holds that the process of 
absorption and release cannot be 100 percent efficient.The waves lose 

some energy to the molecules they strike, heating the molecules and 

increasing the wavelength of the energy waves. 
Figures A and B can help you understand the relationship between 

wavelength and energy.Trace wave A with your finger as you say "the 

second law" (not too fast). Do this a few times. Because all radiant 
energy waves travel at the same speed, wave B crosses the page in 

the same time.Trace wave B as you say "the second law" at the same 

speed as before. 

Repeat this and feel 

the difference. 

lt takes more 
energy to trace wave 

B because the wave-
length is shorter.You 

felt the difference 
that shows wave A 
carries less energy 

than wave B. 
The greenhouse 

effect occurs because 

short-wavelength 

raaiant energy can 
pass easily through air, but longer wavelengths do not. Light that 
comes freely into a greenhouse loses energy, and the glass holds the 

heat waves inside.The atmosphere works the same way as sunlight 
warms the land and sea, and air traps the heat near Earth's surface. 

80 	ENERGY 



- - - --—---THL FUTLJRF or FNFRGv 

0 
1 

NAVELENGTH 

SHOR 

 
RADIA-PON 

WAVELEN 	:

Sy 
RADIA-nci 	 TRAPPEP 

Human activities, including the burning of fossil fuels, add carbon 

dioxide and watertotheatmosphereThese gases can increase the 

greenhouse effect by more effectively trapping heat in the atmosphere. 

An increased greenhouse effect could lead to global warming with a 

worldwide temperature increase that affects weather, sea levels, agricuF 

ture, forests, arid other natural and human systems. 

Many concemed scientists and leaders are working an ways to 

manage human activity that will not increase the greenhouse effect. lt 

is hoped that nature will compensate for past and future human activ-

ity in a way that will minimize or avoid global warming. Much research 

still is needed to understand the greenhouse eftect, and even more 

research will be needed to solve the problems it may cause. 
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A hydrogen fuel cell uses a chemical reaction to make electricity, 
with water as the main by-product. Fuel cells operate at high 

efticiencies, converting as much as 
80 percent of the energy in the tuel 
into useful electricity while producing 
little pollution. 

First developed tor use in spacecratt 
and research, future improvements will 
niake fuel cells realistic for automobiles 
and even power plants. The weight 
and size of tuelcel1 systems must be 
reduced to make them practical in 
passenger cars. Systems tor producing 
and distributing hydrogen tuel cheaply 
and safely also must be developed. The 
cost of large-scale electrical production 
must be iowered to make tuel-cell 
power plants competitive with present 
sources of electricity. 

Cogeneration 

A car heater Cogeneratiori systems produce useful heat and usable power 
from a single process. The most common design is to capture 

uses waste heat the heat in the exhaust gases of industrial bollers or machinery. 
from the engine This produces hot water or steam that can be used for space 

heating or other processes. Heat from running generators, air 
to warm the compressors, and other machinery also can be put to good use. 
cars passenger Cogeneration is being used today in the automotive, metal, and 

mining industries and in water and wastewater treatment. 
rt  compa ment. 

Two factors make cogeneration an important part of our 
This is an example energy future. First, industries face growing pressures to reduce 

of cogeneration— their irnpact on the natural environmenl. Second, the rising 
cost of traditional fuels mearis energy must be used and reused 

waste energy as efficiently as possible, which cuts costs at the same time it 

used tor a reduces pollution. 

practical purpose. Fuel Cells 
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Geothermal 
The radioactive decay of elements inside Earth produces heat. 
This heat cornes from the inside Co heat Earth's crust and 
the water trapped there. This geothermal energr can be used 
directly Co heat homes and businesses, in some places, this 
heat is enough Co produce steam Co generate electricit\ 

Geothermal energy can be tappecl indirectiv with a geo-
thermal heat pump, a system that moves heat from ehe ground 
inCo 0 home or business in winter. In the summer, ehe system's 
operation is reversed Co draw the heat inside a building out 
into ehe ground. 

Nuclear Fission 
A nuclear power plane consists basically of fuel uranium), 
control rods ehat regulaee fission in the fuel, a moderator such 
as vater or graphite that slows down neutrons so ehe uranium 
can absorb ehern, and a cooling system that canies off ehe heat 
energy produced. The heat is used 10 make steam, and ehe 
steam Co generate electricity. 

Nuclear power planes do not produce carbon dioxide or 
other emissions ehat contribuee Co greenhouse gases in the 
atmosphere. Problems arise, however, wiCh disposing of highly 
radioactive spent nuclear fuel. For several years ehe federal 
government has been developing a disposal site at Yucca 

ountain in Nevada. 

A program of the U.S. Department of Energy, cafed 

Nuctear Power 2010, seeks to find locations for new 
nuclear power plants and to conduct research mb 
new, safer, and more efficient plant designs. 

Geothermal electrical generation accounted for 
about 17 percent of electricity from renewable 
sources in 2003. 
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Nuclear Fusion 

The held of As described earlier, fusion is Ehe energv process (hat powers 
Ehe sun and other stars. To use fusion on Earth, systems must 

studY for fusion be created to carry on the fusion process and convert that 
processes and energv into electrIcity. 

Even after we learn to control the 	s:, lt will take 
related research years Es develop power planEs to deliver 	ntial amsunts 
is called plasma of energy Es pesple. Engineers will nee 	rk ign systems 

sc,enca Today. 
Es transfer the heat Co fluids that could power turbines and 
generators. Separate planEs will be needed to produce deuten um 

nuclear fusion (Ehe hydrogen fuel for fusion reactisns) and llthiurn (a light 

san be düne metal) in large amounts Co fuel Ehe process. 
Fusion energv has advantages over fossil-fuet and nuclear- 

only m plasma fission planes in producing electricity. The fuel for fusion 

science lais (hydrogen) is abundant, lEs main by-prsduct, helium, san be 
released without increasing greerthouse gase-,  sr air pollution. 
However, the process dses create some radisactive waste. 
During fusion, high-energy neutrsns strike ehe materials sf 
ehe fusion reaction vessel. This will sause some of Ehe atoms in 
these vessel materials es becsme radioactive. After many years 
of operation, these materials will have to he permanentiv dis- 
posed sf as radisactive wastes. 

Solar Energy 
Solar energy san be usecl directiv for heating, or sunlighE san 
be csnverted inEs elecericiev. Sshu panels that heat vater are 
common throughout Ehe Unite. :ates. Many homes and seher 
huildings use passive solar-ener:: 	ems for heating. These 
buildings generailv have large . 	facing south. During Ehe 
da, sunhight passes thrsugh the windows and heats walls and 
fisors made of stsne or brick. During the cooler nighttime hours, 
Ehe walls and fioors release Ehe heat Es warm ehe huilding. 

Phorot'oltaics is the technology for converting solar energv 
directly ines electricitv. Photovoltaic (solar) seils are not rom-
plicated and ds not fail often. However, csmpared es other 
forms sf generating electricity, solar seIls are expensive. The 
cost of solar electricity is about 20 es 30 sents per kilowatt-
hour. This rost musE be redured Es absut 5 er 6 cents per 
kilowatt-hour for solar seils Es be competitive. 
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Amajor problem slowing widespreac se of direct solar energy 
personal taste. Solar homes -'ssc o be ore - ed to the sun, not 
parallel to the eest road. —, ney may he c, er built partally iniö 

the ground. :eople do not like tte: sracting look of solar 

panels on their roof er property. 

An aiTema1ve kr producing eletridtv rom the sun is 10 

huiid generaring tijfl powered h'. solar energv. Howevon a is 
difficuh zo Preu, uce the temperatures rhai are required ro heat 
waer er other fluids to rnake steam 5, --zause sunlgh! comes 10 

r: dihusek spread ou1. 



Ocean Energy 
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In the past 20 vears, mc price of wind-generated electricity 
has dropped bv about 80 percent. In the American West, the 
Grear Plains, and New England, good wind sites provide exceh 
lent j 	J for 	e nd-powr 	ent. 

One critical issue 

with wind farms is 

thatt.ey otten are 

Iocated far from 

where the energy 

s needed. 

Wind power is now the fastest 9rowing energy sorce woildwide, 
and many predict lt will soon be a major energy contributor in 
the United States. 
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Nate enjoyed learning about energy, and he starten thinking 
about a career in the field. In his merit badge work, he had 
learned that the energy industry includes many different kinds 
of companies that find, develop, generate, and transport various 
forms of energy. Universities and government agencies da addi-
tional research to improve technologies and ensure public safety. 

Nate asked bis menit badge counseloi; Mc Stevens, what 
ciasses he should take now to pursue a future in energy. Mr. 
Stevens said high schooi and college graduates had many 
opportunities in the field. His main advice was to stay in school 
and da weil in all subjects. Reading, writing, and mathematics 
form a good foundation for any career. And high schonl ciasses 
in science, including physics and chemistry, along with any 
available math courses help anyone interested in preparing for 
a technical field. 

1 Iff.nii.ia 
Nate did foilow-up research to learn more about the energy 
industry and the careers it creates. He found three basic groups 
of reiated industries making up the energy field: fossil fuels, 
nuclear power, and renewable technologies inciuding hydro-
electricity. Each has specific needs and opportunities for careers. 

A small number of companies make up the coai segment 
of the fossii4uei industry. They collaborate and jointly sponsor 
research to improve their generating efficiency and rehability 
and reduce environmental impact. 

The oil and natural gas industry also is composed of large 
companies, or majors, but also small companies called inde-
pendents. Majors mostly work internationaiiy and in high-cost 
areas (Alaska and offshore). The independents find and produce 
most supplies within the United States. These major and inde-
pendent companies compete to find new resources and closely 
guard their research resuits. 

An area of study 

that students in 

technical fields 

often overlook 

in college is 

writing. To seil 

an idea tor 

future study or 

to explain to 

someone the 

resuits of your 

research, yau 

need a good 

commancl of 

written and 

spoken English. 
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The nuclear industry consists of electric utility companies 
and the businesses that support them. The utilities operate 

Renewable the actual piants that make eiectricity. They maintain the 

energy has machinery, put fuel in and remove waste products, and monitor 
the environmental impacL Corporations supply equipment and 

produced many produce uraniurn fuel, among other activities. The U.S. govern- 

entrepreneurs— ment is involved in regulating the industry and directing the 
systems that dispose of radioactive wastes. 

people who build The renewable energy industry has many smaller firms 
a business around producing goods and services and doing ongoing research. The 

a new idea 
exception to this is hydropower, where a few large public and 
private companies make up the mdustry. 

or technology. 

The Careers 
Each segment of the energy industry needs engineers, opera- 
tors, technicians, and managers. These businesses also need 
accountants, marketers, and lawyers. Skilled tradespeople 
such as electricians, plumbers, carpenters, truck drivers, and 
machinists find careers in the energy field. Researchers for 
corporations, universities, and government agencies develop 
better technologies and make other innovations. 

Energy industry people can be found in large and small 
cities; in offices, laboratories, or plants; or in the field main- 
taining the miles of electric lines and nil and gas pipelines that 
bring energy to the public. Some are based in wild, remote 
areas, including Alaska and offshore in the GuIf of Mexico, 
looking for sources of fuel. 

The technical side of the energy industry demands spe-
cial skills and generally requires an engineering or sci-
ence degree from a college or university. People with 
these skills not only build, operate, and mairitain the 
generating ptants, but also discover improvements that 
reduce costs and lower risks. These technical positions 
require education emphasizing math and science often 
including physics, chemistry, and calculus. 

The two largest engineering disciplines, civil and mechani-
cal, are found in all of the energy industries. These engineers 
are responsible for the design, construction, and operation of 
physical plants. 
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The fossil-fuel industry employs petroleum, chemical, 
and mining engineers. Petroleum engineers drill and produce 
oil and natural gas and ensure its safe transport and storage. Alt types of 
Chemical engineers refine petroleum products into useful fuels engineers are 
and products like plastics. Mining engineers bring coal resources 
from the ground to the power plant. The nuclear industry in demand 1er 
employs nuclear engineers with special training to solve the various renewable 
many technical issues in handling nuclear materials. 

Scientists also have career options in energy. Computer energy and 

scientists are needed in all industry segments to help in design, conservation 
operation, and maintenance. Geologists and geophysicists 
usually handle fossil fuels, often in outdoor laboratories discov- h approac eS. 

ering where the fossil fuels are hidden so that petroleum 
or mining engineers can extract them safely and economically. 
Chemists and physicists also find careers in energy research. 

'ATIIfLUTTI 
The current, exciting transition from traditional energy sources 
to long-term future sources is also bringing a transition for 
energy careers. Before long, we will need people to improve 
existing technologies and delivery Systems as weil as manage 
human systems that operate manufacturing, sales, and services. 
Many new careers will come about as we move to increasing 
efficiency and controlling pollution—especially reducing car-
bon emissions. 

Building and maintaining hybrid and electric cars is an 
area where jobs will require keeping your skills up to date as 
systems develop. A biofuels industry will create systems that 
capture carbon dioxide and convert it into liquid fuel. In addi-
tion, existing careers like photovoltaic Systems installers and 
wind turbine technicians will be changing drastically. 

Converting traditional electrical grids to "smart grids" is 
one of our biggest challenges. This will require inventions and 
technology Systems as weil as information technology experts, 
project managers, and systems engineers. Current systems of 
pump-storage hydroelectric facilities and gigantic battery sys-
tems will be augmented by technologies we have not dreamed 
ofyet. 

With energy careers, this old saying remains true: "The 
sky is the limit." 
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Epiogue: Nate's Story 
Nathan Robert Gomez looked up irno ihe starr,' night skv anti 
srnlled ai his latest achievemenL Earning the Enegv merit 
badge had been hin and fascinating. Nase feh he had learned 
much ahorn energv and was readv to be a responsihle farnilv 
memben cornrnunitv memben and citizen. 

NQW he iooked at evervthing around hirn in lerrns of the 
energv lt took to produce and operate. He krtew ahorn the com 
nernions among cost, suppv, warte, pollution. and rnanv other 
issues. He understood the second iaw of thermodvnamics and 
saw il in plav in his workl each dav. He was excited ahorn the 
possihilitv of a career in the energv held. 

Nase gazed down ar the new pockerkriife his parears had 
given hirn when he cornpleted the Energv merir badge. He 
turned it over and examined the monogram ort the reverse side. 

o wonder he thought. 1 had to be the most 
prepared Scout ever to earn the Energv merk hadge. Just look 
ar mv irtiriais—N.R.G. EnaRGee. Energv!' 
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Organizations and Websites 

GENERAL ENERGY INFORMATION 

Energy Efficiency and 
Renewable Energy 
U.S. Department of Energy 
1000 Independence Ave. SW 
Washington, DC 20585 
Website: www.energy.gov/eere  

ENERGY EFFICIENCY 
AND CONSERVATION 
EnergyHog.org  
Alliance to Save Energy 
Website: www.energyhog.org  

Energy Star 
U.S. Environmental Protection Agency 
Website: www.energystar.gov  

Horne Energy Saver 
Energy Technologies Area, 
Lawrence Berkeley National Laboratory 
Website: www.hes.lbl.gov  

PowerSave Schools 
Alliance to Save Energy 
Website: www.powersaveschools.org  

ENERGY SOURCES AND DATA 

American Wind Energy Association 
Telephone: 202-383-2500 
Website: www.awea.org  

National Hydropower Association 
Telephone: 202-682-1700 
Website: www.hydro.org  

National Renewable 
Energy Laboratory 
Website: http://www.nrel.gov  

Nuclear Energy Institute 
Telephone: 202-739-8000 
Website: www.nei.org  

Acknowledgments 
The Boy Scouts of America thanks 
Dennis E. Showers, Ph.D., for his work 
as principal author of the previous edi-
tion of the Energy merk badge pamphlet. 
Dr. Showers serves as director of the 

ENERGY 	95 



lTN 	 •J;N RLOURCtS 

Center for Science, Mathematics and 
Technology Education and associate 
professor of Science Education at State 
University of New York (SUNY) at 
Geneseo. He received the Xerox Center 
for Multicultural Teacher Education 
Award of Excellence in 2003. A long-
time supporter of the BSA, Dr. Showers 
also wrote the former Atomic Energy 
merit badge pamphlet and cowrote an 
edition of the Nuclear Science merit 
badge pamphlet. 

Contributing additional expertise to 
the previous edition of the Energy merit 
badge pamphlet was Robert J. "Bob" 
Silva, PF. PC, program analyst with the 
U.S. Department of Energy's Office of 
Fossil Energy. Thanks also to Danrick 
Alexander for his involvement. 

The Boy Scouts of America is 
grateful to the men and women serv-
ing on the National Merit Badge 
Subcommittee for the improvements 
made in updating this pamphlet. 

Photo and Illustration Credits 

Wanen Gretz, Office of Science and 
Technical Information, Department of 
Energy/National Renewable Energy 
Laboratory, courtesy—pages 36 and 57 

NASA, courtesy—cover (sun); page 29 

Shutterstock.com—cover (lightbulb, 
©somchaij; can, nStudio  Araminta; 
wind turbine, ©Chepe Nicoli; gas 
nozzle, '°nexus 7; dam, ©mar 
iakraynova); pages 7 (©Kichigin), 
13 (nmartin33), 15 (©Jens 
Holzmann), 16 (©Olegusk), 18 
(«Aphelleon), 19 (©Vadim Sadovski), 
21 (©itsmejust), 22 (©bowowbox), 
27 (power plant, ©Nobor; light- 
ning, ©Igor Zh), 30 (©Raskolnikov),  

32 («curraheeshutter), 34 (©lvan 
Martynyuk), 37 («njaj), 44 
(©Jaromir Chalabala), 45 (©Sascha 
Hahn), 47 (©Miramiska), 48 
(nAigars Reinholds), 50 (©Tom Mc 
Nemar), 52 (ugresei),  53 (°SARIN 
KUNTHONG), 62 (nAlex  Kh), 67 
(background, ©janez  volmajer), 
68 (©KAMONRAT), 72 («Natalia 
Pushchina), 74 ('°J.D.S), 76 (©Rafal 
Olkis), 79 (©Kenneth Keifer), 
85 (©elxeneize), and 87 
(uDan Kosmayer) 

U.S. Department of Energy, Office of 
Energy Efficiency and Renewable 
Energy, courtesy—page 59 

U.S. Geological Survey, courtesy—page 26 

Wikipedia.org, courtesy—page 88 

All other photos and illustrations not 
mentioned above are the property of 
or are protected by the Boy Scouts 
of America. 

Tom Copeland—pages 33 and 60 

John McDearmon—all illustrations on 
pages 20, 24, 35, 42, 43, and 80-82 

Brian Payne—page 23 

Randy Piland—pages 8, 11, 12, 38, 48, 
49, 51, and 92 



II 
Thoioh rtendeo as an ad to y--ueg .n Scouts BSA ano quatfed Ve"turers a'd Sea 
Scouts in rneetno nt badc reqerne'ts, theas camph ets are of generai interest 
and are rnade ava ab e by rary scroo s ard pub c branes The latest revs;o 
date of each pamprt rn qht not coespond w1h lhe ccpv9ght date show' beIo. 
because ttis 4st s corrected on or'ce a year. n Jaruar. Ar--i r'un'ber o' mert badge 
pamp!-  ets may be rei sed thoughc.t the ear: others ae smp y rennted utI a 

scn becornes necessarv. 
tf a Scout has alr--ady startedariong an a rnent badge when a new edlion tor that 

parrph e: :5 ntroducec. they may contqe Oc use the sare rent baoge pamphlet to 
eam the oacge ana t"e : -: ne Scout need not 
start oer aca n tr the ne parnpHet anc :o 	 : e: -e ents 

E 	EtadePamphet 	Year 	MeitBadgePe-ret "e- 	Mer 5:ge Pamphlet 	Year 

- - nc 

80V SCOUTS OF AMERICA • SUPPLY GROUP 
ATIONAL DSTRkBL1TION CENTER Fa p3ace an order. 

- 09 Westr-onouse Bau e'iard ca customer serce 
P0. Bo to -ee 800-323-0736 

Cha'tottet.0 	- orgoto 
.vwwscoutshop arg 



i 
- 

I FLORIDA  

Z UM 

1 H 


