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Welcomel!

This FunFueled Activity Book wasovidel bythe Greater Long Island Clean Cities Coalttgorovide
accur at e, reliable information on oalternat
(An oalternathvel Buébél i s h aihdkamplesare biadieselpeledtricits
ethanol, hydrogen, methanol, natural gas, and propane fuel.)

Alternative fuel@ and cars & trucks that use themare becoming more and more widely used. Feq
agenciestate governments, and electric and gas companies acrosstbedddred by lawto
purchase altertiae fuel vehicles.

The vehicles are available Automakers (for example, Dairr@rysler, Ford, General Motors, Hond
Nissan, Solectria, Toyossmd U.S. Electricar, to name a few) are already producing and selling alt

fuel vehicles. Researchers and engineers are excited about the new technologies, cleaner fuels
vehicles.

Still, many people are not aware of the reasons favitching to alternative fuels, the differences
between the fuels, or even that these fuels and vehicles exist!

There are several good reasons txbiged about the opportunitiédternative fuels are good for the
environmentand can provideew jobsandhightech industrie for South Floridand all across the
United States.

For example, son®&2o ut h
Alternative Fuel Vehicles are being purcias8d u t h
funded by the U.S. Department of Enengyl theState of-lorida

FI1 or i daefeaderoin ngwternatve fueltechmaogy!

This book can help you to benore knowledgeableabout these new fuels & vehicles.
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L e t EXBLOREthe world of NEW FUELS and the high -tech CARS and Trucks
that use them!

First tastefbwith BRANSPORTATION .
Then, wedoll do PAQLWTIONI ti es abou
Finally, oeadHuédls cover

Some of the games are easy. Some are hard.
Buttrythemall dand dondt be afraid to s
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Most buses and large trucks use DIEfIEl. So does this one. Can you dotuminick the Diesel
Bust o |l ook | i ke a bus youdve seen?




Rolling pots

Connect the dots to make a picture of some@mpisdrives to work
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(onnect the pots

How often does
your family go to
the gas station?

What do you see
there?

Where do you
think the fuel is
stored?

Gasoline and
diesel fuel storage
tanks are usually
under the ground.
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Connect the
dots to
make a

picture of
something

you see at a
gasoline
station.

Whee|s AwaY

Can you fill in the letters of where these vehicles are going?

Frank takes an airplane

to the state of

Russos

wopdiar

Davi dos

parents

truck del




MOTC"\_UP #1

Transportation fuels, such as gasoline, diesel, and je¢ fustdaby vehicles to move people and
things every day. Can you match the fuels to the vehicles?

A. GASOLINE Ritad.s
B. JET FUEL Davi dodés p.c
C. DIESEL Frankos .

Transportation Fue| Scramble

Cars, trucks, vans, buses, and motoscysée"transportation fuels."
Can you unscramble the names of two common fuels?

NEGALS/IO

LEDISE




Crossword #1

ACROSS

2. When we go on a field
trip, my class rides in a
big yellow .

4. A ___ is a ehicle with
four tires and a trunk.

5. You must be at least 16

years old before you can

1

3

Word Search #1

Can you find the words? They mighitup, down, diagonally, or backward

iK|clu|lrR|T|E!

B|lE|D[B[N|V

ulz|n[1]Z]R
s|olclalB|A
s|N[E[P[L]C
E|F|U[E[L[P]

4.

DOWN

.A pickup has
space for people in the
front and space for
things in the back.
.People use the
sidewalk; cars use the

air is béer than
dirty air.

BUS FUEL
CAR PLANE
ENGINE TRUCK




POLLUTION is when the air, water, or land becomes dirty through the actions of people.
Some types of pation d such as litter along the beddre easy to see. Other types of
pollution, such as chemicals in the water or air, are not as easy to see but can be very hafymfL

CAUSE - AND - EFFECT

Can you match a pollution source to its result?
Write the letter of the causeftcolumn) next to its effect (right column).

oil tanker

B. 5 5

pollution going into storm drain

oil spill washing up on the beach

e
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Pollution

Here are some waystcan cause problems:

e Pollution is bad for our health. It can make us s and in some cases can even cause deatj.

e Pollution is harmful to the environment. Toxic chemicals in the air, water, soil, and food cHain

e |t costs a lobf money to clean up damagefrom p :

When fuels are burned, they produce heat (energy),

carbon dioxide (t mall amounts of
other chemicals, (CO), unburned
hydrocarbons, o. (), soot, and

particulates.

3
w7
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ENERGY + EMISSIONS

AIR + FUEL

e Carbon monoxide (CO) can cause headaches and place additional stress on people with h
poisoning.

e 0OSmMogo6 contains ozone, which(NDODgQandr eat ef
hydrocarbons. It can cause shortness of breath and lung damage.

e Othe fuel e S, such as particulates, may cause cancetr.

Carbon d (C® is a major contributor to og| o

climate change include rising sea levels, changes in rainfall patternsased s@vity of major
storms




Extra Tricky Quiz

A

Most transportation fuefsgasoline and diese

X Non-Renewable fuel, for exampld are made fromil. Oil is
X considered aon-renewablefuel. When oil is
X burned, CQis added to the atmosphere. BL
K nature can't make G®ack into oil very
S quickly, so the amount of @ the air keeps
;‘.a increasing. (And the ammt of oil in the
| “Suy

ground keepdecredsg.)

Transportation fuels account for aboutonei r d o f t h e:eldissions.eTihe iRiteasinge S
emission of Ceworries people concernedabowy ~~  cl ch_ ., 60 al so
as the ogrteebnhouse effec

Every time fossil fuel (i g petntakemmoudl g

burned for fuel, C@s released into the atmosphere (air).
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One gallo
But wh
(CO;

pounds .
r boa thaxidet
e?

E v elne mped by this

2. 2. 2. 2. 929. 92. 929929, 929 9. 9. 9. 92_.9

~ o

) &




CO2

When plants are used to make fuels, these
arer__ . When renewable fuels i
burned, CQis added to the atmosphere, bul
this case theiis a balance, since growing ple
remove CQ@ In a perfectly renewable syster
the same number of plants that are harvest
are replanted. This way, the amount of CO
being added tthe atmosphere is the same
amount that the growing plants are using, a

there is no net increase.

. Renewable
Fuel

Usingrenewablefuels instead of nerenewable fue could help to reduce the total amount of C(
added to the atmosphere.
Biodiesel andalcohol fuelsmade from plant matter are examples of renewable fuels.

Electricity can also be considered a renewablelfuel is produced from renewable enemyrces
such as wind, sun, ppwerants (Obiomassd), or

. | o WX
Math Teaser #2
One gallon of gasoline produces about 20 pounds of carbon dioxdeE\@®y year, vehicles on
Long Island use about 400,000,000 gallons of fuel. How poamygs of carbon diade (CQ) are

produced?

a. About 1,000,000 pounds (500 tons)
b.  About 1,000,000,000 pounds (500 thousand tons)
About 8,000,000,000 pounds (4 million tons)




@1@@5@ Fu@lg

Al ternative fuels ar al so cal eahthanadne an f U
alternative (gasoline and diesel) fuels.

True or False: We have no choi@we have to use fuels that can damage
our environment and our health.

Answer: False; we carse cleaner fuels. Some are domestically
produced!

Some Types of Alternative Fuels

o Alcohol-Therear@ t ypes: oet hanol 0 ehatlhasme:t

been made from corn or sugarcane. New processes can make ethanol from paper, yaf

trimmings or sawdudtlethanol is usually made from natural gas but could also be made
from wood or sugarcan&lcohol fuels produce less carbon monoxide than gasoline does

o Biodiesel - Made from vegetable (corn, soybean, etc.) oils, including used cookir

oil (such as oil used in frying French fries). Its lubricating qualities are good for engines

Biodiesel prduces less smoke and patrticulates than regular diesel fuel does.

o Electricity - Not really a ofuel o0 |i ke gaf{g
energy. Electrical energy can be made by burning oil, biomass, or other fuels. Or,
electricity can be madfrom wind, water, or sunshine) without burning anything.

o Electric vehiclesrun on electricity stored in rechargeable batteries (the batteries
arerec harged by plugging into an electric
vehicle® nothing is burned otoard the vehicle. All emissions are at the powerplant, an
are less than would be produced if the vehicle used gasoline or diesel fuel.

o OFuelcellb car s ar e anot h étheyturygnéhe aettricéyl e c {
produced by fualells.

o Propane Al so known as OLPGO (Liquefied
fuel. Propane produces less carbon monoxide than gasoline does, and helps engines
longer.

o Compressed Natural Gas (CNG) is dossil fuekubstitute fogasolingpetrol),

dieselor propanduel Although its combustion does prodgoeenhouse gaséss a
more enironmentally clean alternative to those fuels, and it is much safer than other fug
in the event of apill(natural gas is lighter than air, but disperses quickly when released)

CNG is made by compressimatural gaévhich is mainly composedméthangCHj]), to
less than 1% of its volumestdindard atmospheric pressiires stored and distributed in
hard containers, at a normal pressure @220bar (290@3200 psi), usually in cylindrical
or spherical shapes.
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http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Gasoline
http://en.wikipedia.org/wiki/Diesel
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Picture the Fuels

Can you match the fuels (left) with their vehicles (right)?

. ETHANOL
Traditional

fossil fuel

for cars

. ELECTRIC

Liquefied
petroleum

LILLTLTL T
gas (LPG) — -y

. PROPANE

Cornto
make
alcohol fuel

. GASOLINE

Used
cooking
oil

([l . BIODIESEL
Recharging

il station P
ﬂ P




Clean air is not the only benefit from alternative fuels.

Alternative f i i rns too;
BAL ON,

and NATIONAL ENERGY SECURITY.

Because of issues such as job anedtalance of trade, and energy security, Congress
passed the National Energy Policy Act in 1992. Thisdawesfleets of more than 20
centrallyfueled light duty vehicles located in large cities to puatteasate fueled
fFr vehiclescapable of usimyal cohol fuel s, natur al ga
TR hydrogen, biodiesel, coal derived fuels, biological materials derived fuels, or

e €l ectricity. o I n Hawaii, only fleet

Beginning in September 1996, Federal government agengesyifiers (such as electric utilities, gas

companies, and alternative fuel producers) and State government fleets (including State Govern

men

agencies) were required to begin purchasing alternative fuel vehicles. Hawaii State agencies hgve

purchased albol, electric, and propane vehicles.

Beginning in 2001, City and County governments and large private
fleets may also be required to purchase alternative fueled vehicles.

60 Us A. S

Transportation is an important part of aued. And our trucks, buses, and cars need &

to run. Right now, the only fuels used by most vehicles are gasoline and diesel, made fron} oil

Sending all this money out of the U.S.A. is not good fd8 the OF T__ . And

It doesnd6t keep the monegntheeeerty tICREAIMke

Bya law passed by the U.S. C in 1992, alternative fuels are now part of the official

National Energy Policy of the United States.

r e




True or Fqglse?

|l ndi cate whether the following statements
fact skeets inhe back

TorF
The speed record for an electric vehicle is over 200 miles per hour.
Neither General Motors nor Ford produces a propane truck.
Biodiesel fuel is produceduUnited States
Alcohol fuels are most commonly maden grapes.
Alternative fuel vehicles are used in Federal and State fleets.
Vehicle emissions can be harmful to your health.
The distance record for an electric vehicle is 100 miles.

NogaA~WNE

Find the Phrase

Use the clues below to fingtmotto of the Great Long Island Clean Cities Coali{jibre
organization that prepared this Activity Book).

1. Washing hands gets them

1)
2. Food _ my body.
(2)
3. Electricity is _ _ cars too.
3)
4. We like to breathe L
(4) (5)

Find the phrase: Greater Long Island Clean Cilies Maalitiano 1 s :

0 0

@ 2) 3) (4) (5)




Word Seqrch

Can you find the words? They might go up, down, diagonally, or backwards!
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ENERGY POLICY ACT

ELECTRIC VEHICLE
LPG

EMISSIONS

ENERGY
VEGETABLE OIL

PROPANE
TRUCK
VAN

ALTERNATIVE FUELS

ALCOHOL

BATTERY
CONVERSION

BIODIESEL

BUS
CLEAN AIR

CAR
CHARGER




Crossword Pyzzle

ACROSS DOWN

4. Biodiesel fuel is made from 1. Propane can___ used as a vehicle
oil. fuel.

6. Clean fuels can __us to have clear 2. Electric vehicles have more than or
air.

7. Solar cars get energy from 3. Alcoholis an___ fuel.

sun.

8. A___ light meansstop."” 4. A carortruckisa .

10.Vehicle exhaust pollutes the . 5. Electric carts are used on the
course.

12.Michael __ the French fries. 9. Most large trucks and buses use
fuel.

13.Most cars use __ for fuel. 11.A reallywildride would be catching

14. s also used in barbecue grills  _(large striped blagndorange

animal) by the tail.




a-MAZE-ing Fyels!

Canyou help Tommy Truck find his way to the alternate fuels?
Avoid the dead ends!
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SUMMARY (extra credit!)

Fill in the blanks below and use the letters in the squares to spell one of the topics of this Actjivity
Book. (Hintread the whole sentencéefore trying to fill in the missing word.)

1. Transportation is a_nM____D_I part of our lives.

2. E__D __are essential to our transportation system.

3. Weuseéa _|[_] offuel

4. Millions of gallons of fuel are usedSouth Florid___ year.

5. Thesefuel®[_| ___CE many pollutants.

6. BthL__D__ fuels are becomirayailable.

7. [AL_____ fuel is renewable.

8. Biodiesel is madel __[_| here inFlorida

9. EL____B_vehicIe-samatsesi@meNcehicles.é

10. Propane has been use E in Floridafor over 25 years.

11. New Fedral laws require governmEn_I_D_S to purchase alternative fuel vehicles.
12. Automobile and truckl AN _D ________ have designed engines to use the cleanef

fuels.
13. Some of the vehicles ciid| __ two kinds of fuel.
14. In addtion toQ_D_N air, there are other benefits from these fuels.

15. National energy security, more jobs, and imp@____ of trade are some of the
other benefits.

16. Someday, a car you drive may be powered by Erlr_eQD_ fuek!

Solve the puzzle using the letters in the boxes above:
E AV U

1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16




An

Biodiesel * ‘@b}%}A substitute for diesel fuel, made from vegetable oil (including used

| Pronch Fries |

oOal ternative

Fact Sheet

fuel 6 i s pretty

oil). Used in boats, buses, and large trucks. MsdesiMork.

| An electric vehicle has an electric motor instfead internal combustion

Electricity *
( f or 0wz e| engine. Electricity for the motor comes from batteries or fuel cells. Si
vehicl’?‘%ﬂéthereés no combustion happeningd
' emsson, 6 quiet, and cool Mad e
Ethanol An alcohol fuel made from corn or sugarcane. It could also be made
(analcohol " waste paper, sawdust, or otherdost materials. Ethanol is a liquid fuel
fuel) can be used in an internal combustion engine or a fuéheglls made in
New York
Fuel Cdls Fuel cell vehicles are the best of both worlds, in théoty e y =
electric vehicles that could bdéuegled with alternative fuels
(ethanol, methanol, or hydrogen, for example). This is attr
since rdueling is faer than rechargingThefirsthydrogen fuel —
station on Long Islandnow being built in Point Lookout.
Hydrogen Hydrogen is being considered for use in fuel cells and has been useq
(not commercially | internal combustion engines. The main obstacle is fuel digtrandio
available) storage, both on and off the vehicle. Vehiclesoardeing made and will
be available for sale in the near futlithedrogen fuel could be maute
Long Island
Methanol o | An alcohol fuel made from natural gas. It could alseaole from landfill
(analcohol* " | gas, sugarcane bagasse, or wood chips. Methanol is a liquid fuel tha
fuel) ¢l used in an internal combustion engine foiel cell.

Natural gas
(also known as

ocompress
gasoOo or O

Commercially availahleareas ohong IslandSome people have natura
gas in their homes for heatirapoking, and to refuel their cars.

Propane *

(also known as
oLPG, 6 ol
petrol eum

Propane, which is made from refinery byproduct®og IslandPropane
vehiclesrein useon Long Island.

Solar Cars
(this is a type of
electric vehicle)

Solar cars are being made but not for commercial uBeeystlarcar
doesndt have t o danalectriycarcanlplagrintocsaar
panels installed on a carport orgarag o o f and char (

in the shade!

muc h rdofmmyt hi




Alcohol Fyels

Alcohol fuels are made from renewable resources like locally grown crops and even waste p
such as waste paper or grass and tree trimmings. Methanol and Ethanol aedhaldgpol fuels
used in cars. Ethanol can be produced from a variety of renewable* resources, most commg
and sugarcane. Methanol can be made from renewable resources also, but today, methano
made from natural gas.

Why Alcohol Fuels?

e Alcohol fuels burn cleaner than regular gasoline and produce less carbon monoxide emis
e Supporting local business keeps dollars in the state and contributes to a healthier state e
e Production of fuels in state provides energgstiitiency.

Did you know?

e Methanol has been used as a racing fuel at the Indianapolis 500 Motor Speedway (for rea
safety and performance) for the past 20 years!

e Ethanol was the fuel preferred by Henry Ford back in the early days of the Model T.

e Alcohd fuels have high octane. Unleaded gasoline usually has an octane rating between
alcohol fuels' octane ratings are over 100!

e OFl exi bl e fuel 6 al cohol v e-hattoelsa tinteamanyu s €
mixture from 100% gaswdi to 85% alcohol! A special sensor on the fuel line senses the
ethanol/ gasoline mixture, sends tahfmelkatio f g

rodu
nly
IS p

5ion:!
tONOo

Klelg}

86 ¢

k

rr

and timing are instantaneously adjusted. A digital readout on the dashboard showstta dfiver

the alcohol fuel percentage is at that moment!
e Ethanol flexibldueled vehicles are available for the same price as gasoline vehicles.
e Chrysler makes ethanol flexiieled Town & Country, Caravans, and Voyagers.
e Ford makes ethanol flexiflesled Rnger trucks and Taurus sedans.
e Mazda makes ethanol flexifuleled B3000 pickup trucks.




~ Bilodiesel

Bi odi esel is a liquid fuel that can repl ace
run diesel engines that are comijnéound in big vehiclesauas trucks, buses, or bo&gdiesel is
used in boats, trucks, and even in dieskdd electricity generators.

Why Biodiesel?

e Regular diesel fuel particulates may be carcinogenic (can cause cancer). Usinglbardiesel fug
blending it with regular diesel fuel, can reduce the production of theseatgiegremissions.
Il n other words, itds better for our healt

e Biodiesel can be made from waste vegetable oil (such as used oil from deep fryers at restaur
This waste oil can be difficult to dispose of. Making fuel out of it can put it to a good use, and
the same time, reduce disposal problems.

e Biodiesel is a renewable fuel.

e Biodiesel can help create new jobs; also, gempimir clean helps everybody engmglisland
more.

Did you know?
e Biodiesel can be used in pure form or blended with regular diesel in any proportion.

n |

Ants
At

e Biodiesel can even make engines smell better. An engine powered by biodiesel actually smdlls lil

French fries!

e Biodiesel fuel ia goodubricant, which helps engines to last longer. It also has a high cetane
rating,* which improves engine operation.

e Adding just 20% biodiesel to regular dies
makes a blend of 80% diesel and 20%ebwdt | a opr emi umé f uel

e |n addition to being usenh Long Islandbiodiesel fuel is used in buses in Europe and in the
Midwestern United States.

e Biodiesel is used in sensitive wetland areas to reduce the danger of fuel spills to endangered
wildlife.

e A'cdane rating" indicates the ability of a fuel to ignite in a diesel engine. (Not to be confuseq
with an "octaneratingg"hi s i ndi cates the ability of a
A higher number may improve performance, dependihg @mgine.

1%
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Electric Vehicles

Electric vehicles run on ELECTRICITY (see "electricity" fact sheet, next page). Electric vehiq
be one of the most environmentally harmless means of motorized transportation that we can
from.

Why Electric?

e Electricity is our most familiar source of energy. It can be made from clean, renewable er
sources suchs wind, water, or solar power.

ORefuelingd6 (recharging) at home i s mor g
The cost of electricity for rechaugis about 1/3 less than the cost of gasoline.
Special "rapid chargers" can recharge electric vehicles in just 15 minutes.

fact, they dipas!dt even have tailp

Did you know?

e The topspeed recordor an electric car is over 200 miles per hdif! fhphrecord held by
oLightning Rod, 6 owned by the Rannbergs,

e The longestlistancetraveled by an electric cara single chargdas 1043 miles

e Batteries store the energy for todayods e
smaller, more efficient, and cheapemdreds of scientists and engineers are developing an(

testing new batteries right now! Theyadso developing flywheels, capacitors, and other exdti

energy storage devices.

e Some electric vehicles are even more egifiggnt-- they use regenerative braking. This mex
that the energy from braking is captured and returned to the batteries!

El ectric vehicles are 0Zero Emission VeHhi

tles
cho

ergy




Electricity

"When a wire is moved in a magnetic field,
an ELECTRI C CURRENT is generated

G+ 1 +(G =

Magneks + GCopperwire + Motion

Largescale electricity generationwhether from
fossil fuels, renewable fuels, or other sourtes
usually based on the fact that

The magnets are on the outside (they don't r
wire is around the 0
%Iedricny

Shatt
spins

around \_ LN . When something spins the shatft, it causes tf
L t o 0omove i +andelectnieityis mrado

Armature with
COppPEr wire

A "generator" and "motor" are essentially the same thing: what you call it depends on
whether the unit is producing or using electricity.

A generator produces electricity. In a generator, somet
causes the shaft and armature to spin. An electric curr
generated, as shown in pieture (lightning bolt).

Generator produces electricity

Lots of things can be used to make a shaft -spircrank,
pinwheel, windmill, bicycle, water wheel, diesel engine, jet ¢~

or steam turbine. They're different sizes but it's the same ¢
idea.




Motor uses electricity

A motor uses electity. In a motor, the electricity comes
through wires attached to the positive (+) and negajiv
terminals. The electric current causes the armature and s
spin.

If there's just a little current and it's a small motor, it won't do
much wak (i.e. it can only spin a small fan). If it's a large mot
and it's using a lot of electricity, it can do a lot of work (i.e. sf
| arge fan very fast é& or, t

spins fan

Electric power plantsare essentialllge samething - just LOTS BIGGER!

The different energy sources all do the same basispimngpomething(connected to a generator
made of copper wire and magnets). In a steam power plant, fuel (oil, wood, etc.) is burned tq

D he

water into steam, which spaturbine (connected to a generator). In a combustion turbine, bufned

fuel turns the turbine. Inlgrdropoweplant flowing water spins the turbine. The electricity is th
same, regardless of energy source.

Then, the electricity flows from the geroereito the powerlines and into your home, school, offig
or garage (where it can charge an electriclcarat 6 s i t !

?55‘;"; ELECTRICITY
TURBINE IS PRODUCED
WOoOoD ) ELECTRICITY
CHIPS o 0 s TRAVELS
& R BY POWER
BIOMASS GENERATOR LINES
SPINS
o
BOILER
ELECTRICITY PRODUCTION

FOR AN ELECTRIC CAR

Biomass example. Other energy sources
{oil, coal, wind, hydropower, solar, etc.)
cah also be used.

ELECTRICAL
OUTLET

FP%e)
w@ s
ELECTRIC CAR @ P,
PLUGSIN '@ P ELECTRIC
AT NIGHT TO N L METER
RECHARGE o L)

The electranechanical approach described hetecttomagnetic induction generating an
alternating curreny) is just one way to ptace electricity. There are also electrostatic, €l
chemical, photoelectric, and thermoelectric phenomena (just to name a few) which can Q

al
-

€,

pCtro
€ Us




produce an electric charge or dioectent electricity. For example, you can generate an electyic

charge just by wearing leatheled shoes and shuffling your feet on carpet (if the weather is g

ry

enough). Chemical reactions can be used to produce electricity (batteries and fuel cells are bpsec

this). Light waves can generate an electric curietam materials (such as photovoltaic cells). A
temperature difference can generate a current in a thermocouple. And there are many more ex|

Nevertheless, the electricity at your wall odtteat powers your toaster, blender, television,
lights, etc., (or charges an electric vehicig)usually produced by spinning a generator made ¢
magnets and wires, as described above.

Fuel Cell Vehicles

Fuel Cell vehicles are still in the developmental stage. From a technical point ofatew, they
electric vehicles, since electricity (generated by the fuel cell) is used to drive an electric motor. H
vehicl e doemmmgdas antelactrie veticte ddbeefuel cell is filled up with a liquid (or
gaseous) fuel, in the same tvayan internal combustion engine vehicle (such as gasoline or diese
fuel tank is filled up.

Why Fuel Cells?

e Fuel cells are cleaner and much more efficient than internal combustion engines. For examp
40-milespergallon gasoliriieled intenal combustion engine vehicle had its engine replaced by
fuel cell, it could get (theoretically) 60 to 100 miles per gallon! (The systems are still under
devel opment, so thereds some uncertainty
beinlagescaleuseb ut t hereds no di sagreement that

e S0, if fuel cell vehicles should someday replace internal combustion engine vehicles, the exis
gasoline, alcohol, or propduelingpfrastructystations, pipelines, pps etc.) could still be used.
And, if fuel cell vehicles were to replace electric vehiclelectinie vehicle tectmoliogy,
batteries, controllers, etc.) would also still be used!

Fuel Cell

) o Hydrogen out
Fuel into Air into from reformer

fuel tank reformery ——————

In the fuel cell,
hydrogen combines
with oxygen to pro-

duce electricity,

water, and heat

into
fuel
cell

Hydrogen
into fuel cell

Fuel intof

Fuel cell produces
reformer electricity

A

amp

f

ut tr

e, if
a

A S

[ing




Did you know?

e On the space shuttle, fuel celswesed to provide electricity and water.

e DaimlerChrysler, Ford, General Motors, Honda, Mazda, Nissan, Toyota, Volvo, Volkswagen, ¢
others have announced plans to sell fuel cell cars, vans, or buses.

e Fuel cell buses are in use in Ontario, Canada aadd®;hilnois.




Propane

Whatis it?
Propane is the name commonly wused for Liqu¢gf.i
refining and natur al gas processing. Propdgne

vehicle. Once the propaseters the engine, it becomes a gas again, which helps this fuel to burn
cleanly. The propane fuel grade used in vehicles is called HD

Why Propane?

e Propane is widely available.

e Propane fuel tanks are 20 times more puncture resistant than @oalvgasioline tanks.

e "Closed" fueling systems prevent leaking and vapor emissions.

e Propane emits 60% lower carbon monoxide and 50% lower reactive hydrocarbons than gaso
e Engines run by propane are cleaner and last longer. Propane vehicles cantiaas dsuble

line.

the engine life of gasoline vehicles. Propane reduces lubricant contamination by fuel and prgduce

less carbon build up in combustion chambers and pistons.
e OPremi umoé gasol i ne92hRaopangsottanaratingisal®04 ngs of

Did you know?
e Both General Motors and Ford manufacture propane vehicles.

e The oil, oil filter, and spark plugs in a propane vehicle last up to three times longer than in a
running on gasoline.

e There are 3.5 million propane vehicles worldwide e ld.&, more than 350,000 vehicles are
fueled by propane.

26 VEHICLES
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Internal Combustion Engine Vehicles

— Fuels:

Alcohol Fuels (SI/CI)

Biodiesel (CI)

Diesel (CI)

Gasoline (SI)

Hydrogen (SI/CI)

Natural Gas (SI/CI)

Propane (SI)

SI = Spark Ignition
Required

CI = Compression
Ignition
Required

Fuel:

—
(LN
.

i - v
UL
.

Electricity

Fuels:
Alcohol Fuels
Gasoline
Hydrogen
Natural Gas
Other fuels ("energy

carriers") are under

development

ANSWERS

y

Fuel into
fuel tank

Fuel through

fuel line to engine Engine drives wheels

(gears not shown)

Electric Vehicles

B e T

o e e L I R T

N

y.
#

i Batteries Electricit
. E'e;t';'tc't‘f store drives ¥ Motor spins wheels
into batteries t sh
electricity = motor (gears not shown)

Fuel Cell Vehicles

N Y
S : V-
i - 5 \\
Q Fuel s=* = A
Cell
A f A
Fuel cell Batteries Electricity
produces store drives

electricity  electricity = motor

Fuel into

fuel tank Motor spins wheels

(gears not shown)

In engine, fuel burned in cylinders:
/ either compression-ignited (diesel
/ engine) or spark-ignited (gasoline-
/<> type engine)
e
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Rolling Dots

ANSWERS

Wheels Away

K.

a‘

—

Puzzle Dots

state of

Ritaridesabusto school.

Davidds parents dwbvwe

Frank takes an airplane to the

Match -up #1

Ritad s bQi(diesel) .

Davidd s p ar e nA(gadoline)a.r

Frank 6 s

ai

r B (ietfuelg .

Transportation Fuels Scramble

e GASOLINE
e DIESEL

Crossword #1
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Word Search #1
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Cause- and- Effect
D,C A B

Pollution Problems

Poll ution éickéan make uBglt sending all this money out of the USA is
collution p@iﬁ(anqam)&- har ngo(t)goosdI:o(rititwéaalsngeeo;traotle.hArgbgmo |
't costs a Ipdlitone damagAends BeW e r time ther e
Car bon monmonoxide@gaesonig. y

OSmogad eiag ed
Other fuelemissions...
Carbondioxide is a major contributor ...

@itrogexn.i d e s

Fill - in- the blanks

Tr ans p o rgiokaltclimatenchadgeé
Every ti meé € crude

Fill - in- the blanks

When plrenewalde €

Math Teaser #1

c. About 8,000,000,000ounds (4 million
tons) An onlonyésland s-29 ust
-d and just for one year!

61

Picture the Fuels

C (corn to make alcohol fuel): ETHANOL
E (recharging station): ELECTRIC

B (liquefied petroleum gas): PROPANE
A (traditionafossil fuel): GASOLINE

D (used cooking oil): BIODIESEL

Go U.S.A.

Transportation is a very important part of ou
everyday lives. And our trucks, buses, and
needfuelsto run. Right now, the only fuels
used by most of our vehicles are gasoline al
diesel, which are made from oil imported fro
othercountries.

ntries tht produce the oil we need, it
ecomes a threat to auational energy
security.

By a law passed by the WC8ngressin 1992,
alternative fuels are now part of the official
National Energy Policy of the United States.

True or False

1.T (215 mph recarset in 1998.) E.(Ford
offers several propapewered vehicles.) 13.
4.F (corn & sugarcane are used to produce
fuelgrade ethanol. Grapes could be dsed
after all theydore usg
ethanolinidbut i1 tds teo e
practical for fuel.) 3. 6.T 7.F (In 1997, a
5-passenger vehicle powered by-ainc
batteries went 1043 miles without a recharg

Find the Phrase

T he p h clearsfeels forsclean ait

Cars

d
m

-

(@13 ¢))
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