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TRANSPORTATION -
> By David F. Treagust
A\ .
’ //',.
Unit Title: Net Energy '
Module Title: Transportation ' ' . 8
Destription of Module: The purpose of this module is to increase the stwdents
comprehension of costs in terms of both dollars and energy involved jh various .
modes of tra"Sportationf.m;m_mmmemmmmmwm.M”MMmMMMmWMMMJiewmmm;mw;iumm;i;mmmwmmmmmmmemehhm
Part! I: Dollars saved car pooling to school. , de ' ﬁ
\ ‘» _Part 1I: How students and their families can rcduce gasofine conqump~
tian without car pooling \ E L
Part I11: Azcomperison of intcr city and urban transportation using dif-
ferent modes of trunsportation - 'V
Y v ' ’
b .- - :
Part\IV: The maintenance of a vehicle to obtain maximum possible mileage.
.The prime objective of this tranqportation module is to increase the
students’ comprehension of the concept ‘of net energ?‘ Parrs I and II introduce
the students to the module at an everyday 1evel'which leads into.the more com- !
, - - . T,
plex’ issue of net energy. - . ' ) LR \ ;
Unit Objectives Met: 24, 2e, 3a, 3b : VY )
Materials Needed: Student pages, pencil.{paper.."Films: "Featherfoot! (30 '
min.),'or "Running on Empty%‘(28 min.’).
: N g T : . ) ~ )
.:».' . ) . /- ) . N .-f‘”
Module Type: Alternative ’ , / \
‘_ ¥ . ," J ¢
~Context: - Science, ?ocial gtudies and Mathematics .
% R . ’ , \ ‘ ,
Time R quired 2-3 ckifs periods A Ly ‘ . . .
Mode: Critical reading, pencil -and peper activity, mathematical calculetions,
; . J{ i3 - . - -~ ) V ) .
I i, !
home "activities, discussion. ] . 4
’ & A.’ o -\ e AN——
Sample Evaluation Items B ] b
] ) . . . . A
1 }‘.‘; . . _ R N ) . - ,
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Answen :

SAMPLE EVALUATION ITEMS

. Calculate the dollar savings you would make in 9 months by carpooling

to school ‘with 31 other people 1f you had to travel 15 miles round trip and

your standard sized car cost 17¢ per mile.

Cost over 9 months .in -

—

4 person carpoot

Dollans saved =

v

Total daily cqé( = (L17)¢ x 15 = $2.55 pexn day.
Cosit oven 8 months done = $2.55 x 21

x 9 = $481.95
cost days months
Rty A ]
ﬂay month
= $481.95 = $120.49
iy |
$481.95 - $120.49 - $361.46

A family owns three cars and each year the

are computed.

The total expenses are as follows:

Car 1 - §949.00; Car ©

2 - $1,222.00; Car 3 - $3,525.00. Calculate the dollars saved.with

15%, 20% and 25% reduction in use (making the assumption that use is

Answer:

Can 1
* Can 2

- Can 3

Total
Savings

_directly proportional to dollars),

Doffars Saved
15% 20% 25% ’
142.35 | 189.80 | 237.25
183.30 | 244.40 | 305.50
228.75 | 305.00 | 381.75
° - ’}’
554.40. | 739,20 | 924.00 . '

-

. a) - Examine the data in Table 3 showing Ehat inter-city bus transportation

¥

results in an energy cost of 2700 BTU.per passenger mile (ppm) when operating

with a load factor of 47X. Calculate the BTU ppm if the load factor were

fncreased to 55%, 65%, 70%.

4




. SAMPLE EVALUATION ITEMS CONT.

1
3. b) With these load factors what oté#} modes of transportation are comparable

with the urban bus. (See Table 3 again): d \

~

c) -What do’you suspect will be the BTU ppm for the urban bus during rush

. ‘ ~
hours? (Maximum capacity of ‘bus is 45.)

A“‘EE@‘ al BTU ppm at 55% foad 6acro&' o ‘é; x 2700 _ ’

= 2307 BTU ppm

N BTq:me at 65% Load factorn = g;_ X 2700

“. = 1952 BTU ppm

" BTU ppm at 70% Load facton =

&

;%- x 2700
= _1813 BTU ppm

b) None as presented, the Inter-city bus becomes Ancreasingly ef§icient.
However, .if the .inter-city train Kad twice the fLoad facton (74%) it would be
competi{ive, . : '

N

« BTU ppm fon .t4acn at 74% Load facton = ?3; x 4000 = 2000 BTU ppm

) .
c) BTU ppm for urban bus 100% gull %%_ x 5300 = 1473 BTU ppm

4

90% 6951 - "?%%35 x 5300 =.1570°BTY ppm

. Note that this {8 the next Lowbst BTU ppm to waﬂu'ﬂg.' The relative eneigy cost
comparing 100% §uee wurban bus, with watking i8 1570:710 = 2:2:1, .

’ %

4. -Using Table 3 calculate the increase or’ﬂecrease,in BTU per passenger mile

A 4 A\

vhen a persoﬁ shifts from a) car to ur#gn bus, b) motorcycle to (urban) -

?

<y

car and c¢) urban-bus to motorcycle. |
. 7

L)

BTU ppm for can - BTU. ppm for bus

\ [P

BTU decrease

Answer: a) BTU inpieabe_on decreas

\}

- 1
8900 '~ ,53Q0-

"

3600 BTU ppm . 4



SAMPLE EVALUAT]ON ITEMS CONT.

b) BTU .increase on decrease

- 4700 . - 2900

BTH .inchease 4700 BTU ppm

¢) BTU increase onr decrease
= 5300 - 4200
1100 BTU ppm

L

BTU decrease
» .

Describe four driving habjts that can help you save gas as you drive =~ T s

Answer: 1) accelerate Amdotbtg and drive at a steady pace.

gor the finst mile. , '
3) don't carny unnecessary weight in your can.
4) don't Let the engine .idfe too fast.

Y

BTU ppm gon motoncycle - BTU ppm for can

4

2)- no need to Let car ward up by idling, fust drive sLowly

Describe four maintenance measures that you can perform to increase the

efficiency, i.e. mpg for your car.

Answen: 1) Change spark plugs §requently.
. - Z) Clean ain §ilten. )

3] ensure tires are adequately inglated.
4) grequenthy have the carbareton tuned.

1}, < -

\
»

¥

BTU ppm. forn urban bus - BTU bpm fon motoncycle
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“Fon Part 1, it is sufficient to introduce can pooling as a means

of saving doflans. Ask the students how much they think they wite
dave (in dofears) by'can pooling. Vou may need to provide an explora-
Lion of the breakdown of the costs per mile fon each size of can,
with discusgion of nefative costs L anFAéany. In the tabfe below,
this data 48 presented. . ; : :

Vehicle

_Cost Maintenance Gge and 011 : State and

Depre- ~Accessories, (Excluding Insur- Federal - Total Cost
Car Size ciated Parts and Tires ~_Taxes) ance .Taxes (per mile)
Standard 4.5¢ 3.7¢  5.5¢ 1.7¢ 1.6¢° =17¢

intermediate g2 JUG¢ 2.3¢ 1.6¢ _1.5¢ = 16¢

Compact 2.9¢ . 2.7¢ 4.7¢ 1.5¢ 1.2¢ = 13¢
Subcompact ~ 2.3¢ 2.5¢ 3.8¢ 1.5¢ 0.9¢ = 11¢

Adﬁpted from U.S, bept. of Transportation-Federal
Highway Administration Statistics

Table 1T

You may need to gnoup students together who Live in simifar vicinities
40 that they couwld car poot {§ they individually drove to schoot, §yen
4§ they ondinani?y nide the school bus. :

Module Title: Transportation 2

In thiq module the costs involved 1in various modes of traysportatibn
. . . H ) 1

in terms of both dpllérs and energy aﬁe‘presented.

Part 1 (See Reference #1) ‘ 4
Let's look at the dollars saved if you car-pooled to schoél, Carry out

. 1 . .
" the calcglations for your own travel alone and by carjﬂooling asydescribed

| 1n\fh18/§5tiv1ty. Also compare passenger miles per gallon for varying the

oy
number of occupants. .
Caf Size _ Total Cost Per Mile
- " b A i
Standard ' o 17¢
Intermediate - . - 16¢
Compact ' - 13¢
Subcompact B : © . 11¢

- : ' Table 1 s

B

| S
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EXAMPLE: How to figure your present commuting cost (Standard car-Ford LTD)
traveling 30 miles round trip.
1. MULTIPLY (.17) x (30)

Cost Miles ’ - $ 5.10
per mile per day

2. ADD - Daily parking cost + 0
3. TOTAL DAILY COST ( +$ 5.10
kg -
4. MULTIPLY DAILY COST by number = - ' '
....2f 8chool days per month - . SR 3 | )

5. COST PER MONTH TO DRIVE ALONE = $107.10

/
6. DIVIDE BY NUMBER OF PEOPLE

. '/// IN CARPOOR .
to ' . 7. NEW INDIVIDUAL COST BY : .

|
M -

CAR-PQOLING = $ 26.77
. \‘ . ~ . T
8. MONTHLY SRRPOOL SAVINGS
($107.10 - $26.77) - $ 80.33
¢ > ’ ¢
X
Your Calculation:
. - 1. MULTIPLY : x - __ v $
_ - ' Cost per - Miles per ¢ : %
. S ' Mile _ . day ’
. - 2. ADD - Daily ppeking cost ‘ g -
_ 3. TOTAL Y COST | e =8 -
< , ; -
; 4. MULTIFLY DAILY COST by number of school :
, " days per month ) , X $
. .
5. COST PER MONTH TO DRIVE ALONE - $ .
V ~ &
- 6. DIVIDE BY NUMBER OF PEOPLE IN CARPOOL - $
: _ 7. NEW INDIVIDUAL COST BY CARPOOLING R .
- "' B. -MONTHLY CARPOOL SAVING (#5-#7) - = =§
1) -. ) o SN y
oo, a)\ What do you suspect is the rationale for'callingrfhe‘lgrgest chrs.

: o -~ standard?




#
] S [ Cy
b) HoV 18 the tdtal costs per mile of each car size determined; in

_other words what factors do you think comprise the total cost for

.each mile the car is driven? /
c) The financial advantages of carpoolm', are obvious; what are some
\% oo '

-

v disadvantages? - -

, DI
| ‘Pa&t 1T {8 a weck-Long assignment, or coutd be extended untit the end
s e 8§ LR ML QNRAGY. RAQJOCL,. AR wgufduc{(on may be needed neganding
’ how the diarny should be f’epr and that the oveAall purpose of €is assign- .

ment (8 Lo neduce gasoline conAumpt&on by 15%. (Some students may
need help with the math {nvolved herne.) At the outset you can solicit
ideas §nom the students regarding how they think it will be ‘possible “[r
1o cut pernscnal gas consumption by 15%.

¥

How could you reduce your own gasoline consumption by 15% even without car -
podling? Keep a careful record ofgeach driver in your family and keep a record

of every trip for.-a week: Be sure to include yourself 1if you drive. Recotd

the purpose and mileage of each txip from and back to home. The charts you

keep might look something like this ’

AY

—
Table 2
DRIVER A : CAR 1  .DRIVER B , . CAR 2
DATE PURPOSE MILES _DATE PURPOSE _ s MILES
- londay Work ) - 14 Monday Grocery Store 4
Tuesday Work L 14 Tuesday . Little League Practice 3
Wednesday Work 14 Wednksday - Gas Stationk 4 ¢
Thursday , Work:® 14 Thursday * Piano Practice 6
_Friday Work 14 .  Friday . (Not used)" 0
Saturday, Lumber Yard 20 Saturday Grocery Store 4
Sunday - " Churfh @ .8 Sugvay ' Visit Aunt Jane 35
- - ] \
"DRIVER C ‘ - CAR 2 _ .
, . DATE Ik PURPOSE " - MILES T
’ Monday School } 6
" Tuesday - School, Basketball
. X ST E . N Practice -12
. . ' Wednesday School, . - 6
' ' " Thursday _ School, Grocery.
; " Store- 10 o
Friday , School, ‘Work . ‘14 :
Saturday Work, Movies 10 oL o
Sunday Countgy Drive 54

. . . ki = I. SR . 7
) _ . . _ . .




a)

b)

)

e)

f)

YPant 111 4is the 6L&At mention 0§ enengy cost which is mcaAuned as
EH!p@&rﬂAémmemnule tind serves as chnvdeJqutorwf enengy
in this transpontation module.

Part 3 (See Reférgnce #2)

Consider the data on inter-city.and urban transportation presented
N\

~.areatly inconvenience members of yoyr household?

4, AR
When the week is8 over, study the number of trips, their purpose and
the total miles driven.

5
- R -

Develop a plan with your family that will reduce the number of trips
and the miles driven. Get ecach driver to agree to the plan. A

How wuch gasoline has been used in thé week? ) .

Determine the mileage yating (miles per gallon) of your family's -
cars and calculate the dollars spent. _ ) o L

How much money i{s saved with a 15X reduction 4n miles driven-péf wedk |
: - ’ ¥
How could you reduce miles driven per week by 20X, 25% and not .

Did you know that over 50% of all automobile trips in the United ) i
States are lesgs than 5 miles in length. In time trials comparing ) '

bikes and cars for urban trips averaging 5'miles, bicycles won 21 out NS Y
of 25 races. Do you think that bike paths or reserve lanes on major

streets and higfways should be required and supported by federal”
funding from the Highway Trust Fund? -

\

Some questions you can ask nrelater to the fotlowing {ssues. Load

factorn is the percentage of the maximum capacity of a mode of trans-

poatation; {t 4is made verny obvioua by neferrning to the Load factor

gon a bicycle. Draw the students' attention to data which (1) compares

enengy cost between didferent modes of trhansportation gor Anter-city

thafgic, (2) companes enengy cosis between difgerent modes of trans-

_portation §orn wiban taaggic, and (3) compares a particubar mods of

transpontation, §or.example, bus between inter city and unban trafgic.

Ask the student to detenmine factons that affect these neﬁatkve energy. N
costs.

- m— o

‘ . N !

-

i
\

*

in Tab18.3'7nd compare the energy cost of each mode of transportation. v
. ' 2z SN
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Selected results on the energy ifmpacts of consumer
options in transportation during 1971. Data are

— N eﬁRESﬁiSﬂ_f? terms of BTU per passengegamilg:m__»~*_m,~w‘wﬁﬁkm_
Transportation . Load ) Energy Cost Relative Energy
Mode i; Factor BTU per Cost with
- S ~..—_Passenger Mile __ Walking .
o~ Inter“City Transportation
Car 2.9 people v s900 , ' 8.31
Plane s 33X full 9800 13.80
Busg ' 47% full 2700 ' 3.80
Train 372 full 4000 _ 5.63
“lectric commuter 317 fu1y 200 o 13.94
v Urban Transportation . s
Car 1.9, ggeiguwwmmMWHQQOMhm“wwmmmeumhmmwM"mrzrsanmm~
Motorcycle _ 11 people 4200 5.92
Bicycle - 1.0 people 480 - 0.67
Walking . - 1.0 people 710 L T
[£8
v Table 3 _ | L

(W A

- a) What do you" thfiik is meant by a‘“load factor?

b) Why is the load factor different for automgbiles on inter-city
compared to urban transportation?

c) VWhat is meant by the energy cost being measured in -BTU per
passengex mile? - '
- \
d) How would the relative enetgy cost with walking differ when rhe
load factor changed¥ Calculatg the ‘relative energy cost compared
to walking jif the average load factoqgfor urban transportation
~was doubled to 3.8 people. - i

»

Now let's 1look at these data more carefully. If people shifted from one ’

mode of transportation to another there ig an increase or decrease in energy

expressed as BTprer passeggér'mile. Tables 4 and 5 présept\inﬁprmapion

from which you can determine the BTU per pPassenger mile saved in changing

modes of transportaticn for inter-city and urban transportation.

»



Inter-city transportation. The energy Ghat would be saved in
BTU per passengar mile by shifting from each transpoxtation mode
to another for each traveler. Plus or minug signs indicate
- an increase or a decrease in energy use respectively
Cnlculated from Table 3

Shifting to - X

: . - — .
Shifting -
from . . Car Plane L Bus Train
Car - +3900 -3200 =1900 .
Plane -3900 _ - -7100 - ~5800
Bus ; +3200 +7100 - +1300
'lezpin ; “+1900 +5800 . -=1300 T y
f;ble 4

.
~

abﬁe 5.8 compteted in the Teachen's guide but has on@j the top fLine

s

Urban tradsportation.

|
3

L ]

shifting from each transportation mode to another

~traveler in BTU per passenger mile.
cate an increase or a decrease in energy use.

for each

d the two ext/teme rughx columns completed (n the student materials.

The energy that would be saved by

Plus or minus signs indi-
Calculated from

Table 3 B v -
) ‘~Shifting to - :

Shifting = Electric
from Car Bus |Motorcycle |Bicycle| Commiter
Car - -3600| . -4700 -« |-8620. | +1000
Bus . |+3600 | - -1100 -4820 +4600
Motorcycle - |+4700° | +1100] - ~3720 +5700
Bicycle ) 1+8620 | +4820f #3720 - 48620
Electric Commuter ~1000 | ~4600 -5700 . [£9420 -

1e ‘ _ ) )

SR \  Table-5

Ay N ‘?,. .
U 'suggest ways that energy costs can be

€an yo feasonably reduced in

RS v A
‘,paséehger ’}igiportation? One example is that greater number of people

us&ng urban buse transportation will increase he average load factor and

-+ -
resuLt in reduced energy costs in- BTU per paaaenger mile. o
\ ,J ‘/ ’_(' N ) )
t _r 13
: s 192 | ,
r \ . e A
' - \.‘ ! R ¢
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WMok the students to make. suggestions for ways that enengy costs can
be reasonably neduced in passeigen thansportation. Fon example, a.
gheater quumben of people us tng urban bus transportation wifl dnerease

the average Load fac ton and nesult in neduced eneagy costs (n BTU
per passengen mile.

»

E » ’
[y Y

. As Haunon writes:

"All costs are very sensitive to load factors. In terms
of dollars and energy, the plane- is easily the mdst expens-

Pl

Ve ive, and the train is the most employment intensive. The

inter-city bus costs the least in dollars and in energy.
The urban Passenger has a variety of modes to chsose from,
as shown in Table 3. These modes are increasingly unpop-

- ular but decreasingly energy expensive as _.one movyes down
the list, Energy consumed in walking was that used to
supply the food consumed by the average persoh_for the
eénergy used in excess of that used by the body in the rest-
ing position.’ ' '

- ‘It has been pointed out by Bullard that Tthe important ]
factor in energy conservation is the rate at which energy
is saved on the transfer from one activity to another.
.Tables 4 and 5 show rates of ‘energy savings ¥British
ftbgrmal units saved per passenger mile) for shifts from
“each transportation mode to the other. The rates vary
from about 480 to 9900 BTU" per passenger mile. 1In all
cases‘except in the urban transportation shifts from car
to bus, dollars are saved if energy is saved, and Vvice -
versa. For example, the traveler who switched from urban
bus to cle would save energy (and dollars) at the rate .

«~ of 4820 BTU per Passenger mile. If he were Wot careful

‘to spend his dollar savings on an item of personal con- :
sumption which had an energy'intensity greater than 4820 ~
BTU per passenger mile then his shift to the bicycle would -
have been in vain. - _

In every instance, a change in transportation mode that

-’ would conserve energy would also save dollars (except .
in the casp»of changing from urban to bus transportation)."(Hannon, 1978,
p. 101). . ' ' _ - S R

‘a) Do ycu consider that energy savings by conservation and/or changing

' modes of personal Eransportation will become more impogqanp as time
'-.progresses? Why do you think thisg? '

~

b) Calcuiate the energy savings for ali_incomplete spaces in Tables
‘'~ 4 and’ 5. \ R - ’
*To neview Part 111, ask the students what they have undenstood by net
energy Lin the context of changing modes of transporntation. An impox-
Lant point to make i that. reducing enengy expenditure on trhansporta-
Lion only nesults An an overall net energy davingd L4 the consumen
does not use all the energy saved on other personal consumption
activities. e B T

. | | ‘

~ ERTTINN -

n_‘_j R aﬂ.ﬁ . o 11. : ‘1'3
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*Part 1V deals with encagy efficioncy An thanspontation primanily in
terms of (mproved driving habits and automobife maintenance. Two
excellent §4ims dre available on this dubject: "Running on Empty" and
"Feathenfoot" and {t {8 well umnfh/ydua time to &how one of them.

To realize just how much energy cduld be saved with dmproved dniving
habits and automobTle maihtenanc, we draw your attention to the
attached annual nepont §rom the Michigan Travel Bureau.| A cunsony
glimpse at the tables on pages 44 and 45 gives an {ndicqtion of whene
money and BTU's can be saved L§ people continue Lo use private thans-
portation as thedi chief meansd of Tthavel. The anticfe bout the
Miciigan Travel Bureau presents this Anformation in tenms of doflan
profiRgto the State of Michigan. A message that we wish to conveyp

Lo students {8 the fact that continudd growth-is not necessanily
beneficial in teams of BTU 0g energy pondumed and that each BTU
consumed should provide transpontation as efficlently as poss.ible.

© va

Part 4

Now for a change in gear; let's consider ways in which we can simﬁ}y

improve the énergy_efficiency of the car we drive. Read Unit 13. Eﬂgggz>.

Efficiency in Transportation. Keep a.réco}d of when thése eg}iciency main-—-

taining items are put into operation on your family car and on you® own car
.. . ’ - ] ) T .
if you own one. How does each efficiency maintenance item contribute to an

TN : . . Y

Increase in your total net energy 1hcrease? : | : ' 2

12
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¢ The Unlted Siates accounts
for approximately 6 percent of
the world's population and
over 46 percent of the world's
automobliles.

¢ [t is estimated thot more

than 21,000 square miles

(54 600 square kilometers) of -,
land have been paved over to
accommodate this country's

100 mitlion cars.

)

.

4 Automobiles use 14
percent of all encrgy e
consumed In the United
States.

¢ Probably, the most .
expensive item in your

pessonal energy budget is the -

operation and mainlfnance of
yourcar(s). . . [

Shocking facts aren't they?

it would be difticult for

Americans to imagme life without a -

car. The problem is not that wo
have automobiles. but rather that
we must learn how to use
automobiles elficiently ang save_
orﬂgy ih 910 process.

Purchase an
Energy-Efficient Car

An automobile's fuel economy 1S
determined by weight, engine type
and size, and maintenance' Before
you buy an ‘autommigbile. famiharize
yoursell with the ftiel economy of.
various models. Thd mform

can be tound in the
Guide, published ann ally y the

| Energy
efficiency in
transportation

By
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Environmental Protection Agency
(EPA) and the Federal Encrqy
Adminlstrﬁmn (FEA) All new car
dealers arg roqured bty law 1o
have the Guide available in their
showrooms. Or, you can request g

. froe singla copy of the Guide trom-

Fuel Economy, Pueblo, Calorado
81009 EPA tests areo conducted
under controlled ¢onditions,

therefore a diiver can e .peoct some

As you read the Guide, you will
see that small, ohtweight cars are
more economical to operate than
full-sizg, heavy cars. In general, in

city driying,"a ».000-pound (2250-
Y

kilogram) car-uses twice as myeh , -

fuel as a 2,500 poing (1125.
kilogram) car.

- Buy a gar on the basis of
minimum-size requirements,
purchasé price, and estimated fue|
costs. Be reasonable about.
optional features. An ajr
cohditioner reduces el economy
‘10-20 percent when used in
stop-and-go traffic. i you must
.'have air conditioning, uce it only
when absolutely necessary.
Automatic transmission and power
steering also \se more el than
standard t:ans:nission and
steering. Power brakes, motor
driven windows, and power senats
8nd radio antsnnas don't require
much onergy o Operate, hut the =
weight added o a vehicle reduces
tuel economy, '

Al conditioners

and power oQuipment
Use extre fuel.

N
LAY

%
-

Save Fuel
as You Drive

Fuel economy detreasesin diract

proportion to air d7ag on a vohicle.
For exampld of you Ncrease your
auvtomobile speed om 85.amlles
per hour (mph) (90 km, h). e legal
hmit. to 65 mph (105 k}‘;r{);}’the

- Therease in the car's drafy ¢
- fesstance goos Up by ’

and fuel economy decrpases Host
fuel economy ogecurg \éfspeeds of
30-40 mph (50 g5 kmyh) with no
Slops or raprd speed changes.

Develop dhiving habits\tq help
you save fuel Acceloram\‘smoothly
lo’save gasoline and woau\gnd teat
on the engine and tires Oriye at a
steady pace and anticipate
changes, sudden changes in
Speed waste gasoling. For
oxample, take your foot off the
accelerator as soon as a red traffic
signal is spotted ahead Dnive
slowly for the first nile (couple of
kilometers) instead of ietting ycur
carwarm up by ihing: an tdhng
average-size engine burns about g
Pt (500 mithters) of gaschne
every 12 mmutes Avoid overfilling
acars gas tank: fuel Spillages
are wasteful. tog. Don't carry
unnecessary weghtinor on a car:
the heavier the car the more
gas it uses. '

ced

You probably have an 1dea of the
Current gas mileage of your car. As
you develop energy-efhcient
dtjving techmques, check the car
again to see you are getting
better milcage There are five
steps to follow for an accurale
mileage test. (1) Fy the gas tank
full and make a note of the'mileage
on the odometer (2) Keep a record
of all gasoline addes during the
lest period. (3) At the conclusion of
the test, again fil the tank full.

(4) The gas aaded during the test,
Plus the gas required to refill the
tank at the end of the test, 1s the
total gas used for the test. (5) The
9as mileage is equal to the number
of miles (kdometers) driven during

17
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thu test dividod by the total gas
used. For accuracy, the (e should
ba tonducted over 690 1o 1.000
miles, or 3-4 tanks of Qasohng (In
the metric syskm, gasohne . '
Censumption may be given in)htms
por 100 kilometers )

S S S

N R S

Troad lightiy
on the gas pedal.

Automobile
Maintenance

<"An automobile cannot maintain

energy-efiicient pertormance
without proper mainterance.,

Automobile.tune-ups rot only save .

fuel, they also provide easier
starting and smoother cperation. A
car that is property maintained
averages 6 percent better mileage
per gallon of gasoline than a car
that needs new ignition points and

spark plugs.

Gasoline engine components
that are the most common cause
of poor power and Increased fuel
consumption are the spark plugs,.
ignitio timing, the air Cleaner, and
carburetor adjustments. A spark
plug that is not functioning properly
can wale as much as 1 gallon
(3.8 liter8) of gasoline in every 10
(38). Ignition points in the
distributor that are out of
adjustment or detonorated from
USe can result in starting ditficutties
and poor performance. The air



“leanor Is a passive device, hut for
2ach gallon (3.8 liters) of pasoline
wrned, approximately 10,000
yallons (38 000 Iters) of air must
pass through it A duty and

+ . \artially clogged ar cleanes
itarves the carburetor of ais;
herelore, the optimum fued-air

/ xture 3 not ottained, and the
aticiency. Carburetors requing
‘egular adjustments in.order to

naintain automobile performance. |

ecammend tune-up frequency;
aithtully follow the suggested plan.
You can do thisby finding a '
elfable automobite mechanic,

*amuliar with yowI particular car, to
10 the work or by daing tune-ups
sourself. Most community coleges
aind adult education programs offer
sourses in automobile
naintenance.

Ngw-car owners' ma:&gﬂs

In order for your£lr to operate
it hughest efficiency, it is also
mportant to use the recommended
jasolne octane rating and o
jrade. Check your owner's
nanual. o

engetisTiot-used ot ts optimeamy -

s

Carefully Insj.ect
pointy and spark plugs.

.
"

Tires Affect '
Fuel Efficiency

Proper inflation and type of °
automobile tres can prowde better
gas mileage and can save you
money Undennilation {s probably
the greatest cause of tires wearing

out too fast Underiollation also
increases e toting resistance of - -

a tite. thus it requires more enetgy
per mile (kilometer) to roll the car
aiong the highway. Some tests
show that 30 percent underinfiation
—- and that s far from being a flat
tire —reduces tire life by about 50
percent. '

Radial tires, because of their
design, develop less rolling
résistance than standard tires. One
can expect a 6 percent "
improvement in fuel egonomy by
‘switching to radial tires.

A very useful accessory for good
lire lite is an accurate air gauge. In
particular, radial tires, when
properly inflated, often appear to
have d “flal” appearance. It is

dithcult to distinguish by eye when ,

Regularly check air cleaner, 'uomhu. and tires.

e .-
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a radial tire is underinfiated. Get in
the habit of chécking requtarly the

Infiation of your car's tires.
S

Synthetic Oils

Synthetic engine oils. ysed,in
some aulomobiles today, belong to

. two basic classes: one, called

esters, s made by reacting alcohol
with certain types<of acids: the

"'mOﬁdf'SYﬂmSiTGd‘“'"' TTTTTRTrmTmmes e

hydrocarbons, 1s fabricated from
various hydrogen- and
carbon-containing molecutes found
in natural petroleum Mmneral olls,
the oil used in most automobilas
today, are usually changed after
6,000 miles (10 000 kilometers) of
use. Itis believed synthetic oils .
can safely be used with ol
changes at 12.000-mileg20 000-
kilometers) intervals Aithough
synthetic oils cost 4-5 imes as
much as mineral oils, cars
lubricated with synthetics show an

average 5 percent improvement in 2

gas mileage over thgse using
ponventional motor-oils.

Car Pools
Can Save Money

Over 80 percent of working
Americans commute to work by
automobite; more than 50 percent
of tham drive alone. A car pool to
and from work not only saves

gasolix giand money. but also
saves \par and tear on cars. Ask -
your em‘k er to help establish car

‘pools at your place of business.™

Another type of car pool ™

"frequently overlooked 15 better

scheduling of family trips by
automobile. Family automobile
travelw—«:hopplng visiting. tnps to
the doctor, to music lessons, or to
athletlic events, for example —
accounts for nearly one-third of all
passenger trips in this countfy and
averages 5'z miles (9 kdlometers) -
one way. If, by planning ahead
to combine errands and
appointments, a family took one

‘loss trip per week (7 tnps instead

of 8), that tamuly could save $75
per yoar o take it a step furthes

it every automobilys in the United
States consumed 1 less gallon (3.8
liters) of gasoline per week.
national defmand for ,;asoline
would be reduced by about 7

,percent!

= ———

CAR podl_é
Preferred
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Transportatiorn

Alternatives

Engineers often measure energy in
British thermal units (Btu). the
amount of energy requined to raise
1 pound of watar 1 deg-eo
Fahienhet; or joula, the amcunt of
energy required to produce 1 watt
for 1 second. A comparison of
these energy units for vanous
(modes of transportation is
revealmg Walking requires about
300 Btu's (315 200 joules) per
person per mite (1.6 km); a bicycle
requires 200 Btu's (210 800 joules)
par mile (1.6 km). In contrast.
driving an average-size autormobile
with no passengers requires 8,100
Btu's (8.5 mullion joules) per miie
(1.6 km) in the city and about
3,400 Btu's (3.5 million joules) per
mile (1.6 km) on the highway. In
terms of energy usage, bicycling
and walking are gbviously very
energy efficient-me‘ans of
individual transportation. Fully
lcaded buses and trains are

much miore effictent modes of
transporting people than

the automobile. In order to save
energy and dollars, use alternative
means of transportation whenever
possible and, if it is feasible.
advocate the establishment or
improvement of mass trans-
portation systems in your locality.

Energy consumpticn must be
reduced in this country. A good
place to start is with the famlly
automobile.
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This report of the Michigan Travel

Commissimx for calendar year 1977

summarizes the role and responsibilities

of the Travel Bureau, describes s

mjor Recomplishments and delineates

the economic impact .our industry has

had on th: State of Michigan. The
report addresses the travel industry's

_poiential for future growth and de-
velopgment as well as some  of the
problms faced by the industry. Every

effort_has been made to provide infor-
mation of significance o all Michican
residents about the diversified respon- .
sibilities of the Travel Bureau.

NOMN-HESIDENT TRAVELERS
SPENT $2.1 BILLION IN
MICHIGAN IN 1977

Visitaticn- $1 million trips were made
to Michigan in 1977. The travelers
represented a cross-section of all 50
states and a score of forcign countries.
Our prime market area consists of
IMlinois, Indiani, Ohio, Wisconsin,
Michigan, the Minneapolis-St. Paul ar
and Canada. This market generased
percent of the travel to Michigan i

1977,

"While Michigan attracts an extreme
high proportion of its own residents to
travel within' their hoime state, approxi-
mately 40 percent of trips made here are
by non-residents who account for ncarly
50 percent of ravel expenditures. This
is of vitul economic consequence fo
several reasons: 1) the non-resident
gencrally stays longer and, thercfore,
spends more; 2) the non-resident gener-
atcs tax revenucs, but places little
demand on the many state services

. Supported by those taxes; and 3) the
'new" -money brought in has a great

multiplier effect on economic activitics,
The importance of the out-of-state
traveler cannot be overstated.
Where:They Go And What They Do.
There is tremendous tourist participa-

tion -in all arcas of the state,
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THE DIRECTOR: Jack Wilson
. The largest share of Michigan visitors

" participate in  outdoor recreatiog ac-
tivities (34 percent), with fishing and
swimming ranking as the most popular
activities.

Sightseeing is a particularly prevalent

activity in Michigan, drawing 16 percent -

of vacation travelers in 1977, The most
visited attractions are Greenfield Vil-

ns -
lage, tht Soo
fsland.

A very high percentage (74 percent) of
vacation trips to Michigan were return
visits, indicating an cxcellent degree of
satisfaction with Michigan's traval pro-
duct and hospitality.

WHAT DOES TRAVEL ACTIVITY
. MEAN FOR MICHIGAN?

Business! Travel is a mulii-billion _
dollar business in Michigan. In 1977, -
travelers spent in cxcess of $4:2 billion
while on trips in the state. This is an
increase of $300 million Jver 1976 when
spending was approxishately $3.9 bill-
ion. More than 35000 businesses in,
Michigan dircctly benefit from thesc
expenditures, . '

Travel dollars to®h every citizen,
since for every dollar spent here, 78
cents is generated and, ripples through
the. entire state economy. Through this
rippling cffecr, the (ravel industry,
which begins as a $4.2 billion business -

Locks and Mactinac

+ in direct expendflres, results in an |

i

-3 Travel Generated Expenditures T
(Billions) o - ) - . J
. - 1 I .
s 1, Direct &
_ Indirect L
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industry wnlmg 1 excess of $7.5 ballion
overall. *

Jobs The travel expenditures di. cctly
and mdivectly support 208,000 Jobs
the state. In companson with other
stites, Michizan tanks sixth in the total
number of-jous supported throtigh the
expenditures of teavelers, Over $2.3
billian in dircct and indirect income was
generated as o acsult of 1977 travel
expenditutes i ichigan.

Convention Activity Daring 1976-77,
the Ceonvention Burcau Grant Program
recipicets  hosted 743,717 convention'
delegates who spent mvure than $105
million in Michigan. Durine this time
these convention bureaus sold "$426
million in future convention business.
*, . Bascd on the amount of state funding of
& $250,000. the Convention Bureau Grant

Program roturncd a net profic of more
than $330.000 to the state. as well as
supporting the developmont efforts of
new bureaus.

Tax Revenues Gono ated The travel
dollar becomes  the - Michigan ~dollar

~ when expenditures are converted to tax
* _ revenues. :

Taxes generated from travel spending
inereased from S131 million in 1976 to
$141 million in 1977, I'his is a conserva--
tive cstimate since it Jdoes not include
corporate incaine tax. )

_ Michigan currently  ranks  fifth

¢ nationwide in taxes generated by the
travel industry.

A SUMMARY LOOK AT MAJOR

ACHIEVEMENTS OF MICHIGAN'S ..

TRAVEL PROGRAM

° ()pu.\lcd an aggressive progran
which, in comunumn \ulh the Michigam

Q

LERIC

’ ¥
\

A . ‘
Michigan was selected as one of 10
major tovrsim states i the pation to be

travel industry. generatia ver $42
tillion 1 ducdt travel cypenditures,
sipported 2080 ditect and indirect stiveyed by S thel Councal of  State
jobs and gencrated over $141 million in Governments unddr w4 grant from the
tax revenucs : U.S Department of Commeree 1 he

o Amswered over 323509 individual study, designed 1o devetop g model state |,
and group mquirics about Michigan tounsm program. w.as completed hy the
travel opportumlicy,  representing an rescarch team in l)(\llnhgr 1477.
incrgase of 16,5, percent over 1976,

rﬁs of the end of 1977, inquiry
response time had been reduced to an
average of 3 to°7 days from $ to 9 days
in 1976.

e Incicased the percentage of in-
qumcs by telephone from 46.7 percent

e Initiated an advertising campaipn
designed to promote the mid-week ki
experience. Prelinnaay surveys e
cyte that this campaign iy building
- mid-week business and a record Winter
geason s anlicipated barring adverse
weather conditions.

I.D 1976. 10.. Mo peroent-in-- 497 thys - - ee - f e e et o e et e e

. Complclcd a xluu\nlc survey of
accommodations to determine aAcCcessi-
bility to tho handicapped and initiated
the development of directory of these
facilities far handicapners.

mucmng the etlectiveness of informa-
tion servicing by qu: lifying the caller's
interest, which cannot be done with
written or coupon requests. A dramatic
increase in prospective travelers' tse of
the burcau’s instate and out-of-state
toll-fice. WATS line secrvice was re-
corded with 1977 inquities up —48.6(
'pcrcc_m over |976.

e Increased participation in <Ki/trave|
shows throughout the -major Midwest
market area from 14 (o I‘)(/'(\ te 187,
1977. h

_______v._" e e —— <
.~ . Travel Activity — Porson Trips
Person & ,
Trnips
'(000'3) 40 '
‘.
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e Continued to expand product de-
velopment and lCLhHI&_,ﬂ assistance cf-

- o Expanded efTorts in the gmup tour
marketing program ih Chsug,o Cleve-

Iand and Fansing, rcxultmg tn excess of for's which: \
130,000 persens involved in group ex- ) -
cursmmp ) Subsmulmlly assisted  tourism

businesses in efforts leading td con-

. SllllC(IOH or renovation of over $17
million in new travel products” which
will result in:

The cfforts ()f the Chicago and
Cleveland offices with respect to group
movements alone continucd tn generate
travel expenditures  which  produced
suffitient tax revenues to cover the
year-round Bperation of both offices.

2~ $7-10 $10 million in increased travel
cxpenditur-s annually.

—.Over 540 construction jobs.

— Over 270 full-time jobs

— Ultimately produce dver $6 million
in state tax revenucs. .

P’y pr.mdul public service progrim
ci¥orts, xm"udmg radio and T.V. in-
terviews and appearances, press re-

leases, feature yticles, radio and T.V. .
spot annguncements, FAM trips. etc., » Responded to more than 180 indi-
increase promotonal  exposure  (n vidual requests for travel activity data

Michigan by "20 percent vver the previ- and general p
ous year. Many Michigan and out-of-
state radio and television stations now
carry Travel Burcau snow/shi, fall color
and fishing  condition reports, and
weekly festivals and events prograins as
a result of '\guLNVc public service
cfforts.

duct development Jnfor-
miton and fechnical assist; ;‘cc and
urdertook  and  c¢ontinued efforts on
mev than 60 product devélopment
asiitance projects “at the request pf '

- buanesses and local communities with &
to ! construction pmum.il of morc than
$13G l'lN"lOll

~

'COMNERCE REGISTER: Octobor, 1978



E

o Uindcrtook - 7% ceneral l{k hnical
Anvivtange b the reguest of
tourism amd Tocal L am

pProjects
busingsaey
mimitecs, lmlu\lm_q piroup tour mar ket
INE SCuinapy, markenng and promotion
precram desclopiment. operations con
sultation, and fesaval and fishing con
test developmery projets e
sulted 10 e gsed busimoss and locw
arca promolion aod maphetimge cflon,

fhese

4

be atgacted 1o Michigan.  This
potential markes s nioeg than twice as
Lige as the present vacation/ple ssure
nathet

C.an

Athactmg ot meand ncicased
teo el expenditures, increased Jobs,in-
Creased tax revenues and  economic
diseraficanon. 1o ncrease present
vacatowpleasuie  tray el activity
Michigan by 10 porcent, oaly 49
paivent of the potenial market must be

Travel Generated Employment
U PURUEETRSTPRTRRRN 0 11 €. o B T T2 Y5112 X! N
l’n;p!nymcm
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expanded qpecations and new festivals
and fishing contests, '

o Compldicd development ol publi.
cation of a thurism development manual
which  provikles local weas  with )

step-by-step Yelf-help process o, -
creasing\ 1oy

SMoactivity.
e Completed 4 Comprehensive
analysis of the gonvention and meetings

- market for Michizan. which analyzed

“businesses and communsties interested

present activity and futute market po-
tential. The market analvsis provides

in developing convention activity with
an  objective assessment of market
‘opportunity. .

o Initiated development of a self-help
fishing progption manual designed to
provide c(ﬁnunilics with necessary
information and techniques for taking
advaniage of abundant opportunities for
increasing fishing based tourism.,

o Iniiated a special tourism  de-

- velopment study for northeast Miachigan

.\)

Ric

Aruitoxt provided by Eic

designed 1o identify, analyze and rec-
ommend the best mceans of incrensing
tourisin activity.

LOOKING TO THE FUTURE

Many Opportunities Thes potential for
expanded growth of Michigan's travel

industry is  tremendous. Increasing
travel activity is a means to velop and
_diversify the state’s econonty hs well as

to gencrate increased tax redenucs

e The vacatiowpleasure segment of
the travel market accounts for more.
than $1.7 billion in travel expendityres,
Market analysis studies have showg that

-& significant potentinl market cxistd ¢ at
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ity.

attiacted.
in:

—An addittonal $170 million in travel

cxpenditiics. *

=387 million in additional tax re-

wes.

—8.300 direct and indirect jobs sup-

ported in the. long run.

e Michigan urban arcas and resorts
have a wide varicty of cxcellent conven-
tion facilities and have been very
successful in drawing conveotion activ-
' tiracting conventions produces the
Same type of benelits as  attracting
vacation/pleasure Yavelers, The poten-
tinl 10 attract mdre conventions to
Michigan exists, and
convention activity is a
direct cconomic :
stimulus for the urban
cote. .

e If only onc-half of '
the present vacatiow
plcasure travelers could -«
be convinced to spend ;
$10 more per person in
Michigan, an additional {

]
}
!
i

Attracting this would result

’

e

Yo

$80 million in - travel
cxpenditures would be
gencrated,

Y
Rioup teavel to Mo hican fiom onr entre
prime market area and tinge markets

A areas and
shown  in-

e A lupe number of o,
mvestorsdevelopers have
terest an developr & new tovel pro-
ducts. These aew produe:- tanpe from
new festivals andgsy ccol eventy, specidl
atractions . and - accommcdatony (o

major mual activary dcxlm‘mn com-

. . L. Pl
plexes offenmg a vancty of activitiey~
including .mehthie and  enterwunment.
These is opportumity to develop these

recopnized by local arcas and investors, -
By domg so, a greater oopon of the
marhet can be atti e Realization of
the present product development poten-
tial would resul in:

—$180 million in new consttuction. .

—Additional travel expenditmres of
- SIS milhon per year.
—Over 6,800 new year-round  and

scasonmal jobs .
—Generate annual tax revenues of
$6.3 million. )

* Anincrcasing number of local arcas
and travel industiv businesses are in-
terested inimproving  and creasing
fheir own promotion, advertising and
marheting effores. This preseats a sub-
stantial - opportunity 1o increase  the
magnitude and  quality  of Michigan's
overall promotion, advertising and mar-
keting efforts by providing professional

technical assistance,

Some  Problems  In addition  to
numerous opportunitics, thgre are sev-
crab problemns that the Michigan travel
industry must cope with. The allity to .
toke advantage of the opportuniues is
dependent “upon finding  solutions  to
these arcas of concern. Several of 1} -
key problems from a statewide perspec
tive arc listed here. In many cases,
clforts are already underway to address

BAVARIAN INN:- draws tourists to Frankenm th
L B S

MR T e
: !

)

e If only one-third of ’ ., R Lo A \',f,:: ' . prl
the presemt  vacationy e \Qy‘ voinE "1 L I v 04
plcasure traveiers could S ‘_‘)‘r‘ \ "(', :’;j:f';;‘.f‘,a,‘-\ -~ g & vl
be convinced to spend LYy L "40,: N ,
$10 more in our urban ot e W STy
arcas, "$55  million | - - RO A S 2 DI AT
would be infused into SR " - EE.
their economics. } - - -

Ml enma il w0 e
tential exists (o incicase L..u..m B S T T e e b
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Travel Generated Eapendituics (Rilhions)
Irect 2.041 222 1.542 3.366 . Jea2 4 200 106
Indirect ‘ 1590 1,73 bORY 2618 3014 3276
Total 9 1,361 3 960 4.528 5.591 1.016 7.876
Travel Genérated Employment (000 s) '
(. Direcr _ 98 9 1017 1093 136.9 137.8 140 42
Indirect 413 48 - N6 65.7 66.2 - 678
Total 146 ¢ 150.5 1621 202.6 204.0 208.0
Tiavel Genctured Stare Tav Revenue (0003} o8 4 74.% $s.2 1118 132} 140.7 106 '
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« these areas of concern There are other for food service employment. A 1976 P e T T e
problems beyond those histed which are levels nationally, this would equate to a 1 »
common among all industites in Aich 77000 to 116000 j0ob loss in  the f
gan. usaskilled or semie-skilled avecas — al- ‘f: )
\P\hﬂhlk wpactinent of the curiently ready the  highest rate of national ;
pmpmcd national encrgy policy 1y of uncmployment ‘ l )
prime  concery o Michigan's  travel o Michigan continuesto face ficece, i
iduistiy. Appaicatly the mdustry rnks maresmg competiton in the market s
ns low  prionty '\mnnp competing in- place. MWnois. Ohio, Minnesota  and i R )
terests interms of encrey allocations, Al Wisconsin will reccive incrcased funds :\_ -
present. 98 percent of afl tavel related, in 1978 whie the State of New York it T N ' } \
Activity is by automabile The instiiutton have a massive budpet — 1t could be in " \\,if. g i i N g
of atiening oy weekend dosure of excess of S1O nullion This is in additon L} 4 \_}'\ ! v ( A
ginoline stattons would have a drasi to the continuous heavy pressure from o o . s 400
impact, reslting in the loss of tens of Ontano wath-its S12°5 pullion budget in . - AT AN . t
thoosands  of  jobs, extensive  small - |197R, Michigan's response to this com-’ S . . '/.\';a‘ Eﬁ
business bankruptay and tosgs of ¢ aprtad petiton must Ybe vigorous o avoid . ‘\V; --'»'?".i..";
investment that would severely mpact severe ceonomic ldss to the state. | Y TS _I.\,,i_'('i'j:fj'g-;;:; 2
.|)l| of northern \Ildm-m and the 31» o Highway “U"ng ip gencral and {L_’::- i ms | "__' PSS R I
' Peninsula — anarea heavily dependent billbouard vemoval in particular continue " s :
upon tourism o to plague the tavelidystry. Vhe Travel R s mansa b i
_ @ Although“legniation has not been Comnisiion, o conjundtion with the o T TN A .2
’ introduced i Coogress, several leading N . [ T - I o L
political  fizures  have  progpsed  the Feavel Burcay. scheduled o sertes of AT f'_ ___:\;f‘; S L
elimination of specific personal income  five public hearings throughout the state oa®e T ) IO
tax deducations, O mazor concern to during 1978 These hearings were de- 1 L S e
the travel industry is the  proposed §i8'\l‘*| to provide a ferum for travel S .? rs gl 5-"'-\‘;
urtailment of allowable deductions for "._“h"‘"}' _i,"'“” into the problem. ) Y \ 7 \\"'
kpsincss entertainment and travel de- o Michigan tourism is scasonal with a VN A Bl vk
ductions. Curtaslment of these dedue- major sportion of activity occurring in WINDMILL DEZWAAN: on Windmill )
tons would have a serious cconomic the summer. Although skiing, winter Island in Holland
impact on Michipan's conventiow/travel sports activities and special pmmouon.n! o .
industry, patticularly its major compo- ¢fforts  with emphasis on  year- round e Additional problem areas inchude:
nepts such as hotels, motels and res- - events have helped offset the seasonal- —The need for product |mprovcmcm
taurants.  Treasury  Departiment  esty- ity fadtor, it is still a problem in many amd upgrading. .
mates i the food and beverage enter- areas of the state, We must continue to —The single business tax, .
. tainment area Wlone indicate that” job address oursclves to it or suffer the = The high rate qf cost fnereases n
- '0“ woltld hc s h:;,h as 2 o 3 pergent consequences. : : the utc‘:l of prnmou_uln and :ulvcrllsmg.
; The  Challenge The challenge to ,
- Michigan and its travel industry is clear. &L
. _ Significant opportunitics exist, offering
Travel Generated Stato Tax Revenue a beneficial impact on the state in terms
. of cconomic development,.urban arca
$ vitality and generation of tax revenues.
. . (000’s) 150 " The problcms. however, could under-
} < mine the viability of the state's travel
100 _ indostry  and  ncgatively impact  the
. » st «¢'s economy. Michipaa's travel in
. - %0 : ' 5 o Ty, local areas,  regional tourist
' " _ wutions, convention burcaus  and
‘ ' — I 1 state . most continue to  increase
/’\ n 13 74 7 76 n ¢ootdinated efforts o meet the chat-
' . | Voupe. Al will benefit if the challenge is
' . . C AN will suffer if it is not. w
s ' 2 3 . ¢ (L‘HCE REGISTER: October, 1978 .
, \ ¥ - |
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\ STUDENT MATER1ALS

Module Title: Transportation

. ) ‘ . -
In this module the costs involved In varfous modes of transportdtion

o in terms of both dollars and energy are presented. : \
. i
7

Let's look at the dollars saved i1f you ¢ar-pooled to school. Cartry out.

L

the calculations for your own travel alone and by car-pooling as described

in thii activity. Also compare passenger miles per gallon for varying the

»

number of occupants.

{

IS ' !
Car Size . _ Total Cost Per Mi}g
: Stahdard o ' “ i 17¢
Intermediate . . . 16¢
Compact , b 13¢ |
__Subcompact L _ _11¢
Table 1 : -

EXAMPLE: How to figure your present commuting cost (Standard car-Ford LTD)

N
traveling 30 miles_ round trip.
1. MULTIPLY (.17) x (30) B .
' Cost =~ Miles = $ 5,10 .
per mile per day '
2. ADD - Daily parking cost _‘ ‘ | "+ 0 ‘ \
3. " TOTAL DAILY COST : +% 5.10
4. MULTIPLY DATLY COST by number
of school days per month . X .21
5. COST PER MONTH TO DRIVE ALONE = $107.10
< 6. DIVIDE BY NUMBER OF PEOPLE . .
IN. CARPOOL , T
™
7. NEW INDIVIDUAL COST BY
CAR~POOLING = $ 26.77
. T 8. MONTHLY CARPOOL SAVING \
P T ‘ -
ERIC . N i -




Your Calculation:

1. MuLTIPLY X e .
Cost per ' Miles per
" Mile day
2. ADD -~ Daily parking cost =% S
'3, TOTAL DAILY COST A - _
ke MBEPTPEY- DATEY --GGS-'Y'---by*;-m,lmbe pof-achoer} o e e e e S s e s s et s e e s £ A e
days per month : x$ _
S. COST PER MONTH TO DRIVE ALONE ) = §
R ] '
6. DIVIDE BY NUMBER OF PEOPLE IN CARPOOR ~ - $
. 7. NEW INDIVIDUAL COST BY CARPOOLING =8
. s - T o
"~ 8. . MONTHLY CARPOOL SAVING (#5-#7) | -

by

R ) . -
| ’ . ) ’

a) What do you suspect is the rationale for calling the largest cars

¢

standard?

.. p b) How is the total costs per mile of each car size determined; in

~

///f other words what factors do you think comprise the total cost for

each mile the car is driven?
D)

c¢) The financial advantages of carpooling are obvious; what are some
l " ~ . ) N
disadvantages? ' .

Part II : - h .

. 1~ . '
- How could you reduce your own gasoline consumption by 15% even without car

2y . _ | ,
pooking? Keep a careful record of each driver in your family and keep. a record

of every trip. for a week: Be sure to inclade yourself if you drive. Record

Y

S the pufpose and mileage of each trip from and back to home. The charts you

- ,,_S




7 .

keep might look somethiog 1iké this, , ) .
\ . 3 \
Table 2 / ‘
. L -~
DRIVER A ‘ o CAR 1 . DRIVER B . T s
DATE PURPOSE MILES DATE_ | PURPOSE o __MILES
londay . Work ~ . 14 Mouday Grocery Store 4
" Tuesday Work A 14 . Tuegday Little League Practice 3
Wednesday Work : ’ 14" Wednesday Gas Station - 4
_ Thursday  Work 14 " Thursday . Plano Practice 6
Friday ‘Work . . 14 Friday (Not used) 0
Saturday . Lumber Yard 202 Saturday Grocery Store 4
Sunday _ Chwreh 8 . . Sunday Visit Aunt Jane 35
. T
! S e e e e e e e S
DRIVER ¢ E T 2
« DATE - PURPOSE . MILES
Monday . School N 6 o
Tuesday School, Basketball" v
o . Practice 12
- Wednesday - School, 6
. - Thursday School, Grocery-~
d S ] Store . 10
Friday: X School, Work 14 -
Saturday ", Work, Movics 10 o
Sunday - Countqzmggiyg 54 -

a) When the week is over, study the number of trips, their purpose and 5
the total miles dr!ven : . o - B

b) Develop a pldn with your fnmily that will reduce the number of trips
" and the wmiles driven, Cet each driver to agree to the plan

$

*

¢) How much gasoline haq been used in the week? -

Determine the mileage rating (miles per gallon) of your family s
cars and rcalculate the dollars spent. :

d) How much money is saved with a 151 reduction in miles driven per week

e) How could you reduce miles driven per week by 20%, 25% and not

' greatly 1nconvenion¢ing members of your household? '% '

f) Did you know that over 50% ‘of all automobile trips in the United # .
< States arevless than 5 miies in length In time trials comparing -
1 bikes and cars for urban trips average 5 miles. bicycles won 21 .odt . P

of 25 races. Do you think that bike paths or ‘reserve lanes on major
streets and highways should be required and supported by. federal
funding from the Highway Trust Fund’ . 7 - v -

v
.:l)

sy




Part 3 (See Reference #72)

Consider the data on Inter-clity and urban transportation presented

v fn Table 3 and compare the energy cost of each mode 6f trangportation.
5 ? '(f'_’ R
selected results on the energy impacts of tonsumer -,

" options in transportation during 1971. Data are
expressed in termg.of BTU per passenger mile.

Transportation Load Energy Cost Relative Energy

Mode Factor BTU per Cost with
' ' ' Passenger Mile Walking
. o - Inter-City Transportation
. Car \ _ 2.9 people 5900 8.31
“Plane g ! 53% full ’ 9800 : 13.80
Bus "47% full 2700 _ 3.80
Trajn L 37% full 4000 ; 5.63
Electric commuter 317 full 9900 _ (- 13.94
. _Urban Iransportation
T Car W ' 1.9 people 8900 12.54
Bus . 12.0 people 5300 \3 7.46
Motorcycle _ 1.1 people 4200 N . 5.92 ¢
f Bicytle ' . 1.0 people 480 : 0.67
: ‘Walking i 1.0 people 710 ' 1

) - Table 3
a) What do you think 1s'meant by a load factor?

b) Why i3 the load factor different for automobiles on 1nter—c1ty
compared to urban transportation?

. c) What'is meant by the energy cost being measured in BTU per
' passeﬁﬁer mile? , . . : /
/ . d) How would the relative energy cost with walkihg differ when the
load factor changed. Calculate the relative energy cost compared
y ‘ ' to walking if the average load factor for urban transportation
was doubled to 3.8 people.

Now let's look at these data more carefdlly. If people shifted from one
mode of transportation to another there is an increase or decrease in energy

| ¢ ‘expressed ag, BTU per passenger mile. /Tablép.& and 5 ptes#nt 1nformntioﬁ

2 . . A - e

. o ) : V - ’ | . - ,r/;r '

/;‘ ’\'.
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from which you can determine the hTU.per pnsaengef mile saved in changing

modes of transportation for fnter-city and urban transportation.

g

passenger tranéportation? One example is that a greater number of beople.

\

Inter-city lranqportation The energy that would be saved in
BTU per passenger mile by shifting from each transportation mode
to another for each traveler. Plus or minus gsigns indicate
an increase or a decrease in energy use respectively.
Calculated from Table 3 )

' ’ Shifting to

Shifting

~_from __Car Plane N Bus Train
Car - +3900° -3200 -1900
Plane - -3900 - -7100 ~5800
Bus +3200, +7100 . LT +1300
‘Train ____+1900 +5800 -1300 -~

Table 4

Urban tranqportation The energy that would be saved by
shifting from each transportation mode to another for each i
traveler in BTU per passenger mile. Plus or minus signs indi- ° !f

’

cate an increase or a decrease in energy use. Calculated from

Table 3 . \\
Shiftin
) g to - \

Shifting \glectrlc

from Car Bus Motorcycle Bicycle Commuter
Car - ~-3600 ~-4700 ' -8420 +1000
Bus - -4820 44600
Motorcycle - ':3720 +5700
Bicycle ' ' - +9420
Electric ' ' ’
Commuter , ~9420 -

[ “

« Table 5 . ’

Can you suggest ways that energy costs can be reasonably reduced in

using urban bus transportatidn will Increase the average load factbr and

? -

N

result in reduced energy costs in BTU pef passenger mile.

A

T



“Paxe )

As Haunon writaes: " f

"All costs are very sensitive to load factors. 1In terms
of dollars and energy, the plane 1s easily the most expens-
ive, and the train ts the most employment {ntensive., The

Inter-city dhus costs the least in dollars and in energy.
v. The urban passenger has a variety of modes to choose from,
# - a8 shown in Table 3. These modes are Increasingly unpop-
- ular but decreasingly energy expensive as one moves down
the:ljst. Energy consumed in walking was that used to
-8upply the food consumed by the average person for the
" energy used in excess of that used by the body in the rest-
* 1ing position.

It has been pointed out by Bullard that the important
factor in energy conservation is the rate at which energy
is saved on the transfer from one activity to another.
Tables 4 and 5 show rates of energy savings (British
thermal units saved per passenger mile) for shifts from
each transportation mode to the other. The rates vary

from about 480 to 9900 BTU per passenger mile. 1In all
cases except in the urban transportation shifts from car
to’ bus, dollars are saved 1if energy 1is saved, and vice
versa. VYor example, the traveler who switched from urhan
bus to bicycle would gave energy (and dollar®) at the rate
of 4820 BTU per pagsenger mile. If he were not careful N
to gspend his dollar savings on an item of personal con-
sumption which had an energy intensity greater than 4820
BTU per passenger mile then his shift to the bicycle would
have been in vain. - '

In every instance, a change in transportation mode that
would conserve energy would also save dollars (except ‘
.An the case of changing from urban to busg transportation)."Q“annon, 1978,

p. 101). X \\h
a) Do you consider that energy savings by conservation and/or cha ging
modes of personal transportation will become more important as time
. Progresses? Why -do you think this?

+

b) Calculate the energy savingﬁ for all incomplete spaces in Tables
4 and 5. . . .
»

N6w~for a change in gear; let's consider ways in which we can simply

improve the energy efficiency of the car we drive. Read Unit 13. Energi

-

Efficiency in Transportatfon. Keep a record of when these effictency main-

. {aining items are put into operation on your family car and on your own car

1f you own one. How does each efficiency maintenance item contribute ‘to an

A\

finc,rease in your total net enérgy increase. ; 29
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¢ The United States accounts
for approximately 6 percent of
the world's population and
over 46 percent of the worid's
automobiles.

¢ (tis estimated that more
than 21,000 square miles

(54 600 square kilometers) ot
land have been paved over to
accommodate this country's
100 million cars.

¢ Automobiles use 14
porced of all energy
consymed in the United
State

¢ Probably, the most
expensive item in your
personal energy budget Is the
operatipn and maintenance of
youriar(b).

Shocking tacts aren't they?

it would be Withcult tor Energy
Americans to imagine life without a - »
car. The problem is not that we EffIClen Cy 'n
have automobiles, but rather that .
wo must learn how'to use transportat‘on

automobiles elficiently and save
energy in the process.

Purchaée an
Energy-Efficient Car

An automobile’s fuel economy is
determined by weight, engine type
and size, and maintenance. Before %
you buy an automobile, familiarize
yoursell with the fuel economy of
various models. The information

can be found in the Gas Mileage
Guide, published annually by the

o
N
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Environmenta! Protection Agency
(EPA) and the Federal Encrgy
Administration (FEA). All new car
dealers are required by law to
hava the Guide avarlable in their
showrooms. Or, you can request a
free single copy of the Guide rom:
Fuel Economy, Pueblo, Colorado
81009. EPA tests are conducled
under controlled conditions:
therefore a diiver can e .pect some
© variakon from the teslt results.

As you read the Guide, you will
880 that small, hohtweight cars are
more économical to opurate than
full-size, heavy cars. In general. in
city driving, a 5,000-pound (2250-
kilogram) car uses twice as much
tuel as a 2,500-pound (1125-
kilogram) car.

Buy a car on the basis of
minimum-size requirements.
purchase price, and estimated fuel
costs. Be reasonable about
optional features. An air
" conditioner reduces fuel economy
10-20 percent when used in
stop-and-go traffic. It you must
have air conditioning, use it only
when absolutely necessary.
Automatic transmission and power
steering also use more fuel than
standard transmission and
steering. Power brakes. motor
driven windows, and power seals
and radio antennas don't require
much energy to operate. but the
weight added to a vehicle reduces
fuel economy. :

-

. Alr conditioners
and powor equipment
use extra fuel.

Save Fuel
as You Drive

Fuel economy decreases in direct
propQrtion o air drag on a vehicle.
For example of you increase your
automobile spoed from 55 miles
per hour (mph (90 km. h). the lagal
limit, 1o 65 mph (105 km’h) the
increase in the car's draft
resistance goes up by 40 percent
and fuel economy decreases. Best
fubl econorfiy occurs al speeds of
30--40 mph*(50- 65 km’h) with no
stops or rapid speed changes.

Develop driving habits to help
you save fuel Accelerate smoothly
lo save gasoline and wear and lear
on the engine and tires Drive at a
steady pace and anticipate speed
changes; sudden changes in
speed waste gasoline. For
example, lake your fool off the
accelerator as soon as a red Iraffic
signal is spolted ahead. Drive
slowly for the tirst mile tcouple of
kilometers) instead of letting your
car warm up by idling: an idling

- average-size engine burns about a

pint (500 mi'lihters) of gascline
every 12 minules. Avoid overfilling
a car’s gas tank; fuel spillages

are wasteful. too. Don't carry
unnecessary weight in or on a car:
the heavier the car, the more

gas it uses.

You probably have an idea of the »
current gas mileage ot your car. As
you develop energy-efficient
driving techniques, check the car
again to see if you are gefting
better mileage There are five
steps to follow for an accurate
mileage test: (1) Fill the gas tank-

. full and make a note of the mileage

on the odometer, (2) Keep a record
of all gasoline added during the -
test period. (3) At the conclusion of
the test, again fill the tank full. ,
(4) The gas added during the test,

. plus the gas required to refill the

tank at the end of the test, is the
total gas used for the test. (5) The
gas mileage is equal to the number
of miles (kilometers) driven during

31
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the test dividod by the total gas
used. For accuracy, the tost should
be conducted over 600 to 1.000
miles, or 3 4 tanks of gasoline. {In
the metric system, gasoline
cunsumplion may be given in liters
por 100 kilometers )

Tread lightly ‘
on tho gas pedat. !

Automaobile
Maintenance

An automobile cannot maintain
energy-efficient perdormance
without proper mainterance.
Automob\ile lune-ups rot only save
fuel, they also provide easier
starting and smoother operation. A
car thal is properly maintained
averages 6 percent better mileage
per-gallon of gasoline than a car
thal needs new ignition points and
spark plugs. '

Gasoline engine components

f

" that are the,most common cause

of poor power and increased fuel
consumption are the spark plugs,
ignition timing, the air cleaner, and
carburetor adjustments. A spark
plug that is not functioning properly
Can waste as much as 1 gallon
(3.8 liters) of gasoline in every 10
(38). Ignition points in tire -
distributor that are out of
adjustment or deteriorated from
use canresult in starting difliculties
and poor performance. The air _



cleanor is a passive device, but for
aach gallon (3 8 hters) of gasohline
warned, approximately 10,000
jallons (38 000 ters) of air must
dass through it. A duty and
artially clogged air cleaner

-starves the carburetor of air;

- herelore, the optimum fuel-air
Mixture 13 not ottained, and the
‘uel is not used at its optimum
2thciency. Carburetors require

- ‘egular adjustments in order to
naintain autcinobile performance.

New-car owners' manuals
‘ecommend tune-up frequehcy;
aithtully tollow the suggested plan,
You'can do this by finding a
ohable automobile mechanic,
amiliar with your particular car, to

fo the wrk or by doing tune-ups
rourseil. Most community colleges
ind adult education programs offer

>ourses in automobile *
naintenance.

In order for your car to operate
it highest efficiency, 1t is also |
-~ mportant to use the recammendeo
( jasoline octane rating and oil K
jrade. Check your owner's
nanual.~

L

Carefully insj.ect
points and spark plugs.

Tires Affect
Fuel Efficiency

Ptoper inflation and type of
automobile tnes can provide better
gas mileage and can save you
money Underinflation 13 probably
the greatest cause of tires wearing
out too fast Undenn!lation also
increases the rolhng resistance of
atire; thus it requires more energy
per mile (kilometer) to roll the car
along the highway. Some tests
show that 30 percent underinflation
~-and thatis far from being a fHat
tire— reduces tire life by about 50
percent.

Radial tires. because of their
design, develop less rolling
resistance than standard tires. One
can expect a 5 percent
improvement in fuel economy by
swilching to radial tires.

A very useful accessory for good
tire life is an accurate air gauge. In
particular, radial tires, when °
properly inflated, often appear to
have a “flat” appearance. It is
difhcult to distinguish by eye when

30
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a radial tire is underinflated GetIn
the habit of checking regutarly the
inftation of your car’s tires.

Synthetic Oils

Synthetic engine oils, used in
some automobiles today, belong to
two basic classes: one, called

ers, is made by reacting alcoho)
with certain types of acids: the
second, synihesized
hydrocarbons, i1s fabricated from
various hydrogen- and :
carbon-containing molecules found
in natural petroleum. Mineral oils,
the oil used in most automobiles

-today, are usually changed after.

6,000 miles (10 000 kilometers) of
use. It is believed synthetic oils.
can safely be used with oil

* changes at 12,000-mile (20 000-

kilometers) intervals. Although
synthétic oils cost 4-5 times as
much as mineral cils, cars
lubricated with synthetics show an
average 5 percent improvement in
gas mileage over those using
conventional motor oils.

gbr Pools
Can Save Mf?ney
Over 80 percent of working
Americans commute to work by
automobile; more than 50 percent
of thom drive alone. A car pool to
and from work not pnly- saves
gasoline and money, but also
saves wear and tear on cars. Ask

your employer to help establish car
pools at your place of business.

Another type of car pool
frequently overlooked is better
scheduling of tamily trips by -
automobile. Family automobile
travel — shoppirtg, visiting, trips to
the doctor, to music lessons, or to
athletic events, for example —
accounts for nearly one-third of all
passenger trips in this country and
averages 5'%2 miles (9 kilometers)
one way. If, by planning ahead
to combine errands and
appointments, a family took one
less trip per week (7 trips instead

MJ M —_.
R TTN :_.'-:‘.';

of 8) that tanuly could save $75
per year. 1o take it a stop turther:

if every automobile in the United
States consumed 1 less gallon (3.8
liters) of gasoline per week.
national demand for jasolne.,
would be roduc}d by about 7
percant!

CAR POOLs
preferred

‘~ , ‘ ,).\S’L(Lﬁ_rw1
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Transportation
Alternatives

Engineers often measure enerqy in
British thermal units (Btu), the
amount of enecigy requiied to raise
1 pound ot water 1 degreo
Fahrenheit; or joule, the amount of
energy required to produce 1 watt '
for 1 second. A comparison of

these energy units for va - Hus

modes of transportation1s ~ /
revealing. Walking requires about

300 Btu's (316 200 joules) per !
person per mile (1.6 km); a-bicycle - |
requires 200 Btu's (210 800 joules)
per mile (1.6 km). In contrast, '
driving an average-size automobile |
with no passengers requires 3,100
Btu's (8.5 million joules) per mile

¢1.6 ki) in the city and about

3,400 Btu's (3.5 million joules) per
mile (1.6 km) on the highway. In ;
terms ol energy usage, bicycling ‘
and walking are obviously very
energy efficient means af
individual transportation. Fully
loaded buses and trains are
much more efficient modes of ,
transporting people than

the automobile. In order ta save
energy and dollars, use alternaltive

ameans of transportation whenever
possible and, if it is feasible,

advocate the establishment or
improvement of mass trans-
portation systems in your locality.

Energy consumption must be -
reduced in this country. A good
place.to start is with lhe family

- automobila.

My
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