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I NTRODUCT I ON 

In the Uni t e d  S t a t e s  dur ing 1 97 2 , ene rgy co n s um e d  in t h e  t r ans 
p o r ta t i on s ec t o r  wa s e q u i v a l ent to  ab o u t  9 m i l l ion  b ar r e l s  p e r  day 
o f  pe tro l eum p r o duc t s  o r  ab o u t  1 7 . 8 qua d r i l l i on Br i t i s h  Th ermal 
Un i t s (BTU ' s) o f  ene r gy on an annu a l  b a s i s . Th i s  cons ump t i on r ep 
re s en t s  ne ar l y  one - fo u r t h  o f  the  N a t i on ' s  t o t al ene rgy r e q u i r ement. 

The imp o r t ance o f  t r ans p o r ta t i on i s  ev i dence d in tha t ap pro x i 
ma te l y  2 0  p e rcent o f  na t i ona l e xp end i t ur e s  [G r o s s N a t i ona l P r o duct 
( GN P ) ] ,  1 6 p e rcent o f  th e  t axe s , 1 0  p e rcent o f  the  inv e s tment and 
1 2  p e rcent o f  the  N a t i on ' s  emp l oyment ar e p r ov i de d  d i r ec t ly by th i s  
s ecto r . Trans p o r t a t i on b o th s upp o r t s  and i s  d e p end ent on t h e  in 
dus t r i a l  s ect o r , cons um ing 75 p e rcent o f  the  r ub b e r  o u t p u t , 6 7  p e r 
cent o f  the  l e ad , 3 6  p e rcent of the  z inc ,  2 7  p e rcent of the  cem ent , 
2 4  p e rcen t o f  t h e  s t e e l  and 2 1  p e rcent of t h e  a l um inum .  

Future  t r ans p o r t a t i on energy r e qu i r em ent s w e r e e xp ect e d  t o  g r ow 
to ab out  11  m i l l i on b arr e l s  p e r  day ( 2 1 . 8  quadr i l l i on  B TU ' s ) by 1 978 
und er  a Pas t Trends - C o n t inue c a s e wh ich wo ul d a s s ume  no chang e in 
r e a l  ene r gy co s t s  f r om the  1 972 l eve l . Th i s  scenar i o  wa s u s e d  a s  a 
b as e  cas e for  me a s ur ing t h e  imp a c t o f  ene r g y  cons e rvati on p o s s i b il 
i t i e s . 

Th i s  r ep o r t  di scus s e s  the  p o s s ib i l i t i e s  o f  imp r ov ing t h e  e f f i 
c i ency o f  ene r gy us e a n d  o th e r  ways o f  r e duc ing ene r gy cons ump t i on 
in th e t r ans p o r t a t i on s ec t o r , focus ing on cons e r v a t i on m e a s ur e s  that  
co u l d  b e  imp l ement e d  b y  197 8 . 

F o r  purp o s e s  o f  ana l y s i s , the  ent i r e  s ec t o r  h a s  b e en cat e g o 
ri z e d  int o s i x b a s ic m o d e s : 

• H i ghways 

• A irways 

• Ra i lways 

• Wa t e rway s 

• Urb an Pub l ic T r ans i t  

• P ip e l ine s . 

F i gure  1 d i a g r am s  the  b r e a kdown o f  t r ans p o r t a t i o n  ene r gy u s e  
among t he s e  mode s and s how s the  dom inance o f  t he " h i g hway " ca t e g o ry .  

Th e h i ghway mode  account e d  fo r 75 p e rcent of 1972 t r ans p o r ta 
t i on energy cons ump t i on and mo s t  o f  th i s  wa s u s e d  in car s and l i g h t  
truck s . C l e a r ly , th i s  ca t e g o ry i s  t he dom inant ar e a  o f  ene r gy con 
s e r v a t i on p o t ent i a l  w i thin  the  tr ansp o r t a t i on s ec t o r . Tab l e  1 
s hows the  de t a i l e d b r e a kdown o f  ene r gy cons ump t i on w i t h in t he tr ans 
p o r t a t i on s ec t o r  f o r  1 97 2 . Al s o  s hown on th i s  tab l e  i s  a "m i sce l -
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URBAN PUBLIC TRANSIT (Less than 1 %) RAILWAYS (3%) 

WATERWAYS 

Figure 1. 

AIRWAYS (12%) 

HIGHWAY 

(75%) 

PIPELINES (6%) 

HEAVY TRUCKS 

AND BUSES (7%) 

C omp onent s of Trans p o rtat i on Ene r g y--1 9 72. 

lan e o us'' cat e g o ry wh i ch inc l ud e s  e n e r g y  cons ump t i on in s u ch ar eas 
as farm and cons t ruc t i on e q u i pment. A l though the d i s c us s i on o f  
cons e rvat ion p o s s i b i l i t i e s  in t h e  m i s c e llane o us area i s  c ov e r e d  in 
th i s  t r an s p o r tat i o n rep o r t , the cons ump t i on v o l um e  has b e en i nc l ud 
e d  i n  the I n dus t r ia l  Tas k G r oup r e p o rt. 

Th e r e  are lar g e  d i f fe re n c e s  in ene r g y  e ff i c i ency among the 
var i o us mo d e s  o f  t rans p o r tati on; howeve r ,  t h e  d e s i r e  f o r  e v e r  
g r eat e r  s p e e d  and f l e x i b ili ty has g e n e ral l y  d i r e ct e d  ut i l i zat ion 
t oward the l e s s  e f f i c i ent m o d e s .  A numb e r  of  o t h e r  fac t o r s  such 
as  the r e l at ive l y  l ow cost o f  ene r g y , g rowth in s ub urban l i v i ng , 
em i s s i o n  c ontro l s , and the s imul tane ous d emand f o r  inc r eas e d  mo b i l 
i t y have j o i n t l y  r esu l t e d  in a rap i d  r i s e  in ene r g y  c o n s ump t i on. 
A vas t ar ray o f  p r o b l ems w i l l b e  enc o un t e r e d  in any att emp t to mo d
i fy the t rans p o r tat i on s y s t em , r e q u i r ing u tm o s t  c o o r d inat i on and 
c o op e rat i on among g ov ernm ent , bus i n e s s ,  and the g eneral p ub l i c. 
Th e nat i onal e c onomy and ex i s t i ng l i fe-s ty l e s  we r e  c r ea t e d ,  in par t , 
through ut ili zat i o n  o f  a f l e x i b l e, mul t i-fac e t e d  t r ans p o r tat i o n  
s y s tem and the far - r each ing impac t  o f  any chang e s  impo s e d o n  t hat 
s y s t em mus t b e  car e full y  b a l anc e d  w i t h  the obje c t iv e s  of ene r g y  
c ons e rvat i on. 
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TABLE 1 

TRANSPORTATION ENERGY AND RELATED CONSUMPTION BY MODE AND PURPOSE*-1972 

Highway 

Passenger Cars 

Private (Personal Use) 
Commercial and Other 

Total 

Single Unit (Light Trucks) 

Private (Personal Use) 
Commercial§ 
Government 

Total 

Combination (Heavy) Trucks 

Commercial§ 
Government 

Total 

Buses 

School 
U rban 
Intercity 

Total 

Motorcycles 

Total Highways 

Airways 

Airlines 

Scheduled 
Supplemental 

Total 

General Aviatior 

Military 

Factory and Miscellaneous 

Total Airways 

Railways 

Total Railways 

Thousand Barrels Per Day 
Gasoline Distillatet Other 

3,886.0 
870.8 

4,756.8:j: 

669.1 
705.3 

32.9 

1,407.3 

69.4 
.9 

70.3 

20.4 
2.0 
3.0 

24.4 

22.3 

6,281.0 
6,835.1 

46.0 

31.9 
.2 

32.1 

483.0 
6.2 

489.2 

.4 
18.8 
12.1 

31.3 

552.6 

670.0 
6.0 

676.0 

37.0 

288.0# 

20.0 

46.0 1,021.0 
1,067.0 

247.3 
.8tt 

248.1 

251.2 

3 

1.611 

1.6 

3.1 * *  

3.1 

Quadrillion 
BTU's 

7.46 
1.67 --
9.13 

1.29 
1.42 

.06 

2.77 

1.16 
.01 

1.17 

.04 

.05 

.03 

.12 

.04 

13.23 --

1.39 
.01 

1.40 

.17 

.57 

.04 

2.18 

.53 

.53 

Percent of Total 
Transportation 

Energy 

42.96 
9.63 

52.59 

7.40 
8.15 

.36 

15.91 

6.11 
.07 --

6.18 

.23 

.25 

.16 --

.64 

.25 

75.57 --

7.41 
.07 

7.48 

.92 

3.18 

.22 

11.80 

2.77 
.01 

2.78 



TABLE 1 (Cont'd) 

TRANSPORTATION ENERGY AND RELATED CONSUMPTION BY MODE AND PURPOSE*-1972 

Waterways 

Private and Commercial 
Commercial 

At Port 
At Sea 

Total Waterways 

Urban Public Transit 
(Nonhighway)tt 

Rapid Transit 
Surface Railway 
Trolley Coach 

Total UPT 

Pipeline 

Total Pipeline 

Total Transportation Energy 

Miscellaneous 

Farm Equipmentll ll 
Construction Equipment 
Utility Engines## 
Snowmobiles 
Race Cars 

Total Miscellaneous 

GRAND TOTAL 

Thousand Barrels Per Day 
Gasoline Distillatet Other 

44.8 65.9 

44.8 65.9 
348.4 

41.0 
196.0 

237.7 

3.4 
.2 
.2 

3.9 

167.9:j::j: 371.0 § § 

6,371.8 2,055.5 
9,044.6 

134.0 
45.0 
22.0 

5.0 
.5 

144.0 
281.0 

206.5 425.0 
631.5 

6,578.3 2,480.5 
9,676.1 

538.9 

617.3 

617.3 

Quadrillion 
BTU's/Year 

.23 

.09 

.45 

.77 

.01 

.01 

1.15 

17.86 --

.56 

.69 

.04 

.01 

1.30 --

19.16 

Percent of Total 
Transportation 

Energy 

1.22 

.45 
2.18 

3.85 ---

. 04 

.04 ------

5.96 --

100.00 ---

*Data may not agree with Bureau of Mines data as some volumes are estimated and some are based on Federal Highway 
Administration or tax data which could include changes in secondary inventories. 

tDistillate as used includes the full range of middle distillate oils including diesel fuels, kerosine jet fuel, marine diesel 
and also naphtha jet fuel. 

:j:Due to the necessity of using data as described in footnote(*), this volume and the respective BTU value does not pre· 
cisely agree with the values shown by the Patterns of Consumption/Energy Demand Task Grouo. 

§Private business and for hire. 
II Propane. 

#242,000 barrels per day naphtha jet fuel; 46,000 barrels per day kerosine jet fuel. 
**Residual oil. 
++Electricity converted to distillate equivalent • 
.j::j:Liquids pipeline fuels converted to distillate equivalent. 

§§Natural gas pipeline fuels converted to distillate equivalent. 
II II Fuel for motive purposes. 
##Small horsepower engines, lawnmowers, tillers, etc. 
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SUMMARY OF SHORT - TERM CONSERVAT I O N  POTENT I AL S  

I n o r de r t o  e v a l u a t e  t h e  ene r gy cons e rv a t i on p o t ent i a l s  in 
e ach t r ans p o r t a t i on m o d e , var i o u s  cons erv a t i on m e a s u r e s  ar e  appr a i s e d 
in t e rm s  o f  the  s av ing s  p o t ent i a l , f act o r s  o f  imp l ement a t i on (me thods , 
incent ive s , r e l a t i ve  t ime and cos t s ) , imp act ( s oc i a l , econom ic , 
p o l i t ica l , and env i r onment a l ) , pub l ic accep t ance and ov e r a l l f e a s i 
b i l i ty .  The v o l um e s  o f  ene rgy s aving s  po t ent i a l s , b a s e d  on m any 
as s ump t i ons , a r e  e s t im a t e d  fo r 1 97 4  and 1 97 8 fo r e ach m e as ur e . An 
ove r a l l as s e s s ment o f  the  p o t ent i a l s  tha t h av e  b e en i d ent i f i e d  i s  
s hown on Tab l e  2 .  I t  i s  v e ry imp o r t ant t o  cau t i on tha t t h e s e  p o t e n
tia ls a r e  n o t a ddi t i v e and m o r e  o f t en r e s u l t in int e r a c t i on o r  even 
comp e t i t i on and dup l icat i on . F o r  e xamp l e , e v en i f  veh ic l e s  a r e  r en 
d e r e d  mo r e  e f f ic i ent , the  g a in wou l d  b e  o f f s e t  whe r e  the r e  i s  a 
t r ans f e r  of  l o ad ( p e o p l e  o r  g o o ds ) to  a d i f f e r en t  m e ans o f  t r ans 
p o r t a t i on . S ince t h e  l o ad can only b e  t r ans f e r r e d  t o  one o t her  
me ans a t  a g i ven t ime , the  s av ing s wi l l  no t accr ue in dup l ic a t e. 

In cons i de r ing t r ansp o r t a t i on cons erva t i on op t i on s , t h i s  r e p o r t  
do e s  no t a t t emp t t o  s e l ect or  r ecommend t h e  imp l em ent a t i o n o f  p ar 
t icul a r  m e a s u re s . Th e intent i s  t o  i dent i fy and d i scus s t h e  p o s s i 
b i l i t i e s  t h a t  ex i s t and to pr e s ent them in a fr amewo r k  wh ich a l l ows 
info rme d j udgmen t s  by o th e r s . 

Wh i l e  the  r e ad e r  i s  cau t i one d t h a t  t h e  p o t ent i a l  s av ing s i d en 
t i f i e d  und e r  e ach o f  t h e  var i o u s  mode s canno t b e  t o t a l l e d , t h e  s tudy 
h a s  i dent i f i e d  a l ar g e  numb e r  o f  ene r gy cons e r v a t i on m e a s ur e s .  An 
exam ina t i on o f  t he s e  op t i on s , as s umm ari z e d  in T ab l e  2 , d i s cl o s e s  
that  the r e  are  s i x s p ec i f ic act i ons t h a t  o f f e r  t h e  maj o r  s h ar e o f  
cons e r v a t i on p o t e nt i a l i n  the  t r ans p o r t a t i on s ect o r : 

• Mo re s ma l l  ca r s  

• Incre a s e d  ca r - p o o l ing 

• Mo d i f i e d  e xhau s t emi s s i ons and g a s o l ine l e a d r e gu l a t i ons 

• I mp r o v e d au t o  de s ign 

• Re duce d s p e e d  l im i t s  

• I mp r ove d veh icl e m a int enance . 

One o f  the  d i f f i cu l t  a s p ect s  o f  t he ana lys i s  i s  t h a t o f  d i s 
t ing u i s h ing b e tw e en ene r gy - cons e rv ing act i on s  (mo r e  accur a t e ly 
" r e act i ons " )  tha t co u l d o r  w i l l  r e s u l t from incr e a s e d  ene r g y  co s t s 
and thos e a t t r ib u t ab l e  t o  non - co s t cau s e s . I n  t h i s  r e g ar d , ene r gy 
cons e rva t i on c an r e s u l t  f rom one o r  a comb ina t i o n  o f  t h e  f o l l owing 
act i ons : 

• H i ghe r co s t s , r e s u l t ing in ene rgy- s av ing act i ons 

• D i r ect cons e rv a t i on act i ons , r e gu l a t o ry o r  v o l un t a ry . 

5 



0\ 

Conservation � � 
I. Highway 

A. Passenger Cars 
1. Car -pooling 

{To & From Work) 

2. Travel Characteristics 
a. Driving Restrictions 

b. Four·Day Work Week 

c. Walking & Bicycling 

d. Driver Behavior 

3. Speed limits 

4. Auto Design 

5. Vehicle Maintenance 

6. Vehicle Changes 
(Small Cars) 

7. Emission Standards and 
Lead Phasedown 

TABLE 2 
CONSERVATION MEASURE EVALUATION MATRIX 

Potential 
1972 Base Savings Volumes• Implementation Values 

Consumption 1974 1978 

!Thousand Barrels per day) 

1,832 92 325 

3,593 38 46 

2,267 102 125 

850 40 

5.4·25 57 70 

5.425 168 190 

4,757 0 236 

5,425 142 174 

4,757 73 361 

6,164 0 280 

Methods & Relative � Timet 
Relative 
Costst 

Priority parking, reduced I Reasonably short I low 
tolls, tax deductions, in· 
surance discounts, employe 
subsidies, etc. 

Auto use restrictions as 
auto free zones; reduced 
parking; higher parking 
rate & tolls; special per· 
mits, etc. 

Employer Options 

Auto disincentives and 
creation of bicycle & 
walkways. 

Driver education & effi· 
ciency monitoring devices 

Government Mandate 

Economic incentives or 
mandate 

Moderate Low 

Reasonably Short I low 

I Substantial I Mode<ate 

I Moderate I Low 

I Immediate I Moderate 

I Moderate I Moderate 

Mandatory requirements or ! Immediate I High 
educational programs 

Economic incentives; Moderate Moderate 
efficiency or fuel tax· 
at ion; educational 
programs 

Government Mandate Immediate Negligible 

Social 

Loss of intlependence, 
privacy, flexibility, 
status, etc. 

Arbitrary nature-loss 
of personal freedom, 
discriminatory; changed 
locations of work & 
shopping centers. 

More leisure time 

' Improved health; in· 
creased local awareness; 
higher accident potential 

I Negligible 

I Balance of safety fac-
tors-longer driving time 
vs. lower fatality & in-
jury rates 

Negligible 

Discriminates against low 
income group; Possible 
safety improvement 

Reduced safety 

Possible adverse 
health impact 

Impact Factors & Relative Values§ 

Economic Poiitical 

longer commuting time; I Negligible 
loss of revenue to busi-
ness and government; 
lower auto sales; lower 
commuting costs. 

Environment 

Less pollution, congestion, & noise; reduced land re· 
quirements for roads & park
ing lots. 

Shift of sales patterns; 
higher motoring costs; 
increased government 
revenues (tolls, taxes, 
etc.); reduces low 
efficiency city driving. 

Requires legislative action I Cleaner & less congested 
cities. Causes more urban 
sprawl 

Increased sales of recre· 
ational equipment. 

Negligible Reduced congestion & pollu
tion; greater demands on 
recreational areas. 

I More or less travel time 
depending on distance & I Significant implemenlation I Reduced pollution & con· 

requires legislation. gestion. 
congestion; limited haul· 
ing capacity; lower de· 
mand for cars. I Negligible 

2 1 Government program• & 

2 1 NegHgible 
encouragement would be 
helpful 

I Cost in terms of lost time I Unclear 
vs. lower driving costs 
and lower costs associated 
with reduced fatality & 
injury rates 

Lower driving costs; 
higher cost of cars 

Legislative action might 
be required 

Higher maintenance cost I legislative action might 
vs. lower fuel consump· be required 
tion; Increased revenues 
for auto maintenance 
industry 

Lower driving costs; im· 
prove balance of pay
ments; employment and 
production curtailment 
during conversion 

Legislative action might 
be required. 

Lower driving cost via I Requires legislative 
improved fuel efficiency; action 
lower refining investment I& costs; lower cost cars; 
Higher costs due to 
pollution 

2 1 Negligible 

Negligible 

Less pollution 

Less pollution; lower 
resource requirements 

Higher initial levels of 
pollution 

3 I 

2 I 

Relative FeaSibility 
Public Factor 

Acceptance � 

16 

12 

17 

3 16 

2 15 

14 

15 

12 

16 

16 



TABLE 2 (Cont'd) 
CONSERVATION MEASURE EVALUATION MATRIX 

Potential 
1972 Base Savings Volumes• Implementation Values 

Conservation Consumption 1974 1978 Methods & Relative Relative 
Mode Measure (Thousand Barrels per day) Incentives Timet � Social 

8. a. Mode Shilts (From Cars) 
1. Urban Bus 4,757 0 33 Auto disincentives; bus Moderate High Loss of independence & 

lanes; encouragement of flexibility, privacy, 
greater bus production status. etc. -greater 
and scheduling improve· safety. 
ments; government sub· 
sidies. 

2 1 

b. Intercity: Bus 0 3 1 Government policies for Bus· Moderate 2 Bus · Moderate 2 Increased safety; loss 
Train 0 15 encouragement and sub- Train · long I Train · High 1 of convenience & flexi· 
Air 0 38 sidies, especially for Plane ·Short 3 Plane· Low 3 bility on arrival. 

train service, auto dis· 
incentives (tolls & taxes), 
improved service. 

B. Commercial Trucking 1,289 
1, Speed Limits (Intercity) 609 18 22 Government Mandate I Immediate I Moderate I Balance of safety facto·s· 

longer driving time vs. 
lower fatality rate; time 
away from family. 

2. Design 559 6 7 Economic incentives or Moderate Low Negligible 
mandate. 

2 3 

3. Weight (Heavy Trucks) 559 0 24 Government Mandate Reasonably Short Low Negligible 

-...,J 
3 3 

4. Maintenance & Operating 559 20 37 Economic Incentives Immediate Low Negligible 
Procedure 3 3 

5. Mode Shifts (From Trucks) 296 25 30 Economic incentive, sub· Moderate High Negligible 
sidies to rail to improve 
service 

2 1 

c. Intercity Buses 
1. Expanded Utilization (See I. A. 8. b.) 
2. Operating Efficiencies -Insignificant-

D. Roadway Improvements -Insignificant -

II. Airways 
A. Operating Efficiencies 1,067 4 1  55 Reduced cruise speeds; I Reasonably short I Low I Negligible 

improved traffic cOntrol; 
switch training to 
simulation l lmmed;ate 

3 1 Low 

3 1 T<a"l o;H;cult;es B. Flight Reductions 1,067 104 Unclear Reduced flights via in-
creased load factors; 
economic incentives 

Ill. Railways 
Operating Efficiencies 25 1 15 20 Improved fuel management Negligible 

and maintenance; comput-
erized control techniques; 

-economic incentives 

IV. Waterways 
A. Operating Efficiencies 34B 23 25 Speed reductions; improved Negligible 

turnaround; economic in· 
centives. 

3 3 

B. Mode Shifts (To Water) 0 3 Expanded use of St. Moderate Low Negligible 
Lawrence Seaway to maxi· 
mize Great Lakes. Econo· 
mic incentives thru change 
in freight rate scheliules. 

Impact Factors 4k Relative Values§ 

� � 

Longer commuter time & Subsidies and operating 
lower costs; lower auto priorities (bus lanes) 
sales; loss of revenues would require legislation. 
to business & government. 

2 2 

Loss of time (except air); Subsidies & disincentives 
expansion would create require legislation. 
jobs; lower car sales & 
associated revenues. 

I Overall productivity loss. I Unclear 

I 0 

Negligible Negligible 

2 2 

Increased productivity Negligible 
& lower operating costs. 
Greater roadway wear. 

2 3 

Lower operating costs. Negligible 
2 3 

Lower Shipping costs. Questionable cost-value 
judgement. 

2 3 

I Increased efficiency I Negligible 

2 1 Reduce employment; ;n. 
3 1 Negng;ble 

creased umt costs; idle 
aircraft; less ability 
to absorb higher costs. 

1 

Increased Efficiency Negligible 

2 3 

Increased Efficiency Negligible 

2 

Sh;ft of ,.,.nues among 

3 1 Requ;res legislat;on 
carriers & ports; increased 
efficiency via lower 
transportation cost. 

Relative 

Environment � I Publ;c 

less pollution, congestion 
& lower parking needs 

3 4 I 
less pollution, congestion 

I Bus 
Train 
Air 

I Negligible 

2 2 I 
Negligible 

2 2 I 
Reduced trips & less pol-
lution & congestion. 

2 : I Negligible 
2 

Less rural congestion, 
more urban congestion & 
pollution 

1 1 I 

I Less noise & pollution 

2 1 Less no;se, poii�Hon & 

3 I 
a•rport congeStiOn. 

2 3 

Negligible 

2 2 

Negligible 

2 1 2 1 
Improved b�lance for water 
and land freight traffic. 

1 

2 
1 
2 

2 

2 

2 

2 

2 

2 

I 

2 

2 

Feasibility 
Factor 

� 

15 

Bus 16 
Train 13 
Air 18 

12 

15 

1B 

17 

12 

18 

14 

17 

17 

16 



00 

TABLE 2 (Cont'd) 
CONSERVATION MEASURE EVALUATION MATRIX 

Conservation 

� � 
V. Urban Public Transit 

A. Increased peak hour ridership 

B. Spreading peak hour ridership 

c. Improved bus load factor 

D. Additional urban buses 

E. Mini· bus commuting system 

VI. Pipelines 

VII. Miscellaneous 
A. Farm Equipment 

B. Construction Equip. 
C. Utility Engines 
D. Snowmobiles 
E. Race Cars 

Potential 
1972 Base Savings Volumes• Implementation Values 

Relative 
Timet 

Consumption 1974 1978 
(Thousand Barrels per day) 

1,832 14 14 

1,832 6g 

(Unci earl 19 

33 

1,832 0 

539 

Methods & 
� 

Auto disincentives; I Immediate 
Improved scheduling; bus 
lanes 

j ' 
Staggering of work hours; Reasonably short 
Employer option 

Off-peak utilization throug Reasonably shor: 
improved service and sub· 
sidies 

(See Highway Mode Shifts, 
I.A. B.a.) 

Employer subsidies & in· I Moderate 
centives; Auto disincentives 
Changes in laws and regu· 
lations 

Improved efficiency of I Moderate 
pumping units dependent 
on overall economics of 
operation 

----
632 
278 

326 
22 

5 
.5 

20 23 

(Insignificant) 

Improved energy manage· I Moderate 
ment and reduced tillage; 
education & economic in· 
centives. 

•Most likely: Numbers in these columns are not additive. ISee T111nspot1ation Taste Group Report for basis of determination.) tRaletivft timP factors: 1 �greater than 4 yrs; 2 .. lltSS than 4 yn; ;i" lm than 2 yl'l, lReJatMt cost fscton: 1 .. high: 2 ·' moderate; 3 .. low. � 0 .. intOIIH'able: 4 " ""c:eiiPnt. D sum of arbitrary valuoos: higher values indir.ate greater fP.asibility; total of 14 would be neutral. 

Relative 

� Social 

I Negligible I Greater safety; loss of 
in�ependence, flexib

_
ility, 

pnvacy, status, etc., m· 
creased crowding, stand· 
ing, & discomfort 

3 1 

Low Inconvenience to employees 
and their families 

3 1 

Moderate Greater safety; loss of 
independence, flexibility, 
privacy, status, etc. 

Moderate I Greater safety; loss of 
independence, flexibility, 
privacy, status, etc. 

High I Negligible 

Low I Negligible 

Impact Factors 8r Relative Values§ 

Economic 

Longer commuter time; 
lower commuter costs; 
lower auto sales; loss of 
revenues to business and 
government 

!2!ill2!. 

I Operating p�iorities (bus 
lanes) and auto disincen· 
tives would require 
legislation 

� 

Less pollution, congestion, & 
lower parking needs 

Disruption to normal bus· I Negligible less congestion 
iness patterns 

Longer travel time; lower 
travel costs; lower auto 
sales; loss of revenues to 
business. and government 

2 

I Longer commuter time; 
lower commuter costs; 1 :ower auto sales vs. 
increased van sales 

2 regilgible 

I Reduced operating costs. 

I Subsidies would require 
legislation 

Less pollution; congestion & 
lower parking needs 

Changes in laws & regula· I Less pollution, congestion & 
tions and disincentives lower parking needs 
would require legislation 

Negligible 

I Negligible 

3 3 
Negligible 

2 2 

Improved soH conservation. 

Relative 
Public 

� 

2 

2 

Feasibility 
Factor 

� 

15 

14 

15 

13 

17 



The e f fect o f  h i gh e r  energy c o s t s  on  demand i s  d i s cus s e d  i n  
gre a t e r  de ta i l  i n  the  P a t t erns  o f  C o n s ump t i on / E nergy D emand C h ap t e r  
o f Po t e n t i a l fo r En e r gy C o nse r v a t i o n i n  t h e  Un i t e d S ta t es : 19?4-
19?8. F o r  t r ansp o r t a t i o n , i t  i s  e s t ima t e d  t h a t  a 6 - 8 p e r ce n t  r e 
duct i on in  deman d , e q u i v a l e n t  t o  6 6 0  and 8 80 t h o u s and b a r r e l s  o f  
o i l  p e r  day ( 1 . 3  and 1 . 8  quadr i l l i o n  BTU ' s o n  a n  annu a l  b as i s )  by  
1 9 7 8 , wo u l d  re s u l t  f rom p r imary e n e r gy c o s t  in c r e a s e s  of  1 0 0  p e r 
c en t  and 1 5 0  p e r c e n t , r e s p e c t i ve l y , ove r  1 9 7 2  c o s t  l eve l s - - at t h e  
w e l l h e a d� m i n e m o u t h  o r  o t her pr imary l e v e l .  T h e  f o rmer c o s t  i n 
cre a s e  h a s  a lre ady o c cur r e d . 

A wi de rang e o f  p o s s ib l e chang e s  i n  e x i s t ing r e gu l a t i on s  or 
new r e g u l a t i ons  a r e  a l s o  d i s cus s e d in  th i s  r e p ort . S im i l ar l y ,  a 
numb e r  o f  vo l un t ary a c t i on s  by indu s try o r  c o n s umers a r e  i de n t i fie d .  
Mo s t  o f  the ene rgy c ons e rvat i o n  m e a s ur e s  c an b e  l a r g e l y  s e gr e g a t e d  
i n t o o n e  o f  t h e  two c a t eg o r i e s - - c o s t  s t imu l at e d , o r  d ire c t  c o n s e r 
vat ion  ac t i on s - - a l though i t  i s  obv i o us that  the  c a t e g o r i za t i on i s  
n o t  d i s t in c t  o r  c lear - cut . Cons i dering sma l l  c ars , f o r  e x amp l e , 
r i s ing e n e r gy co s t s , wh i ch wi l l  r e s u l t i n  h i gher aut omob i l e  p r i c e s  
and h i gh e r  g a s o l i n e  p r i c e s , wi l l  b e  t h e  p r imary dr iv ing f orce  t owar d  
con s umer s '  b uy in g  mo r e  sm a l l c a r s . Othe r a c t i o n s , s uc h  a s  s av i ng s 
a t t r ib utab l e  t o  re du c e d  s p e e d  l imi t s , a r e  c l e a r l y  regu l a t o r y . 
F i gure 2 g i ve s  a p i ct o r i a l  vi ew o f  the p o s s ibil i t i e s  f o r  ene r gy 
con s e rvat i on in  the  t r an s p o r t a t i on s e c t o r  through 1 9 7 8 , whe r e  t he 
maj o r  ac t i on s  i den t i f i e d ar e s ub di v i d e d  b e twe en  t ho s e  wh i ch a r e  
l a rge ly e n e rgy co s t - o r i en t e d  a n d  tho s e  wh i ch ar e l ar g e l y dependent  
up on r e g u l a t ory o r  v o l un t a ry a c t i o n . 

The as p e c t  o f  r at i on ing was  c o n s i de r e d  f o r  dis c u s s i o n  i n  t h i s 
r ep o r t .  Howeve r , r a t i o n ing  as  a c o n c ep t i s  v i ewe d a s  a m e a n s  o f  
a l l o c a t ing ava i l ab l e  s upp ly  and n o t  a s  c o n s e rv a t i on i n  the  s tr i c t  
s en s e o f  t h e  w o r d . 

9 
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22 21.8 = PRECONSERVATION (PAST TRENDS-CONTINUE) DEMAND 

20 I 

1 8  

1 6  

1 4  t----

I 

CONVERSIONS: 

QBTU 

1 7.9 
2 1 .8 
20.5 

1 .975 

1 972 

I 

MILLION B/D 

9.04 
1 1 .04 
1 0.38 

-7 I � � 

1 .0 (Based on 1 972 Product Mix) 

1 974 

YEAR 
1 976 

I f 

1 978 

FORECAST, NO ENERGY COST INCREASE OVER 1972. 

= 6% REDUCTION IN DEMAND WITH 100% INCREASE IN 
(WELLHEAD) ENERGY COST. FOLLOWING ACTIONS 
ARE LARGELY ATTRIBUTABLE TO PRICE INCREASE: 

• MORE SMALL CARS. 

• REDUCED A I RL I N E  FLI GHTS 
(HIGHER LOAD FACTORS). 

= ADDITIONAL REG- e I MPROVED AI RUNE OPER-
ULATORY OR ATI NG EFFICI ENCI ES. 
VOLUNTARY CON-
SERVATION ACTIONS, 
SUCH AS: 

e TRAFFI C  CONTROL PLANS TO 
ENCOURAGE CAR-POOLI N G  . 

e REDUCED SPEED LIMITS. 

e MODERATED EMI SS I ONS AND 
LEAD REGULATI ONS. 

e AUTO DES I G N  I MPROVEMENTS. 

Figure 2 .  Ene r gy C o n s e rvat i o n  in  t h e  T r an s p o r t a t i on S e c t o r-
(1 0 0-P ercent  I n c r e a s e in P r imary E n ergy C o s t  o v e r  1 9 7 2 ) . 



C hap t er One 

H I GHWAYS 

I N TRODUC T I ON 

T h e  h i g hway mo de o f  t r ans p o r t at i o n ,  i n c l ud in g  ca r s , t ru ck s , 
b us e s  an d mo tor cyc l e s  car r i e d ab out 8 8  p e r c e nt o f  t h e  N a t i on ' s  p a s 
s eng e r  movement , e s s ent i a l ly a l l  l o c a l  s h i pment s o f  g o od s , and 23 
p e rc e n t  o f  t h e  int e r - c i ty movement of fr e i g ht dur i ng 1 9 7 2 . The  
inhe r ent do o r - t o - do o r  f l e x i b i l i ty of  the  h i g hw ay sys t e m  h a s  p rov i de d  
imp e tu s  for h i g h e r  l ev e l s  o f  e c onom i c  g r ow t h  t han wo u l d hav e b e e n  
achi e v e d  in  i t s  ab s enc e . 

I n  a c comp l i s h i n g  th i s  t ask , fue l c o n s ump t i on in  t h e  h i g hway 
mo de r e ac h e d  6 , 83 5  t h ou s and b a r r e l s  p e r day in 1 9 7 2 and d i r e c t ly 
a c c o un t ed f o r  7 5 . 6 p e r c en t  o f  t h e  ene r gy c on s um e d  by a l l  fo rms o f  
t r a n sp o r t a t i o n . By v i r tu e  o f  i t s s i z e , t he h i g hw ay mo d e  a l s o  p r e 
s en t s  t he l ar g e s t p o t en t i a l  f o r  ene rgy s av ing s an d ha s b e c ome  the  
p r imary o b j ec t ive  of  c on s e r v a t i o n  s t r a t e g i e s . 

I n  th e h ig hway m o d e , t h e  d i s cu s s i on o f  e n e rgy c on s e rv a t i o n  wi l l  
f ocus on mea s u r e s t h at c o u l d  b e  imp l eme n t e d  t o  r ed uc e  t h e  p r e s en t  
h i gh l ev e l o f  e ne rgy i n t ens i ty .  Howe v e r ,  a h i g h  d e g r e e  o f  e c onomi c ,  
s oc i a l , p o l i t i c a l  and env i ronm en t a l  unc e r t a i n ty e x i s t s  w i t h  r egard 
to  the imp l eme n t a t i on and ach i e v ement  of  any c o n s er vat i o n g oals. 
T h e r e fo re ,  s ome d iscu s s i on wi l l  b e  p r e s e n t e d  a s  .to t h e  i mp ac t  i n  
t e rms o f  p u b l i c  a c c ep t abi l i ty and l i fe - s ty l e a l o n g  w i th t h e e v a lua 
t i on o f  ove r a l l  f e a s ib i l i ty o f  the  means  dur i n g  t h e  n e x t  4 y e a r s . 

T h e  ful l imp a c t  o f  a l l  con s e rvat i o n  m e a s u r e s l i s t e d  un de r t h e  
h i g hway mo d� w ou l d  p r e s e nt  a s ub s t ant i a l  r e duc t i on i n  c o n s ump t i on. 
Howeve r ,  i t  mus t b e  r e c o gni ze d th a t  s i gn i f i c an t  i nt e r ac t i on o r  p o 
t en t i a l  c omp e t i t i on e x i s t s  b e twe en many o f  t h e s e  c on s e r v a t i o n  op
t i ons whi ch r e qu i r e s  c ons i d e r ab l e  caut i on i n  an a t t emp t t o  i s o l ate 
p art i cu l a r caus e / e f f e c t  r e l a t i ons h i p s ( e.g . , a c o mmu t e r  d i ve r t e d 
f r om h i s  auto  canno t c a rp o o l  and u s e t h e  b u s  s imul t ane o u s ly) . Mo re 
ove r , i t  i s  l i ke ly t h a t  cons ervat i on mea s u r e s  w i l l  b e  r e lax e d  whe n 
an ad e q ua t e  l ev e l o f  t r ansp o r t at i on ene rgy i s  a c h i e v e d. A s s um i n g  
con t inued g r owt h i n  d i s p o s ab l e  income s ,  t h e r e c ould b e  a l arg e p o 
te nt i a l  demand ove rhang i ng the  m arke t t h a t  c o u ld e a s i ly r e i n s t a t e  
a s hort a g e  p o s i t i on ,  unl e s s  t h e  turn f r om c on s e rv a t i o n  i s  g r ad u a l ly 
emp l oy e d. 

1 1  



PART ONE : PAS SENGE R CARS AND L I GHT T RUCKS 

The  N a t i on ' s p as s en g e r  ca r s  and l ig h t  t rucks  ( fo r  p riva t e , 
non - comme rci a l  use)  t o g e t h e r  consumed 5 , 42 5  t h o usand b a r r e l s  p e r  
day o r  6 0.0 p e rc e n t  of t o t a l  t r an s p o r t a t i on en e r gy and 7 9. 4  p e rcent 
o f  t h e  f ue l con s ume d on h i g hways dur ing 1 9 72 .  As p r ev i o us l y  m en
t i oned , t h e s e ve hicl e s  h ave p r o v i d e d  a f l e x i b i l i t y  and u t i l i t y  o f  
t r a ns p o r t a t i o n  w h i ch i s  r e s p on s i b l e , in  la r g e  me a s u r e , f o r  t h e  
p res e n t  s ty l e  o f  l i v ing . T o  s ug g e s t , a s  s ome , t h a t t h e  p e op l e ' s  
a f f ect i o n  f o r  t h e s e  v e h icl e s  has  end e d , o r  t ha t  t h e d e s i r e  f o r  t h i s  
f l ex i b i l i ty i s  n o  long e r  imp o r t an t , wou l d  b e  n a i ve. I nd i v i du a l i t y 
in t r an s p o r t a t i o n  i s  imp or t ant and i t  p r ob ab l y  w i l l  b e  ma i n t a i n e d  
i n  t h e  fu tu r e , a l b e i t , in d i ffere n t  f o rm s  and f or s e l ect e d  p u rp o s e s . 

B ecau s e  car s an d l i ght t ruck s con s ume  s uch l a r g e qu ant i t ies of  
e ne rgy , and by v i r t u e  of  t heir u s e cha ract er i s t ics  are  r e l a tiv e ly 
ine f f ic i e n t , t h ey h ave  b ecome an o bv i o us t a rge t f o r  l o we r in g  con
s ump t i on t h r o ug h  any numb e r  o f  me an s . I f  ind i v i dua l t r an s p o r t a t ion  
metl1o d s  a r e to  be  m a i n t a i ne d , s ome comp romi s e  mu s t  be  e f fec t e d  
wh e r eby th e i n d i v i du a l  ve hic l e b ecome s m o r e  ef f ic i e n t  an d  mo r e  car e 
ful  ch o ice i s  e x e rci s e d  in t e rms o f  u t i l i z a t i on.· F o r e x amp l e , one  
per s on may p r e f e r  to  ca rp o o l o r  r i de  the  bus t o  wo r k  in o rd e r to  
r e t a i n  g r e a t e r  f l e x ib i l i t y in the  u s e of  h i s  ca r a t  o t he r  t im e s . 
An o t her  m ay ch o o s e  ve ry s ma l l  car s o r  mo t o rcycl e s  in o r de r t o  ma in
t a in fre edom  o f  ch o ice . 

T h i s s ect i o n  of  t h e  s t udy r e l a t e s  a numb e r  o f  m e a s ur e s  f o r  
e ne r gy co n s e rva t i on a s  t h ey p e r t a in s p eci f i ca l l y  t o  p a s s e ng er car s 
and l i ght  t r uck s . I n  s ome ca s e s , th e s e  v e h icl e s  mu s t  b e  cons i de red  
j o in t l y  due t o : (1) t h e  l ack of  r e l i ab l e  end - u s e  dat a f o r  l i g h t  
t r uck s , i . e. ,  s ub s t i t ut e  f o r  s econd car , camp e r  haul ing , u r b an 
de l i ver y ,  farm ve h icl e , e tc . , and (2)  that v i r t ua l l y a l l  l i gh t 
t r uck s o f  t h i s typ e us e g a s o l ine ; whereby , s t ep s a im e d  a t  con s e rv ing 
g a s o l in e  ca n ,  t o  s ome  e x t e nt , b e  app l i ed t o  b o t h  v e h icl e t yp e s . 

T h e  a s s um e d  pro j ect i on s  o f  v e h icl e g a s o l in e  e f f ic i enci e s  [ m i l e s  
p e r  g a l l o n  (MP G ) ] u s e d  thr oug hout th i s  r e p o rt t o  d e t e rmin e cons e rva
t i on p o t e n t i al s  ar e d e eme d , a t  t hi s wr i t ing , t o  b e  t h e  m o s t  p ro b ab l e  
futu r e  l e v e l s . The  e ff ici ency va lue s emp l o y e d e s s ent i a l l y ag r e e  
wi t h  t ho s e  app e a r ing in t h e  N P C  in t e r im r ep o r t  e n t i t l e d , Energy 
Conservation in the United States--Short Term Potential 1974-1978� 
an d re flect t o  t h e  e x t ent  p r act icab l e  s ome chan g e s  in t h e  comp o s i
t i on o f  f utur e car f l e e t s , t h e  e ff ect s o f  v e h ic l e e mi s s i on con t ro l  
sy s t ems , mo r e  in t en s i v e  ene rgy con s e rva t i on p ract ice s and o the r 
in t ang ib l e  f ac t o r s . They d i f f e r  from t h e  e f f ici e ncy l ev e l s  i den
t i f i ed by t h e  P a t t e r n s  o f  C o n s ump t i on / Ene r g y  D emand T a s k  G r o up in 
t h e i r  P a s t T r e n d s - C on t i nue ca s e  b ecau s e t h a t  p r o j ect i on was i n t end e d  
t o  s e rv e  a s  a b a s e  ca s e  co ns i s t en t  wi th t h e  pr ojec t i on s  f o un d  in  
the  N P C  u.s. Energy Outlook--A Report of the National Petroleum 
Council's Committee on u.s. Energy Outlook. As  r ep o r t e d  b y  t ha t  
T a s k  G ro up , t h e  event s occur r ing s i nce 1 9 7 2 h ave p r o b ab ly r end e r e d  
t h e  P a s t Tr ends - Cont i nu e  p ro j ect i on s  obs o l e t e. 

T h e  cons e rva t i on p o t en t i a l s  achi evab l e , t h r ough  act i o ns a ff ect 
ing car s  and l i ght  t rucks , a r e  s umma r i z e d  i n  Tab l e  3, b u t  i t  mu s t  b e  
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TABLE 3 

HIGHWAY FUEL CONSERVATION POTENTIAL-PASSENGER CARS AND LIGHT TRUCKS 
(Thousand Barrels Per Day) 

Savings 

Measure 1974 

Car-pooling (Work Commuting) 92 

Travel Characteristics 

• Driving Restrictions 38 
• Four-Day Workweek 102 
• Walking & Bicycling 2 
• Driver Behavior Change 57 

Speed Limits (55 MPH) 168 

Auto Design Changes 

Vehicle Maintenance 142 

Vehicle Changes (Smaller Cars) 73 

Emission Standard Changes 

Mode Shifts to: 

• Urban Bus 
• Intercity 

- Bus 
- Train 
-Air 

1978 

325 

46 
125 

40 
70 

190 

236 

174 

361 

280 

33 

31 
15 
38 

r e - emp ha s i z e d  t h a t  i nter act i on and comp e t i t i on e x i s t  b e twe en t he s e  
me as ur e s .  Mo r e ove r ,  th e s i gn i f i cance o f  t h e  imp act r e s ul t i ng f r o m  
adop t i on o f  t h e s e  me a s u r e s  mu s t  b e  b a l ance d ca r e fu l l y  ag a ins t t h e  
l ev e l o f  cons erva t i on t o  b e  a t t a ine d . 

CAR- POOL I N G ( WORK COMMUT I NG )  

C ar - p o o l ing h a s  a v e ry hi gh  p o t ent i a l  f or immed i a t e cons e rv a 
t i on due t o  t h e  s h o rt t ime r e q u i red  f o r  imp l em en t a t i on and l ack o f  
s i g n i ficant cap i t a l  r e q u i rement s. I t  i s  d i ff i cu l t  t o  p r eci s e ly 
e s t ima t e  the  s av ing s  p o t ent i a l  o f  ca r - p o o l in g  due t o  t h e  va r i a t i on 
in g e og r ap h ic l ocat i on s , r e s i d en t i a l  den s i t i e s  and s i z e s  o f  m e t ro 
p o l i t an a r e a s . N e ve r t he l e s s , an app r a i s a l  can b e  made  b a s e d on 
1 9 7 0  U . S. Dep artm ent  of T r ansp o r t a t i on ( DOT ) F e de r a l  H i ghway Adm in 
i s t r at i on ( FHWA) surveys  cove r i ng t r i p  purp o s e  and automob i l e  
occup ancy r a t e s  ( l o ad f acto r s ) .  

At t h e  p re s ent t ime , app ro x ima t e ly one - t hird o f  a l l  p a s s en g e r  
car t r ave l i s  t o  a n d  f r om work , and on ly a b o u t  2 5  p ercent o f  the s e  
aut o commut e r s p o o l r id e s w i t h  any r e g ul ar i t y. W h i l e  t h i s  l im i t e d  
amount o f  p oo l i n g  l e ave s amp l e  cap aci ty f o r  e xp an s i o n , i t  ha s t h e  
e ff ect o f  incr e a s ing t h e  commu t e r  l o a d  fac t o r  f r om un i t y  t o  ab out  
1 . 6  p er s on mi l e s p e r vehicl e mi l e. 

1 3  



I n  o rd e r  t o  m e a s ur e  t h e  quan t i ty o f  fue l  t h a t m i g h t b e  s ave d 
th roug h i nc r e a s e d  c ar - p o o l ing , t h e  p hy s i ca l  l im i t  o f  au t o  o c c up an cy 
o f  4. 8 p e r s on mi l e s  p e r vehi c l e  m i l e  i s  b a s e d on a weig ht e d aver ag e 
o f  U . S. f l e e t  p as s e ng e r  car  s e a ting capac i t i e s . O f  c o ur s e , t he 
p ra c t ica l l im i t  mus t b e  l ow e r  s i nce  s ome worke r s  c ou l d  n o t p a r t i c i 
p at e  due t o  hour s o f  work , o r i g in or  de s t ina t i on o f  t r ip and v a g a r
i es o f  aut o b u s i n e s s u s e .  Fo r th e p u rp o s e  o f  e s t ab l i s h ing  a r e a l 
i s t ic s c enar i o  o f  t h e  imme d i a t e s av i ng p o t e n t ia l , i t  i s  e s t ima t e d 
t h at h al f  o f  t h e  au t o  commu t e r s c anno t ca rp o o l . T h e  r emaind e r  o f  
t he c ommu t er s ,  v o l unt a r i l y  o r  thr oug h in c e n t iv e s  o r  d i s i n c e n t iv e s ,  
co u l d  fo rm c a rp o o l s  c o n t a i ning an av erag e o f  t hr e e  p er s on s , t h e r eby 
r a i s ing th e ov e r a l l l o ad f a c t o r  t o  2 . 0 p e r s o n  mi l e s  p e r  v e h ic l e  
mi l e  ( s e e  App end ix C ,  Exhib i t  I ) .  

S i nc e  t h e  c arp o o l  e l iminat e s  one v e h i c l e  t r ip f o r  e a c h  m emb e r  
brit t he d r i v er , i t  i s  a s s um e d  t h a t  t ho s e  t r ip s  e l imin a t ed a r e  o f  
e q ua l  l e ng t h  t o  t h a t  o f  the  ave ra g e  l one  dr iver. H o we v e r , t he 
l eng t h  o f  t h e  c a rp o o l  t r ip increa s e s  i n  mo s t  ca s e s  due t o  t h e  
d i s s imi l ar or i g in  and d e s t inat i on o f  p as s e ng e r s . Thu s , t h e  s av i ng s  
in ve h i c l e  m i l e ag e  due t o  ca r - p o o l ing e q ua l s  t h e  t r ip s  e l im i n a t e d  
l e s s  t h e  e x t r a  m i l e ag e  o f  c a rp o o l  t r ip s c a u s e d  b y  c i r cu i t y . T h i s 
s av i ng equa l s  3 6  p erc ent  and imp l i e s  t h a t  car-p o o l ing a c t iv i t y  in 
1 9 72 s av e d  an e s t i m a t e d  9 42 thous an d b a r r e l s  p er day. I n t ens i f i e d  
car - p o o l ing ove r t h e  1 9 72 lev e l  cou l d  r e s u l t  i n  t h e  c o n s ump t i o n  
r educ t i ons s h own in  Tab l e  4 .  

TABLE 4 

POTENTIAL FUEL SAVINGS FROM CAR-POOLING 

Variab les 

Carpool Load Fac tor 

Miles Per Gallon 

Po t ential Savings 
(Th ous and B arrels Per Day) 

Implied Savings 
Through Carpools 

19 72  

1 . 6  

13 . 4  

942 

Addi tional Savings 
Over 19 7 2  

1 9 7 4  1 9 7 8  

1 . 7 2 . 0  

13 . 2  12 . 9  

92  32 5 

A l t houg h  t h e s e  r e duc t i ons  ar e b a s e d  on t h e  m o s t l i k e ly c on d i 
t i on f o r  t h e  var iab l e s  o f  l o ad f ac t o r  (p a s s eng e r  m i les p e r  v e h i c l e  
m i l e )  a n d  m i l e s p e r g a l l o n  ( MP G ) , i t  mu s t  b e  r e c o g n i z e d  t h a t  a 
s i g n i f i cant  i nt e r a c t i on w i l l  undoub t e d l y  o c cur. The a l r e ady app a rent  
s h i f t  t o  s ma l l e r , l i g h t e r  cars  w i t h  inh e r en t ly g r e a t e r  fue l e ff i c i e n 
cy ( MP G )  r e du c e s  t h e  i n c r ement of  ava i l ab l e s av i ng s  p o t e n t i a l  from  
car - p o o l i ng a t  a g iv en l o ad f a c t o r  ( s e e  App e n d i x  C ,  E xh ib i t  I ,  F i g u r e 
3 ) . Mo r e ov e r , t he max imum l o ad fa c t o r  o f  t h e  sma l l e r c a r  w i l l  b e  
l owe r , t h e r eb y  r e duc ing p o o l ing capac i ty and u l t im a t e  s av in g s  p o t e n 
t i al. 

1 4  



Concurr ent ly , th e  g re a t e r  e ff i c i ency (MP G )  of t he sma l l e r ve hi
cle  wo u l d  have th e p o t en t i a l  to count e r a c t the  ot h e r for c e s . For 
e xamp l e , a t  a load f a c tor of 2 . 2  ( a  p rob a b l e  va l ue f o r  sma l l e r c ar s ) , 
t h e  s av i ng p o t en t i a l  i s  1 6  tho u s an d  b a r r e l s p e r d ay l e s s a t  1 8  MP G 
t han a t  1 3  MP G .  Ho weve r ,  on ly abou t  1 . 5 p er c e1Lt o f  the  b a s e  l ev e l  o f  
c ommut e r  ve h i c l e  m i l e ag e  wou l d  ne e d  t o  b e  dr iven  i n  t h e  1 8  MP G c a r  
to ful l y  c omp e n s a t e f o r  t h i s l e s s e r s av ing  p o t en t i a l  a t  t he s am e  
l o ad f a c tor . I nv e r s e l y , a muc h  g r e a t e r  s a tu r a t ion o f  1 8  MP G ca r s  
wou l d  of f e r  i n c r e a s e d  fue l s a v i ng s  eve n w i t h  somewhat l ow e r  load 
fa cto r s . 

The  deg re e of imp a c t  a s s o c i at e d  wi th car - p o o l i n g  i s  dep en dent , 
as  in  t he c a s e  of many o t h e r  me a s u r e s , on t h e  i nc e nt i v e s u s e d  f o r  
encourag ement. At t a inmen t o f  a h i g h  l e v e l o f  c a r-p o o l ing i s  un l ike ly 
on a p u r e l y  vol un t ary b a s i s  a s  i t  imp ing e s  h e av i l y  o n  p er s o n a l  f r e e 
dom an d f l e x ib i l i ty. C ar - p o o l i n g  wou l d  r es u l t  i n  s omewh a t  l o n g e r  
commu t i ng t ime , los s of  i ndep endence , p r ivacy , f l ex ib i l i t y a n d  i n  
s ome c a s e s , s t a tu s  f o r  t h e  ind i v i dua l. I n  d i r e c t  p r op o rt i on t o  t he 
do l l a r s av i ng s  by carp o o l e r s  wou l d  b e  th e  l o s s  o f  r ev enu e t o  b u s i 
n e s s and g ove rnment  ag enc i e s  t h a t  b e n e f i t  f r om t h e  s a l e  o f  p r o duc t s , 
s e rv i ce s  o r  taxe s g ene rate d. The p o s s i b i l i ty e x i s t s  t h at r e du c e d  
v eh ic l e  m i l e ag e ,  t h r o ug h  l e s s  us e i n  car - p o o l i ng , c ou l d  e n c o u r a g e 
l o ng e r  r e t ent i on o f  ca r s  an d/ o r  a r e du c t i o n  in  mu l t i - c ar own e r s h i p. 
Any re s ul t ing lowe r l e v e l o f  n ew car  s a l e s wou l d  imp o s e e c on om i c  
p ena l t i e s , s in c e  1 i n  6 p e r s ons a r e  emp l o y ed i n  aut o - a s s o c i a t e d 
indu s t r i e s . 

I n  t erms o f  a dv an t ag e s , car - p o o l ing wou ld o f f e r  r e duc t i o n s  i n  
a i r  p o l l ut i on ,  no i s e  l e v e l s , and cong e s t i o n  on t h e  h i g hway . C om 
mut ing expen s e  f o r  the ave r ag e c a rpool e r  c o u l d b e  r e du c e d  by $ 1 0 0  
to  $25 0  p er y e a r , dependent  on t h e  numb e r  o f  p e r s on s  p er po o l ; i n  
add i t i on t o  t h e  p o s s ib i l i t y o f  e l im i n a t i ng t h e  o wn e r s hi p  c o s t s o f  
one or mo re c a r s  i n  mul t i -car hous eh o l d s. C a rp o o l s  a r e  a l s o  f e a s i b l e  
for s ub urban and r ur a l  r e s i d e n t s  fo r whom u rb an - typ e t r an s i t  s e rv i ce 
co uld  never  be  j u s t i f i e d . F i n a l ly , a t t end an t r e duc tions  i n  l and 
re qu i remen t s  for roadway s and p ar k i n g  wou l d  be  a e s th e t i c a l l y p l e a s i ng 
and may pos s i b ly a l l ow some r e a l l o c a t i on of t ax mon i e s. 

S ome i nc r e a s e d p r op e ns i ty t o  carp oo l  h a s  b e en no t e d  due t o  
fuel  sho r t ag e s  and h i gher  fue l p r i c e s , but  t h e  e xa c t  co e ff i c i en t s  
o f  depe n den cy o n  the s e  var i ab l e s  c an o n l y  b e  d e t e rm i n e d  t hroug h e x 
t e ns ive r e s e ar c h . T h e  imp l emen t a t ion of c a r - poo l ing , o n  a vo l un t a ry 
b a s i s , c ou ld dev e lop in a ma t t e r  o f  mon t hs i n  r e s p on s e t o  fu e l  s ho r t 
ag e s . I n s ign i f i c an t  c ap i t a l  c o s t s  an d e a s e o f  in s t i tu t i on hav e 
g iven  r i s e to  t h e  p r e s en t  l eve l o f  c a r - poo l i ng , b ut i t  i s  obv i ou s  
t h a t  t h e  m ax imum p ra c t i c a l  bene f i t s  w i l l  o n l y  b e  a t t a i n e d  t h r o ug h  
add i t iona l in c en t i v e s . P r e f er ent i a l  t r e a tmen t o f  c a rp o o l e r s  i n  t h e  
f o rm of  p r i o r i ty p ar k i n g , reduc e d  t o lls , t ax dedu c t i on s , i n s u rance 
d i s c o un t s and p o s s i b l y  e mp l oy e r  s ub s i d i e s (work s c he du l e  va r i a t i on 
t o  a l l o w  o f f - p e ak hour t r av e l ,  purcha s e  a s s i s t an c e  f o r  p o o l  v e h ic l e s , 
an d/ o r  op erat ing c o s t  a s s i s t an c e )  wou l d  a i d  i n  p r omo t i ng t h e  c au s e . 
D i s in cent ive s , s uc h  a s  h i g he r - than - no rma l t o l l s  for th e one o c c u 
p a n t  car , c o u l d t en d  t o  d i s cour ag e t h e  l o ne  dr iver . 

C e r t a i n  o f  t h e s e  a c t i on s  woul d r e qu i re l eg i s l at i ve  and i ns t i t u 
ti ona l chang e s , i nd i c a t i ng imp l ement at ion  d e l ay s  o f  s eve r a l  y e a r s .  
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Mo r e ov e r , t he r e duct i on o f  conges t i on ,  p o l lu t i on , a n d  p a rking p rob 
l em s  w ou l d  t en d  t o  make l one  dr iv ing mo r e  a t t r act ive . As  i nd icat e d  
i n  t h e  i n t roduct i on o f  th i s  s e ct i on ,  when s uf f i c i e n t  quant i t i e s  o f  
fue l a re con s e r v e d  t h roug h c a r - p o o l ing ,  i n  comb i n a t i o n  wi t h  o t h e r  
m e as u r e s ,  t h e  s av i ng co u l d  b e  co ns um ed i n  o t he r  aut omo b i l e u s e s . 
Th e imp lie d op t i on o f  f r e e  ch o ice in u s ing any surp l u s  f u e l a t t a in e d  
t h r ou g h  cons e rv a t i on e f for t s  s ug g e s t s  t h i s  p s ych o l og ica l imp ac t  a s  
one typ e o f  ince n t i ve f or encoura ging c o n s e rv a t i o n  b u t  comm un ica t i on 
of t h e  concep t i s  dub i o u s  a t  b e s t . 

D e s p i t e  t h e  ob s t ac l e s  and d i s advan t ag e s  o f  ca r - p o o l i ng ,  i t  
o f fe r s  r ea s o nab l y  s h o r t  imp l ement a t i on t im e  a t  a sma l l co s t  and 
s ig n i f i cant fue l s av i ng s .  Vo lunt a ry a c h i ev eme nts in c a r - p o o l ing  
a re p re s en t ly cons i de re d  in s u f f ici ent  a nd m an d a t o ry r eq u i r em ent s 
wo u l d  b e  n e ar l y imp o s s i b l e  t o  formu l a t e  o r  en f o rce . T h e  e x t e nt o f  
cons e rvat i o n  a t t a inab l e  t h rough th i s  m ean s w i l l  b e  l arg e l y d epend ent 
on the  i ncen t iv e s p rov i d e d . 

TRAVEL CHARACTE R I S T I CS  

As  a m e an s o f  ene rgy con s er v a t i o n , chang e s  i n  conce p t s  of  
t r av e l  ch ar act e r i s t i c s  o r  h ab i t s  c an a s s ume many f orms . A l t ho ug h  
t h e g r e a t e s t  s av i ng s  p o t en t i a l  and e f fo r t  t o  con s e r v e  wou l d und o ub t 
e d l y  b e  in t h e  ar e a  o f  r e ducing ve h icl e m i l e s  o f  t r ave l , a dd i t i ona l 
b e n e f i t  c o u l d  b e  d e r i v e d  from chang e s  in op e r a t i n g  s k i l l s  and dr iv
in g h ab i t s . P r op o s a l s  f o r the  r educt i on o f  v eh icl e m i l e a g e  r an g e  
f r om comp l e t e  dr iv in g  bans , r e s t r i c t i o n s  on  v a c a t i o n and r ecr e a t iona l 
t r av e l ,  t r ip cons o l i da t i on o r  e l im i n ati on , t o  pr omo t i o n  o f  wa l k ing 
and b icy c l e  t r ans p or t a t i on. G r e a t e r  e f f ic i e nc i e s  can a l s o  be  a t
t a ined thr o ug h  t he m ann e r  i n  which t h e  d r i v e r  o p e r at e s  h i s v e h i c l e  
i n  t e rms  o f  acce l e r a t i on , warm - up , i d l ing a n d  s t e ad i ne s s  o f  cru i s i ng 
s p e e d . 

T h e  in s t i t u t i on o f  many of th e s e con c e p t s  i s  s imp l y  n o t  f e a s i b l e  
in t h e  s h o r t  t e rm ( 1 9 7 4 - 1 9 7 8 ) d u e  t o  p hys ica l  l im i t a t i on s  o f  a l t e r 
n a t e  t r ansp or t m o d e s  and , p r im ar i ly , t o  t he p ro b ab l e  l a ck o f  p ub l ic 
acce p t ance . Whi l e  s o l i d d a t a  i s  no t ava i l able t o  s u b s t ant i a t e  a 
f i rm hyp o th e s i s  f o r  many of  the s e  a r e a s , e s t im a t e s  h av e  b e e n  d e v e l 
o p e d  f r om g o v e rnm en t s t at i s t ic s  t o  dep ict  s om e  p arame t er s  o f  v e h i c l e  
t r ip s  and t h e  p u rp o s e s  fo r whi ch fue l wa s con s um e d. 

T h e  t hr ee m a j o r  p u rp o s e - o f - tr ip ca t eg o r i e s an d a r e a s  o f  f u e l 
cons ump t i on a r e  e a r n i n g  a l iv in g , f amil y  bu s in e s s and  s oci a l - r ecre 
a t i o na l  ( s e e  App end i x  C ,  Exh i b i t  I I , T a b l e  2 9 ) . W i t h in t he s e  b r o ad 
ar e a s , t he cat e g o r ies of  get t ing  to and f r om w o rk , v i s i t s t o  r e l a 
t ive s and  f r i en d s , and s h opp i ng t ri p s  acco unt f o r  ove r h a l f  o f  t h e  
fue l cons um e d , b u t  mo re  t h an 2 5  p e rcent  o f  t h e  u s ag e cann o t  b e  d e 
f in e d  a s  t o  pu rp o s e .  Mor e o v e r ,  th e r e  app e ar s  t o  b e  a con s i d e r ab l e  
amo un t  o f  r eg i on a l var i at i o n  a s  t o  m i l e ag e  accumu l a t ed an d f u e l 
con s um ed i n  t h e  p u r s u i t  o f  th e s e  act i v i t i e s . T h e  s i gn i f i can t p o in t  
t o  b e  o b s e rv e d  f r o m  t h i s d a ta i s  t h at vaca t i o n s , p l e as u r e  r i d i ng 
and e d ucat i ona l - civ i c - r e l i g i o u s  con s ump t i o n  o f  f u e l p r o b ab ly  accoun t s  
f o r  l e s s t h an 1 2  p ercen t  o f  t h e  t o t a l . As  a f fect e d  b y  o t he r  con
s e rva t i on m ea s ur e s  ( sp e e d  l im i t s , e tc . ) , a s av i ng s wi l l  un doub t e d l y  
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occur , b ut b ecau s e o f  the  sma l l  p e rce n t ag e o f  u s e , r e s t r ict i o n s  
d i rect e d  s p eci f i ca l l y  a t  th e s e " p r i va t e " c o n s ump t i on a r ea s  wou l d  
h av e  m i n ima l  e f f ect s o n  t h e  t o t a l  t r an s p or t a t i on p ictur e . Mo r e ove r , 
th ey wou l d  b e  l e s s  accep t ab l e  du e t o  t h e i r  a r b i t r a ry n a t ur e  and 
i nfr i ng emen t up on p er s o na l  f r e e dom. T o  av o i d  t h e s e  e n f o rcemen t 
hand icap s ,  co ns e rva t i o n p r opo s a l s  to  re duce v e hi c l e  u s e mu s t  b e  o f  
b r o ade r n at ur e  and un i v e r s�l l y  e f fect ive . I n  t h i s f ramewo rk , e f
f or t s  t o  cons e r v e  fu e l  cou l d  f a l l in t o  t h r e e  g e ne r a l cat eg o r i e s : 
au to - f r e e  zon e s , i nd i r ect u s e r e s t r ict i on s  and  d i r ect u s e  r e s t r ic 
t i ons . T h i s s ect i on w i l l  d i scus s s ome  op t i on s  t o  em b r ace t h e s e  
a l ter nat ive s , b u t  quan t i f icat i ons w i l l  b e  v e ry s ub j ect i v e . Va lue s 
wi l l  be  s ug g e s t e d  o n l y  i n  v ag u e  t e rm s  a s  t h e r e  i s  an ob v i o u s  in t e r 
modal  ov e r l ap b e t we en a u t o  r e s t r ict i on and s h i f t s  t o  o t h e r  mo d e s  
o f  t r a v e l .  T h e  d i scus s i on wi l l  a l s o  i nc l ud e  t h e  con s er v a t i on b ene 
f i t s  o f  p r omo t i ng b i cycl ing ( a s  i t  do e s  n o t  r eq u i r e  t h e  d i rect us e 
o f  o r  s h if t  t o  o t h e r f u e l s )  and imp rov ing  t h e  d r i v e r ' s  o p e r a t i ng 
h ab i t s . 

Dr i v i ng Re s t r i ct i ons 

S om e  e xp e r imen t a t i on is  a l r e ady und e r  w ay i n  t he Un i t e d  S t a t e s  
and Europ e t o  r e duce t h e  numb e r· o f  au t om o b i l e s  o p e r a t i ng w i t h i n , o r  
i n  p art s o f , c i t i e s  thr o ug h  s t r a t eg i e s  s uch a s  t o t a l  o r  p a r t i a l  
b an s  f r om s e l ect e d  s t r e e t s  and a r e a s . Auto-free zone p r op o s a l s  
u s ua l l y invo l v e  t h e  p r oh i b i t i on o f  mo t o r v e h i c l e s  in r e l a t i v e l y  
small ar e a s , s uch a s  s ev e r a l  s quar e b l ock s i n  t h e  h e ar t  o f  t h e  bu s i 
n e s s d i s t r ict . They m ay cons i s t  o f  comp l e t e p ro h i b i t i on a t  any 
t im e; u s e l imi t e d  to b u s e s  and / or d e l i v e r y  v e h ic l e s ; or p r o h i b i t i o n  
on ly a t  s p eci f i e d  t ime s .  Wh i l e  t h is typ e o f  r e s t r ict i on m a y  s e rve 
ae s t h e t ic v a l ue s , r e duce no i s e , an d imp r ov e  a i r  qu a l i t y i n  t h e  
imme d i a t e  a r e a , i t  i s  no t l i k e l y t o  cau s e  any app r ec i ab l e  r e duct i on 
in v eh i c l e  u s ag e . The on l y  p erce i v a b l e  imp act s a r e  o n  t h e  m e rchan t s  
in  th e a f f ect e d  a r e a , a s  t h i s s y s t em t en d s  t o  in t r o duce s om e  o f  the  
f e a tur e s  of  a r e g i o na l  s hopp ing cen t e r  into  t h e  d own t own a r e a . 

Indirect auto-use restrictions g e n e r a l l y  con s i s t  o f  e f for t s  t o  
r educe auto - us e  in  a r e a s  l a r g e r  t h an th o s e  a f f ect e d  b y  aut o - f r e e  
zon�s .  S uch s t r a t e g i e s  u s u a l l y  f a l l  s h o r t  o f  act u a l  p ro h i b i t i o n  
o n  v e hicl e - u s e  and o f t en p r om o t e  op t i o n s  s uch a s: imp r o v e d  p ub l i c 
t r ansp o rt a t i on t o  a t t r act m o t o r i s t s  fr om t h e i r  car s ; r e duct i on o f  
p arki ng sp ace s t o  d i scourag e aut o u s e ; incr ea s e d p ar k i ng f e e s  o r  
p ark i ng r a t e s  t h a t  e sca l a t e  w i th l ong e r  t im e s  t o  d i sco ur ag e  a l l - day 
p ark i ng ; and  "ro ad - p r icing " p o l i ci e s  which i mp o s e  o r  incr e a s e  t oll s 
a t  a l l t im e s  or du r i ng p ea k  t r a f f ic p e r i od s , e s p ec i a l l y  on r o ad s  
where  r educed  v e hicl e t r av e l i s  d e e me d  d e s i r ab l e . 

O f  t h e  f o r e g o ing op t i on s , many s t ud i e s  ind ica t e  t ha t  m in o r  
imp rov eme n t s  i n  p ub l ic t r an sp o r t  wi l l  no t cr ea t e  any d i v e r s i on f r om 
car s an d t h e r e  i s  s e r i ou s  doubt  whe t he r  ma j o r  imp r o v emen t s  wo u l d  
h av e  any s ho rt - r un i mp act o n  a u t omob i l e  u s a g e o r  o wn e r s h i p . T h i s 
doe s n o t  s ug g e s t  t ha t  s uch imp r ovement s s ho u l d  n o t  b e  made , b u t  
only  t h a t  t o  b e  e f f ect i v e  they  s h o u l d b e  comb i n e d  w i th aut omo b i l e  
r e s t r ai n t s . 
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Un t i l r e c e n t  y e a r s , a p r imary con c e rn wa s t h e  av a i l ab i l i ty o f  
s uf f i c i en t  p ar k i ng s p a c e s a t  r e a s onab l e  p r i c e s  t o  a s s u r e  o r  p r omo t e  
t h e  c e n t r a l  b u s i ne s s  di s t r i c t . Now t h a t  a rever s e  p o l i cy i s  b e i n g  
cons i de re d  i n  s o m e  a r e a s , i t  m a y  dev e l op t ha t  s ub s i d i e s  wi l l  b e  
n e e d e d  t o  r e l i ev e  the  hardship  p l a c e d  on m er c han t s  an d b u i l d in g  
own er s  i n  t h e  l arg e r  m e t r op o l i t an ar e a s . A s  an e x amp l e , t he mo t o r 
i s t  who t rave l s  t o  t h e  c i ty f o r  o t he r  t h an wo r k  i s  m o r e  l i k e l y  t o  
s e l e c t  a de s t i n at i on whe re he can p ark t o  a c c omp l i s h  h i s o b j e c t ive , 
r a t h e r  t han t o  s h i f t  mod e s  o f  t r ansp o r t a t i on .  I n  t h e  l on g  t e rm ,  
p a rk i ng d i f f i cu l t i e s  may en courag e fu r t h e r  a cc e l e r a t i o n  o f  b u s ine s s  
deve l opm ent  on t h e  c i ty p e r iphe ry , r e sul t ing i n  m i n i ma l  imp a c t  o n  
vehi c l e  mi l e s t r av e l e d . 

I mp o s i t i on o r  i n c r e a s e  o f  t o l l s  i s  n o t  a n ew m e t hod o f  p ay ing 
for  sp e c i a l i z e d f ac i l i t i e s  s u ch a s  br idg e s , tunn e l s ,  e t c . ; howeve r ,  
a n ew dimen s i on i s  add e d  wh en t h e  purp o s e wou ld b e  t o  d i s c o ur a g e  
v e hi c l e  u s e i n  p ar t i cu l ar a r e a s . P r op o s a l s hav e b e en made t o  in 
cr e a s e  t h e  p r i c e  o f  u s i ng s t r e e t s  i n  h i g hly  c ong e s t e d  a re a s  e i t h e r  
by  imp o s in g  n ew t o l l s  for  ent r ance  o r  e x i t  a n d  b y  t h e  m o r e  e l a b o r a t e 
us e o f  s c ann i ng s y s t em s  ( s i mi l ar t o  t h e  un i t s u s e d  by ra i l ro ad s  f o r  
c a r  i de nt i fi c a t i on)  wh i ch cou l d  r e c or d  an d ,  t hr oug h c e nt r a l  c o m 
put er i z a t i on ,  b i l l  c a r  own e r s  for  t h e  u s e o f  r o ad s  wh e r e  t r av e l r e 
duc t i on s  a r e  de s i r e d . A v er s i on o f  s u c h  a s y s t em i s  n ow emp l oy e d  
f or b us e s  i n  t h e  N ew Y o rk C i ty a r e a . 

A r e c en t  do ub l ing o f  t o l l s  on c er t a i n br idg e s  i n t o  Man ha t t an 
has  in cr e a s e d  r ev e nue c o n s i de ra b l y  but had v e r y  m i n o r  imp a c t  on the 
numb er of v e hi c l e s  ent e r ing . S ome _ s hi ft ing fr om t o l l to  fr e e  c r o s s 
ing s was  de t e c t e d , whi c h  ind i cat e s  a p r o bab l e  inc r ea s e  i n  vehi cu l ar 
t r av e l  r a t h e r t h an t h e  s oug h t  a f t e r  r e duc t i on .  

Th eo r e t i c a l ly , t h e r e  i s  a p o i n t  whe r e  t h e  i n c re a s e  o f  t o l l s  
wi l l  r e s u l t i n  d im in i s he d  t rave l, b u t  t h e  p rob l em i s  s im i l ar t o  t h at 
o f  p ark i ng ; t h e  m o t o r i s t  who has  a chd i c e  i s  mo r e  l i ke ly t o  chan g e  
h i s de s t i na t i on t h an h i s  mo de  o f  t r av e l .  Mor e over , t he t o l l  app r o ach 
may al s o  fur t h e r  the r e l o c a t i on o f  bus i ne s s  to t h e  p er i p h e ry o f  t h e  
c i ty . Thu s , i t  s e ems v e r y  un l i k e l y  t h a t  h i g h e r  t o l l s  wi l l  b e  wide ly 
emp l o y ed f o r  cons e rva t i on pu rp o s e s dur i ng t h e n e x t  d e c ade . T h e  c o s t  
o f  t h e  mo re equi t ab l e  s c ann e r  sys t em woul d b e  e n o r�ous  f o r  key r o ads  
al on e ; an d ,  the  unique i dent i f i c at i o n  and r e c o r d ing p ro c e du r e  c ou l d  
c o n s t i t ut e i nv a s i on o f  p r ivacy t hroug h  kn owl edg e o f  v e h i c l e  l o ca t i on 
( i t  c o u l d  al s o  h e l p  lo c a t e  s t o l en c a r s ) . Ove r al l , t he n e g a t ive  im 
p a c t  of  ind i r e c t  r e s t r i c t io n s  and t he in ab i l i ty t o  c on t ro l t h e  op 
t io n s  o f  dr ive r d e s t in a t i on ho l d  l i t t l e  p romi s e  f o r  r e duc t io n  in 
v e h i c l e  m i l e s .  

Dire c t  re s tric tions on a u t omob i l e  u s e t ake a f o rm s im i l ar t o  
aut o - fr e e z o n e s , b u t  t he ar e a s  invo lv e d  ar e g en e ra l l y muc h l a rg er . 
T h e  t e chn i que s cons ide r e d  in  t h i s  ph a s e i n c l ud e  r e s t r i c t i on o f  ve 
hi c l e  moveme n t  i n  o r d e r  that  " throug h" v eh i c l e s  byp a s s t h e  c o ng e s t e d  
ar e a s ; p r e fe r en t i a l  t r e a tment for mul t ip l e - o ccupant  v e hi c l e s ; s p e 
c i a l s t i c k e r s o r  l i ce n s e s  t o  e n t e r  cr i t i c al are a s  a t  a l l o r  c e r t a in 
t imes  of  day ; or  c omp l e t e  p r o h i b i t i on o f  v eh i c l e  u s e . 

E l imina t i o n  o f  throug h - t r a ff i c  i s  a c onc ep t whi c h  i s  a l r e ady 
emp l o y e d  in many c i t i e s ; howeve r ,  t he e ff e c t  on ove r a l l vehi c l e  
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m i l e ag e  i s  marg i n a l . The a r e a  of  l a rg e s t  p e r c e ivab l e  s av i ng wo u l d  
r e s ul t  f r om e l iminat i on o f  the  " s t op and g o "  c i ty t r aff i c  f o r  t he 
" t h roug h" v e hi c l e . 

P r ef e r ent i a l  t r e a tment  f o r  mu l t i - o c cupant  v e h i c l e s  o r  c arp oo l s  
s uch a s  l ower t o l l  co s t s  and r e s e rved  l ane s dur i ng r u s h  ho u r s  
p r ov i d e  a n  addi t i o na l incent ive t o  p art i c i p a t e  in  t h at c o n c ep t . 
The de g r ee t o  whi ch i t  r educ e s  v eh i c l e  m i l e ag e and c on s er v e s  fu e l  
ar e c ove r e d  i n  t h e  ca r - p o o l i ng di s cu s s i on .  

A var iant o f  t o l l  s y s t em ap p r o ac h  w o u l d  b e  t h e  i s s ua n c e  o f  
spe c i al l i c ens e s  or p e rmi t s  whi c h ,  f or a p r i c e , m i g ht b e  av a i l ab l e  
t o  anyone o r  ava i l ab l e  on ly t o  " qua l i f i ed ' '  p e r s o n s . T h i s s cheme 
c o u l d  l i m i t  a c ce s s  to th e cent r a l bu s in e s s  d i s t r i c t , but  wou l d  
g e ne r al ly h av e  t h e  s ame imp a ct s as  t o l l s  o r  p ar k i n g  r educ t i on wi th 
the  added imp l i c at i on of d i s cr iminat i on ag a i ns t  e i th e r  l ow i n c ome 
p e op l e  or t ho s e  l a ck i ng the " qua l i f i ed"  s t a tu s . 

Comp l e t e  p ro h i b i t i on in t h e  s t r i c t  s e n s e  i s  deemed  t o t a l l y  
i nf e a s ib l e  dur i ng t h e  p er i o d  c ove r e d  by t h e  P h a s e  I s tudy ( 1 9 7 4 -
1 9 7 8 ) b e caus e t h e  a l t e rna t e  me thod s o f  t r an sp o r t  w i l l  s imp l y  b e  
in ade qua t e . Au to - fr e e  zone s wi l l  undoub t e d l y  b e  cr ea t e d  i n  many 
c i t i es i n  t h e  futu r e  y e a r s  an d o th e r  e f fo r t s  wi l l  be m ade t o  r e duce  
v ehi c l e  t r ave l and cong e s t i on thr oug h  the  var i ou s  s c h eme s d i s cu s s e d . 
How eve r , the  b ar r i er s  ag a in s t imp l em en t a t i on t en d  t o  s u g g e s t  t h at 
none  o f  t he s e  dev i c e s  wi l l  b e  u s e d  t o  a s i g n i f i cant d e g r e e . B a s e d  
on t h i s p r em i s e , Tab l e  5 ( b a s e d  o n  App end i x  C ,  E x h i b i t  I I , Tab l e  29 ) 
dep i c t s  t he v o l ume o f  fue l that  c o u l d  b e  c o n s e rv e d  by a comb i na t i on 
o f  a l l  t yp e s  of r e s t r i c t i on s  i f  t h ey wer e t o  a c h i e v e  a 1 p e r ce n t  
r educ t i on i n  t h e  fue l cons umed by sp e c i f i c  t r ip purpo s e .  

B a s e d  on c o n s i s t e nt driv ing p at t e rn s  t h r oug h 1 9 7 8 , t h e  p o t en 
t i a l  f u e l  s av ing s t h r oug h dr iv ing r e s t r i c t i on s  ar e e s t im a t e d  a t  
4 6  t hous and b a r r e l s  da i ly i n  that  y e ar . 

Four - Day Wo rk We e k  

The 4 - day w o r k  we e k  i s  ano t he r  c o n c ep t w h i c h  coul d have con 
s id e r ab l e  imp a c t  o n t r av e l  cha r a c t e r i s t i c s a s  t he y  p e r t a in t o  
work commut i ng t r ip s . I t  i s  r e c og n i z e d that  many i ndu s t r i a l  op e r a 
t i ons , e s p ec i a l ly t ho s e  o n  a 2- or  3 - s h i f t  b a s i s , c o u l d  n o t  p ra c 
t i c a l ly c o nve r t  t o  a 4 - d ay , 1 0 - hour  s ch e du l e . Mo r eo ve r , many p ub 
l i c  s e rv i c e  fun c t i ons  suc h a s  r e s t aurant s ,  u t i l i t i e s , t r an sp o r t at i o n , 
an d o t h er s  mus t  ma i nt a i n a 7 - day op e rat i on a l  p ro c e dur e whi c h  e f fe c 
t iv e ly r educ e s  t h e  c o nv e r s i on po t e nt i a l . 

T h e  l arg e s t  opp o r tun i ty f o r  t h i s a l t e r n a t ive  work s ch e du l e  
l i e s  w i th  the  w hi t e - co l l a r  o r  o ff i ce typ e work  f o r c e  where  a 
s ke l e t on g r oup o f  e mp l o ye e s  m i g h t  s erve t o  ma i n t a i n  commun i ca t i on 
and o t he r e s s ent i al b u s ine s s  s e rv i ce s  on non - wo rk in g  day s . T hu s , 
i f  i t  i s  a s s um ed t h a t  25  p e r c ent  of t h os e c ommut ing  t o  and f r om work 
by  car co ul d be p l ac e d  o n  a 4 - day s ch e dul e , i t  i s  c a l cu l at e d ( s e e  
App en d i x  C ,  Exhi b i t  I I )  that  ne ar l y  1 0 0  thous and b a rr e l s  p er d ay 
o f  fu e l  c o ul d  be  cons e r v e d  ( b a s e d  on 1 9 72 d a t a )  wi t h  f u l l imp l emen t a -
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TABLE 5 

FUEL CONSERVED BY DRIVING RES TRI CTION--1 9 7 2  
( Thousand Barrels Per Day) 

Purp ose of  Tr ip Fuel Cons umed Fuel  

To  and From Work * 
Related Bus iness 4 35 
Med ical and Dental 83 
Shopping 410 
Other Family Bus iness 5 2 8  
Vacations 201 
Vis i ts to Relatives , e tc . 61 7 
P leasure Rides 168 
Other So cial 889 
Education , Civic ,  Religious 262  

To tal 3 , 59 3  

Saved 

* 
4 
1 
4 
5 
2 
6 
2 
9 
3 

36 

No te : Based on cons is tent driving patterns through 1 9 7 8 , 
the potential fuel savings through driving res trictions ar e 
es t imated a t  46 thousand barrels daily in tha t year . 

* See T ab le 4 ,  "P otential Fue l S avings from Car-Pooling . " 

1t i on o r  125 t hous and b a r r e l s  dai l y in 1 9 7 8 . T h i s s av i ng s  v a l u e  
un do ub t e d l y  wou l d  b e  mo d e r a t e d  by a n  adde d amo un t o f  p e r s ona l d r i ving 
s t emm i ng f r om the av a i l ab i l i ty of add i t i o n a l  l e i s ure  t ime . Pub l i c  
t r ans i t  wi l l  on l y  b e  aff e c t e d  t o  t h e  e x t ent  o f  r e duc e d  p e ak - hour  
c ong e s t i on ,  a s  t h e  r ema i n i ng maj o r i ty of  p e r s on s  o n  5 - d ay s c h e du l e s  
mu s t  c ont i nue t o  r e c e ive  a c c ommo dat i on .  

As i de f r om the  a s p e c t s  o f  fat i g ue t h a t  may r e s u l t  f r om 1 0 - hour 
wo rk days , t he s o c i a l and env i ro nmen t a l  imp ac t of  t h i s s ch e du l e  c an 
b e  fav o r ab l y  q ua l i f i ed i n  t e rm s  o f  r e duc e d  t r af f i c  c o ng e s t i on ,  l owe r 
l ev e l s  o f  au t o  emi s s i o n s , and addi t i on a l  t im e  t o  pu r s ue s e l f - in t e r e s t  
a c t i v i t i es . T h e  l at t e r  fe ature  s hould p r ov i d e  e c on o m i c g a i n s  t h roug h  
g r e a t e r  s a l e s  o f  l e i s ur e - t ime equipmen t a n d  do - i t - yo u r s e l f  commod i t i e s . 
T h e  d i r e c t  e f f e c t  on p ar t i c i p a t ing b u s in e s s e s  w ou l d  invo lve  commun i 
c a t i on d i f f i cul t i e s , but , s y s t em s  o f  s t a g g e r e d  d ay s - of f  c o u l d  r e c t i fy 
t h e  maj o r  p ro b l em s . 

P ub l i c  and worke r a c cep t an c e  o f  the  c on c ep t i s  p r e s ent l y  u n c l e a r  
a s  e xp e r i e n c e  h a s  b e en ve ry l im i t e d  a n d  r e ac t i on s  n o t e d  a r e  o f  w i d e  
r ang e .  I mp l emen t a t i on o f  the  concep t i s  p r ima r i l y  dep en d e n t  on t he 
a t t i tude s o f  emp l oy e r s  who wou ld hav e  t o  e v a l ua t e  t h e  c o s t s  o f  any 
ch ang e in wo rke r e f fi c i ency . The qu e s t i on o f  d e g r e e  and t im i n g  o f  
imp l emen t a t i on w i l l  depend l a rg e l y  on t he s u c c e s s  o r  f a i l ur e s  o f  t h e  
i ni t i at o r s . N e ve r t h e l e s s , th e p o tent i a l  f o r  fu e l  c o n s e rva t i on i s  
o f  s uf f i c i e n t  magn i tude t hat  t h e  concep t war r an t s  s er i ou s  e xp e r i 
men t at i on t o  d i s c e rn i t s f e as ib i l i ty .  
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Wa l k i ng and B i cyc l ing 

Wa l k i ng and b i cy c l ing are  c on s i de re d  und e r  t h i s s e c t i o n  o f  the 
r ep o rt b e caus e any s h i f t  that m i g h t  o c cur is not dep endent  o n  p r i 
m a ry fuel s a s  a p ow e r  s our ce  nor i s  t h e re a fu e l  t r an s f e r  e f f e c t . 
I f  i t  i s  a s s um ed t h a t  b i cyc l ing and wa l k i ng c ou l d , in s om e  c a s e s , 
b e  sub s t i t ut e d  f o r  t h e  aut omob i l e , the  p r imary c o n s t r a in t s  o f  chang e 
would b e  t h e  d i s t anc e cove red  and t h e  con s i d e rat i on o f  t h e  bu l k  t o  
b e  t r an sp o r t e d ( g r o ce r i e s ,  e t c . ) .  O f  cour s e ,  t h e  s h o rt e r  t h e  t r ip , 
t he g r e a t e r  would b e  t h e  p ro p en s i ty t o  wa l k  o r  u s e  t h e  b i cyc l e  an d 
t h e  s ho r t e r  t r ip c o r r e l a t e s  p o s i t iv e ly w i t h  l owe r aut o e f f i c i en c i e s  
i n  t e rms of  mi l e s  p er g a l l o n . 

Re c e n t  s tudi e s  i nd i cat e t h a t  6 2 . 4 p e rc e nt o f  a l l  au t o  t r i p s  
ar e l e s s  t han 5 . 5  m i l e s  i n  one  d i r e ct i on .  Howeve r , a s  d i s p l ay e d  
o n  Tab l e  6 ,  t h e s e  t r i p s  r e p r e s e n t  o n l y  1 5 . 7  p e r c e nt o f  a l l  v eh i c l e  
m i l e s  and p r es ent  a sma l l  un i ve r s e  for e x t ra c t i on o f  s av ing s . 

Tr ip Leng th 

TABLE 6 

VEHICLE TRIPS AND VEHI CLE MILES 
(Percent by Le�g th of Tr ip ) 

Per cent Percent of  
(Miles , One-Way ) o f  Tr ips Vehicle Miles 

Less than 1 . 5  24 . 5  1 . 7 
1 . 5 -2 . 4 13 . 0  3 . 1  
2 . 5- 3 . 4  10 . 0  3 . 4 
3 . 5-4 . 4 6 . 5  2 . 8  
4 . 5-5 . 4  8 . 3 4 . 7 

Total 62 . 3  15 . 7  

B a s e d  on m et h o do l o gy s hown i n  App end i x  C ,  E x h i b i t  I I , t h e  
c al cul at i on s  f or e s t imat ing  p o t ent i a l  f u e l  s av i ng s a s  de t e rm in e d  
by  t r ip l en g t h s  f o r  1 9 7 4  an d 1 9 7 8  ar e e xp l a in e d  o n  Tab l e  7 .  

Fo r r ound t r ip e s t ima t e s  t h e  va lue s s hown wou l d  b e  doub l e d .  
The  l i ke ly s av ing s t o·t al  o f  ab out 4 0  t h ou s an d  b ar r e l s  p er day f o r  
1 9 7 8  mak e s  t h e  r e a s onab l e  as sump t i on t h at t h e  p ro p o r t i on o f  s h o r t  
t r ip s  w i l l  r emai n con s t an t  over t ime . 

D e sp i t e  t he sma l l  am ount o f  cons e rv a t i on a t t a i nab l e , t h e  
favo rab l e  a sp e c t s  o f  p o s s ib l e h e a l th  imp ro v em e n t s t h r o ug h  e x e rc i s e , 
t he mode s t  r e duct i on o f  a i r  and no i s e  p o l lu t i on , an d t h e  p o t en t i a l  
f or r e du c t i on o f  p ark ing  a r e a s  ar e ben e f i t s  t ha t  s h oul d we i g h  
heav i ly i n  t e rm s  o f  p r omo t i on .  Pub l i c a c c ep t an c e  would  b e  dep endent 
on p hy s i ca l  ab i l i ty t o  p art i c ip a t e , p u rp o s e  o f  t r ip ( l o ad to  b e  
carr i ed) , c l ima t e , s af e ty a s p e c t s , and cu s t oma ry s o c i a l  n o rm s . 

Whi l e  a t im e  o f  t r ave l f a c t o r  i s  a l s o  i nvo l ve d ,  i t  c o u l d  b e  
mo r e  o r  l e s s  d ep e n d i ng on di s t an c e s  and t r af f i c  d e n s i ty .  I n c r ea s e d  
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N 
N 

Trip Length 
(Miles , One-Way 

Less than 1 . 5  

1 . 5-2 . 4  

2 . 5- 3 . 4  

3 . 5-4 . 4  

4 . 5- 5 . 4  

Total 

TABLE 7 

FUEL SAVING POTENTIAL THROUGH DIVERS ION OF TRIPS TO BICYCLE AND WALKING 

1 9 7 4  1 9 7 8  
To tal Per cent o f  Percent Miles P e r  Fuel Saved To tal Per cent of Percent 

Vehicle Miles Vehicle Miles Diver ted Gallon (MB /D ) Vehicle Miles Vehicle Miles Diver t ed 

1 , 16 7  X 10 9 

1 . 7 

3 . 1  

3 . 4  

2 . 8  

__i,]_ 
1 5 . 7  

. 5  7 . 0  

. 1  7 . 5  

. 9  1 . 7 5 . 0  

. 3  3 . 1  2 . 0  

3 . 4  1 . 0  

2 . 8  0 . 5  

4 . 7 0 . 1  

1 . 2  1 , 288 X 1 0 9 1 5 . 7  -

Miles Per Fuel Saved 
Gallon (MB / D) 

8 . 0  8 . 9  

8 . 5 6 . 1  

9 . 0  3 . 2 

9 . 5  1 . 2  

10 . 0  . 4  
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p art i c ip a t i on i n  th e s e  a c t ivi t i e s  ce r t a in l y  wou l d  i n c r e a s e  t h e  i n 
c i den c e  o f  p e d e s t r i an and cy c l e a c c i d en t s  d u e  t o  l a ck o f  ade quat e 
wa lk ing sp ac e  and/ o r  b i cyc l e  p at h s. Exp an d e d  u s a g e  o f  b i cy c l e s  
wou ld add fur t h e r  p r e s s ur e  t o  manu f ac t ur i ng fa c i l i t i e s  wh i c h a r e  
cur r en t l y  s t r a ine d b y  t h e  demand. The  fou l we a t he r fa c t o r  a s s o c i 
a t ed w i t h  t he s e  op t i on s  adds an o th e r  var i ab l e  t o  t he p re d i c t i on of  
p e ak dem ands  for  l o ca l  bus s e rv i ce and mas s t r an s i t . 

Many o f  the  a u t o  d r iv i ng / p a rk i ng r e s t r i c t i on s  a l r e ady cov e r e d  
woul d s e rve a s  i nc e n t ive s t o  wa lk or  b i cyc l e . T h e  c on s t r u c t i o n  o f  
s p e c i a l i z e d  f a c i l i t i e s a n d  fund ing  the r e o f i s  d e em e d  t h e  c on t r o l l ing 
imp l emen t a t i on f ac t o r . S ome a c h i ev emen t co u l d  b e  m ade t hr oug h t h e  
use  o f  e x i s t i ng p ar k i ng l ane s and c r e a t i on o r  s e t - a s i de  o f  s p e c i a l  
b i cyc l e  s t r e e t s . N e w  fa c i l i t i e s , r e q u i r ing l eg i s l at ive  a c t i o n , 
are  mo s t  l i k e l y  a de cade away . 

Dr iver  B e hav i o r 

Dr i v e r  b e hav i o r  d i r e c t l y  af fe c t s  t h e  r a t e o f  fu e l  c on s ump t i on ,  
and t h e  de g r e e  t o  whi c h the  p rop e r  h ab i t s  can b e  a cqu i re d o ff e r s  
a n  a r e a  o f p o t en t i a l  cons erva t i on .  The d r i v e r  who al l ow s  e x c e s s i v e  
veh i c l e  warm - up o r  i d l e  t ime  ( z er o m i l e s  p e r  g a l l o n ) , a c c e l e r a t e s  
mo r e  r ap i d l y  t h an n e c e s s ary , d r iv e s  wi th e r r a t i c  t hr o t t l e  cont r o l , 
or  at  h i g h  r a t e s o f  spe e d  wa s t e s a c on s i d e rab l e  amoun t n f  fue l . 

T h e  c o ns e rva t i o n of  fu e l  that c o u l d  b e  g e ne r at e d  t hr oug h dr i v e r  
edu c a t i on a n d  c o o p e ra t i on i s  h i g h l y  sp e cu l a t ive . T h e  b a s i c  r equ i r e 
m en t  wo u l d  b e  t h e  ins ta l l a t i on of a dev i ce o r  g au g e  t o  c o n t i nua l ly 
mon i t o r  fu e l  e co nomy an d r ep o r t  it to the dr i v e r  i n  s imp l e  t e rm s , 
e.g . , m i l e s  p e r g a l l on .  S eve r a l  un i t s  o f  t h i s t yp e  a r e  c ur r en t ly 
on t h e  marke t and th e s e  c o u l d  b e  r e ad i l y made ava i l ab l e  f o r  a 
r e t r o f i t  p ro g r am a s  we l l  a s  for ins t a l l a t i on on new c a r s . O f  c our s e , 
t h e  adap t a t i on o f  an e c o nomy mon i t o r ing dev i c e  do e s  n o t  imp l y  t h a t  
t h e  d r i v e r  wi l l  n e c e s s a r i ly h e e d  i t s  war n i ng and r ea c t  t o  a c h i eve 
g re a t e r  e f f i c i ency . 

Quan t i fy ing t he s av i ng s that  mi g ht b e  ob t a i n ed i s  l im i t e d  t o  
e s t ima t ion . Ur ban dr i ving wi th  i t s  i nh e r en t  s t op and g o  p a t t e rn s  
r e su l t s  i n  h i g h l ev e l s  o f  c on sump t io n , whi l e  s p e ed i s  t he m a j o r  
fac t o r  und er  expr e s sway dr iving cond i t i on s  ( t he l a t t er b e i n g  c ov e r ed 
und er t h e  ana ly s i s o f s p e ed l imi t s e c t i on ) . I t  i s  g en e r a l l y  acknowl 
edg ed t ha t  r ap i d  a c c e l e r a t i on can i n c r e a s e  c on s ump t i o n  by 1 5  t o  20 
p erc ent . A s s um ing t hat 8 0  p e r c ent  of t h e  d r i v e r s a l r e ady a r e  r e 
fr a in in g  from  s uc h  p r a c t i c e s ; t ha t  5 5  p er c en t  o f  t he v e h i c l e  m i l e ag e  
i s  ac cumu l at ed und e r  t h e s e  u r b an c ond i t i o n s ; and t ha t  p o s s i b ly ha l f 
of t he dr iv er s m i g ht ma ke c o nc er t e d e f f or t t o  imp r ov e  t he i r  d r i v i n g  
ha b i t s , i t  f o l l ows t ha t  1 p e rc ent o f  na t io n a l  au t o  dr i v i n g  c on sump 
t i o n or  5 4  t hou s an d  b a rr e l s  p e r  day m i g ht hav e  b e en s av e d  i n  1 9 72 
thr oug h imp r ov e d  d r i v e r  t ec hn ique . On  t hi s  b a s i s , t he s a v i n g s p o 
t ent i a l  wou l d  amount t o  5 7  t h ou s and barr e l s p e r  day i n  1 9 7 4  and 7 0  
t hou s and b ar r e l s  p e r d ay i n  1 9 7 8 . 

T h e  imp a c t  o f  g aug e i n s t a l l at i on wi l l  b e  t o t a l l y  dep endent  o n  
t h e  m anda t e ; howev e r ,  o b j e c t i on wou l d  und o ub t e d l y  b e  en c o un t e r e d  
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f r om t h e  owne r s  o f  o l d e r  car s i f  a r e t r o f i t  p r o g r am i s  i n i t i a t ed . 
T h e  a c t ua l  u s e  o f  such  a fue l e c onomy m e a s u r ing d ev i ce , i f  no t t o o  
exp en s ive , i s  m o r e  l ik e ly t o  r- e su l t  f r om hi g he r  fue l p r i c e s and / o r  
fu tur e fue l s ho r t ag e s . 

S P E E D  L I MI T S 

I n  an e ff o r t  t o  r e du c e  fu e l  con sump t i on on t h e  N a t i on ' s  h i g hway s , 
a max imum s p e e d  l im i t  o f  5 5  MPH wa s ena ct ed o n  J anua ry 2 ,  1 9 7 4 .  
Wh i l e  i t  i s  an a c cep t e d  f a ct  that  au t omo b i l e s op e r a t i ng a t  hi g he r  
sp e e d s  u s e  m o r e  fu e l  t h a n  t ho s e  op e r a t i n g  a t  l ower  sp e e ds , dat a o n  
t h e  c o n c e p t  r ema in s  v a g u e  and e l us iv e . Mor eo ve r , t r ip l eng t h , v e 
h i c l e  c ond i t i on ,  we a t h e r , w i nd , ro ad s u rf a c e  c on d i t i on and o t he r  
fa c t o r s  a l l h ave d i r e c t  b e ar i ng on fue l  e c onomy a t  g i ven r a t e s  o f  
s p e e d . 

T h e  t r end o f  ave r ag e h i ghway sp e e d  h a s  a dva n c e d  s t e ad i ly s in c e  
a war - t ime l o w  o f  1 9 4 2  an d a c co rd i n g  t o  g ov e rnmen t  s urvey , p a s s en g e r 
c a r s  r e ached an ave rag e s p e e d  o f  6 2  MPH on  ma i n  rur a l  r o ad s  dur i ng 
1 9 7 1 . New  h i g hways ( e s p e c i a l l y  t h e  I n t er s t a t e  Sy s t em)  an d v e h i c l e s 
h ave b e en de s ig ne d f o r  7 0 - 7 5  MPH c ru i s i ng sp e e d s . E xp e r i me n t s and 
ob s e rvat i on r ev ea l  t h a t  b e c au s e  o f  t h e s e fa c t o r s , s p e e d  l im i t a t i on s  
ar e o f t e n  e x c e e d e d  whe n dr iver s intu i t i v e l y  fe e l  a s a f e  capab i l i ty 
frir h ig � er sp e e d s , t h e reby r a i s ing qu e s t i on s  a b o u t  enfo r c emen t  and/ o r  
c omp l i an c e  w i t h  l owe r l imi t s . Fo r e xamp l e , t h e  d e s i r e  f o r  c on s e rva 
t i on and t h e  d if f i cul ty in  o b t a i n ing fu e l  dur i ng t h e  e ar l y  mon t hs o f  
1 9 7 4  wa s g e ne r a l ly  o b s e rv e d  t o  hav e  had a l ower i n g  e f f e c t o n  ave r ag e  
rur a l  dr i v i ng sp e e d s. A l t h oug h  th e s e  cond i t i on s  c ann o t  b e  r e ad i ly 
p roven , i t  now app e a r s  t h a t  av erag e dr iv in g s p e e d s  h av e  ac c e l e r a t e d  
to  b eyond t h e  p o s t e d  l im i t s  an d the  deg r ee o f  c omp l i an c e  w i th t h e s e  
l im i t s  c an on l y  b e  g ue s s e d, l ac k i n g  ext en s iv e  r e s e ar c h .  

A g ove rnme n t  ( D O T )  s tudy was conduct e d  i n  a n  e ff o r t  t o  d e r ive 
the re l at i on s h i p  o f the s p e e d  and fue l e c on omy v ar i ab l e s . I n  th i s  
s tudy ,  the  r e s u l t s  cann o t  b e  de s cr ib e d  a s  typ i c a l  b e c au s e  the  s am 
p l e  w a s  ve ry s m a l l ( 1 2  cars , a i r  c on d i t i oning  o ff ; 9 c a r s , a i r  con 
d i t i oning  on)  and the  t e s t  runs we r e  conduc t e d  a t  uni n t e rrup t e d , 
cons t an t  s p e e ds , o n  s tr ai gh t , l eve l r o ad s  and i n  t h e  ab s en c e  o f  
conge s t i o n  o r  s i tuat i on s  that  m i gh t  ar i s e  unde r n o rm a l  op e r a t i o n . 

D e s p i te t h e s e  s ho r t c om i ng s , the  ob s e rv e d  da t a  f o r  a l l  c a r s i n  
t h e  s amp l e  s h ow , w i thout e x c ep t i o n , a de c l i n i ng t r en d  i n  MP G a t  
spe e ds in e x c e s s  o f  5 0 MPH . Fo r e x amp l e , on  c a r s  wi t h  a i r  condi 
t i on ing o f f , chang e s  i n  sp e e d  f r om S O  t o  6 0  MPH r ev e a l e d  a s imp l e  
ave rag e i ncr e a s e  i n  c o n s ump t i on o f  1 1 . 3 1 p e r c ent , whi l e  c han g e s  
f r om 6 0  t o  7 0  MPH ave rag e d  1 7 . 2 8 p e rc e n t  i n cr e a s e  i n  c on s ump t i on .  
W i th a i r  c o nd i t i o n i ng i n  us e ,  t h e  aver a g e  c hang e � i n  c on s ump t i on 
w e r e : 5 0  t o  6 0  MPH , + 9 . 4 7 p e rcent ; 6 0  t o  7 0  MPH , + 1 3 . 9 0  p e r c e n t . 
Al t ho ug h  no t a t  i s s ue i n  t h i s ca s e , the  l owe r ra t e s  o f  ch ang e wh en 
u s i ng a i r  condi t i o n i n g  are undoub t e d l y  due to t he g r e a t e r  eng i n e  
ba s e  l o ad imp o s e d  a t  a l l  sp e e ds ; whi l e  r e qu i r ing  a d e cr e a s i ng 
p er c e n t  o f  eng ine  output a s  the eng j ne and car  s p e e d i nc r e a s e .  

T h e  da t a  d e r i v e d  b y  t he  s tudy ar e ba s e d  on a s amp l e  d f  i n s u f 
f i c i ent s i z e t o  p ro v i de a hi g h  de g r ee o f  r e l i ab i l i ty .  A s imp l e  
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ave r ag e  o f  chang e i n  c o n s umpt i on may n o t  p ro du c e  t h e  s ame t r end 
r a t e  as an ave rag e we ight e d  by the f l e e t  o f  c a r s i n  a c t u a l  op e r a t i on .  
Neve r t he l e s s , the  g en e ra l  t r end i s  d e em e d  r ea l i s t i c  an d mu s t  b e  
a c c ep t ed f o r  l a ck o f  o t he r  s u b s t ant ive da t a .  

Ano th e r  fa ctor , o f t e n  ov e r l oo k e d , i s  t hat sp e e d  l im i t s  o n l y  
hav e  a s ig n i fi can t b e ar ing on fu e l  e c onomy whe r e r ur a l  dr i v i n g  i s  
invo l ve d . App l y i ng t h e  e f fi c i e ncy chang e s  d e v e l o p ed f r om t h e  DOT 
s t udy to  rura l d r iv i ng , mo d i f i e d  by a va r i an c e  in d r i v e r  c omp l i ance  
wi th l owe r s p e e d  l imi t s , the e s t ima t e d  fu e l  c on s e rva t i on p o t e nt i a l  
f r om t hi s  me a s u r e  amo un t s  t o  1 6 8  t hou s and b a r r e l s  p e r d a y  in 1 9 7 4  
and 1 9 0  thous and b a r r e l s  p e r day in  1 9 7 8  ( s e e  App endi x C ,  Ex h i b i t  
I I I ) . 

S ince  imp l ementa t i o n  ha s a l r e ady t ake n p l ac e , a d i s c us s i on o f  
me t hodo l ogy , t im i ng and c o s t  i s  l e s s  r e l e v an t  b u t , s in c e  the ful l 
imp ac t  ha s no t ye t b e come app a r ent , s ome  d i s cu s s io n  i s  app ro p r i a t e . 
The mo s t  obv i o u s  imp a c t  o f  r e duced  s p e e d s  i s  the a d d i t i o nal  t i me 
r e qu i r e d  f o r  t r ave l  an d t he a s s o c i a t e d  c o s t  i n  t e rm s  o f  l o s t  t ime . 
F o r  ex amp l e , i f  t ime i s  va l u ed at  the  new m i n i mum wag e o f  $ 2 . 0 0 p e r  
hour , t h e  co s t  o f  r e du c e d  sp e e d  ( 6 2 . 5  t o  5 5  MP H )  i n  1 9 7 4 , at  9 0  p er 
cent  c omp l i a n c e  and b a s e d  o n  t he mi l e ag e  a f f e c t e d , woul d amo un t to 
near l y  $ 2 . 5  b i l l i on . Al t ho ug h  t h i s comp a r i s o n  i s  l ar g e l y  f i c t i t i o u s  
becau s e  t he v a l u e  o f  t r av e l  t ime i s  o ft e n  que s t i o na b l e ,  i t  i s  i n t e r 
e s t ing b e c au s e  t he co s t  o f  t h i s t im e far  exc e e d s  t h e  c o s t  o f  fuel  
s aved ( $ 1 . 6 6 8  b i l l ion a t  $ 0 . 5 5 pe r g al l o n )  i n  t ha t  y e a r , no t t o  men 
t i on wha t ev e r  p e r s o nal  inco nven i enc e s  mi g h t  o c cu r  t hro ug h l o s t  o r  
p r o l o ng ed  t r av e l . 

Whi le l ow e r  sp e e d s  al s o  p r e s e nt t h e  c o n s um er wi th  an opp o r tu 
n i ty t o  s ave money t h r o ug h l ow e r  fue l c o s t s , t h e  i n c r ea s e d  t ime 
r equi remen ts may d i ve r t s ome dr iv e r s  t o  a ir t r av e l  a t  h i ghe r e n e rgy  
c o s t s , if  add i t i onal  f l i gh t s  a r e  r e qu i re d . 

I n j uri e s  and p r op e r t y  damag e from ac c i de n t s c o u l d b e  exp e c t e d 
t o  dimin i s h  a t  th e l ow e r  r a t e s o f  sp e e d s , p rov i d e d  c omp l i an c e  i s  
high . S i nc e  dr i v er b e hav i o r  i s  d i f f i cu l t  t o  p r e d i c t , a s i g n i f i c ant 
p ar t  of the dr i ve r s  may n o t  co op era t e  and t h e  p r op en s i ty t owar d ac 
c i den t s  c o u l d  r i s e a s  a r e s u l t  o f  incr e as e d  v a r iance  in  t r av e l 
s p e e d s  amo ng v eh i c l e s ; 

B e cau s e  o f  t h e  c o s t  o f  t im e , t h e  c o s t  o f  chan g i ng s p e e d  l im i t  
s i gns  ( e s t ima t e d  a s  h i g h as  $ 2 0  m i l l i on) , t h e  dub i o u s  n a t ur e  o f  
c omp l i an c e , and t h e  h i g h  c o s t  o f  r i g o r o u s  e nf o r c emen t o f  l ow e r  
s p e e d  l im i t s , t h e  chan g e  mus t b e  j u s t i f i e d b y  t h e  n e e d  t o  c o n s e rve 
fue l .  F r om a r e a l i s t i c and p r ac t i c a l  s t an dp o i nt , t h e  c h ang e r e a l ly 
r equ i re s  a d i f f e r e n t  d r i v e r  a t t i tude . A l t ho u g h  t h e  1 9 7 4  demand f o r  
fue l ha s b e en l ower  t h an i n  t h e  p r ev i ous  y e ar w i t h  h i g he r  s p e e d  
l im i t s , concur rent  c hang e s  in fue l av a i l ab i l i ty and h i g he r  p r i c e s  
undoub t e dly  hav e had s om e  i mp a c t . Un t i l  s om e  o f  t h e s e v ar i a b l e s  
s ta b i l i z e , i t  w i l l  b e  mo s t  d i f f i cul t t o  i s o l a t e e x a c t  caus e/ e f f e c t  
r e l at i o ns h ip s . 
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AUTO DE S I GN 

N e a r ly a l l of  t h e  o t her  d i s cus s i on i n  t h e  h i g hway s e c t i o n  o f  
t h i s  r ep o rt p e r t a i n s  t o  c on s e rvat i on opp o r t un i t i e s t h a t  a r e  p r e 
d om i n an t l y  i nf l uen c e d  b y  t h e  v eh i c l e  op e r a t o r , i n  t e rm s  o f  how , 
whe n ,  whe re , o r  what k ind o f  veh i c l e  h e  dr i ve s . I n  t h e  r e a l m o f  
aut o de s i gn , t h e  i nh e r e n t  e ff i c i ency p aram e t e r s  o f  t h e  v eh i c l e  a r e  
o f  p r ima ry imp o r t an c e  _an d  a r e  t h e  e l eme n t s  ov e r  wh i ch t h e  d r iver  I 
c o n s um e r  ha s t h e  l e a s t  am oun t o f  c o n tr o l . C on sum e r  p r e f e r e n c e  e x 
p r e s s e d i n  t h e  mar k e tp l a c e , ha s a de f i n i t e  imp a c t  on type o r  
s ty l e  o f  t h e  v e h i c l e , bu t t h e  f l ex i b i l i ty o f  the  v e h i c l e m anufac 
t ur ing indus t ry i s  e s s en t i a l l y  re s tr i c t e d  t o  mo de r a t e  c h ang e s  o n  an 
annua l bas i s  an d comp l e t e revi s i on s  o n l y  every 4 o r  5 y e ar s , du e t o  
l arg e i nve s tmen t s  i n  t o o l i ng and many o th e r  c omp o s i t e i nt r i ca c i e s  
o f  p r o duc i ng 1 0  m i l l i o n  v e h i c l e s  p e r  y e a r . 

A l t h o ug h  e x c ep t i on s  ex i s t , d e s i g n  chang e s  g en e r a l ly s t em f r om 
an evo l u t i onary p r o c e s s  of t e chno l o g i c a l  advan c emen t c ov e r i ng f a c 
to r s  s uch a s  v e h i c l e  we ig ht , d r iv e  l in e  c omp o n en t s  ( t r an sm i s s i on 
typ e and r e ar ax l e  r a t i o ) , e ng i n e  de s i g n  p ar ame t e r s , r o l l i n g  r e 
s i s t a n c e , a e r o dynam i c  drag , and a c c e s s o r i e s - - p art i cu l a r ly a ir c o n 
d i t i on i ng , p owe r s t e e r i ng , and e l e c t r i ca l  c o mp on e n t s .  I mp r oveme n t s 
g e ne r al l y  inv o l v e  c o n s i de r ab l e  l e a d  t im e  f o r  i n c o rp o r a t i on , h i g h e r  
p ro duc t i o n  c o s t s a n d  e l emen t s  o f  r i s k  dur i n g  t h e  d e v e l opmen t a l  
s t ag e s . 

De s p i te t h e s e p r o b l em s , t h e  automob i l e  i ndu s t ry i s  c o n c e n t r a t i ng 
i t s  e f f o rt s t o  imp r o ve t h e  fu e l  e c onomy o f  futu r e  n ew c a r  p ro du c t i on . 
Thi s m eans t ha t  de s i g n e r s  a r e  fr equent l y  f a c e d  w i t h  a ho s t  o f  p ro b 
� em s  t h a t  o ft e n  p r e s e nt confl i c t i ng r equ i r ement s .  T he au t omo b i l e  
mus t  app e a l  t o  t h e  pub l i c  o ff e r ing s t y l e , p er f o rman c e , durab i l i ty ,  
an d fue l e c o nomy a t  a r e a s onab l e  s e l l i ng p r i c e . Mo r e  r e c e n t  r eq u i re 
m�n t s  t o  b e  s a t i s f i e d  inc lude s af e ty and em i s s i on s t an d a r d s , a l l  o f  
whi ch r e a l i s t i c a l ly me an t h a t  t h e  f utu r e  automob i l e  wi l l  b e  a r e su l t  
o f  c omp r om i s e i n  de t e rm i ning t h e  " op t imum" b a l an c e  o f  a l l  a l t e rn a t ive s . 

I n  t e rms o f  c on s e rvat i on p o t en t i a l , i t  i s  n o t  a s imp l e  mat t e r  
t o  a ch i ev e  t h e  b e s t  de s i g n  b a l an c e  s i nc e fue l e co nomy i s  t h e  n e t  
e f f e c t  o f  c omp l e x  de s i g n  in t e ra c t i on and f e w  c hang e s  c an b e  c o n 
s i der e d  i ndep enden t l y . F o r  examp l e , e ng i n e  de s ign , t r ansm i s s i o n  
and r e ar ax l e  ra t i o  mu s t  b e  car e ful l y  ma t c h e d  t o  fo rm an i n t e g r a l , 
i n t e r dep endent  me chan i sm for v e hi c l e  m o t i on .  T he f o l l ow i ng d i s 
cus s i on and T ab l e  8 r e l a t e  cons ervat i on v o lum e s  t o  t h e  chang e s  i n  
de s i g n  p aram e t e rs t h a t  c ou l d r e as onab l y  b e  e xp e c t e d  dur ing t h e  
p e r i o d  thr oug h  1 9 7 8 . Al thoug h  the v ar i ou s  c on s ervat i on p o s s i b i l i t i e s 
ar e d i s cus s e d  i n d i v i dua l ly ,  i t woul d  n o t  b e  appr op r i a t e  t o  add t h e  
s avi ng s  v a lue s b e caus e o f  t h e  i nt e rdependence  o f  t h e  de s i g n  v a r i ab l e s . 
Mo r eove r , i f  a l l  t h e  ind i c a t e d  de s i gn c hang e s  we r e  i n c o rp o r a t e d  in  
un i s on ,  the  d r ive a b i l i ty of  the vehi c l e  p r o b a b l y  w ou l d  b e  una c c ep t 
ab l e . A s  a r e s u l t , t h e  f a ct o r s  o f  eng ine de s i g n  an d d r i v e  l in e  
mod i fi ca t i on s  a r e  a rb i t r ar i l y  a s sumed  t o  d em on s t ra t e o n l y  o n e - t h i rd 
of  t h e  ind iv i du a l  c omp onen t s aving s p ot en t i a l . 

I t  i s  qu i t e  d i f f e r e n t  t o  s ug g e s t  o r  demon s t r a t e  d e s i gn chang e s  
i n  p r o t o typ e s  a s  opp o s e d  t o  conver s i on o f  p roduc t i on f a c i l i t i e s . 
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TABLE 8 

CONSERVATION POTENTIAL OF AUTO DESIGN CHANGES 
(Thousand Barrels Per Day) 

Measure 

Vehicle We ight Reductions * 

Reduced Rolling Resistance 

Reduced Aerodynamic Drag 

Modified Engine Design 

Drive Line Modification� 

• Transmission 
• Axle Rat ios 

I mproved Veh icle Accessor ies t 

Total 

Savings 1978 

1 59 

1 7  

t 

t 
t 
35 (Actual Combined Total) 

25 

236 
* I n  l ight of safety and other regu lat i o ns, sign if icant veh ic le  weight reductions ( with i n  a given veh ic le  c lass) were deemed 

i mprobable  over the 1 974-1 978 t i mefra me. Weight reductions wi l l  be accompl ished through a sh ift to smal l e r  cars ( see 
"Vehicle Changes" in th is  chapter) . 

t See d i scussio n  u nder Auto Design i n  this chapter. I nd ividual saving potentia ls  not add it ive.  Savi ngs potential  for these 
measu res comb i n e  as fol lows: 

Modif ied E ng ine  Design 

D r ive L i n e  Mod if ications 

• Transm iss ion 
• Axle R atios 

:j: Ai r  con d i tion ing,  powe r steer ing,  etc.  

37 

24 
45 

1 06 X 1 /3 = 35 (Actual  
Combi ned Tota l ) ·  

Wha tever  de s i g n  c hang e s  evo lve  i n  t h e  fu t ur e , incr e a s e d  c o s t s  may 
b e  invo lved and m u s t  event ua l ly b e  p as s e d  o n  t o  t h e  c o n s um e r . Bene 
f i c i a l ly , t h e  de s ign  t e chno l o g y  t h a t  s e rve s t o  imp ro v e  fu e l  e c on omy 
may a l s o  p rove e ff e c t ive i n  r e du c ing ve h i c l e  e mi s s i on s . I n  t h e  
f o l l o wing p arag rap hs t he ind iv i dua l de s i gn p a rame t e r s  a r e  d i s cu s s e d  
i n  l i g ht o f  t h e s e  qu a l i f i c at i ons . 

Ve h i c l e  We i g ht 

Ve h i c l e  we i g h t  i s  a m a j o r  f a c t o r  a f f e c t i ng f u e l  e c o n omy , a s  
mo re we i g ht r e q u i r e s  incr e a s e d  eng i n e  p owe r t o  m ov e  t h e  c a r . I n  
r e c e nt y e ar s , an imp o r t ant e l eme nt  o f  i ncr e a s i ng c ar we i g ht ha s 
b e en t h e  add i t i o na l  e q u ipm ent r equi r e d  t o  m e e t  g ove r nm e nt s t andards  
f o r  emi s s i o ns , c ra s h  imp act damage , and/ o r  o c c up ant p r o t e c t i on . 
Thes e i n c l ude s t r o ng e r  bump er s , d o o r  b e am s  t o  d im i n i s h  s i de imp ac t 
i ntrus io n ,  g r e at e r  r o o f  s t r eng t h  t o  p r event  r o l l - ov e r  c r u s h , and 
o c cup ant  p r o t e c t iv e  d e v i c e s  such a s  s e a t b e l t s / s h o u l d e r  harne s s  
e q u ipme nt and i nt e r i o r p a d d in g . Unf or t un a t e l y , t he s e  we i g ht i n 
cr e a s e s  h ave  a c omp oun d i ng e ffe c t  in  t h a t  t hey r equ i r e  g r e a t e r  
s upp o r t ive  s t r eng t h  o r  add e d  we i g ht i n  o t her a r e a s o f  t h e  v e h i c l e . 

A l t ho ug h  t h e  g en e r a l  e f f e c t  o f  a w e i g h t  i n cr e as e  r educ e s  f u e l  
e c onomy , i t  h a s  a m o r e  p r onoun c e d  infl u ence  o n  v e h i c l e  a c c e l e r a t i on . 
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To  p l ea s e  t h e  c o n s um e r  and comp e n s a t e  f o r  t h i s l o s s  i n  p e r f o rmanc e ,  
eng ine d i s p l a c em en t h a s  b e en incr e a s e d  ( s om e t ime s r e qu i r i ng h e av i er 
s upp o r t iv e  memb e r s )  and ax l e  r a t i o s  have b e en mo d i f i ed ; a l l  r e s u l t ing 
i n  fur t h e r  l o s s e s  in fue l e conomy . S i g n i f i ca nt ly ,  t h e  l ig ht e r , 
sma l l e r  ca r s  a r e  de s ign e d  t o  a c h i eve g o od fue l e c onomy by  ut i l i z ing 
sma l l e r  e ng i n e s , but the add i t i on of a c c e s s or i e s  an d  he avy e q u i pment 
tax t h i s s y s t em r e s u l t ing i n  p r op o r t i on a t e l y  l ar g e r  r educ t i on s  on  
fue l e c onomy t h an i n  the  c a s e of  l arg er  c a r s . 

T h e  fac t t ha t  he av i e r c a r s  g e n e r a l l y  imp l y  o t he r  c ha r ac t e r i s 
t i c s  s uc h  a s  g r e a t e r  f r o n t a l  a r e a  ( a i r  r e s i s t an c e ) , mo r e  a c c e s s o r i e s ,  
and he av i er eng i n e s , r e nd e r s  d i f f i cu l t  any a t t emp t s  t o  i s o l at e  t he 
r e duc t i o n  i n  fu e l  e c o nomy du e s o l e l y  to  c h ang e s  i n  we i g ht . Cur r e n t  
s t ud i e s  i nd i c a t e t h a t  a 3 p e rcent  g a in in  m i l e s  p e r g a l l o n  m i g ht 
b e  achi ev e d  thro ug h  a 1 0  p e r cent  r e duct i on in v e h i c l e  we i g h t . O f  
cours e ,  t h e r e  i s  no  p r ac t i ca l  way t o  r e du c e  t h e  we i g ht o f  t he e x i s t 
ing f l e e t  o f  c a r s  and i t  i s  doub t ful th at un i t  r e du c t i on s  o f  t h i s 
magn i t ude can b e  made i n  new car s s o l d du r ing t h e  p e r i o d t o 1 9 7 8 , 
s h o r t  o f  r educ ing a c t u a l  v e h i c l e  s i z e .  I n d i r e c t  g a i n s  i n  t h i s are a 
w i l l  b e  r ea l i z e d  t h r o u g h  the  s h i f t  t o  s ma l l e r  c ar s , but  t he o n l y  
i mme d i a t e  a l t e rn a t ive , o f  dub i o u s  e f f e c t , wo u l d  b e  t o  d i s c ou rag e 
mo t o ri s t s  f r om u s ing t h e  t runk o r  r e a r  s e at o f  t h e i r v eh i c l e  a s  
a s t o ra g e  a r e a  f or g o l f  c lub s , t o o l s , o r  o t h e r  he avy ma t e r i a l s . 

Ro l l in g  Re s i s t an c e 

Ro l l ing r e s i s tan c e  o f  a v e h i c l e i n c r e a s e s  in n e a r l y d i r e c t  
pr op o r t i on t o  t he s p e ed o f  t he ve h i c l e  and i s  p r imar i ly de t e rm in e d  
b y  t he t yp e o f  t i r e  c on s t r uc t ion . I t  i s  a l s o  i n f l u e n c e d , a l t ho ug h  
t o  l e s s e r  d e g r e e , b y  t he typ e o f  ro ad s ur f ac e , f r i c t i o n  o f  b e a r i ng s , 
and o t he r  mov i ng c ompon en t s  o f  t he ve h i c l e .  

B e i ng t h e  mo s t  imp o r t ant  var i ab l e o f  r o l l i ng r e s i s t ance  and 
fue l e c onomy , t i r e s  are a f fe c t e d  by the fa c t o r s  of  i n f l a t i on and 
co n s t ru c t i on .  The p r op e r i n f l a t i on p re s s u r e var i e s  d e p end in g on 
t h e  typ e  o f  c on s t ru c t i on ,  the numb e r  of  p l i e s , d r iv ing cond i t i o n s , 
l o ad b e in g car r i ed , and typ e o f  v e h i c l e .  I mp r o p e r  i nf l a t i on p r e s 
s ur e s can a f f e c t  fue l e conomy and t i r e  l i f e  a s  un d e r in f l a t i o n  cau s e s 
t i r e s t o  we a r  f a s t e r  on t h e  out er e dg e s  of  t h e  t r e a d  and r e du c e s 
fu e l  e c onomy . Ov e r i n f l a t i on c an r e s u l t  i n  i n c r e a s e d  f u e l e c o nomy , 
b u t  we a r s  m o r e  h e av i ly on the  cent e r  o f  t h e  t i r e . 

T h e  me t h o d  o f  c o n s t ru c t i on emp l oy e d  i n  manu f a c t ur i ng a t i r e  
h a s  t h e  g re a t e s t  e ff e ct on  fue l e conomy . By way o f  c omp a r i s on , 
t h e  b i as - b e l t e d  t i re o f  t h e  e a r ly 1 9 7 0 ' s g en e r a l l y  e x h ib i t ed  m o r e  
r o l l ing  re s i s t an c e  an d ,  c o n s e quent l y , l e s s  f u e l  e c onomy t h an t h e  
non - b e l t e d  t i r e  p re v i o u s ly  emp l oy e d . T h e  l a t e s t· deve l opmen t i n  
c ons t ru c t i on i s  t h e  s t e e l  b e l t e d  r ad i a l - p l y  t i r e  whi c h ha s s i g n i fi 
c ant ly l ow e r  r o l l i n g  r e s i s tance  and has  b e en s hown t o  imp r ov e  f u e l  
e c onomy by 3 t o  5 p e r c e n t  o r  u p  t o 1 MP G .  

Dur i ng 1 9 7 4 , an e s t im a t e d  2 5  p e rc e n t  o f  t h e  n ew aut om o b i l e s 
w i l l  b e  e q u ip p e d  w i th r a d i a l - p ly t i r e s  and r ad i a l s  a r e  a l s o  a c 
c oun t i ng for  a s i z a b l e s hare  o f  t h e  r ep l a c ement mark e t . I f  i t  i s  
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as sumed t h a t  t h e  u s e o f  ra d i a l s  s av e s  4 p e r c e n t  ( ab out 1 / 2 MP G ) in 
te rms of fu e l  cons ump t i o n , and that  7 p e r cent  of the e x i s t ing p as 
s eng e r  c a r  f l e e t  i s  s o  equ ipp e d ,  0 . 3  p e r c e n t  l e s s  f ue l  o r  1 5  t h ou s and 
ba: r e l � p e r  day l e s s t h an no rma l r e qu i r emen t wou l d  be u s e d  for oper 
a t io n  I n  1 9 7 4  . .  I t  ap p e ar s l i k e l y  that  a b o u t  6 5  p e r c e n t  o f  t h e  1 9 7 8  
f l e � t o f  ca r s  � n us e c o u l d  b e  on r a d i a l  t i r e s  whi c h  imp l i e s  a f u e l 
s av i ng s p ot e n t i a l  o f  2 . 6 p e r c e n t  o f  p as s e ng e r  c a r  c o n s ump t i on o r  
1 5 9 thous and b ar r e l s p e r day i n  1 9 7 8 .  

' 

S i nce
_

t h � � ar e and s e l e c t i on o f  t i re s  i s  o n e  ar e a  o f  aut o de s i gn 
wher e  t h e  I nd iV I dua l  p r e s e n t ly  has  a c ho i c e , e du c a t i on a l  mat er i a l s  
could  b e  m ade av a i l a b l e  t o  d i s p lay the  ove ra l l  c o s t - e ff e c t i v ene s s  
o f  u s ing r a d i a l  t i r e s  a s  an o ff s e t  t o  t h e  h i g he r  in i t i a l  co s t . 
Howeve r ,  p r om o t i on o f  r a d i a l s in t h e  r ep l aceme n t  marke t m ay have 
a r e t a r d i n g  e ff e c t  o n  new car  pur chas e s , in o r d e r  to r e a l i z e t h e  
fu l l  bene f i t  o f  t h e  ins t a l l at i on .  

Ae r o dyn am i c  Drag  

Ae r o dynam i c  drag o r  t h e  w i nd r e s i s t an c e  p r e s e nt e d  b y  a v eh i c l e 
co n s ume s a s u b s t ant i a l  am ount o f  f ue l  at  hi g hway s p e e d s , and i s  
in f l uenc e d  by t h e  veh i c l e  s hape , i n  te rm s o f  f r ont a l  a r e a  and d e g r e e  
o f  s t r e am l in ing o v e r  i t s l eng t h . T he ad d i t i o n a l h o r s epower  r e q u i r e 
men t s  t o  ov e r c ome th i s  re s i s t ance a l s o  dep end s up on  t h e  den s i t y  o f  
t h e  a i r  a n d  var i e s  app r o x imat e ly wi th t h e  c ub e o f  t he s p e e d  o f  
t r av e l .  A s  a r e s u l t , ro l l ing r e s i s t ance , a s  p r ev i ous l y  d i s cu s s e d ,  
i s  t h e  maj or  f a c t o r  at l ow s p e e d s , b u t t h i s u s u a l l y i s  e x c e e d e d  by 
ae r o dynam i c  drag when sp e e ds o f  4 5 - 6 0  MPH a r e  a t t a i n e d  ( s e e  App end ix 
C ,  Exhib i t  I V , F i gur e 5 ) , and it cont i nu e s  to g r ow a t  g e ome t r i c  
r a t e s . 

The  r e l at i on s h i p  b e twe e n  a i r r e s i s t a n c e  and fue l e c o nomy i s  one 
r e a s o n  why sma l l e r  veh i c l e s  ( l e s s  f r on t a l  ar e a )  are  a b l e  to  s how 
g r eat e r  m i l e s p e r g al l on t h an f u l l - s i z e car s . I t  i s - a ma j o r  f a c t or 
in r ea l i z ing b e t t e r  fue i e c on omy a t  t h e  r e du c e d  s p e e d  l im i t s . Mo re 
ov e r , t h e  e leme n t  o f  a i r  drag a l s o  s e rve s t o  e xp l a i n  why w i n d  p l ay s  
an imp o r t an t  r o l e  in fu e l  e conomy , a s  even c r o s sw i n d s  d i s r up t t h e  
no rm a l  f l ow of a i r , c au s ing g r e at e r  re s i s t an c e . 

I n  a t temp t in g  t o  r e du c e  th e i n f l u en c e  o f  a e r o dynam i c  drag , t h e  
veh i c l e  m anuf a c tu_r e r s  a r e  condu c t ing w i nd t unn e l  t e s t s  t o  m i n im i z e  
t he s e  e f fe c t s  and i t  w i l l  b e come an imp o r t ant  f ac t o r  i n  f u ture  s ty l ing 
de c i s i o ns . T h e  ins t a l l a t i on o f  a fu e l  e c onomy g aug e c ou l d  a l s o  p l ay 
a p ar t  i n  t h i s e l ement  as i t  would  en ab l e  t he  mo t o r i s t  t o  mo r e  r e ad i 
l y  r e cogn i z e  t h e  e f f e c t  o f  driv ing  into  h e a d  w i nd s . 

Me a s ur i n g  t h e  cons e rvat i on p o t en t i a l ava i l a b l e  t h r oug h imp rove 
ment s i n  a i r  r e s i s t an c e  de s i gn i s  p o s s ib l e  o n l y  t hr oug h hyp o th e s i s  
b e cau s e  t h e  c o n s um e r  undo ub t e d l y  wi l l  no t a c c ep t t h e  s ty l ing d i c t a t e d  
by  t h e  op t imum s t r e am l ine con f ig u r a t i on .  Ther e fo r e , i f  i t  i s  c o n 
s e rvat ive ly  e s t imat e d  t h at 25 p e r c e n t  o f  t h e  c a r s  o n  t h e  r o ad i n  
1 9 7 8  hav e  b e en de s i g n e d  f o r  a 2 . 5 p e r c e n t  e f f i c i en cy imp r ovem en t  
due to  a l owe r drag co e f f i c i e n t , s ome 1 7  t ho u s and b a r r e l s  p er d ay 
o f  fu e l  m i g ht b e  s av e d  in rur a l  ( hi gh s p e e d) dr iv ing . 
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Eng ine  De s i g n  

Eng i n e  de s i g n  o b v i ous l y  p l ays an imp o : t ant  r o l e i � v eh i c l � 
e f f i c i ency a s  t h e  e ng ine  c onve r t s  t h e  c hem 1 c al en e r gy 1 n  g a s o l 1n e  
in t o  me c h an i c a l  e n e r g y  whi ch r e su l t s  i n  v e h i c l e  mo t i o n . Thu s , t he 
mo r e  e f f i c i e n t ly  t h i s c o nve r s i on p r o c e s s  can  b e  c omp l e t e d , t h e

_ g r e a t e r  wi l l  b e  t h e  l ev e l  o f  r e a l i z e d fue l e � onomy . Howeve r � � t 
i s  imp o r t a nt t o  n o t e  thq t imp rovem ent s in t h1 s ·  p r o c e s s  a re l 1m 1 t e d  
by a numbe r o f  f a c t o r s  in c lud ing fr i c t i on ,  f l ow r e s i s t an c e s  and 
the b a s i c  l aws o f  t h e rmo dynam i cs , and mo s t  o f  t h e  av a i l ab l e  e nergy 
is  l o s t  in  t h e  f o rm of  was t e  heat . 

De sp i te t h e  f ac t  t hat onl y 1 0 to  2 0  p e r c e n t  o f  t h e  o r i g inal  fue l 
e ne rg y  i s  ava i l ab l e  t o  p r op e l  the  ve h i c l e and op e r a t e  a c c e s s o r i e s , 
var i a t i o ns i n  e ng i n e  d e s i g n  p a rame t e r s  can h av e  s i g n i f i c an t  imp act  
o n  v e h i c l e  e f f i c i ency and , d i s r e g a r d i ng any  c h ang e in  the  num b e r  o f  
cyl i nd e r s , comp r e s s i on r a t i o s  a n d  eng i ne d i s p l a c emen t a r e  two o f  the  
mo re s i g n i f i cant e l eme nt s o f  d e s i g n . 

P r ep ar a t o ry t o  t h e  i n t r o duc t i on o f  c a t a l y t i c  exhau s t  s y s t ems 
for em i s s i o n s  c o n t r o l  and the app a rent n e e d  f o r  l e ad - f r e e  fue l , the 
comp r e s s i on r at i o  o f  eng in e s  i n  p a s s eng e r  car s s t ar t e d  t o  d e c l ine 
w i t h  t he i nt r o du c t i on o f  1 9 7 1  m�de l s . T hi s r edu c t i on ,  �c c o rd ing  
t o  Env i r onme n t a l  P r o t e c t i on Ag ency ( E PA )  ana ly s i s , h a s  r e s u l t ed in 
a fue l e c o nomy l o s s  o f  ab out 3 . 5 p e r c ent as comp ar e d  to p r e v i o u s  
mo de l s  a n d  o th e r  e s t ima t e s  r ang e up t o  an 8 p er c e n t  e c onomy l o s s . 
Te chn iqu e s  t o  r e s t o re comp r e s s i on ra t i o s  wi t hout  inc r e a s i n g  e ng i n e  
o ct ane  r equ i r em en t s  a r e  un de r i nve s t ig a t i on and c ou l d  r e s u l t  i n  
fut ure e c o nomy imp roveme nt s . A s  thi s � s p e ct  o f  d e s i g n  i s  s o  c l o s e ly 
r e l a t e d  t o  em i s s i on s  c o n t r o l , the fu e l  c on s e rv a t i on e ff e c t s  o f  any 
c omp r e s s i on chang e i s  d i s cus s e d  in t h e  e m i s s i on s  s e c t i on in t hi s  
r ep o rt , w he r e  i t  i s  e s t im a t e d  t h a t  p o t en t i al fue l s av ing s o f  a s  
mu ch a s  1 1  p er c e n t  a r e  p o s s ib l e b y  r e turn i n g  t o  h i g h  c omp r e s s i on 
r at io  e ng i ne s . 

T h e  s i z e  o f  an e ng i ne , i n  t e rms o f  d i s p l a c em e n t , h a s  a b e a r ing 
on  veh i cl e  fue l e co nomy , but the r e l a t i o n s hip i s  v e r y  c omp l ex an d 
wou l d  r eq u i r e  c o n s i de r ab l e  do cume nt a t i on . Mo r e ov e r , . p r a c t i c a l  l im i t s  
o f  eng ine s i z e  r e duc t i on are  di f f i cu l t  t o  e s t ab l i s h  a s  v e h i c l e  p e r 
f o rman c e  us ua l ly de t e r i o r a t e s , and c on s id e r ab l e  t ime an d c o s t s  wou l d  
b e  inv o lve d f o r  r e v i s ing aut o  indus t ry p r oduc t i on c ap ab i l i t i e s . 
R e c o gn i z i ng t h a t  e x c ep t i o ns to  many o f  t h e  s t a t ement s w o u l d  b e  p o s 
s ib l e , t h e  f o l l ow ing br i e f  d i s cus s i on i s  p r e s e n t e d  a s  a g ene r a l  evalu 
a t i on o f  t h e  c o n s erv a t i on e ffe c t s  o f  r e du c e d  eng i n e d i s p l a c eme n t . 

When two i dent i ca l  veh i c l e s  a re op e ra t ed und e r  i dent i c a l  c on 
d i t i ons , t h e  v e h i c l e  wi th a sm a l l e r  di s p l a c emen t eng i n e  w i l l  u s ua l l y 
exhi b i t  b e t t e r  fue l  e c onomy , but l e s s  a c c e l e r a t i on c a p a b i l i ty .  T h i s  
c o nd i ti on r e s u l t s  b e c au s e t h e  smal l e r  eng ine  w i l l  b e  r e qu i r e d  t o  
op e r a t e  ne a r e r  i t s  op t imum l o ad l im i t  (whe r e  i t  i s  mo r e  e ff i c i e n t ) 
t han t h e  l arg e r  eng i n e . However , when t h e  s ma l l e r eng i n e  i s  t ax e d  
t o  i ts fu l l e s t  c ap ab i l i ty ,  i t  b e c ome s dramat i c a l l y  l e s s  e f f i c i en t  
an d t h e  l arg e r  eng ine then s h ow s  g r ea t e r  e f f i c i ency b e c au s e  i t  i s  
op e rat i ng c lo s e r  t o  i t s  o p t imum l eve l . T h i s op t imum l o ad de t e rmina 
t i on canno t b e  g ene r a l i z e d  b e c aus e i t  d e p e n d s  o n  many o t he r  f a c t o r s  
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i nc l uding c arbur e t io n , i gn i t i on c o n f i g ur at i o n , a x l e r a t i o , e t c . 
F o r  examp l e , i n c r e a s e d  d i s p l acem en t wi l l  a l l o w  t he u s e  o f  a nume r i c a l 
ly  l ow e r  ax l e  r a t i o  whi c h  usual l y  r e s ul t s i n  imp r o v e d  e c onomy wh i l e  
mainta ining  an e q u iva l e n t  l eve l o f  v e h i c l e  p e r f o rman c e . 

P r ac t i c a l  c on s i de ra t i on s  i n  r e duc i ng eng i n e  s i z e  f o r e c onomy 
imp r o v emen t ,  whi l e  g e ne ra l l y r e duc i ng v e h i c l e  p er forman c e , i n c l ude 
con s ume r a c c ep t anc e , t he t ime and c o s t r equ i r e d  f o r  chang ing indu s t ry 
p r oduc t i on cap a b i l i ty ,  e f fe c t s on em i s s i on c o n t r o l s , and p e r formance  
requi rem en t s  d i c t a t e d  by a s p e c t s  of  s af e t y , e . g . , g r ad e  c l imb ing an d 
p as s ing ab i l i ty .  S i nc e i t  i s  t o o  l a t e f o r any e ff e c t  i n  1 9 7 4  and a s  
o n l y  s ub j e c t i ve r e l a t i on s h ip s  h ave b e e n  f o und t o  s ub s t an t i a t e  
t h e s e  c o nc lu s i on s , i t  i s  r e a s onab l e  t o  a s s um e  t ha t  a 1 0  p e r c en t  
r e duct i on in  d i s p l a c emen t c o u l d  b e  p h a s e d - in ov e r  t h e  1 9 7 6 - 1 9 7 8  
p e r i o d  ( a c r o s s  t h e  ent i r e  p ro du c t i on l ine ) w i t ho u t  i nf l i c t i n g  a 
s ever e imp a c t . B a s e d  on  th e s e  as s ump t i on s  ( s e e  App e nd i x C ,  E x h i b i t  
I V ,  Au t o  D e s i gn C ompu ta t i ons ) a fue l s av i ng s o f  3 7  t h o u s and b ar r e l s  
p e r day c ou l d  b e  r e a l i z e d  i n  1 9 7 8  t h r o u g h  e ng i n e  d i s p l a c ement r e 
duc t i o ns . 

Dr ive L i n e  

T h e  dr ive l in e  o f  a n  automob i l e c ons i s t s  o f  a l l v e h i c l e  c om 
p onen t s  ne c e s s a ry t o  t r ans fo rm eng i n e  powe r t o  v eh i c l e  m o t i o n  an d 
i n c l ude s t he t r an smi s s i on , drive  s haft  a s s emb l y ,  r e ar ax l e  a s s emb ly , 
whe e l s and t i r e s . The dr ive l in e  a ff e c t s  t h e  fue l e c onomy o f  a 
vehi c l e  in  t e rm s  o f  fr i c t i on l o s s e s  i n  e a c h  comp on e n t  ( s e e  ' ' R o l l ing 
R e s i s tan c e " ) and in t he r e l a t i o n s h ip b e twe e n  eng ine  and ve h ic l e  
s p e e d s  wh i c h i s  c o n t r o l l e d  p r ima r i l y  b y  t h e  t r an sm i s s i on and r e ar 
ax l e  r a t i o . A l t h o ug h the  transm i s s i on and r e ar ax l e  are t he m aj o r  
comp onent s o f  t h e  dr ive l i ne and th e t o p i c s  o f  t h e  f o l l ow ing d i s 
cus s i on ,  i t  s houl d b e  no t e d  t h a t  they  fun c t i on wi t h  t h e  eng i n e  a s  
an i nt e g r a l  un i t  and any s i g n i f i cant chang e in  o n e  e l em e n t  g en e r a l l y  
d i c t a t e s  s ome m o d i f i c a t i on o f  t he o the r s . 

W i th thi s qual i f i c a t i on ,  th e u s e o f  a u t om a t i c  t r an s m i s s i on s , 
a s  c omp ar ed w i t h  manual typ e s , r e s u l t s  in s i gn i f i ca n t  e c onomy l o s s e s  
when th e e ng ine  an d r e a r  ax l e  r a t i o  a r e  i dent i c a l . Due  t o  s l ippag e 
in t r an s m i s s i o n  t o r qu e  c o nv e r t e r s , up t o  a 1 0  p er c en t  fue l u s a g e 
p ena l ty h a s  b e e n  o b s e rve d at s t e ady h i g hway s p ee ds and a s  mu c h  a s  
a 1 5  p e rc e nt e co nomy l o s s ex i s t s  i n  u rb an t r a f f i c  s i tuat i ons. 

P r o b a b l y  7 0  to 8 0  p e r c ent  o f  the c a r s  on t h e  N a t i on ' s h i g hway s 
ar e e q uipp e d  w i th automat i c  t r an s mi s s i on s  and m any p e o p l e  h av e  never  
dr iven w i th the  man u a l  typ e or  h ave e xp e r i en c e d  t r o ub l e  i n  mas t e r i ng 
i t s  op e r a t i on .  A s  a r e s u l t , r e v e r s i on t o  m anu a l  op e r a t i o n  i s  que s 
t i onab l e  fr om a p ra c t i ca l  s t andp o in t and c o u l d  g en e r at e  s a f e t y  p r o b 
lems  du r i ng any t r a i n i ng p ro c e s s .  

Al t ern at e , mo r e  e ff i c i ent , aut omat i c  t r an sm i s s i o n  d e s i g n s  ar e 
un de r s t udy an d dev e l opment , and th e au t o  indu s t ry wi l l  undoub t e dl y 
in t ro du c e  t h e s e chang e s  a s  s o on a s  cap ab i l i t y  p erm i t s . I t  s e ems  
r ea s o nab ly ce r t a in t hat  s ome imp rov ement  in  au t oma t i c  t r an sm i s s i on 
p e rf o rman c e  wi l l  b e  r ea l i z e d  by 1 9 7 8 , b u t  t h e  e ff e c t  o n  fu e l  c o n -
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sump t i on i s  p r e s en t l y  un ce rt a i n . I f  fu e l  e f f i c i en c y  g a i n s  o f  2 
p e rc e n t  c o u l d  b e  r e a l i z e d  throug h  t r an s m i s s i on imp r ov emen t s  in t h e  
1 9 7 7  an d 1 9 7 8  mo de l y e a r s , t h e  to t a l  fu e l  s av ing s c ou l d  amo un t  t o  
abo ut 2 4  t h ous and b arr e l s  p e r  day in  1 9 7 8 .  

T h e  o t h e r  dr iv e l i n e comp on e n t  hav i ng an i n f l u e n c e  o n  fue l 
e c on omy i s  t h e  r e ar ax l e  r a t i o , i . e . , t h e  numb e r  o f  t im e s t h e  dr ive 
s h af t tu rn s f o r  e a ch r evo l u t i on o f  t he p r op e l l i n g  whe e l s . On a 
nume ri ca l b a s i s , th i s  r e l a t i on s h ip r ang e s  f r om a b o ut 2 . 2 5 t o  3 . 7 5 
f o r  t o d ay ' s  dome s t i c a l l y p ro duced au t omo b i l e s, and op t i o n s  wi t h in 
t h i s rang e a r e  o ft e n  ava i l a b l e  t o  t h e  pur c ha s e r o f  a new c a r . ( S ome 
manuf a c t ur er s  g iv e  thr e e  or mo r e  c h o i c e s  l ab e l e d  as e c onomy , s t and 
ard , o r  p e rf orman c e  r a t i o s . ) 

G e ne ra l ly ,  a nume r i ca l l y  l owe r  ax l e  r a t i o  wi l l  r e su l t  in b e t t e r  
fue l e c onomy when a l l  o t he r  f a c t o r s a r e  e qua l b e caus e t h e  eng ine  
run s s lowe r f or a g iven v e hi c l e  s p e e d . In  s imp l e  t e rm s , t h i s t ends  
to  p r oduce b e t t e r fue l e co nomy un t i l  t h e  eng ine  run s s o  s l ow l y  t ha t  
i t  l ug s  o r  i s  t a x e d b y  i n s uf f i c i e n t  momentum . T hus , fue l e c onomy 
cann o t  b e  t h e  o n l y  c o n s i de r a t i on in e s t a b l i s h ing a mo s t  de s i r ab l e  
ax l e  r a t i o  a s  a ba l an c e  mus t b e  ma in t a in e d  f o r  h i g h  an d l ow s p e e d  
e c onom i e s  and a c c e l e r a t i on r e s p on s e . 

I n  t h e  futur e i t  i s  con c e i vab l e  tha t t he " s t an d a r d" ax l e  r a t i o  
c o u l d  b e c ome t h e  " e conomy"  r a t i o  known t o d ay . A 1 0  p e r c e n t  r e duc 
t i on in r a t i o  on  n ew mode l s  wou l d  c aus e a 3- 5 p e r c e n t  l o s s i n  a c 
ce l e r a t i on and about  a 2 . 5  p e rc ent g a in i n  e ff i c i en c y . P r ov i d e d  
s uch a c hang e i s  p h a s e d - in dur ing t h e  p e r i o d  t o  1 9 7 8 , a p o t en t i a l  
fue l s av ing s  o f  4 5  t hou s and b a rre l s  p e r day cou l d  r e s u l t . 

Ve hi c l e A c c e s s o r i e s  

Ve h i c l e  a c c e s s o r i e s  r e f er s b r o ad l y  t o  a l l  c omp o n en t s  t hat  r e 
qui r e  p owe r f o r  op e rat i o n  but may n o t  b e  e s s ent i a l  t o  v eh i c l e mot i on .  
Almo s t  a l l  o f  t h e s e  dev i c e s  r e qu i re m e ch an i c a l  o r  e l e c t r i c a l  p ow e r  
whi c h  i s  or i g i n a l ly  d e r ived  f r om t h e  fue l , a n d  c on s e quent l y , t h ey 
h ave  an i n f l u e n c e  on t h e  veh i c l e ' s  op e r a t ing  e f f i c i ency . S ig n i f i c ant 
amo un ts of fue l ar e con s um ed in t h e  o p e r a t i on o f  t h e  e ng i n e  f an , 
a lt e rn a to r , p o w e r  s t e e r i ng pump , em i s s i on c on t r o l  a i r p ump , and a i r  
c ond i t io n i ng s y s t em s , p lus the e c onomy p en a l t i e s  t h a t  a r e  a s s o c i a t e d  
w i t h  t he i r  �dd i t i o n  t o  veh i c l e  we i g h t . 

T h e  p owe r r e qu i r em en t s  for n e ar l y  a l l  o f  t he s e  a c c e s s o r i e s  
g e nera l ly i n cr e as e  i n  d i r e c t  p rop o r t i o n  t o  eng i n e  s p e e d  whi l e  t h e  
p e ak deman d f o r  t h e  a c ce s s o r y  u sua l ly o ccur s i n  u r b an t yp e , l ow 
spe e d  ve h i c l e  op e r at i on . A numb e r  of  a l t e rn a t i v e s  a r e  unde r  
s t udy t o  c ons e rve t h e  e xc e s s  fue l r e q u i r e d  a t  h i g he r  s p e e d s . One 
o bv i o us s o l u t i o n  i s  the  temp e r atur e cont r o l l e d  e ng ine  fan whi c h  
fun c t i ons  o n ly when n e e d e d - - an d  r a r e ly  a t  h i g hway t r av e l s p e e d s . 

O f  a l l  t h e  a c c e s s or i e s , v e h i c l e  a i r  c ond i t i o n i n g  imp o s e s  t h e  
mo s t  s eve r e  p en a l ty on fu e l  e con omy , a s  s hown o n  Ta b l e  9 .  
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TABLE 9 

ESTIMATED FUEL CONSUMPTION 
BY MAJOR VEHI CLE ACCESSORIES 

(Miles Per Gallon ) 

Relat ive Oper at ing 
Speeds 

Low High 

Air Cond i tioning ( Operat ing ) 2 . 0  1 . 0  

Al ternat or (Par tial Load) 0 . 6 0 . 4  

Engine Fan 0 . 1  0 . 5  

Power S teer ing 0 . 1  0 . 4  

I t  i s  in t e r e s t ing  t o  no t e  tha t the s e  a c c e s s o r y  fue l c o s t s , when 
comb i ne d ,  amount to a b ou t  2 . 5  MP G or n e a r l y  2 0  p er c e n t  o f  t h e  n at i o n 
al ave r ag e  ra t e  o f  m i l e s p e r g a l l on .  Howeve r ,  a numb e r  o f  th e s e  
i t em s ( f an , a l t e rn at o r , e t c . )  ar e e s s en t i a l  t o  v eh i c l e  op e r a t i on and 
mu s t  r e l y  on t e chno l o g i c a l  advanc em ent for e f f i c i en c y  g a i n s . P owe r  
s t e e r i ng and o t h e r  e l e c t r ica l conven i e nc e s , such  a s  p ower  windows  
may b e c om e  l e s s  imp o r t ant to  the  con s umer  if  h e  c o n t inue s to  s h i f t  
t o  sma l le r ve h i c l e s .  N ew t e chno l ogy  i n  a i r  c ori d i t i o n ing c omp r e s s or s  
( th e  maj o r  p ow e r  u s e )  an d a l t e rna t iv e  c oo l in g  s y s t em s  a r e  b e ing 
s tudi ed  and imp r ov em en t s  may b e  for t h c om in g . 

A l t ho ug h  h i g h l y  s ub j e c t iv e  and d i f f i c u l t  t o  quant i fy o n  an i n 
div i du a l  a c c e s s o ry b a s i s , th e s e  dev i c e s  h ave s u c h  a s ig n i f i c ant 
imp ac t o n  au t o mo t ive  fu e l  consump t i on t h at c o n s i de rab ly  mo r e  a t t en 
t i on w i l l  undo ub t e d l y b e  f o cu s e d  up on t hem . I f  ac c e s s o ry o p e r a t i ng 
e ffi c i e ncy i mp ro ve me n t s  as s mal l as 5 ,  7 - 1 / 2 an d 1 0  p e r c e n t  c an b e  
ach i e ve d  o ve r  t h e  1 9 7 6 - 1 9 7 8  mo de l y e ars , re s p e c t i ve ly , t h e  p o t e n t i al 
fue l s avings  coul d amo un t  t o  2 5  t h o us an d b arre l s  p e r  day in  1 9 7 8  
( s e e  App endi x C ,  E xh i b i t  I V , Aut o De s i gn C o mp ut at i o n s ) .  

VEH I C LE MA I NTENANCE  

Th e au t omob i l e manufa c t u r i ng indu s t r y  h a s  an o u t s t an d i n g  c ap a 
b i l i ty i n  t e chno l o gy , mas s p ro duct i o n  me th o d s , qua l i ty c o n t r o l an d 
marke t i ng .  Al l o f  t h i s  e xp e r t i s e  t e rm inat e s , h oweve r ,  when t h e  
ve h i c l e  t i t l e  i s  t r an s fe r r e d  from the  dea l e r  t o  p r i v a t e  owne r ,  who 
obvi ous ly vi ews t h e  ve h i c l e  from a much d i f fe r e n t  van t a g e p o i n t . 
The  ind i v i dua l , wh i l e  b a s i c a l ly con c e rn e d  w i t h  t h e  t ransp o r t at i on 
he h as p ur chas e d , mu s t  now we i gh t h e  t r ad e - o ff b e twe e n  o p e r a t i n g  
and ma i nt enan c e  c o s t s  a s  i n f l uen c e d  b y  h i s  rat e o f  mi l e ag e  a c cumul a 
t i on a n d  t h e  p r ac t i c a l  e c onomi cs o r  emo t i on a l  wh im ( a s  t h e  c a s e  may 
app l y )  o f  t r a d i n g  fo r an o the r n ew ca r .  

De s p i t e  t h e  l en g t h  o f  own e r s h i p  o r  m i l ea g e , t h e  automob i l e 
own e r  can imp rove  t h e  fue l e co nomy o f  hi s ve hi c l e  t h r o u g h  b e t t e r  
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ma i n t e n an ce , an d by o b t a in in g  r e gu l a r tune - up s  a s  r e c omm en de d b y  
the m anufa ctur e r . A s i de from t h e  n o rma l t un e - up i t em s  o f  c h e c k i n g  
c ar bure t io n , s p a rk p l ug s , d i s t r i b ut o r  p o i n t s , a i r  c l e an e r  e l emen t s , 
e t c . , i t  a l s o  s e rve s t h e  mo t o r i s t , in  t h e  i nt e r e s t  o f  b e s t  e c onomy , 
t o  k e e p  t h e  t i r e s  p rop e r ly in f l a t e d and front  whe e l  a l i gnm e n t  ch e ck e d  
f o r  p rop e r  a t t i t ude . A s  e x amp l e s  o f  t h e  fue l e c onomy i n fl u e n c e  o f  
s ome va r i ab l e s , r e t a r d e d  en g i n e  s p a rk t im i n g  o f  5 d e g r e e s f r om 
sp e c i f i c a t i on can c aus e a 1 MP G lo s s ; a s p ark p lu g  m i s f i r i ng o n l y  
h a l f t h e  t ime a t  6 0  MPH can r e duce fue l e c onomy by 7 p er c e nt ( 0 . 5  to  
2 . 0  MP G ) ; unde r i n f l a t i on o f  t i r e s inc r e a s e s  r o l l i n g  r e s i s t an c e  and 
t i r e  we a r , and c an l ow e r  fue l e c onomy by  as much as 1 MP G ;  and , 
imp r op e r  front  whe e l  a l i gnmen t  ( to e - i n )  o f  on l y  1 / 4 i n c h  c an e f fe c t  
a l o s s  o f  . 2 t o  . 4 MP G , b e s i d e s  c aus ing ex c e s s ive t i r e  we a r . 

The  t yp i c a l  manufac t u re r s  ma int enan c e  s che dul e v ar i e s  b u t , o n  
t h e  ave rag e ,  s e ems t o  c a l l for  tune - up s e rv i ce s  a t  ab out  1 2 , 0 0 0 
mi l e s o r  a t  annua l i nt e rv a l s . Un fortuna t e l y , t h e r e a r e  n o  s t a t i s t i c s  
t o  r eve a l t h e  p e r c e n t a g e  o f  comp l i an c e  w i th t h e s e  r e c ommen da t i o n s  
an d ,  a s  a r e su l t , no p r e c i s e  me thod f o r  e s t i ma t i on o f  t h e  fue l 
s av i ng s  t h a t  c o u l d  b e  a c h i eve d through g r e a t e r  o wn e r  p a r t i c i p a t i on .  
A r e a s onab l e  an d con s e rvat ive b a s i s  f o r  e s t ab l i s h i ng a hyp o th e t i c al 
s c e na r i o  of s av i n g s  p o t ent i a l through imp roved  m a i n t en an c e , a s sume s 
t h a t  h a l f o f  t h e  c ar s  and (non - comme rc i a l ) l i g h t  t rucks  c o u l d  e x 
h i b i t  a mo de s t  5 . 0 p e r c e n t  in c r e a s e i n  e ff i c i en cy t hrough  an annua l 
tun e - up . Unde r t he s e  cond i t i on s  s av i ng s p o t en t i a l s o f  1 4 2  and 1 7 4  
thous and b a r re l s  p er day m i ght b e  a ch i eved  i n  1 9 7 4  an d 1 9 7 8 , re 
sp e c t i ve ly . 

Gene ral ly , t h i s  p rop e r  ma i n t en an c e  i s  n e g l e c t e d  b y  t h e  auto 
owner due to  fa c t o r s  s uch a s  inconve n i e n c e , h i g h  i n i t i a l  c o s t , d i s 
s a t i s fa c t i o n  w i th p r e v i ous  s e rv i c e , i gno rance , o r  s imp l e  d i s i n t e re s t . 
Ab s o lu te adhe rence  t o  a p re s c r ib e d  ma i nt enan c e  s c he dul e i s  l i k e ly 
to  b e  a c c o mp l i s h e d  only  unde r s ome f o rm o f  mand a t o ry c on t r o l ; how
eve r ,  t h i s imp l i e s  a type of  " p r o o f o f  s e rv i c e " o r  i n sp e c t i on p ro 
ce dure wh i ch c o u l d  b e c ome ve ry co s t l y i f  c on s i de re d  o n  fu e l  s av i n g s 
m e r i t a l o ne . F o r tun a t e l y , p as t  s t ud i e s  h av e  g iv en s t r ong  e v i dence  
t h a t  imp ro ved l e v e l s  of  ma i n t e n an c e  enhan c e  fue l e c onomy wh i l e l ow 
e r ing  t h e  l ev e l  o f  em i s s i ons . The r e fo r e , an  e f f i c i ency  c o n t r o l  
s t r a t e gy coul d e a s i ly b e  coup l e d wi th a n  em i s s i o n  i n sp e c t i o n  p ro 
g r am ,  wh en and i f  th e l at t e r  i s  de t e rm i n e d  a s  n e c e s s a ry on a 
n a t i ona l s ca l e . 

I n  t e rms o f  c o s t s , a tune - up p r o c e du r e  f o r  a l l  v e h i c l e s  
p re s en t l y o n  t h e  r o a d  w ou l d  app roach  $ 5  b i l l i on a t  a c o s t  o f  $ 4 0 
p e r un i t . G r e a t e r  t h an annua l frequency f o r  t h i s ma i n t enan c e  h a s  
b e en sug g e s t e d , b ut s ome s t udi e s  conc l ude t h a t  t h i s w ou l d  b e  an 
ext ravagant ventur e .  Aft e r  a comp l e t e  t un e - up , v e ry l i t t l e  e c onomy 
or p e r f o rman c e  d e t e r i o r at i on i s  found t o  o c cur du r i n g t h e  f i r s t 
5 , 0 0 0  m i l e s  o f  dr i vi ng . S i nce t h e  ave r a g e  v e h i c l e  t r ave l s  ab out 
1 0 , 5 0 0  m i l e s p e r y e a r , a more  inten s i f i e d  ma i n t enan ce p ro g r am would 
no t b e  c o s t e ff e c t i v e  un l e s s  fue l e conomy c ou l d  b e  i mp r o v e d  b y  1 9  
p e rc e n t  o r  un t i l  t he p r i c e  o f  fue l r o s e  t o  $ 3 . 4 8 p er g a l l o n - - ve r y  
unr ea l i s t i c  cond i t i ons  ( s e e  App endix C ,  E x h i b i t  V ) . 

F r om a fue l e co nomy and emi s s i ons s t andp o i n t , a p r op e r  ma i n 
ten an c e  s t ra t e gy y i e l ds b e ne f i t s  but imp o s e s  c o s t b u rd e n s  o n  
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mo to r i s t s  who have n o t  ma i n t a i ne d  t h e i r  c a r s ,  and on g o v e rnm e n t  for  
en f o r c em en t t e chn i q u e s . Whi l e  adop t i on o f  s uc h  a p ro g r am wou l d  add 
bus i n e s s  for t h e  ve h i c l e  s e rv i c e indu s t ry ,  the  l a t t e r  may n ot b e  
p r ep a r e d  t o  c op e  w i t h  s uch an i n f l ux o n  s h o r t  no t i c e . E du c a t i o n o f  
mo re  s e rv i cemen and add i t i o na l d i a g no s t i c  e q ui p men t wou l d  b e  r e 
qui r e d  t o  a ch i ev e  m ax i mum b e ne f i t . 

S u c h  a ma i n t en an c e  s t r a t e gy h a s  t h e  d i s a d v an t a g e  o f  d i s c r i m i 
n a t in g  a g a i ns t l ow i n c ome i n d i v i dua l s , as  t h o s e  p e r s o n s  own i ng o l de r 
veh i c l e s  o f  l ow v a l ue wo u l d  b e  f a c e d  w i th d i s p r op o r t i on a t e ,  a n d  un 
do ub t e d l y  b ur de n s ome c o s t s . Thus , a s  ma i n t enan c e  c o s t s  i n c r e a s e, 
t h e  mo t o r i s t  wo u l d  have  t o  b a l an c e  th i s  c o s t w i t h  t h e  t ru e  d e p r e c i a 
t e d  v a l ue o f  h i s  ve h i c l e . Ove r a l l ,  i t i s  d o ub t f u l  t h a t  any manda t o ry 
ma i n t en a n c e  p r o g ram c o u l d  b e  j u s t i f i e d  s o l e ly on a c on s e r vat i o n  or  
c o s t - e f f e c t i v e n e s s  app r o a ch , but  th e s ub j e c t i v e va l u e s  o f  l ow e r  
em i s s i o ns a n d  b e t t e r  ve h i c l e  p e r fo rman c e  w o u l d s e rv e  a s  favo r a b l e  
mo di f i e r s . 

VEH I CL E  C HAN G E S  ( SMA L L E R  CARS ) 

Many f a c t o r s  o f  ve h i c l e  de s i gn ,  dr ive r b e hav i o r ,  an d v e h i c l e 
u s e r e s t r i c t i on s  h av e  b e en d i s cus s e d  i n  t e rm s  o f  a c h i e v i ng g r e a t e r  
fue l  e ff i c i en cy a n d / o r  t h e  c o n s e rv a t i on o f  fu e l ,  b ut i t  i s  r e a l l y  
t h e  b uye r o f  ve h i c l e s  w h o  i s  i nd i r e c t ly i n  c on t r o l  o f  t h e  e n t i re 
s i t ua t i on .  T h e  aut omob i l e i n dus t ry , d e s i r i ng t o  s e l l  n ew c ar s ,  
mu s t  p r o du c e  app r o x imat e l y what t h e  c o n s ume r wan t s  t o  b uy o r  f a c e  
th e unc e r t a i n t i e s  o f  l o s t  s a l e s . Un f o r tuna t e ly,  t h e  c omp l ex p ro 
duc t i on t e chn i q u e s  t h a t mus t b e  emp l oy ed t o  s e rve a v a s t  n umb e r  o f  
c o n s um e r s  a r e  h an d i c app e d  b y  a l a c k  o f  imm e d i a t e  f l e x i b i l i t y wh i ch 
r e s u l t s  i n  a t ime l a g f o r  t h e  s a t i s fa c t i o n  o f  wha t e ve r  p r e f e r e n c e  
i s  e xp r e s s e d  i n  t h e  m a rke t p l a c e . Th e  d e l ay i n  me e t i n g  t h e  r ap i dly 
g r ow i ng c o n s ume r d e ma n d  fo r sma l l e r  c a rs w a s  a p r ime e x amp l e  of  t h i s 
s i t ua t i on .  

F o r a numb e r  o f y e a r s  t h e sma l l  imp o r t e d  c a r s  h av e  h e l d  b e twe en 
1 2  and  16  p e r c e n t  o f  the  marke t f o r  n e w  c ar s a l e s . I n  r e c o gn i t i on 
o f  t h i s  c o ns um e r  a t t i tude,  t h e  e ar l y  1 9 7 0 ' s  s aw t h e i n t r od uc t i o n  
o f  n ew dome s t i c  s ub - c o mp ac t  m o de l s  whi c h  h av e  c ap tur e d  a n  i n c r e a s i n g  
s har e o f  t h e  m a r k e t .  S i nc e 1 9 7 0 , when s ma l l c a r s  ( c omp a c t ,  s ub 
c omp a c t ,  and imp o r t s ) a c c ount e d  fo r 2 9 . 6  p e r c e n t  o f  s a l e s ,  c o n s ume r 
p r e fe r e nc e  i n f l u en c e d  by h i g h e r  fu e l  p r i c e s  an d fue l s ho r t a g e s  h a s 
p u s he d  t h e  sm a l l c ar s h a r e  o f  m a r k e t t o  m o r e  t h an 4 5  p e r c e n t . Re 
c e nt deman d f o r  s ma l l  v e h i c l e s  h a s  r i s e n  s o  r ap i d l y  t h a t  s a l e s a r e  
s upp ly l im i t ed,  and i t  i s  e s t i ma t e d  t h a t s ome 4 6  p e r c e nt o f  t h e  
n ew c a r  b uy e r s  w i l l  e xp r e s s  a p r e fe r e n c e f o r  t h e s e  sma l l e r  c a r s 
duri ng 1 9 7 4  ( s e e Ap p e n d i x  C ,  E x h i b i t  V I ,  F i gu r e  6 ) . 

The p o int  o f  mark e t  s a t u ra t i on f or t h e s e s ma l l e r  c a r s  d e p e n d s  
o n  m any f a c t o r s s uch a s  v eh i c l e  p r i c e s ,  f u e l ava i l ab i l i ty and t h e  
fu tu re s t a t e  o f  t h e  g e ne ra l  e c o nomy . C o n s um e r  a c c e p t a n c e  o f  t h e  
smal l e r c ar s e em s  w e l l e s t ab l i s he d  s o  t h at t h e  i n t en s i ty o f  t h e  
s h i f t  b e c om e s  h i g h ly dep e n d e n t  o n  au t o  i n du s t ry m anuf a c t u r i n g  c ap a 
b i l i ty .  T he t r end o v e r t h e  p as t  4 y e a r s  ( 1 9 7 0 - 1 9 7 4 ) i n d i c a t e s  an 
ab s o l ut e  y e ar l y  g a i n  o f  4 . 1 p e r c e nt in m a rke t s h ar e  f o r  t h e s e  s ma l l e r 
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c a r s, and b as e d  o n  i n du s t ry e f for t s  t o  exp and p ro duc t i on fa c i l i t i e s , 
i t  i s  de e me d  r e a s onab l e  t h at t h i s  g r owth c ou l d  p re v a i l t h r o ug h  1 9 7 8 . 
On t hi s  b as i s ,  1 9 7 8  s ma l l car s a l e s  wo uld  ho l d  6 2 . 4 p e r c e n t  o f  t h e  
marke t  a n d  wou l d  r ep r e s ent  4 0 . 3  p e r c e nt o f  t he p a s s eng e r  c a r  f l e e t 
( s e e  App en d i x  C ,  E x h ib i t  V I  fo r me thodo l o gy ) . 

The marke t fo r c e s i n  favo r o f  t h e  s ma l l e r  c a r  h ave s e rve d  t o  
h o l d  ave r ag e  p as s eng e r  c ar fue l e c onomy a t  a r e l a t ive ly  c o n s t an t  
r a t e ove r t h e  p as t  few y e ars . Ac c o r d i ng t o  ca l cu l at i on s  ( s e e  
App end i x  C ,  E xh i b i t  V I ) , t h e s h i f t  t o  s m a l l e r  c a r s  o c cur r ing b e twe en 
1 9 7 2  and 1 9 7 4  is  p r o b ab ly r e s pons i b l e  fo r  r e du c i ng 1 9 7 4  fue l r e qu i r e 
men t s  by  ab out  7 3  thous and b arr e l s p e r  d ay . I f  t h e  sma l l  c a r  g rowth 
t r end cont i nue s as  p r ev i o u s ly  e s t ima t e d  ( g r ow i n g  to 4 0 . 3  p e r c en t 
of  t h e  1 9 7 8  f l e e t ) , t h e  app arent  fue l s av ing s c ou l d amoun t t o  3 6 1  
thous and b a rr e l s  p e r day . 

P r ov i d e d  t h e  p r e s en t  cons i de ra t i o ns p romp t in g  t h e  s a l e  o f sma l l  
c a r s  c o nt i nue t o  p r e va i l , consum e r s  w i l l  und o ub t e d l y  p er s i s t i n  de 
mand i ng a s  many o f  t h e  e f f i c i ent  v e h i c l e s  a s  t h e  i ndu s t ry c an p r o 
duc e . H o weve r ,  t h i s  g iv e s  r i s e  t o  comp l i ca t i on s  i n  t h e  fo rm o f  
hi gh cap i t a l  co s t s fo r t h e p ro duct i o n  chang e ov e r , emp l o ym e n t  and 
p ro duc t i o n cur t a i lmen t dur i ng the c o nve r s i on p ro c e s s , and the p o t en 
t ia l  l o s s  o f  s om e  o f  t h e  p r o f i t  ma rg i n  whi ch i s  g r e at e r  o n  t h e  l a rge  
car . Mo r e ove r , the  o ve r a l l ave r ag e  p r i c e for  n ew c a r s mu s t  be  
ma i nt a i ned a t  l e as t  a t  p re s en t  l ev e l s  i f  the  in du s t r y  i s  to  g en e r a t e  
s uf f i c i e n t  fun ds for  t h e  c onve r s i on t o  sma l l  c ar s . A s  m i gh t  hav e 
b e en an t i c ip at ed , t h e  c o n s ume r i s  s h owing g r e a t e r  t en d e n c i e s  t o  
e quip t h e  s m a l l e r  c a r  wi th p r o f i t ab l e  op t i on s  wh i c h  s h o u l d  a i d  the  
i ndu s t ry . Howeve r ,  t h i s  de t ra c t s  fr om t h e  h i g her e ff i c i e ncy o f  t h e  
� m a l l e r  c a r  by addi ng we ig ht  an d eng i ne l o ad .  T h e r e  i s  a l s o  an 
a s p e c t  o f  s a fe ty , b a s e d  on t h e  e v i dence  t h a t  sma l l e r  c a r s  o f fe r  
l e s s  c o l l i s i on p r o t e c t i on t h an the  l a rg e r c a r . 

F r om a mo r e  p o s i t iv e  s t andp o i n t , t h e  s h i ft  t o  s ma l l e r c a r s  wo u l d  
l owe r re s o urce  r eq u i r ement s ( s t e e l , rub b e r , e t c . )  an d c ou l d  hav e 
a favo r ab l e  imp a ct  on t h e  b a l ance  o f  paymen t s  b y  v i r tue o f  g r e a t e r  
e xp o r t  p o t ent i a l f o r  t h e  dome s t i c  sma l l  c a r , and/ o r  b y  a r e duc t i on 
i n  t h e  n e e d  f o r  a s  many imp o r t e d  car s . The  e nv i ronm en t a l  imp ac t  
i s  c e rt a i n ly  favo r ab l e , but unc l e a r  a s  t o  de g r e e  b e c au s e  o f  l a c k i ng 
comp ara t i v e  da t a  b e twe en the  em i s s i ons o f  sma l l  v e P s u s  l a r g e car s .  

I n  t o t a l , t h e  s h i f t t o  s m a l l e r , mo r e  e f fi c i en t  v eh i c l e s  i s  
l i ke ly t o b e  t h e  l a r g e s t  s i ng l e  f a c t o r  i n  t e rms o f  fue l c on s e rva t i on 
p o t en t i a l  a s  t h e  e ff e c t  f i l t e r s  t h r oug h  a l l fo rms o f  ve h i c l e  us e .  
The s av i ng s r e a l i z e d t h r o ug h  thi s c hang e woul d b e comp ound e d  thr oug h  
imp l em e n t at i on o f  o th e r cons e rva t i on m e a s ure s s u c h  a s  c a r - p o o l i ng 
spe e d  l imi t s , aut o de s i g n  and imp r ov e d  dr ive r b e hav i o r . P o l i c i e s

' 

f o r  a c c e l e ra t i on o f  t h e  t r an s i t i on c o u l d  i nc l ud e  t a xa t i on o f  fue l  
an d/ o r  c a r  i n e f fi c i ency , and fund ing o f  aut o e f f i c i e n cy r e s e a r c h  
a n d  c on s ume r e duc a t i o n  t o  a c c e l e r a t e  the  c u r r e n t  s ma l l c a r  t r end . 
Re g a r dl e s s , t h e  t rans i t i on c an p ro c e e d  o n ly a t  a p a c e  c ommens ura t e  
w i t h  t h e  i ndus t ry ' s  c ap ab i l i ty t o  p ro duce  s ma l l e r  c a r s  w h i ch , i n  
t h e  f i n a l  an a ly s i s , i s  d i c t a t e d  b y  t h e  cons ume r ' s  w i l l i n gn e s s t o  
buy . 
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EMI SS I ON STANDA RDS AND L EAD PHAS E DOWN 

Aut omo t i ve emi s s i on con t r o l s  h av e  r e duc e d  t h e  ave r a g e  g a s o l ine  
mi l e ag e  of  1 9 7 3 - 1 9 7 4  mo de l cars  by abo ut 1 5  p er c e n t  c o mp ar e d  t o  
p r e - co n t r o l  ( 1 9 6 7 ) mo de l s . P r e d i c t i ons o f  m i l eag e imp r ovemen t s  fo r 
1 9 7 5  car s equ ipp e d  wi th c a t a l yt i c  dev i c e s  va ry w i de ly . E s t im a t e s  
of  imp r ov eme nt  rang e from 3 p e rc e n t  t o  a b ou t  1 5  p e rcent , a n d  ave rag e 
about  8 p e r c e n t . Mo s t  e s t im a t e s , h owe v e r , ar e un de r s t o o d  t o  i n c lude 
the c omb ine d e f fe c t of a var i e ty o f  m ea s ur e s i n c l u d i ng t h e  emi s s i on 
c ont r o l  s ys t em ,  r a d i a l  t i r e s , imp roved  i gn i t i on an d c a r bur e t i on and 
l owe r ave rag e we i g h t . 

F u e l  e c o nomy imp rov eme nt s i n  1 9 7 5 c a r s  r e l a t e d  t o  emi s s i o n 
contr o l s ar e t h e r e s u l t  o f  eng ine op e r a t i ng a d j u s tm en t s  t h a t  a r e  
b e ing m a d e  wh i c h imp r o ve fue l e c onomy , b u t  t h e s e adj u s tm en t s  r e s u l t  
i n  h i g he r  em i s s i ons  o f  p o l l u t an t s  fr om t h e  eng i n e  wh i ch a r e  c on 
ve r te d  b y  t h e  c a t a l y t i c  em i s s i o n  c ont r o l  de v i ce . Fu tur e , p ro g r e s 
s i v e ly mo re  r e s t r i c t iv e  emi s s i on s t anda r d s  and g a s o l in e  l e a d  r e g u 
l at i ons a r e  p ro j e c t e d ' t o  have fur t h e r  adve r s e  e f f e c t s  o n  ene rgy  
c o n s ump t i on .  T he s e en e rgy  l o s s e s  wi l l  o c cu r  i n  c ar s  i n  the  f o rm 
o f  de c l ining  m i l e ag e  e co nomy and in p et r o l e um r e f i n in g  a s  mo r e  
e ne r g y  i s  r e qu i re d  t o  p r o du c e  g a s o l in e w i t h  l ower  l e a d  c on t e n t . 

Th e key  i s s ue i n  t h e  an a lys i s  o f  t h e  em i s s i on s  an d l e ad r e g u 
l a t i ons i s  t h e  que s t i on o f  env i ronm en t a l  p ro t e c t i o n  o n  t h e  o n e  hand 
an d e ne r gy p en a l t i e s  and h i g h e r  co s t s  to t h e  c o n s um e r  o n  t h e  o th e r . 
Many hav e a r g u e d  t h a t  t h e  em i s s i on s  s t andard s  an d l ead r e g u l a t i on s  
go  b e y o n d  wh a t  i s  r e qu i r e d  t o  p ro t e c t  pub l i c h e a l t h , r e su l t i n g  in  
unne c e s s a ry e ne rgy l o s s e s  and  h i gher  c o s t s . *  

M o d er a t i o n  i n  t he em i s s i o n s  s t an d a r d s  and l e a d  r e g ul a t i o n s  wo u l d  
hav e a c o r r e s p o nd i ng e n e r g y  c on s e rva t i o n r e s ul t .  P o s s i b l e  c hange s 
and the i r  ene r g y  c o n s erva t i on e f f e c t s  co u l d r e s u l t i n  a t o t a l  e n e r gy 
s av i ng o f  app r o x imat e ly 3 1 1  t ho us and b a r r e l s  p e r day c rude o i l  equiv 
a l ent  by 1 9 7 8 , a s  s hown i n  T ab l e  1 0 . Af t e r  1 9 7 8 , the  p o t en t i a l en 
ergy e c onom i e s  from t he above ac t i o n s , p a r t i c u l a r l y  t he ab o v e  C a l i 
forn i a  s t andar d s  s c e nar i o , i nc r e a s e r ap i dl y . T h i s w i l l  b e  d i s cus s e d  
i n  the P ha s e  I I  ( 1 9 7 9 - 1 9 8 5 )  r ep o r t . 

B a c kg r ound 

I n  1 9 7 0  C o ng r e s s p as s e d the C l e an A i r Ac t  Amendm en t s  wh i ch 
s p e c i f i e d  t h a t : 

• Th e hyd r o c a r b o n  ( H C )  and c a r b on mono x i de ( CO )  em i s s i on 
l eve l s  o f  1 9 7 5  mode l c a r s  mu s t  b e  r e du c e d  9 0  p e r c e n t  
from t h e  l ev e l  o f  the  1 9 7 0 c a r s . 

* A t  th i s  wr i t i ng , a s tudy on t h e  aut omo t iv e  emi s s i on s  s t andard s 
i s  curr ent ly  in p r o g r e s s  by th e N a t i on a l  Ac ademy o f  S c i e n c e s ( NAS ) 
an d i s  e xp e c t e d  t o  b e  c omp l e t e d  by O ct o b e r . On  t h e  l e a d  p ha s e down , 
sui t s  h av e  b e e n  f i l ed ag a ins t t h e  E PA c h a l l en g i ng t h e  l e g a l i t y  of 
the r egu l a t i o n s . 
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• T h e  o x i de s o f  n i t r o g e n  (NOx ) emi s s i ons  l ev e l  o f  t h e  
1 9 7 6  c a r  mu s t  b e  r e du c e d  9 0  p e r c e n t  f r om t h e  l ev e l  o f  
t h e  1 9  7 1  c a r . 

TABLE 10 

POTENTIAL ENERGY CONSERVATION THROUGH 
MODERATION OF EMI SS IONS AND LEAD REGULATIONS 

( Thous and Barrels Per Day Crude Oil Equivalent )  

Propo sed Regulat ion Amendments Sav ings in 19 78  

Extend 19 75 Emis s ion S tandards through 19 7 7  

S tarting 19 78 , adopt 19 75 Calif ornia s t and
ards and use high o ctane ( 9 8 RON) l eaded 
gasoline in high compr ess ion r atio engines 

Res cind lead phas edown 

To tal 

140 

102 

6 9 

311 

Em i s s i o n  s t an d a r d s  a r e  exp re s s e d i n  g r am s  p e r m i l e  o f  e a ch p o l 
l u t an t  emi t t e d  by  the  c a r . The s t andard s f o r  1 9 7 5 and 1 9 7 6  e s t ab 
l i s h e d  by th e C l e an A i r A c t  Am endmen t s  a r e  s h own i n  Tab l e  1 1.. 

C ar Model Year 

1 97 4* 

1975 

197 6 

TABLE 11 

EMIS S IONS STANDARDS ESTABLISHED BY THE 
197 0 CLEAN AIR ACT AMENDMENT S 

(Grams P er Mil e--1 975 Test Procedure s )  

HC co 

3 . 0  28 . 0  

0 . 41  3 . 4 

0 . 41 3 . 4  

* Established pr ior to t he 1 9 7 0  Amendment s .  

NOx 

3 . 1 

3 . 1  

0 . 4  

S inc e  t ha t  t ime , t he EPA g r an t ed , i n  Ap r i l  1 9 7 3 , a 1 y e a r  s u s 
p en s i on o f  t he 1 9 7 5  s tand ar d s  fo r HC and CO , and i n  Aug u s t 1 9 7 3 , 
g r ant e d  a 1 ye a r  s usp e ns io n o f  the 1 9 7 6 s t an da r d  fo r NOx . I n  e ac h  
c a s e an int e r im fo r t he i n t e rve ni ng ye a r  wa s e s t ab l i s he d .  I n  June 
1 9 7 4 , C o ng r e s s  amende d the C l ean A i r  Act to c on t inue the 1 9 7 5 s tan 
d ar d s  f o r  t he 1 9 7 6  mo d e l  y e a r  and e s t ab l i s he d  a NOx s t an da r d  fo r 
the  1 9 7 7  mod e l  ye ar o f  2 . 0  g r ams p e r  m i l e , de fe r r ing t h e  s t r ing e n t  
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0 . 4 g r am s p e r mi l e  s t andard unt i l  1 9 7 8  . . T he
_
n e t e f fe c t  o f

_ 
t he s e  

. 
dec i s i o ns and o f  o p t i o ns g r an t e d  t o  C al 1 f o rn 1 a b e cau s e  o f  1 t s  spe c 1 al 

s t a t u s  is  s hown i n  T a b l e  1 2 . 

TABLE 12  

EMI SS IONS STANDARD S APPLICABLE AS OF SUMMER 1 974  
(Grams Per Mil e--1 975  Test  Proc edur e)  

u . s .  Exclud ing Cal ifornia Calif ornia 

Car Mod el Y ear HC co NOx HC co NOx 

1974  3 . 0 28 . 0  3 . 1  2 . 8  2 8 . 0  2 . 0  

1 9 7 5  1 . 5  15 . 0  3 . 1  0 . 9 9 . 0  2 . 0 

1 97 6  1 . 5  15 . 0  3 . 1  0 . 9 9 . 0  2 . 0  

197 7 0 . 41 3 . 4  2 . 0  0 . 41 3 . 4  2 . 0  

1978  0 . 41 3 . 4  0 . 4  0 . 4 1 3 . 4  0 . 4 

The Ene rgy Supp ly  and Env i ro nm en t a l C o or d i n at i on Ac t o f  1 9 7 4  
(HR  1 4 3 6 8 )  a l s o  p r o v i d e s  th at an aut o  manuf a c tu r e r  m a y  s e e k  a 1 
y e a r  s us p en s i on o f  t h e  H C  and CO s t an d a r d s  app l i c ab l e  t o  t h e  1 9 7 7 
mo de l  y e ar .  I f  g rant ed , t h e  Adm in i s t r a t o r  i s  r e q u i r e d  t o  e s t ab l i sh 
in t e r i m  1 9 7 7  s t and a r d s . Whe n Adm in i s t r a t or Ru c k e l s hau s  announ c e d  
t h e  1 y e ar s u s p e n s i o n  f o r  H C  a n d  CO in Ap r i l  1 9 7 3 ,  he  s t at e d t h at : 

App l i can t s  h ave e s t ab l i s hed  t ha t  an e f f e c t iv e  c o nt r o l 
t e chno l o gy  i s  n o t  ava i l ab l e  i n  t im e  f o r  c o mp l i an c e ; and 
t he  Na t i ona l Academy of S c i e n c e s  s t udy and o t h e r  
in forma t i on ava i l ab l e  t o  me  have n o t  demon s t r a t e d  t h a t  
t h e  t e chno l o g y  i s  av a i l ab l e  t o  m e e t  t h e  s t an d a r d s . 

I n te r im s t andards  we r e  e s t a b l i s he d  whi ch  wou l d , i n  E PA ' s j udg 
ment , l e a d  t o  " p ha s i ng - i n" o f  c a t a l ys t s  i n  1 9 7 5 .  

I t  i s  my op i n i on t h a t  t h e  pub l i c  int e re s t  d i c t at e s  
th at t h e  c a t a ly s t s  b e  p ha s e d i n t o  u s e  i n  1 9 7 5  by  
s e t t i ng s t anda r d s  in C a l i f orn i a  t h a t  wi l l  r equ i re 
t he i r u s e on a l l dome s t i c  au t o mob i l e s  s o l d  t h e r e  i n  
1 9 7 5  an d fu r t h e r  t o  s e t  a n  i nt e r i m  s t anda r d  f o r t h e  
r e s t o f  t h e  N a t i on tha t  w i l l  l ike l y  r e s u l t i n  s ome 
c a t a ly s t s  u s e d  on s ome mode l s  n a t i onwi d e  by 1 9 7 5 .  The  
s t andar d s  for  C a l i fo rn i a  in 1 9 7 5  w i l l  be  . 9  g r am s  p e r 
m i l e  o f  H C  e mi s s i on s  and 9 g r am s  p e r  m i l e  o f  C O  e m i s 
s i ons . I t  i s  our  t e chn o l og i c a l  a s s e s s m en t  t h at t h e s e 
s t anda r d s  wi l l  requ i re c a t a l y s t s  on  s ub s t an t i a l ly a l l  
c a r s  s o l d  in C a l i f o r n i a  in 1 9 7 5 . The s t an d a r d  n a t i on 
w i de i n  1 9 7 5  wi l l  b e  1 . 5  g r ams  H C  and 1 5  g r am s  p e r  m i l e  
o f  C O . The  t e chno l o g i ca l  as s e s sment av a i l ab l e  t o  m e 
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i nd i ca t e s  t h a t  f ew c at a ly s t s  wi l l  b e  r equ i red  t o  m e e t  
t hi s  s t anda r d , a l t houg h s ome manu fac t u r e r s  may e l e c t  t o  
emp l oy cat a l y s t s  on s e l e c t ed l in e s  s o l d  o ut s i d e  C a l i f o rn i a . 

At  that  t i me , Mr . Rucke l s hau s a l s o  s t a t e d : " our  a s s e s sm e n t  
o f  t h e  he a l t h  r i s k  a s s o c i at e d w i t h  NOx no l ong e r  s up p o r t s  t h e  s t at u 
to ry 9 0  p e r c e n t  r educ t i on s t andar d and thi s s h o u l d b e  r e v i ewe d 
q u i c k l y , and i f  o u r  ana lys i s  i s  c o r r e c t , t h e  s t an d a r d  s h o u l d  b e  
c h an g e d . "  A l t ho ugh the  NOx standa rd wa s l a t er s u s p en d e d  ( i n Augu s t 
1 9 7 3 )  f or 1 y e a r  and ag a in i n  June 1 9 7 4  fo r 1 add i t i on a l  y e ar , t he 
s t r i ng e n t  0 . 4  g r ams  p e r  m i l e  s t anda r d  i s  s t i l l  t he ul t ima t e  t a rg e t  
f o r  1 9 7 8 . 

A s  the  1 9 7 5  m ode l y e ar app r oac he s , i t  app e a r s t hat r a t he r  t han 
t he "p ha s e  in " whi c h  wa s exp e c t ed , t h e  au t o  indus t r y  ha s made a mo re  
sub s t an t i a l  c omm i tme n t  t o  c at a lyt i c  s y s t ems t han the  E PA an t i c i p a t ed . 
The E PA now e s t imat e s  t ha t  6 0  to 8 5  p e r c e n t  o f  t he 1 9 7 5  mod e l c ar s  
w i l l  b e  e qu i p p e d  w i t h  ox i d i z ing c a t a l y t i c  c o nve r t e r s . The c at a l yt ic  
c onv er t e r s  wi l l  ke e p  HC and C O  emi s s ion s w i t h i n  t h e  l im i t s  an d al s o  
p e rm i t  eng ine  op e r a t ing adj u s tment s wh i c h  w i l l imp r ov e  fu e l  e c onomy . 

Re g ar d i ng l e ad  i n  g a s o l ine , b e caus e i t  i s  b e l i e ve d  t h a t  l ea d  
wou l d  d e a c t iv a t e  t h e  c a t a l ys t s  i n  emi s s i on c on t r o l d ev i c e s , t h e  
E PA p r omu l g a t e d  r e g ul at i on s  in  January 1 9 7 3  r equi ring  t h e  g en e r a l  
av ai l ab i l i ty  o f  un l e ad e d  g a s o l i n e  by Ju l y  1 ,  1 9 7 4 .  I n  add i t i o n  
t o  t h e  un l e ade d g r ade r eq u i r ement , l e ad p h as e d own r e g ul a t i on s  were  
p r omul g a t ed i n  the  Federal Register on D e c emb e r  6 ,  1 9 7 3 , whi ch p r o 
v i de th a t  t he ave r ag e l e ad content  o f  g as o l in e  p ro du c e d  a t  any r e 
f i ne ry n o t  e x c e e d  t h e  f o l l ow i ng g r ams p e r  g a l l o n  in any 3 m o n t h  
p e ri o d  s hown on  Tab le 1 3 . 

TABLE 13 

AVERAGE LIMITS OF LEAD IN GASOLINE 
( Grams Per Gallon) 

Effective Dat e Limit 

January 1 ,  19 75  1 . 7  

January 1 , 19 7 6  1 . 4  

January 1 ,  19 77  1 . 0  

January 1 ,  1978  0 . 8  

J anuary 1 ,  19 7 9  0 . 5  

C o ns e rv at i on 0E t i ons  

S i nce  the  p as s ag e  of  the  C l e an A i r  Ac t Amendmen t s  o f  1 9 7 0 ,  
th e re has  b e e n  c o ns i d e ra b l e  controve r s y  ove r  t h e  b a s i s  o f  and n e e d  
fo r  s t andards  t h at rep r e s en t  suc h s ev e r e r e duc t i ons  i n em i s s i o n s . 
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Nume �o u� s t ud i e s  hav� b e en done t o  s h ow t h e  e c onom i c  imp a c t  o n  t h e  
pub l 1 c 1 n  t e rms o f  h 1 gher  co s t  c ar s  and hi g he r fue l c o n s ump t i o n  
ne e ded  t o  a c h i ev e the  e s t ab l i s hed  s t an d a r d s . T he E PA h a s  r e c e n t ly 
c o nc l uded t ha t  the u l t ima t e  NOx s t and ard  o f  0 . 4  g r am s p e r  m i l e  i s  
no t ne ce s s ar y  and h a s  r e c omm en de d an e x t en s i on o f  t h e  2 . 0 g r am s  p e r  
mi l e  s t andard t h roug h 1 9 8 2 . O th e r s  sug g e s t e d  a n  e x t en s i on o f  1 9 7 4  
s t andards  t o  avo i d  t h e  b r o ad c omm i tm en t  t o  c a t a l y s t s  and un l e a d e d  
g as o l in e . S t i l l  o t h e r s , i n c l ud i ng t h e  Adm in i s t r at i o n  s ug g e s t e d 
ext en d ing  t h e  1 9 7 5  s t and a r d s . A 1 y e a r  e x t en s i on h a s  j u s t  b e en 
en ac t e d  (June 1 9 7 4 ) b y  C o n g r e s s . 

The r e gul a t i on r e qu i r i ng t h e  p ha s edown o f  l e a d  c o n t ent  in  
g as o l i n e  i s  b as ed o n  t h e  t h e s i s  t h at l e ad m i g h t  b e  a h e a l t h  h a z a r d . 
As th er e  i s  s ome que s t i o n  ab o u t  t h i s  c o n t e n t i on ,  l aw s u i t s  have b e en 
fi l e d  ag a i ns t t h e  E P A  c h a l l eng i ng t h e  l e g a l i t y  o f  t h e  r e g u l at i o n s . 
I t  has  b e en s ug g e s t e d  th a t , even i f  i t  i s  p ro v e n  t h at aut om o t i ve 
l e ad p a rt i cu l a t e  em i s s i ons r e p r e s en t  a h e a l t h ha z a rd , i n s t a l l a t i on 
o f  l e ad t r ap s on c a r s  wou l d  b e  p r e fe r ab l e  t o  r emov i n g  l e a d  f r om 
g as o l in e .  Ma r k ed p ro g re s s  h a s  b e e n  r ep or t e d  in  t h e  deve l op m en t o f  
t h es e de v i c e s  and t h ey now r ep r e s e n t  a v i ab l e  s o l u t i on t o  t h e  p r ob l em .  
Excep t for a s l i g h t  we i g ht add i t i o n  t h ey wou l d  c a u s e n o  f u e l p en a l t y . 
I f  t h e  l e a d  p ha s e down i s  ma i n t a i ne d , e n e r g y  c o n s ump t i o n  wi l l  i n 
cr e as e  b e c au s e mo r e  s ev e r e  r e f in ing op e r a t i on s  w i l l  b e  r e q u i r e d  t o  
ob t a in t h e  o c t an e  ne e de d . 

One o f  t h e  g r e a t e s t  l ong - t erm p o t e n t i a l s f o r  e c onomy in  t h e  
manuf a c t u re an d c o n s ump t i on o f  g as o l in e  i s  i n  t h e  u s e o f  h i gh o c 
t ane , l ea d e d  g as o l i n e  i n  h i gh c omp r e s s i o n  r a t i o  eng i n e s . H oweve r , 
ca t a ly t i c  emi s s i ons  c on t r o l  devi c e s  on c ar s  a r e  an e f fe c t ive  b l o ck 
t o  s u c h  a s t r a te g y . P r e s ent r e gul a t i ons  g ove rn in g  em i s s i o n s  f r om 
fut ur e automob i l e s  wi l l  r e su l t  in a r i s in g  p o p u l a t i on o f  c a r s  e quip 
p e d  w i t h  c a t a l y t i c  d ev i c e s .  The s e  c a r s  w i l l u s e l e s s e ff i c i en t  l ow 
c omp r e s s i on r a t i o  eng i n e s t o  p erm i t  op e r at i o n  on l ow o c t an e  ( 9 1 
r e s e a rch o c t an e )  un l e a d e d  g a s o l in e . Thi s u s e  o f  c a t a ly s t s  w i l l  
s t ar t  w i th t h e  1 9 7 5  em i s s i o n s  s t andar d s . Un l e ad e d  g a s o l in e  i s  n e c 
e s s a ry s ince  l ea d  i n  g as o l in e  wo u l d  de a c t i va t e t h e  c a t a l y s t s . As  
t he emi s s i ons s t and a r d s  b e c ome mo re  r e s t r i c t iv e  in t he futur e , aut o 
mo t i ve fue l e c o nomy ( MP G ) wi l l  d e t e r i o r at e .  L o o k i n g  ahe a d  t o  1 9 7 8 , 
t here a r e  p re s en t ly n o  p ro s p e c t s  for p r a c t i c a l  ( no n - c a t a l y t i c )  
e mi s s i on c on t r o l s y s t em s  whi ch wi l l  p e rm i t  t h e  u s e o f  l e a de d  h i g h  
o c t ane g a s o l in e  whi l e  me e t ing C l e an A i r  A c t  e m i s s i o n s  s t an d a r d s . 

P ending  t h e  ou t c ome o f  t h e  NAS s t udy on e mi s s i on s  an d t h e  s u i t s  
o n  l e a d  i n  g a s o l in e , s e ve r a l  p o t ent i a l  e n e rgy c on s e rva t i on op t i o n s  
a r e  op en i n  t h e  a r e a  o f  em i s s i ons s t andards  a n d  l e ad i n  g a s o l i n e . 
Fo r p urp o s e s  of  e s t imat ing  t h e  energy  c on s e rva t i on vo l ume s , t h e 
op t i ons ana ly z e d  a r e  a s  f o l l ows : 

• I n  1 9 7 5 , i t  i s  g ene r a l ly a g r e e d  t h a t  a u t omo t i ve  fu e l  e c onomy 
( MP G )  wi l l  imp r ove wh en comp ar e d  t o  1 9 7 4 c a r s , a l t ho ug h  
in dus t ry e s t i ma t e s  o f  t h e  ma gn i t ude  o f  t h e  imp r o veme n t  va ry . 
A f t er 1 9 7 6  aut omo t i ve fue l  e c on o my w i l l  w o r s e n  a s  em i s s i ons 
s t and a r d s  b e c om e  p rog r e s s ive ly mo re  r e s t r i c t iv e . T he r e f o r e ,  
t he r e  i s  a p o t en t i a l  f o r  c on s e rv i ng ene rg y  b y  e x t end i ng t he 
1 9 7 5  s t anda r d s . Wh i l e  do i ng s o  w ou ld s ave g a s o l i n e , t o t a l 
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aut omo t iv e  emi s s i o n s  wou ld s t i l l  c ont inue t o  de c l i n e . C o n 
g r e s s h a s  j us t  enac t e d  thi s ext en s i o n  f o r  1 y e ar ( 1 9 7 6 )  an d 
g i ven  t h e  E PA aut h o r i ty t o  g r an t  aut omo t ive m anufa c t ur e r s , 
up on r e que s t , s om e  re l i e f  f r om t h e  1 9 7 7  s t anda r d s . F o r  
p u rp o s e s o f  quan t i fy ing  po t en t i a l  en e rg y  s av i ng s , t h i s  
e x te n s i on i s  a s s umed  f o r  2 y e a r s  t h r o ug h  1 9 7 7 .  

• I f �  s t ar t i n g i n  1 9 7 8 ,  s t andar d s  a t  t h e  l ev e l  o f  t h e  1 9 7 5  
C a l i f o rn i a  s t andar d s  ( 0 . 9 / 9 . 0 / 2 . 0  H C / C O / N O x , r e sp e c t i v e l y ) , 
wh i ch a r e  m o r e  s t r ingent  b ut n o t  a s  re s t r i c t i ve a s  t he 1 9 7 8  
s t atut o ry s t anda r d s  ( 0 . 4 1 / 3 . 4 / 0 . 4 ) , we re c on c luded  t o  b e  
p r o t ec t iv e  o f  p ub l i c  he al th , imp r o v emen t i n  fue l  e c onomy 
o f  car s c o u l d  b e  p o s s i b l e  by abandon i n g  c a t a ly t i c  d ev i c e s 
an d u s i n g  hig h c omp r e s s i o n  rat i o  eng ine s and h i g h  o c t an e  
l e ade d g a s o l ine . A t  t h e s e emi s s i on l eve l s  t h e r e  i s  a 
r e a s o nab l e  chan c e  by 1 9 7 8 , b as e d  o n  p romi s i n g  deve lopme n t s  
t o  d a t e , s uch a s  t h e  H o nda CVCC eng i ne a n d  t h e  D r e s s e r a t o r  
i nduc t o r  carb ur e t o r , t h a t  t h e s e  1 9 7 5  C a l i f o rn i a  s t an d a r d s  
c o u l d  b e  me t w i thout c at a l y s t s  an d t h e  aut omo t i v e  i ndu s t ry 
co ul d  p ro duce  l ead t o l e ran t , mo r e  e f f i c i en t  hi g h  c omp re s s i on 
r at i o  eng i ne s . 

Th e p o t en t i al fu e l  e c onomi e s  t h a t  c an b e  r e a l i z e d  f.r om t h e s e  
op t i o n s  ar e c omp a r e d  w i t h  a b a s e  c a s e  wh i c h  a s s ume s c on t i nua t i on 
al o ng t he p a th o f  current  emi s s i on s  and l ea d  r e gu l at i on s . T h e  
e ne rgy  t h a t  w i l l  b e  cons e r v e d  by t h e  r e c e nt C o n g r e s s i on a l  e x t en s i on 
o f  t h e  1 9 7 5  s tanda rds  i s  a l s o  c a l cul a t e d . The  em i s s i on s  s t andard s  
fo r t he two c as e s  a re s h own i n  Tab l e  1 4 . 

Base 
( S tatutory 

Car Model Catalytic 

TABLE 14  

EMISS IONS STANDARDS 
( Grams Per Mile) 

Cas e 
Standards ) Cons ervat ion 

Catalytic 
Case 

Year Conver ters HC co NOx Converters HC co _!Qx 

1 9 7 4  No 3 . 0  28 . 0  3 . 1  No 3 . 0  2 8 . 0  
19 75 Yes 1 . 5  15 . 0  3 . 1  Yes 1 . 5  15 . 0  
19 7 6  Yes 1 . 5  15 . 0  3 . 1  Yes 1 . 5* 15 . 0 * 
19 7 7  Yes 0 . 41 3 . 4 2 . 0  Yes 1 . 5* 15 . 0 * 
19 7 8  Yes 0 . 41 3 . 4 0 . 4  No 0 . 9t 9 . o t 
and 
forward 

* 19 75  s tandards ext ended two years . 

t California 1975  standards nati onwide ; high compress ion ratio engines 
using h igh o ct ane l eaded gasoline . 
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Th e p o t e n t i a l  ene r gy e c onomy th at c an b e  r e a l i z e d  i n  t h e  c o n 
s e rvat i on c a s e , t o t a l ing 3 1 1  thous and b a r r e l s  p e r d a y  c rude o i l  
e q ui va l ent , r e s u l t s  f r om s e v e r a l  op t i ons e a ch o f  whi c h  i s  d i s cus s e d  
be low . 

E x t end i ng t he 1 9 7 5  Au t omo t ive Emi s s i on s  S t an da r d s  

E x t end i ng t h e  1 9 7 5  autom o t ive  emi s s i o ns s t and a r d s  w i l l  r e su l t 
i n  fue l s av ing s . I n  o rd e r  t o  ca l cu l a t e  t h i s s av in g s , t he 1 9 7 5  H C  
a n d  C O  em i s s i o n s  s t anda r d s  a r e  a s s umed  e x t end e d  fo r 2 y e a r s  t h r o ugh 
1 9 7 7 . Al t hough  t h e r e  is  not c omp l e t e  ag r e eme nt o n  p r o j e c t i o n s  o f  
au t omo t iv e  fu e l  e c o nomy ove r t h e  n e x t  few y e a r s , an e f fo r t  i s  made 
in t h i s  ana l y s i s  t o  s t r i ke a r e a s on ab l e  b a l an c e  among  va r i ou s  i n 
dus t ry p re d i c t i on s . Reg ar d i ng 1 9 7 5 mode l c a r s , t h e re app e a r s  t o  b e  
gen era l ag r e emen t t ha t  t h e  fue l e c onomy o f  t h e s e c ar s , wh en e qu ipp e d  
wi th  c at a ly s t s  i n  o r d e r  t o  me e t  t h e  1 9 7 5 in t e r im s t anda r d s , w i l l 
s h ow an imp r ov em e n t  ov e r  1 9 7 4  c a r s . Howeve r ,  i n  1 9 7 7  t h i s s i t uat i o n  
wi l l  r eve r s e  i f  t h e  mo r e  s e ve re  s t and a r d s  a re imp o s e d  s i n c e  eng ine  
op e r a t ing adj us tme n t s  wi l l  b e  r equ i r e d  t h a t  a dve r s e l y  a f f e c t  fue l 
c ons ump t i on .  

F o r  pu rp o s e s  o f  ana l y z ing t h e  e f f e c t s  o f  em i s s i o n s  s t and a r d s  
o n  aut omo t ive fue l e conomy , u s ing  a n  i n d e x  o f  1 0 0  f o r  1 9 7 5  c a r s ' 
fue l e c o nomy , T a b l e  1 5  s h ows t h e  e s t ima t e d  f ue l e c o nomy o f  futur e 
mo de l y e ars ' c a r s . 

TABLE 15 

RELAT IVE FUEL ECONOMY 

Car Model Year Index 

19 75 100 (bas e) 

19 7 6 100 

19 7 7  92  ( 8% wo rs e f uel economy )  

19 7 8  and later 8 7  ( 13% wors e fuel economy) 

T he 1 9 7 8  mo de l c a r  fue l e c o nomy i s  d i ff i c ul t  t o  p r e d i c t  b e c aus e 
o f  t he ve ry s t r i n g e n t  0 . 4 g r ams p e r mi l e  NO x s t an d ar d .  T h e  1 3  
p e r c e nt wo r s e  fue l e c o nomy a s s ume d ab ov e i s  b a s e d  on  a d ua l  c at a ly s t 
app r o a c h , a l t houg h deve l opmen t a l  work i s  i n  p r o gr e s s o n  a 3 - way 
c a t a ly s t  w h i ch c o u l d a f f o r d  b e t t er au to  fue l e c onomy . To d a t e , 
howeve r ,  n e i th e r  app r o a ch h a s  demons t r a t e d  s u f f i c i en t  dur ab i l i ty 
t o  me e t  the  5 0 , 0 0 0  m i l e  r e qu i r ement . The dua l  c a t a l y s t app r o ach  was  
a s s umed in  th i s  analys i s  a s  i t app e a r s  t o  b e  unde r t h e  mo s t  ex t e n s ive 
indus t ry deve l opmen t . 

The  r e c e n t  ( Jun e 1 9 7 4 )  C o n gr e s s i on a l a c t i on t o  e x t end 1 9 7 5  
s t anda r d s  1 y e ar  m e an s  t h a t  1 9 7 6  c a r s  w i l l  h av e  a n  e s t im at e d 8 p e r -
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c e nt b e t t e r  fue l e conomy than w ou l d  hav e  b e en t h e  cas e h ad t h e  p r e 
v i ous s tandards  f o r  1 9 7 6  ( 0 . 4 1 / 3 . 4 / 2 . 0 )  app l i e d . Th i s  a c t i on wi l l  
cons e rv e  5 9  t h o u s and barr e l s  p er day in 1 9 7 6 . I f  t h e 1 9 7 5  s tandar ds 
ar e ex t end e d  1 fur t her y ear t o  1 9 7 7 , t he f u e l  s av ing s at t r i b utab l e  
t o  b o t h  o f  t he s e  e x t ens ions fo r eac h o f  t h e  year s th r oug h 1 9 7 8  are 
e s t imat e d  in Tab l e  1 6 .  

TABLE 1 6  

SAVINGS IN FUEL ECONOMY BY EXTEND I NG 
1 9 7 5 EMI SS IONS S TANDARDS TWO Y EARS 

( Thous and Bar r e l s  P e r  Day C rude O i l  E quiva l en t )  

E f f e c t ive Date S avings 

1 9 7 6  5 9  

1 9 7 7  1 3 2  

1 9 7 8  1 40 

H i gh C ompr e s s i on Rat i o  Engine s and H i g h  O c t ane L e ade d Gas o l ine 

H i gh c omp r e s s i o n  rat i o  eng ine s and t he u s e o f  h i g h  o c tane 
l eade d g as o l ine wo u l d  r e s u l t  in imp r o v e d  fue l e c onomy . F o r  
examp l e , as  c omp ar e d  w i t h  t h e u s e  o f  9 1  o c t ane ( r e s e ar c h )  un l ead e d  
gas o l ine i n  a l ow c omp r e s s i on rat i o  eng ine , t h e  add i t i on o f  2 . 5 
g rams p e r  ga l l on o f  l ead would  inc r ea� e t h e  o c t ane numb e r  t o  9 8 . 
T h i s  p r em i um g rade fue l , when u s e d 4n an eng ine d e s ig ne d  w i th h i ghe r  
c o mp re s s i on rat i o  t o  u t i l i z e t h i s  qua l i ty , w ou l d  r e s u l t  in b e t t e r  
au t omo t i v e  fue l e c onomy . I f  al l 

-
o f  th e e f f i c i ency g a in w e r e  ut i l i z e d  

t o  imp r ove fue l e c onomy , t h e s e  chan g e s  w ou l d  i mp r ov e  fue l e c onomy 
1 1  p e rcent . 

T h e  p r e s ent l y  app l i cab l e  1 9 7 8  s tatu t o ry em i s s i ons s tandard s  
w i l l  no t p e rmi t s uc h  a s t rateg y .  The s e  s t r i ngent s t anda r d s  w i l l ,  
b a s e d  o n  p re s e nt kno wl e dg e , ne c e s s i t a t e  t h e  c ont i nu ing u s e  o f  cata
l y s t s  and ,  t h e r e f o r e , un l ead e d  gas o l ine and l ow c omp r e s s i on rat i o , 
l e s s  e f f i c i ent eng i ne s . As  an a l t e rnat ive , fo l l ow i ng a 2 year 
ext ens i o n  o f  t h e  1 9 7 5  s t andards , w e r e  t h e  1 9 7 8  s tandar d s  s e t  nat i on 
w i d e  at t he l ev e l  o f  t h e  1 9 7 5 Cal i fo rnia s tandar d s  ( 0 . 9 / 9 . 0 / 2 . 0 ) ,  
t he r e  i s  a r ea s o nab l e  chan c e  that l ead t o l e rant , h i g h  c omp r e s s i on 
rat i o e ng ines whi c h  w o u l d  m e e t  the s e  s tandar d s  w i t ho u t  catal y t i c  
dev i c e s  c o u l d  b e  p r o duc e d  o n  a comme r c ial  s cal e .  I t  i s  e s t imat e d  
tha t s uch car s wou l d  have a fue l  e c onomy at l eas t c omparab l e  t o  
1 9 7 5  cars , o r  a fu e l  e c onomy index o f  1 0 0  rat h e r  t han 8 7  a s  p re s ent l y  
f o r e s e en f o r  1 9 7 8  cars . Th i s  cons e rvat i on s t ra t e g y , i f  imp l emen t ed 
s tart i ng i n  1 9 7 8 , wou l d  achi eve sav ing s o f  1 0 2  thousand bar r e l s  p e r  
day in t hat year , and t h e s e  sav ing s wou l d  r i s e rap i d l y  th ereaf t e r . 

4 4  



Ph as e do wn o f  L e ad i n  Ga s o l i ne  

T h e  pha s e down of  l e a d  i n  g as o l in e  mu s t  be  we i gh e d  i n  t erms of  
t h e  a sp e c t s  of  h ea l t h  an d ene rgy c o n s e rvat i on . T h e  ave r ag e  l ead 
c on t e n t  of g a s o l in e  in 1 9 7 3  was  about 2 . 5 g r am s  p er g a l l on . Und e r  
t h e  E PA p ha s e down , t h i s w.ou l d  b e  r e duc e d  t o  1 . 7 g r am s  i n  1 9 7 5 and 
p ro g r e s s ive ly each y e ar to  0 . 5  g r ams i n 1 9 7 9 . Thi s p ha s e d own i s  
b a s e d  o n  t h e  t h e s i s  t h a t  l ead  m i gh t  b e  a he a l t h  ha z ar d . Howeve r 
t h i s  h a s  b e en a sub j e c t o f  c o nt r ove r s y  b o t h  b e tw e e n  g ov e rnmen t  

' 

ag enc ie s and b e twe en indu s try and g ove rnmen t . 

T h e  r edu c t i on o f  l e ad in mo t o r  g a s o l ine r equi r e s  mo r e  s eve r e  
r e f i n i ng op e r a t i on s  whi ch incr e a s e ene rgy c on s ump t i on . I t  i s  
e s t ima t e d  t h a t  t he l o s s  i n  t e rms o f  crude o i l  e q u i va l en t s  wi l l  
aver age ab out 0 . 5  p er c en t  o f  t o t a l c rude r e f i n e d  f o r  t h e  p er i o d  
1 9 7 5  th r ough 1 9 8 0 , r e s u l t ing i n  t h e  l o s s e s  p re s e n t e d  i n  Tab l e  1 7 .  

TABLE 1 7  

ENERGY IMPACT I N  REFINING O F  THE 
LEAD PHAS EDOWN REGULAT IONS 

'(Thousand Barrels Per Day Crude Oil Equivalent)  

Year Los s es 

19 75 40 

19 76  6 4  

19 7 7  6 6  

19 7 8  6 9 

Re g ar d in g  t h e  u s e o f  l ea d e d  g as o l ine  a s  a s s umed i n  t he s e c t i ons  
ab ov e , even  i f  it  is  d e t e rmined  th at  l e ad p ar t i cu l at e emi s s i o n s  in  
automob i l e  exhau s t s  r ep r e s ent  a h e al t h h a z a rd ,  i ns t a l l a t i o n  o f  l e ad 
t r ap s  t o  r emove l e ad from vehi c l e s ' exhau s t  c an b e  u s e d . S e v e r a l  
c omp an i e s h ave r ep o r t e d  mark e d  p ro g r e s s  i n  t h e  deve l opmen t o f  t he s e 
dev i c e s ,  and i t  i s  be l i ev e d  t h a t  t h ey a r e  f ea s i b l e  f o r  8 0  p er c e n t  
r emo va l o f  l e ad p ar t i cu l a t e s  from e xhau s t . The  l e ad t r ap c au s e s  no 
d i r e c t  fu e l  p en a l ty , a l t h o ug h  it adds s l i g ht ly to the we i g ht of t h e  
car . 

C o nt i nue d u s e  o f  l e aded  g a s o l in e  wo ul d n o t p re v e n t  fur t h e r  r e 
duc t i ons  i n  aut o  emi s s i on s t andards  a t  a l at e r  d a t e . As  i nd i ca t e d 
e ar l i e r , n ew t e c hno l og y  o n  Honda CVCC typ e eng ine s and n ew c a rbur e t o r s  
p rom i s e  r e du c t i on s  i n  emi s s i on s  b y  c ar s  op e ra t in g  o n  l e ad e d  g a s o l ine  
in the  fu tur e .  Me anwhi l e , wi t h  s t anda r d s  f r o z e n  a t  1 9 7 5 l ev e l s , 
t h e  t o t a l  emi s s i on s  f r om aut o mo b i l e s  w ou l d  c on t i nu e  t o  d e c l i ne  unt i l  
a t  le a s t  1 9 7 8 .  
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D e s u l fur i z a t i on o f  G a s o l in e  

De s u l fur i z a t i on o f  g as o l ine c o u l d  b e  a fut u r e  p o s s ib i l i t y  i f  
s t ud i e s , cur rent l y  i n  p ro g r e s s ,  de t e rm i n e  t h a t  s ul f a t e s  em i s s i on s  
f r om c a t a ly t i c  dev i c e s  wi l l  b e  a he a l th ha z a rd .  I f  i t  i s  c o n c l uded 
t h a t  t hey a r e , one  a l t e rn a t ive is  to  m o d e r a t e em i s s i on s  s t andards  
to  p re c l ude t h e  n e e d  f or c a t a l ys t s . A l te rn at i v e ly , the  p o s s ib i l i t y 
has  b e en s u g g e s t e d  t h a t  r e f iner i e s  m i g ht have t o  i ns t a l l  f a c i l i t i e s  
t o  de s u l fur i z e  g as o l i n e ·. S in c e  thi s i s  o n l y  a p o s s ib i l i ty ,  and the  
f ac i l i t i e s  could  n o t b e  i ns t a l l e d  by 1 9 7 8 , ana l y s i s  o f  t h i s  a s p e c t  
h as no t b e e n  i n c l ud e d . S u c h  a s t ep , heweve r , wou l d  r e s u l t  i n  fur t her  
e n e rgy r equi r em en t s  in r e f ine r i e s , a l arg e a dd i t i on a l  b ur d e n  on the 
c o n s t ruc t i o n  indus t ry for f ac i l i t i e s  and adde d  c o s t s to  the cus t ome r . 

C o nc lu s i ons 

The p r e c e d i ng d i s cu s s i on d i s c l o s e s  t h a t  s ev e r a l  ene rgy c o n s e r 
vat i on op t i on s  a r e  ava i l ab l e  i n  the a r e a  o f  aut omo t iv e  em i s s i o n s  
s t andards  and l e ad i n  g a s o line , whi ch i n  t o t a l  w ou l d  p ro du c e  s av i ng s 
by 1 9 7 8  o f  3 1 1  thous and b a r r e l s  p e r  day c rude o i l  e quiva l en t .  T he s e  
op t ions  a r e  s umm ar i z ed a s  f o l l ows : 

• E x t ens i on o f  1 9 7 5  emi s s i o n s  s t andar d s  t h r o ug h  1 9 7 7 can 
avo i d  fuel e c onomy l o s s e s  in car s a f t e r  1 9 7 5  t h at wi l l  ac 
c omp any t h e  p r o g r e s s ive ly more  s t r i ng en t  s t and ard s  cur r e n t ly 
av a i l ab l e . 

• E s tab l i s h in g  em i s s i on s  s t andard s s t a r t ing  i n  1 9 7 8  a t  l eve l s  
whi ch w ou l d  p e rm i t  t h e  u s e o f  h i gh o c t ane l e ad e d  g a s o l i n e  
i n  h igh comp r e s s i on r a t i o  en g in e s  op e r a t i ng wi thou t c a t a 
l y s t s  w ou l d r e s u l t  i n  imp r ov e d  aut omo t i v e  fue l e c onomy . 
P en d i ng t h e  o u t come o f  th e NAS s t udy , a d op t i n g  t h e  1 9 7 5  
C a l i fo rn i a  s t anda r d s  s t a r t ing i n  1 9 7 8  r a t h e r than t h e  
c ur r e n t  C l e an A i r  A c t  S t andards  i s  a s s um ed in t h i s  ana l y s i s . 

• Reg ardi ng l e ad i n  g as o l ine , r e s c ind i ng t h e  l ea d  p h as e down 
r egul a t i on wou l d  s ave e ne rgy i n  r e f i n er i e s . 

Tab l e 1 8  i s  a s ummary o f  the ene rgy c ons e r v a t i o n  op t i o n s  d i s 
c us s e d  ab ov e and the  e s t im a t e d  p o t en t i a l  imp ac t o f  e a c h  op t i o n  b y  
1 9 7 8 .  

I t  s houl d a l s o  b e  no t e d  that  in c r e as i ng fu e l  r e qu i remen t s  
a s s o c i at ed w i th curT e n t  r egu l a t i on s  r epr e s ent a n  i nc r ement o f  p e t ro 
l e um, a l l o f  whi ch mus t b e  imp o r t e d  s inc e dome s t i c  c rude  p r o duc t i o n  
i s  n o t  exp e c t e d t o  m e e t  r e qu i r emen t s . T h e  ba l an c e  o f  p aymen t s  
as p e c t  i s  s ub s t a n t i a l . Th e imp o rt s  r e q ui r ed t o  me e t  t h e i n c r ement  
o f  g as o l i ne demand whi ch could  o t h e rwi s e  b e  c o n s e rve d by t h e  ab ove 
a c t i o n s  c ou l d  o c cur  e i t h er a s  crud e  o i l  o r  as  g a s o l in e . I f  con 
s t ruct i on o f  addi t i o na l  r e f i n i n g  cap a c i t y  by 1 9 7 8  i s  s u f f i c i en t  
to  ful l y  me e t  p ro duct  demand s , c rude o i l  c ou l d b e  imp o rt e d . I f  no t , 
f ini s h ed g a s o l i n e  woul d ne ed  t o  b e  imp or t e d . Dep end i ng o n  p r i c e  
l ev e l s  p reva i l in g  i n  1 9 7 8 , t h e s e imp o r t s c o u l d  amo un t  t o  s eve r a l  
b i l l i on do l l a rs . 
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TABLE 18 

POTENTIAL ENERGY CONSERVATION THROUGH MODERATION 
OF EMI S S IONS AND LEAD REGULATIONS-- 1 9 75-19 7 8  

(Thousand Barrels Per Day Crude Oil Equivalent ) 

Propos ed Regulat ion Amendments 

Extend 19 75 Emiss ions S t andards 
through 19 7 7  

S tarting 19 7 8 , us e high octane 
(9 8 RON) leaded gas oline in 

high comp res s i on ratio engines 

Res cind lead ph as edown 

Total 

Approximate Savings in Gas oline 
Equivalen t 

MO DE S H I F T S  ( FROM AUTOMOB I L E S )  

19 75 

0 

0 

40 

40 

36 

S avings 
19 76  19 7 7  

5 9  132 

0 0 

64  66  

123  19 8 

110 1 7 8  

19 7 8  

140 

102 

6 9  

311 

2 W  

Pub l i c deman ds for  s p e e d  and conve n i e n c e  i n  t r an sp o r t a t i on 
hav e  h i s t o r i ca l ly o utwe i g he d  t h e  c o s t o f  i nc r e a s e d  en e rg y  c o n s ump 
t i on . De s p i t e  s om e  g a in s  i n  t he over a l l  e f f i c i en c y  o f  mo t i v e  s y s 
t ems , t h e  g ene r a l  t r e nd o f  t r ans p o r t a t i on en ergy  e ff i c i e ncy c on t in 
ue s t o  de c l i ne . G o vernm en t p o l i c i e s , s o c i a l  an d env i ronmen t a l  con 
ce rns , r e l a t ive ly  l ow co s t  en e rg y , t h e  s uburb an l i f e - s ty l e , and t h e  
p e nchant f or in c r e a s e d  mo b i l i ty have a l l  c o nt r i b ut e d . t o  t h i s  s i tua 
t i on . 

S i gn i f i cant  var i a t i on e x i s t s  i n  t h e  e n e rgy in t en s i v e ne s s  o r  
e f f i c i en cy amo ng  t h e  va r i ous mo d e s  o f  t r an sp o r t a t i on an d t h e  maj o r  
s h i f t s  that  h av e  o c cur r e d  over t h e  r e c e n t  p as t  have t e nd e d  t o  mov e 
away fr om ene rgy o p t im i z a t i on .  Fo r e xamp l e , b us e s  and r a i l r o a d s  
h ave l o s t  i nt e r - c i ty p a s s en g e r  t ra f f i c  t o  aut omob i l e s  an d a i rp l ane s ,  
whi l e  i nt r a - c i ty o r  ur b an t rave l h a s  s h i f t e d  f r o m  m a s s t r an s i t  ( bu s e s  
and t r a i ns )  t o  t h e  aut o mob i l e . T h e s e f a s t e r , mo r e  p op u l a r , m e an s  
o f  c o nveyan ce hav e  r e a ch e d  a l e v e l o f  s a tura t i o n  wh e r e  c on g e s t i o n  
h a s  b e come a n  imp o r t an t  fun c t ion o f  i ne ff i c i en c y . Mo r e ov e r , t h i s 
c onge s t i on ha s , i n  p ar t , g i ven r i s e  t o  e nvi ro nme n t a l  c o n s t r a int s , 
s om e  o f  whi ch imp l y  fu r t h e r  d e c r e a s e s in en e rg y  e f f i c i en c y  fo r 
t hes e mo de s  o f  t r ave l . 

I n  t h e  r e a lm o f  h i g hway t r ave l ,  aut omo b i l e e n e rg y  e f f i c i ency 
has  de c l in e d  p r imar i ly due  to  i n c r e a s e s  i n  p ow e r , s p e e d  o f  t r ave l , 
vehi c l e  we i g ht an d em i s s i ons c o n t r o l  equipmen t .  T he aut omo b i l e ' s  
l o ng - s t and i n g  p op u l a r i t y , a c h i ev e d  t hr o ug h  t h e  i nd i v i dua l f l e x i 
b i l i ty and c o nv en i en c e  i t  o f f er s , c on t inue s t o  i n c r e a s e , and p r om i -
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n e n t  c ons i d e ra t i o n  fo r c on t inued  u s e  mu s t we i g h  he av i l y  i n  any p l an s  
f o r  c ons e rva t i on .  E x am inat i on o f  p r e s en t  p o l i cy a s s um e s  t h a t  cur 
t a i lment o f  p a s s eng e r  mo vem en t  i s  unt e n ab l e . I n  t h e  a b s ence  o f  
fe a s i b l e  a l te rn a t i v e s  o f  n e c e s s ar y  t im ing and s c op e , t h e  b u r d e n  of  
cons e rva t i on mus t t h e r e f o r e  be  p r e d i cat ed o n  e f fo r t s  to  a c h i eve 
e ff i c i enc i e s  t h r oug h imp r oveme n t s  w i th i n  the pr e s ent s ys t em s . I n i 
t ia l  a c t i o n  w i l l  r e qu i re r e s o l u t i on o f  c o n f l i c t i n g  g ov e r nmen t p o l i cy 
( p o l l ut i on ab a t ement and c on s e rva t i on o f  f ue l ) . and t h e  p ro v i s i on 
o f  i nc e nt i v e s , a s  de s c r ib e d i n  thi s r ep o rt , t d  op t im i z e  en e r g y  
ut i l i z a t i on . Thus , i t  i s  a s sumed  t h at t h e  emp h a s i s  on  ind i v i d�al  
t r ans i t  w i l l  r ema i n ;  that  cons ervat i o n  wi l l  b e  ach i e v e d  b y  i n c r e a s 
ing t h e  e f f i c i e n cy w i t h in th e i nd i v i dua l m o d e , and  b y  imp ro v i n g  t he 
b a l an ce among mo de s . 

A p r im e cand i da t e  f o r  a c h i ev i ng t h i s b e t t e r  b al anc e , l i e s i n  
t h e  ar e a  o f  d i v e r t i n g  s ome o f  t h e  i nt r a - an d i nt e r - c i ty t r ave l 
away f r om t h e  aut omo b i l e  i n  an evo l ut i onary m anne r .  An app r a i s a l  
o f  t h e s e c a t eg o r i e s  o f  t r ave l , a l ong  w i th t h e  e n e r g y  e ff i c i en cy 
and p re s e nt m i x  o f  mo da l ut i l i z at i on s ug g e s t s  that  s ome s h i ft i n g  
i s  fe as i b l e  a n d  i n  the  i n t e re s t  o f  c o n s e rv a t i on . 

W e l l  ove r hal f o f  the  energy c o n s umed by au tomo b i l e s  o c cur s 
w i thi n u rban  ar ea s whe r e  cong e s t i on an d t h e  fue l e c onomy p ena l t i e s  
( MP G ) o f  s t op and g o  dr i v i ng p l ay a s i gn i f i c an t  r o l e . O f  t h e  e s 
t imat ed 5 7 0  b i l l i o n urb an m i l e s  t r av e l e d  b y  p as s e ng e r  (mo t o r ) ve 
hi c l e s  i n  1 9 7 2 ,  9 9 . 6  p e r c e n t  was  c ove r e d  b y  au t omo b i l e  an d o n l y  
0 . 4  p e r c e n t  w a s  by b u s , i n c l udi ng s c ho o l  b us e s . Mo r e  imp o r t an t ly , 
th e e f f i c i e n cy o f  t h e  ur b an m o t o r  bus , i n  t e rm s  o f  p a s s eng e r  m i l e s  
p e r g al l on can b e  2 t o  5 t ime s g r e a t er t h an t h e  aut omob i l e and any 
d ive r s i o n f r om t h e  l a t t e r  obv i ous l y  o f fe r s  c on s i d e r a b l e  s av i ng s  
p o t en t i a l . *  

Re c e n t  s tudi e s  indi c a t e  tha t  app r o x im a t e l y  2 0  p e r ce n t  o f  urb an 
automob i l e  t r ave l c o u l d  b e  d ive r t e d  t o  b u s e s  through  e x t ens i on and 
imp r oveme n t  o f  b u s  s e rv i ce and b y  making aut o  t r av e l l e s s  c o nve n i e n t  
a n d  more  c o s t ly . I n  t e rm s  o f  1 9 7 0  t r ave l d a t a , a s h i f t  o f  t h i s  
magn i tude wou l d  imp l y  an 8 - fo l d  incre a s e  i n  b u s  t r ave l and i s  
the r e f o r e  l im i t ed b y  the ava i l ab i l i ty o f  b u s e s . O f  c o u r s e ,  an 
imme d i a t e  s h i ft o f  th i s  magni tude i s  unr e a s o n ab l e  due to a l a ck o f  
b us e s  and s h o u l d  no t even b e  ant i c ip a t e d  dur i n g  t h e  t ime f r ame c ov 
e r e d  unde r t h i s  Pha s e  I r ep o r t  ( 1 9 7 4 - 1 9 7 8 ) . H oweve r ,  a s  dep i c t e d  
i n  T ab l e 1 9 , i t  i s  c a l cu l a t e d  tha t b us e s  wou l d  mo s t  l ik e ly b e  ab l e  
t o  ach i eve a g a i n  o f  1 4 . 9 b i l l i on p a s s e ng e r  m i l e s  b y  1 9 7 8 , o r  mor e  
than 7 0  p e r ce n t  ove r t h e  1 9 7 0  leve l s , w i t h  the r e s u l t ant fue l 
cons e rvat i o n  amoun t ing t o  4 9 8  m i l l i on g a l l on s  o r  3 3  thous and b ar r e l s  
p e r  d ay ( s e e  App endix C ,  E xh ib i t  V I I ,  Urb an Bus P a s s en g e r  M i l e s ) . 

* No t e : I t  s h o u l d  b e  no t ed t h a t  t h e  m e a s ur ement  o f  e f f i c i en c i e s  
f o r  v ar i ous t r an sp or t a t i on mo de s ar e e x t r em e l y  s e ns i t i v e  t o  t h e  a s 
s umed f a c t o r s  o f  l o ad ( numb e r  o f  p as s eng er s )  an d fue l e c onomy (m i l e s  
p er g al l o n ) . F o r  e x amp l e , th e e f f i c i ency f o r  h i g h  c ap a c i ty p as s eng e r  
v eh i c l e s  var ie s d r ama t i c a l ly wi th t h e  c h an g e  i n  l o ad b e tw e en r u s h  
hour s a n d  � ff -p ea k  t ime s . 
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TABLE 19 

CALCULAT IONS OF URBAN BUS PAS S ENGER MILES 

Bus es in Average Average P as s enger 
Year Service Pas s engers Mi les Mi les x 10 6 

19 60 49 , 600 18 . 8  30 , 380 2 8 , 3 30 

19 70 49 , 700 1 3 . 3 31 , 5 6 0 2 0 , 86 0 

19 7 8  6 5 , 000 16 . 6 33 , 140 35 , 760 

W i t hout e xp an s i on o f  t h e  bus  f l e e t , th e r e  i s  o n l y  m o de s t  p o 
t en t i a l  t o  ab s o rb ur b an au t o  t rave l . Fo r e xamp l e ,  i f  o n e  a s s ume s 
t h e  s ame numb e r  o f  b u s e s  an d m i l e ag e  t h at e x i s t e d  i n  1 9 7 0 b ut in 
crea s e s  t h e  l o a d  f a c t o r  ( averag e pa s s eng e r s )  b a c k  t o  t h e  ave r ag e  
1 9 6 0  l e ve l o f  1 8 . 8 p as s e nge r s , t h e  p o t e n t i a l  fue l s av in g s  i s  o n l y  
3 0 3 m i l l i o n  g a l l o n s  o r  2 0  t h o u s an d  b a r r e l s p e r d a y . I f  t h e  1 9 6 0  
l o ad fac t o r  c o u l d s omehow b e  a chi e ve d  a l on g  w i th e xp an s i o n  o f  t h e  
b us f l e e t  and s e rv i c e , t h e  s av i n g s  p o t e n t i al j ump s t o  6 9 0 m i l l i on 
g a l l ons o r  4 5 thous and  b a r r e l s  p e r  d ay .  T h e s e numb e r s , howeve r , 
make no  a l l owan c e  f o r  t h e  quant i t y  o f  sm a l l e r  i n t r a - c i t y b u s e s  
t h a t  may b e  manu f a c tur e d  by t he r e cr e a t i o n a l  v e h ic l e  indu s t ry , 
o r  the  capa c i t y o f  s ch o o l b u s e s  t o  ab s or b  t r an s i t  s e rv i c e  p e ak s ; 
n o r  do t h ey a t t emp t t o  de t e rm i ne any ba l an c e  o r  t r a d e - o ff b e twe en 
g as o l in e  and d i e s e l  fue l in t h i s  ne t s av i ng s  v a l ue . 

Al t ho ug h  a cons i d e rab l e  range  i n  t h e  quan t i ty o f  fue l c on s e rv e d  
can b e  deve l op ed th rough va r i a t i on o f  a s s ump t i on s , i t  i s  mo s t  s en s i 
t iv e  t o  t h e  ava i l ab i l i t y  o f  bus e s .  The g e ne r a l  i mp ac t  o f  s u ch a 
s h i f t can b e  s t a t ed fo r t h i s s e t  o f  a s s ump t i ons  b e c au s e  t h e  deg r e e  
o f  imp ac t s hou l d  chang e i n  p r o po r t i o n  t o  t h e  s h i ft t ha t  a c t ua l l y 
occur s . E xp and e d  p r o duct i on o f  b u s e s  wou l d  g iv e  an e co n om i c  l i ft 
t o  the  w o rke r s  i n  veh i c l e  manufac tur i n g  and r e l a t e d  i n du s t ry t h r ough 
a d d e d  j ob opp o r t un i t i e s . Of  course , a l a rg e r  bus f l e e t  r e qu i r e s  
r ep l aceme n t  i n  t ime ; whi c h  imp l i e s i nc r e a s e d  p l ant  a n d  e qu ipmen t 
i nve s tme n t  f or an i ndu s try  a l r ea dy bur d e n e d  wi t h  t h e s e  p r o b l em s  t o  
a t t a i n  m o r e  smal l ca r outpu t . The r e  i s  a l s o  a que s t i on a s  t o  how 
the c ap i t a l  w i l l  b e  r a i s e d for t h e  p ur c ha s e  o f  th i s  e qu ipment by 
c i t i e s or t r an s i t  c omp an i e s . H i gh e r  p ark ing  c o s t s and / o r  r e du c e d  
p arki ng av ai l ab i l i ty n e ce s s ary t o  e n c o ur ag e b us e s  w i l l  mo s t  c e r t a i n 
l y  me e t  p ub l i c  r e s i s tanc e and t h e  bus ine s s  c ommun i ty wi l l  undoub t e d 
l y  fe a r  f u r t h e r l o s s o f  s a l e s  t o  t h e  s ub ur b a n  s hopp i n g  c e n t e r s . 

De sp i t e  t h e s e app a r ent  hand i c ap s  and a p r o ba b l e  i nc r e a s e  i n  
averag e ur b an t r av e l t im e s , a move t o  e xp an d e d  b u s i ng w ou l d o ff er  
the  b en e f i t s  of  r e duce d aut o  a i r  p o l l u t i o n , l e s s  t r a f f i c  c o ng e s t i o n  
an d ob v io u s ly , mo r e  c onven i en c e  i n  p ub l i c  t r an s p o r t a t i on .  Ano t he r  
a t t r i but e i s l i k e ly t o  b e  a n  i n c r e a s e d  marg i n  o f  t r av e l s af e t y  a s  
t h e  p as s eng e r  f at a l i ty rat e f o r  urb an t r an s i t  i s  r ou g h l y  2 0  t ime s 
l owe r t han for  aut omob i l e s . 
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Ove ra l l  a s h i f t  t o  bus e s  f or urban t r an s i t  app e ar s  t o  b e  o f  
s i gn i f i can t �a lue i n  t e rms o f  e n e rgy  c on s e rvat i o n  and t h e  s uc c e s s  
o f  imp l eme nt at i on w i l l  l a rg e l y  depend o n  how mu ch t h e  de t e r r e n t  t o  
c ommuting  b y  aut o , a s  me a s ur e d  b y  co s t  d i f f e r e nt i a l s an d l o s s  o f  
c o nven i e nce  w i l l  b e  e xp an d e d . Ut i l i z a t i on o f  b us e s  c a n  b e  e n 
c o ur ag ed t h;o ug h  adop t i on o f  aut o r e s t r i c t iv e  and p ar k i n g  p o l i c i e s  
a s  d i s c us s e d unde r  trave l char a c t e r i s t i c s . I n i t i a l  imp r oveme n t s  
i n  b us s e rv i c e  w i l l  un doub t e d l y  requ i r e  f e d er a l  a s s i s t an c e  f o r  
e qu ipmen t p u r c ha s e  a n d  op er a t i n g  s ub s i dy ,  b ut t h e  maj o r  c o n s t r a int  
f o r  imp l eme nt a t i on l i e s  ch i e f l y  in t h e  ava i l ab i l i t y  o f  more  b u s e s . 

S i nce t h e  aut omob i l e  in c r e a s i ng ly dominat e s  a s  t h e  p r imary 
mo de o f  t r av e l  f o r  t r ip s  o f  l e s s  t h an 5 0 0  m i l e s , ano the r ar e a  o f  
cons e rv a t i on opp o r t un i ty l i e s  in  a s h i f t  away f r o m  t h e  u s e o f  c a r s  
f o r  i n t e r - c i ty t rave l .  The  p r e s e n t  s y s t e m  a l t e rn at i ve s  f o r  s u c h  a 
t r an s i t i o n  a r e  bus , t r a i n  and a ir cr a f t ; h owe ve r , whi l e  t h e  l a t t e r  
i s  g ene r a l l y  mo r e  e n e r g y  i n t e n s ive than t h e  c a r , t h e r e  i s  s ome p o 
t e nt ia l  f or i nc r e a s i n g  t h e  a i r  l o ad f a c t o r  w i thou t a t t en d an t  c h ang e 
in fue l c o n s ump t i on .  

T o  de f in e  t h e  p a rame t e r s  o f  cons e rva t i on p o t e n t i a l  av a i l ab l e  
t hr ough a s h i f t  t o  b us e s ,  t r a ins  and a i r c r a f t  f o r  i nt e r - c i t y  t rave l , 
i t  must b e  o b s e rve d t h a t  t h i s  i s  t h e  a r e a  o f  th e  aut omo b i l e ' s  
g r e at e s t  e f f i c i ency . O f  cour s e , th e  i nt e r - c i t y  b u s  i s  mo r e  e ff i c i ent  
t han t he car ; whi l e  the  t r a i n  can b e  more  e ff i c i e nt t h an even  t he 
b us , p r e s e nt u s e e xp er i en c e  do e s  no t sub s t an t i a t e  th i s  t h e o ry . P a s 
s en g e r  t r a in e f f i c i e n c i e s  a r e  e lu s ive no t o n l y  t hr oug h t h e  vag a r i e s  
o f  dat a , but  b e cau s e t h e  add i t i on o f  p a s s en g e r  c ar un i t s  t o  a t r a in 
do e s  n o t  c r ea t e  a p r op o r t i ona t e  incre a s e  i n  fu e l  c o n s ump t i o n . 

I n  te rms o f  i nt e r - c i ty t r ave l ,  i t  i s  e s t imat e d  t ha t  n e ar ly 4 5  
p e r c e n t  o f  t o t a l  p as s eng er c a r  t r av e l  i n  1 9 7 2 ( 9 8 6  b i l l i on t o t a l  
vehi c l e  m i l e s )  r e s u l t e d f r om t r ip s  out s i d e  u rban a r e a s . Thr oug h 
ap p l i cat i o n  o f  an ave r ag e  l o ad f ac t o r  o f  2 . 5 p er s on s , s ome  1 0 7 . 1 3 
b i l l i o n  i n t er - c i ty p as s eng e r  mi l e s  wer e t r av e l e d i n  1 9 7 2  b y  car ; 
wh i le ,  c omp ara t ive ly , 2 5 . 6 b i l l i o n  wer e by b u s , 8 . 6  b i l l i on by 
t ra i n , and 1 1 7 . 7  b i l l io n  were accoun t e d  f o r  by a i r  ( ex c l u d i ng 1 0  
b i l l i on by p r i vat e p l an e s ) .  Ana l y s i s  o f  th e  p as s eng e r  c a r  t rave l , 
howeve r , r e v ea l s t h a t  much o f  t h e  i n t e r - c i ty  mo vemen t i s  f o r  va c a 
t i on , ho l i day and v i s i t a t i o n  purpo s e s  whi c h  o c cur s s e as o n a l l y , has  
p ea k s  o f  s h o r t  durat i on , and  is  ch ar ac t e r i z e d  b y  h i g h  r a t e s  o f  
o c cup ancy ( l o ad fa c t o r ) . I t  i s  t h e r e fo r e r e a s o n ab l e  t o  s upp o s e tha t 
d ive r s i on o f  t h i s t r a ff i c  wou l d  b e  d i f f i c u l t i n  t e rms  o f  pub l i c  
a cc ep t an c e  an d c o u l d  n o t  b e  e conomi c a l l y  j u s t i f i e d  i n  a l t ernat e mo de 
c ap ab i l i ty .  I t  i s  e s t im a t e d  t h at 3 8 . 2 p er c e n t  of t o t a l  i n t e r - c i t y  
p a s s eng e r  m i l e s  c o u l d b e  d i ve r t e d  ( s e e  App end i x  C ,  E x h i b i t  V I I , 
I nt e r- C i t y Aut omob i l e  Tr ave l ) . 

A s h i f t o f  t h i s max i mum p o t ent i al i s  d e em e d  unr e a s o nab l e  a s  i t  
wo ul d manda t e  mas s ive  exp a n s i on i n  b u s , t r a i n  and/ o r  a i r  indu s t r i e s  
( 3 - f o l d  f or a i r ,  1 6 - f o l d  f o r  b us e s  o r  4 8 - fo l d  f o r  t r a i n s  b a s e d  on 
1 9 7 2  p as s e ng er m i l e s ) . B a s e d  on ava i l ab l e  fac t o r s for  1 9 7 2 ,  it  i s  
c a l cu l a t e d  t h a t  i n ter - c i ty bus e s  wou l d  b e  ab l e  t o  g a i n 2 3 . 7  b i l l i on 
p a s s e ng er m i l e s  o r  9 3  p e rcent  by 1 9 7 8  over  t h e  1 9 7 2  l eve l . The  r e 
s ul t an t  fu e l  s av i ng s from s uc h  a s h i ft wou l d  amo un t  t o  4 7 8 mi l l i o n  
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g a l l on s  o r  3 1  thous and barre l s  p e r  day ( s e e  App end i x  C ,  E x h i b i t  V I I , 
I n t e r - C i ty B u s  T r ave l ) . 

Th e ab i l ity o f  th e p as s e ng er  t r a i n  t o  ab s o rb i n te r - c i ty t r av e l  
from aut omo b i l e s  i s  d i ff i cu l t t o  s ub s t an t i a t e  o n  a nume r i c a l  b a s i s  
due t o  l ack o f  app r op r i a t e  da t a .  Howeve r ,  t h e  c o n s e quence s  may b e  
o f  l it t l e  s i gn i f i c an c e  i n  the  sho rt t e rm due t o  a numb e r  o f  f a c t o r s  
s u ch a s  the  e x i s t ing s ho r t ag e  o f  t r a in s  a n d  s k i l l e d o p e r a t i ng 
p er s onne l . D e sp i t e  th e s e p r ob l em s , a quant i t a t iv e  eval u a t i on o f  
c ons e rvat i o n  can  b e  made in t erms o f  e l im i n a t ing  a p o rt i on o f  aut o 
mob i le p as s eng e r  m i l e a g e . F o r  e xamp l e , i f  t r a i n s  we r e  s omehow ab l e  
t o  doub l e  th e ir p as s en g e r  c arrying  c ap a c i ty b y  1 9 7 8 , a n d  t h e  e qu iv 
a lent  amount o r  8 . 6  b i l l i on p as s eng er  mi l e s  we r e  d iv er t e d  f r om 
i n t e r - c i ty auto s , t h e  p o t en t i al fue l c on s e rv e d  amo un t s  t o  2 2 9  m i l 
l i on g al l o n s  o r  1 5  thous and b ar r e l s  p e r  day , l e s s  wha t ev e r  a dd i t ional  
fu e l  wou l d  b e  r eq u i r ed  for  l o c omo t iv e s  in t h i s  s er v i ce . 

T h e  a i rl in e  indu s t ry h a s  the  c ap ac i ty t o  ab s o rb a s i z ab l e i n 
c re a s e  in p as s eng e r s  i f  t h e y  a r e  s h i f t e d  f r om i nt e r - c i ty aut o  t r ave l .  
Me asur e d  a s  t h e  d i f fe r en c e  b e tween ava i l ab l e s e at m i l e s  and r ev enue 
p a s s en g e r  mi l e s , t h e  a c t ua l  l o ad fa c t o r  f o r  dome s t i c  and l o ca l  
f l ight s dur i ng 1 9 7 2  wa s 5 2 . 1  p er c ent . Ac c o r d i ng t o  indu s t ry r ep r e 
s en t a t iv e s , t h e  th e o r e t i c a l  l o ad fac t o r  l im i t  app r o a che s 6 5  p e r c ent 
b e f o r e  a c c e s s  t o  the s y s t em is  inhib i t e d  and/ o r  a dd i t i o n a l  p l an e s  
a r e  r eq u i r e d , whi c h  l e ave s fue l con s ump t i o n  v i r tua l ly un chang e d .  

B a s e d  o n  t h e s e  f a c t o r s , i f  one r e a s on a b l y  a s s um e s  t h a t  t h e  
var i ous d i s incent i v e s  t o  inte r - c i ty au t o  t r av e l  c o u l d  e n c o urag e 
ut i l i z a t i on o f  7 5  p er c e n t  o f  thi s  ex i s t ing  p as s eng e r  m i l e  c ap ac i t y  
by 1 9 7 8 , s ome 2 1 o 9 b i l l i on p a s s eng e r  m i l e s  c o u l d  b e  s h i ft e d  t o  a i r . 
T h i s  t r an s fe ra l wou l d  r e s u l t  i n  an aver a g e  a i r l i n e  l o ad f a c t o r  o f  
6 1 . 8 p ercent  and a fue l  s av ings  o f  ab out 3 8  t ho u s and b a r r e l s  p er 
day . 

The  imp ac t o f  s hi f t ing t o  bus e s , a i r c r a f t  and  t r a i n s  f o r  i nt e r 
c ity s e rv ic e , a s  i n  t h e  c as e  o f  many o t h e r  a l t e rna t ive s , wou l d  r e 
duc e  p o l lut i on ,  c o ng e s t io n  and i n cr e as e t r a f f i c  s a fe ty ; an d b y  s o  
do i ng , make t h e  op t i o n  o f  driv ing t h e  c a r  mo r e  a t t ra c t ive . P r ovided  
s h i ft s  a r e  m ade , the r e  wi l l  invar i a b l y  be  a l o s s  o f  conve n i en c e  and 
t ime  f or t he t r ave l e r  ( ex c ep t ing s h i f t s  t o  a ir )  p lu s  t h e  l ac k  o f  
f l e x ib i l i ty upo n  a r r iva l . F o r  e x amp l e , v a c a t i o n  p l an s  t o  an i s.o l a t e d  
l o c a t i on m i g ht b e  a b andon e d  due t o  l ack o f  p er s on a l  vehi c l e  a t  t h e 
de s t i n at i on .  On the o th er hand , g overnm en t  p o l i c i e s  d i r e c t e d  t oward 
thi s s h if t  would e n courag e e xp an s i on of the bus  and t r a i n  indu s t r i e s  
c r e at i ng fur t h e r  emp l oyment . 

The  e xp an s i on o f  t r ai n  f a c i l i t i e s wou l d  t ak e  c on s i d e r ab l e  t ime ; 
and i n  v i ew o f  f inan c i a l  c o nd i t i ons , w ou l d  und o ub te d ly r e qu i r e  f e de r 
a l  a s s i s tanc e  t o  en sure  s uf f i c i en t ly r ap id exp an s i on a n d  a d equ a t e 
s e rv i ce . I mp lemen t at i o n  of t he s e  s h i f t s  c o u l d  b e  e n c ourag e d  b y  
r a i s i ng t h e  c o s t  o f  dr iv ing v i a  t o l l s  a n d  t ax e s and by l ow e r i ng 
t h e s e  a l t e rn at e  c o s t s thro ugh s ub s i d i e s . A s  e v i d e n c e d  by t h e  c a l 
culat i ons on c ap a c i t y  t o  ab s o rb t r av e l  and o n  fue l s av i n g , howeve r ,  
no amo un t  o f  i nc e n t i v e  w i l l e l im inat e the  c a r  f r om int e r - c i ty t r ave l 
dur i ng t h e  n ext  d e c ade . 
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PART TWO : C OMMERC I AL T RU C K I N G 

T h e  N a t i on ' s c omme rc i a l  t ruck i n g  indus t ry i n  1 9 7 2  a c c o un t e d  
fo r vi r tu a l ly a l l  l o c a l  c a r g o  t r ans p o r t a t i on and f o r  2 3  p e rc en t  o f  
a l l i n t e r - c i ty fre i g h t  t o n - mi l e s . T h e  e s s en t i a l  n a t u r e  o f  th e s e  
s e rvi c e s  i s  e v i dence d b y  t h e  f a c t  t h a t  n o  o t h e r  known me t h o d  o f  
fre i g h t  movement  h a s  the  inh e r e n t  ove r a l l f l ex ib i l i ty n o r  t h e  c a 
p ab i l i ty t o  e f f i c i e n t l y  move g o ods  a t  a l o c a l  l eve l . E s t im a t e d fue l  
r e qu i reme n t s  and veh i c l e  m i l e age s a t t a i n e d  i n  p e r f o rm in g  t h e s e  s e r 
v i c e s  a r e  s e t  f o r th f o r  1 9 7 2  in  App endix C ,  Exh i b i t  V I I I , T ab l e 3 0 . 

The t o t a l  cons ump t i on o f  fue l s  by a l l  comme r c i a l  t rucks  w a s  
1 , 2 8 9 tho us and b a r r e l s  da i ly in 1 9 7 2 , o r  on ly 1 4 . 3 p e r c en t  o f  a l l  
fue l us e d  i n  t r ans p o r t a t i on . Howeve r ,  t h e  maj o r i ty o f  s e rvi c e  p e r 
fo rme d t h r ough t ru c k i n g  i s  indi s p ens ab l e  r e l a t ive  t o  t h e  q uant i ty 
o f  fue l c on s ume d an d any r e duc t i ons i n  fue l us e mus t b e  me a s ure d 
c a r e ful ly  in t e rms o f  t h e  p o t en t i a l  imp a c t  o f  i n a d e q ua t e  f r e i gh t  
t ran s p o r t a t i o n  w i t h i n  the  e conomy o f  t h e  N a t i on � . D e s p i t e the  s i g 
ni fi c anc e o f  t ruc k in g ' s  e c onomi c cont r i b ut i on ,  t h e r e  a r e  s ome a r e as 
op en t o  the  p r ac t i c e  o f  fue l c ons e rva t i on , b u t  t h e s e me a s u r e s  mus t 
b e  ap p l i e d  w i th  c aut i on . The a r e a s  o f  fue l c o n s e rvat i on p o t en t i a l  
fo r comme r c i a l  t rucking  a r e  s ummar i z e d  i n  T a b l e  2 0 . 

TABLE 20 

HIGHWAY FUEL CONSERVATION POTENTIAL-COMMERCIAL TRUCKING 
(Th ousand Barrels  Per Day) 

Measure 

Speed Limits (55 MP H )  
Design Changes 
Weight Changes 
Maintenance and Operating P rocedu res 
Mode Shifts ( F rom Trucks) 

S P E E D  L I M I TS 

1974 

18 
6 

20 
25 

Savings 

1978 

22 
7 

24 
37 
30 

On January 2 , 1 9 7 4 , Pub l i c  L aw 9 3 - 2 3 9  w a s  app r o ve d , e s t ab l i s h 
ing a n a t i ona l h i ghway s p e e d  l i mi t o f  5 5  MPH . A l t h o ug h  t h i s  l aw 
was  d i r e c t e d  p r i ma r i ly t oward the automob i l e , wh i ch i s  t h e  l a r g e s t  
fac t o r  i n  h i ghway cons ump t i o n , the  i mp a c t  o f  t h e  c h an g e  c a r r i e s  
through a l l  us e r s  o f  t h e  h i ghway s y s t em .  The i mp l i c a t i on s  o f  fue l 
con s e rvat i on fo r c omme r c i a l  t ruck i n g , a s  a f f e c t e d  b y  t h i s  c h ang e in  
s p e e d  l im i t s , v a r i e s  from e ff i c i en cy g a i n s  o f  5 p e r c en t  to  mo de s t  
l o s s e s i n  o ve r a l l fue l e c onomy . 

F rom t h e  s t andp o i n t  o f  m e ch an i c a l  e ff i c i ency , whe n  a t ruck i s  
g e a r e d  fo r  7 0  MPH , i t  mus t have s uf f i c i en t  e n g i n e  p ow e r  t o  ma i n t a in 
that  s p e e d ,  whi ch c an a l l ow for  e ff i c i ency g a i n s  when c r ui s i n g  a t  
l owe r s p e e d s . F o r  t h e  t ruc k i n g  fi rm , t h i s me ans p ur ch a s i n g  a n  e n 
g in e / g e a r i n g  c omb in a t i on that  g ives  the  d r i ve r  s u f f i c i en t  p owe r t o  
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ho l d  a g i ven crui s e  s p e e d  in t op g e ar . I f  ne i th e r  ful l s p e e d  r an g e  
nor  amp l e  p owe r r e s e rve i s  p r ov i de d , t op g e ar w o u l d n o t  b e  u s ab l e  
as a c ru i s e  g e a r . Thus , op e r a t ing  a l a r g e r en g in e  a t  r e d uc e d  revo 
l u t i ons p e r  minut e ( RPM) c an g i ve a 5 p e r c en t  r e du c t i on i n  fue l con 
s ump t i on a t  t h e  s ame a ve ra g e  r o a d  s p e e d , as  c o mp a r e d  t o  p o t en t i a l  
l o s s e s from a l ow e r  p owe r e d  eng ine  crui s i ng  a t  fu l l  RPM . 

Mo s t  ve h i c l e s  and p ar t i c u l a r l y  t ruc k s  ach i eve  t h e i r  ma x i mum 
MP G a t  the  l ow e s t  s p e e d  a t  wh i ch they op e r a t e  s mo o t h l y  in h i gh 
g e a r . Thi s i s  us u a l ly b e tw e en 5 0  and 6 0  MPH fo r t h e  l a r g e  1 0 - s p e e d  
over - the - ro a d  t ruck  comb in a t i on s . B e l ow 5 5  MPH many i n t e r - c i ty 
t rucks  mus t s h i ft i n t o  a l ow e r  g e a r  wh i ch c an r e du c e  MPG ; t h e re f o r e , 
dr iv ing s l owe r i s  h e l p f u l  only  as l ong  as the  dr i v e r  c an make e f 
fe c t ive u s e  o f  t op g e ar . 

Al t ho ugh  t h e s e comp l e xi t i e s rende r c h an g e s  i n  t ruck  e f f i c i ency 
an e l us i ve f a c t o r , the T a s k  G r o up c o n s en s u s  e s t i ma t e s  c o n s e r v a t i v e 
ly ) t h a t  a 3 p e r c e n t  g a i n  in fue l e c onomy ( MP G )  c o u l d  b e  a c h i e v e d  
thro ugh l ow e r  s p e e ds . H ow e ve r , i t  i s  co ns i de r e d  r e a l i s t i c  t o  as 
s ume t h a t  any s av i n g s  w i l l  b e  r e a l i z e d  on ly  i n  t h e  c as e o f i n t e r 
c i ty t r ave l s i n c e  t r a f f i c cong e s t i o n  g e n e r a l ly p r e c l u d e s  s p e e ds i n  
exc e s s o f  t h i s  new l i m i t  i n  urb an are a s . 

As a cons equence  o f  th e s e as s ump t i ons, t h e  fue l cons e rva t i on 
ach i e v e d  th rough l owe r s p e e d l i mi t s  amo un t s  t o  8 t h o us and b a r r e l s  
p e r  day o f  g as o l i ne  an d 8 thous and b ar r e l s  p e r  day o f  d i e s e l  fue l 
( c a l cul a t i ons  in  App e n d i x  C ,  Exhib i t  I X ) .  

T h e  imp a c t  o f  t h e s e l ow e r  s p e e d  l i mi t s  i s  ob v i o us t o  th o s e  who 
have d r i ven at 5 0  or 5 5  MPH fo r an e x t ende d p e r i o d  on the open ro ad , 
whe r e  s uch a l ow s p e e d  i s  ine f f i c i en t  in  t e rms o f  t i me fo r l on g  
t r i p s . S l ow e r  s p e eds  o b v i o us ly  cut t h e  p r o duc t i vi ty o f  a t ruck, and 
t r ip t ime s c an be e x t ende d b eyond s a fe d r i v e r  l imi t s . 

I t  has b e en e s t imat e d  by t he F e de r a l  H i ghway Admi n i s t r a t i on 
( FHWA) tha t t h i s  r e duc t i on i n  t ruck s p e eds  has  r e s ul t e d  i n  an ove r 
a l l  p r o duc t i vi ty l os s  o f  8 p e rc en t .  Howeve r ,  t h e  e xp e r i en c e  w i th 
the s e  n ew s p e e d  l im i t s  has  no t b e en s u f f i c en t  t o  fo rmu l a t e  the  fu l l  
e conomi c e f fe c t . I t  i s  p o s s i b l e  t h a t  t h e  i mp a c t  may app e a r as  s l ow 
e d  a s s emb ly l in e s , inven t o ry b u i l d - up ( in p ar t s  w a r e ho us i n g )  o r  in 
ade q ua t e  me r ch and i s e  a t  r e t a i l l eve l s . F r om a s o c i a l v i ewp o in t , i t  
i s  l i k e ly t o  i n c r e as e t he t i me the  t ruck d r i ve r  mus t s p en d  aw ay from 
home ; but , i t  may a l s o  enhan c e  the s a fe ty o f  d r i v i n g  t h r o ugh l ow e r  
fa t a l i ty r a t e s . 

I t  has b e en s ug g e s t e d  i n  s ome c i r c l e s  t ha t  an i n c r e as e i n  
n i gh t t ime s p e e d  l imi t s  b e  a l l ow e d  fo r e i th e r  t rucks o r  aut o s  bu t 
i t  i s  t he op i n i on o f  the  Tas k G roup t h a t  s uch a mo ve  w o u l d  d e s t roy 
the c r e di b i l i ty o f  the n e c e s s i ty fo r l owe r l im i t s  in the f i r s t 
p l ac e , whi l e  i mp a i r i n g  t he i n t ende d e ff e c t i ven e s s  o f  the a c t i o n . 

TRUC K DES I GN 

I n  the  a r e a  o f  t ruck  d e s i g n , t h e  l a t i t ude o f  chan g e  i s  s ev e r e 
ly r e s t r i c t e d  by t h e  n e e d  f o r  s uf f i c i e n t  c a rgo  c ap a c i ty t o  ma i n t a i n 
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e c onomi c op e r a t i on . A maj o r  fac t o r  r e duc i n g  t h e  fue l e c on o my o f  
trucks i s  a i r r e s i s t ance . The amoun t o f  t h i s  r e s i s t an c e  depends  on 
wind condi t i o ns, the  front a l  area and s hap e of the  t ru c k , r o a d  s p e e d  
and the dens i ty o f  the  a i r . One o f  the maj o r  c aus e s  o f  a i r  r e s i s 
t an c e  on vo l ume van - t ra c t o r t r a i l e r  c omb in a t i on s  i s  t h e  ab rub t 
chang e in  s hap e b e twe en the  c ab and t r a i l e r . Ano t h e r  c aus e , p re s 
ent  on a l l comb i n a t i ons  e x c ep t fl a t  b e ds , i s  t h e  g ap b e tw e en t h e  
t ra i l e r  and t h e  c ab . 

N o o n e  has  f o und a p r ac t i c a l  w ay t o  comp l e t e ly s t r e am l i n e  th i s  
are a ,  b ut the r e  a r e  comme r c i a l ly avai l ab l e  dev i c e s  t h a t  s t ab i l i z e 
t he a i r  mov i n g  p a s t t h e  c ab - t r a i l e r . The s e a r e  t h e  c ab moun t e d  
"w ind d e f l e c t o r "  and t h e  t r a i l e r  mo unt e d  " vo r t e x  s t ab i l i z e rs . "  The 
e ff e c t i vene s s  o f  s t re aml i n i n g  devi c e s  is  h i gh l y  d e p e n d e n t  o n  t h e  
p a r t i cul ar  vehi c l e  a n d  the ins t a l l at i on o f  t h e  e q u i pmen t . B o t h  are  
add - on devi c e s  r equi r i ng no  b as i c  chan g e  i n  the  t ru c k , a l t h o ugh th e 
wind de f l e c t o r  may requi r e  c ab roo f r e in f o r c i n g . H e r e , an i mp o r t an t  
c ave a t  i s  n e c e s s ary .  The maxi mum g ro s s vehi c l e  we i gh t  a l l owe d o n  
the h i ghway s  i s  de t e rm in e d  by l aw .  The  addi t i on a l  we i ght  adde d t o  
a v e h i c l e  as  a r e s u l t o f  i ns t a l l in g  w i nd de f l e c t o r s  a n d  vo r t e x  s t a 
b i l i z e rs o r  o th e r  fue l s av i n g  equipmen t r e duc e s  t h e  amo un t  o f  
fre i gh t  that  c an b e  l o a d e d  i n t o  the t r a i l e r  by an e q ua l  amo un t . 
Th i s  b e c ome s a p ro b l em when dens e f re i gh t , wh i ch l o a ds a t ra i l e r  
l on g  b e fo r e  i t  i s  phys i c a l ly f i l l e d , i s  b e in g  haul e d . C a r e fu l  c on 
s i de r a t i o n  mus t b e  g i ven t o  the  amo unt o f  fue l s av e d  a s  a r e s ul t o f  
ins t a l l in g  the s e  devi c e s  v e rs u s the  r e du ce d  p ay l o a d  an d l o s s o f  p ro 
duc t i v i ty b e c aus e o f  the  addi t i on a l  we i gh t  t h a t  s uch equipment  adds 
to  the  un l aden veh i c l e . 

The  c o o l i n g  fan on a d i e s e l  p owe r e d  t ruck  i n  l i n e  h a u l  s e rv i c e  
i s  gener a l ly no t r equi r e d  a l l  o f  t h e  t ime . T h e  typ i c a l  c o o l i n g  fan 
us e s  about 5 p e r c e n t  o f  r at e d  eng i n e  p owe r at g o v e r n e d  RPM . T e m 
p e r ature  mo du l a t e d  fans have b e en u s e d  t o  s av e  fue l by r e duc i n g  t h e  
amount o f  t ime t h a t  the  c o o l i n g  fan i s  requi r e d . Howeve r ,  b e c aus e 
o f  the  un i q ue i n s t a l l a t i on p r o b l ems a t emp e r a tu r e  c o n t ro l l e d  fan 
c an c aus e , t h e  t ruck manufacturer  s h o u l d  b e  c o n t a c t e d  fo r fur t h e r  
i n fo rma t i on .  

S i n c e  t h e r e  a r e  a numb e r  o f  t ruck t ran s mi s s i on an d eng i n e  t e c h 
no l o g i e s  i n  t h e  v a r i o us s t a g e s  o f  deve l opment a t  p r e s e n t , i t  wou l d  
b e  frui t l e s s t o  t ry t o  j ud ge wh i ch wo u l d  b e  l i k e ly t o  b e  a dop t e d , 
much l e s s p ro j e c t  t h e  e f fe c t s  in  the  future . 

Rep l a c ement o f  e xi s t i ng  t rucks wi th n ew equi pmen t whi ch h a s  
b e en manu f a c t ur e d  t o  s p e c i fi c a t i on s  con t a i n i n g  a l l  o f  the  known fue l 
s av i n g  devi c e s  w i l l  no t have an imme di a t e  r e duc t i ve e ff e c t  on fue l 
c on s ump t i on . D emand fo r new t rucks i s  a t  an a l l  t ime h i gh . B e twe en 
1 9 7 1  and 1 9 7 3, 1 mi l l i on he avy t rucks o f  a l l k i n d s  w e r e  s o l d .  No 
comp any has b e en  ab l e  to bui l d  fac i l i t i e s  fas t enough to k e ep up 
w i th the  d emand . Manuf a c turers  have t r emendous b a c k l o g s , s ome a s  
l ong a s  a y e a r  to  1 8  months . I n  o t h e r  wo rds , the  o l d  e q uipment w i l l  
b e  on  the  r o ad fo r a c o n s i de r ab l e  t i me . 

D e s p i t e  th e s e p ro b l ems , the  p o t en t i a l  fue l s av i n g  t h a t  coul d 
b e  der ived  f ro m  t h e  v a r i o us e l emen t s  o f  d e s i gn i s  undoub t e d ly i m -
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p o r t an t . L a c k i n g  ext ens i ve r e s e a rch , i t  i s  i mp o s s i b l e  t o  e s t i ma t e  
va l ue s  on  an i n d i v i du a l  des i gn chang e  b a s i s ; b u t , i t  w o u l d  s e em r e a 
s onab l e  t h a t  e f fo r t s  t oward i mp r oveme n t  mi g h t  r e f l e c t  e f fi c i en c i e s  
o f  1 p e r c e n t  o r  7 thous and b a rre l s  p e r  day o f  fue l s av i n g s  b y  1 9 7 8 .  

WE I GHT ( HEAVY TRUC K S ) 

I n  t e rms o f  e n e rgy cons e rvat i on , t h e  n e e d  fo r mo d e rn e f fi c i en t  
mo t o r  t ruck op e r a t i o ns i s  now g r e a t e r  t h an i t  h a s  e v e r  b e en . How 
ever , t h e  t ru c k i n g  i n dus t ry i s  han d i c ap p e d  i n  i t s  ab i l i ty t o  p r o 
v i d e  the  mos t e f f i c i en t  typ e o f  s e rvi c e  due t o  t h e  ex i s t i n g  l i mi t s  
o n  t ruck  we i gh t s  wh i c h  have b e en i n  e ffe c t  s i nc e 1 9 5 6 . W e  a r e  
c l o s e  t o  c omp l e t i on o f  t h e  mos t mo d e rn hi ghw ay n e two rk i n  t h e  wo r l d , 
but  the c o n t inue d p r e s e n c e  o f  fede r a l  w e i gh t  l i m i t s  h ave t h e  t ruck 
ing i n dus try op e r a t i n g  unde r s t andards th a t  a r e  n ow 2 8  y e a rs o l d . 
Mo di f i c a t i on o f th e s e s t andards co u l d  g e n e r a t e  fue l s av i n g s  t h rough 
mo re e f fi c i en t  moveme n t  of  fre i gh t . 

P r i o r  t o  1 9 5 6 , the  c on t ro l o f  mo t o r  v e h i c l e  s i z e and w e i gh t s  
had b e en l e f t comp l e t e ly t o  t h e  ind i vi dua l s t a t e s  w i th n o  f e d e r a l  
int e rvent i on o r  cont ro l s  o f  any k i n d . B u t  w h e n  C o n g r e s s  p as s e d t h e  
F e de r a l  A i d  H i ghway Ac t i n  1 9 5 6 , i t  de c i de d  t h a t  s i n c e  t h e  F e d e r a l  
Gove rnmen t  w a s  p ay i n g  9 0  p e r c e n t  o f  t h e  c o s t o f  t h e  s ys t em , from 
the  Hi ghw ay T r u s t Fun d , it  s ho u l d  s e t  s ome s i z e and w e i gh t  l i mi t s  
fo r that  s ys t em in  o r de r t o p ro t e c t  t h e  f e d e r a l  inve s tmen t . 

I n  l o o k i n g  f o r  s ome s t andards t o  p l ac e  i n  t he f e d e r a l  l aw i n  
1 9 5 6 , t h e  on l y  o n e s  fo r gui dance w e r e  t ho s e adop t e d  i n  1 9 4 6  ( 1 0  
y e a r s  p r i o r  t o  t h e  p a s s a g e  o f  the A c t ) b y  t h e  Ame r i c an As s o c i a t i on 
o f  S t a t e  H i g hw ay O f f i c i a l s  (AASHO ) .  T he s e  1 9 4 6  s t and a rds  w e r e  
s l a t e d  fo r chan g e  b y  t h e  hi g hway o ff i c i a l s ' g r o up b u t  t h i s r e vi s i on 
was n o t  i n i t i a t e d . 

N e v e r t h e l e s s , t h e  1 9 4 6  Ame r i can As s o c i at i o n  o f  S t a t e  H i ghway 
Offi c i a l s  r e c ommenda t i ons  of 1 8 , 0 0 0  p o unds f o r  a s in g l e ax l e  l o ad ; 
3 2 , 0 0 0  p ounds , fo r a t andem ax l e  l o ad ; 7 3 , 2 8 0  p o unds  g r o s s w e i gh t  
l imi t ,  r e g a rd l e s s o f  typ e o f  t ruck o r  t ru c k  c omb i na t i on ; and a 
wi dth o f  9 6  i n ch e s  we re  p l ac e d  in  the  fe de r a l  l aw ,  b ut as a t emp o 
rary me as ure  t o  b e  r e vi s e d upw ard a t  th e e a r l i e s t  p ra c t i c ab l e 
dat e . 

Howeve r ,  i n  1 9 5 6  a l l  s t a t e s  w e r e  a t , o r a b o v e  t h e  f e d e r a l  s in 
g l e  and t andem l oa d  o f  1 8 , 0 0 0  p ounds and 3 2 , 0 0 0  p o unds  r e s p e c t i ve ly .  
Thi s me ans t h a t  s i n c e  1 9 5 6  t h e r e  h a s  b e en a c omp l e t e  ax l e  w e i gh t  
" fr e e z e "  a s  f a r  as  op e ra t i ons on  t he I nt e rs t a t e  H i ghway S y s t em a r e  
conce rne d and t h e  " fr e e z e "  i s  b as e d  on  1 9 4 6  s t an d a r ds . 

S ome s t a t e s  w e r e  b e l ow t h e  fede r a l  maxi mum g r o s s w e i ght  l i m i t 
o f , 7 3 , 2 8 0  p o unds , b u t  by 1 9 6 1  a l l s t a t e s  w e r e  v i r tu a l ly a t  t h i s  
c e i l i n g , o r  h i gh e r  i f  s u c h  h i g h e r  l im i t s  w e r e  i n  e ff e c t  i n  1 9 56 .  
Thus , a s  fa r as  op e r a t i ons on  t h e  I n t e rs t a t e  H i g hw ay S y s t em a r e  
conc e rne d ,  t h e r e  has  b e en a g r o s s w e i gh t  " fr e e z e "  s in c e  1 9 6 1 - - a  
" fr e e z e "  b a s e d  o n  1 9 4 6  s t andards . 
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S e c t i o n  1 0 8 ( k )  o f  the  F e d e r a l  Ai d H i ghw ay Ac t o f  1 9 5 6  d i re c t e d  
the  S e c r e t a ry o f  C omme r c e  ( B ur e au o f  Pub l i c Ro ads ) t o  r e s e ar c h  and 
inves t i g a t e  t h e  s i z e  and we i gh t  que s t i on an d t o  r ep o r t  b ac k  t o  t h e  
C ong r e s s by J u ly 1 9 5 9 , w i t h  r e c o mmend a t i ons fo r n ew s i z e a n d  we i g h t  
l imi t a t i ons . 

I n  1 9 6 4 , t h e  Bure au f i n a l ly s ubmi t t e d  i t s s i z e an d w e i gh t  r e c �  
ommenda t i ons t o  t h e  C o n g r e s s  ( Hous e D o c umen t N o . 3 5 4 , 8 8 t h  C o n g re s s 
Z d  S e s s i o n ) . The  Bur e a u  r e commende d t h a t  a s  fa r as  v e h i c l e  w e i gh t  
l imi t a t i ons  i n  the  f e d e r a l  l aw w e r e  c on c e rne d ,  t h e  f o l l ow in g  change s 
s h o u l d  b e c ome e f fe c t i v e  in  July 1 9 6 7 :  

I n c r e a s e t h e  1 8 , 0 0 0  p ound s ing l e  ax l e  l im i t t o  2 0 , 0 0 0  
p oun ds . I nc r e a s e the  3 2 , 0 0 0  p o und t andem ax l e  l i mi t 
to 3 4 , 0 0 0  p o unds . Change the  f l a t  max imum g ro s s  we i gh t  
o f  7 3 , 2 8 0 p o unds t o  a s c i en t i f i c  fo rmu l a  t h a t  w o u l d p e r 
m i t h i gh e r  g r o s s w e i gh t s  a s  the  l en g t h  o f  t h e  v e h i c l e s  
and numb e r  o f  ax l e s  a r e  i n c r e as e d . ( H i ghw ay B r i dg e  
Fo rmu l a  B . ) 
The s e  r e c ommend a t i ons w e r e � de t e rm i n e d  by f e d e r a l  an d s t a t e  

h i ghway eng i n e e r s  and o f f i c i a l s  a f t e r  e xhaus t i v e  s t ud i e s  an d i nve s 
t i g a t i ons . The  r ep o r t  c o n t a i n i ng them i s  a c omp r e h ens i v e  an a l y s i s  
o f  a l l  f a c e t s  o f  h i ghway c ap ab i l i t i e s  and mo t o r  t ruck  op e ra t i ons . 
E v e ry � l eme n t  o f  h i ghway s a f e ty was r e s e a rche d and e v a l ua t e d , as  
w e l l  as  every e l ement of  h i ghway eng i n e e r i n g  a s  it  p e r t a i n e d  t o  
h i ghway p avement and s t ru c t ure  c ap ab i l i t i e s . T h e  r e c ommen da t i ons 
we r e  no t t ho s e  o f the t rucking  indus t ry - - b u t  o f the hi ghw ay r e g u 
l a t o ry agenc i e s , fede r a l  an d s t a t e . 

The Bure au ' s  1 9 6 4  r e c ommendat i on s  f o r  mo d e rn i z i n g  t h e  f e d e r a l  
s i z e an d we i gh t  l imi t s  w e r e  endors e d  i n  C o n g re s s i on a l  h e a r i n g s  i n  
1 9 6 7  and 1 9 6 9 , and a g a i n  i n  1 9 7 4  b y  t h e  Dep a r tm e n t  o f  T r ans p o r t a 
t i on an d i t s  F e de ra l  H i g hway Admi n i s t ra t i on , t h e  s uc c e s s o rs , r e 
s p e c t i ve ly , o f  t h e  D e p a r tmen t o f  C omme r c e  and t h e  Bur e au o f  Pub l i c  
Roads . 

Th e s e  chan g e s a l s o  h ave b e en endo rs e d - - i n t h e  i n t e rven i n g  y e a rs 
an d a g a i n  in  1 9 7 4 - - by the  Ame r i c an As s o c i a t i o n o f  S t a t e  H i ghway O f 
f i c i a l s , n ow t h e  Ame r i c an As s o c i a t i o n  o f  S t a t e  H i ghw ay and T r ans 
p o r t a t i on O f f i c i a l s . 

The  s tu d i e s  t h a t  C ong r e s s o rder e d  in 1 9 5 6  wh i ch r e c ommen d e d  r e 
vi s i on a r e  n ow 1 0  y e ars  o l d  an d the e f fe c t i ve d a t e  f o r n ew l i m i t a 
t i ons i s  now 7 y e ars  p as t .  The  1 9 4 6 we i gh t  s t an d a r ds g o v e rn i ng  
h i ghway us e in  1 9 7 4  a f f e c t e d  t rucking  e f f i c i ency b e fo r e  t h e  ene r gy 
c r i s i s , b u t  the  cu r r en t  n e e d  t o  o b t a i n  t h e  m0 s t  e f f i c i ent  us e o f  
avai l ab l e fue l s upp l i e s  emp h as i z e s  the  s i t u a t i on . 

I ndus t ry s tudi e s  s how t h a t  i f  the  vehi c l e  op e r at i n g  und e r  t h e  
p re s en t r e s t r i c t i ve we i ght  c e i l ings  w e r e  p e rmi t t e d  t o  op e r a t e  und e r  
p rop o s e d  r e vi s e d l imi t at i ons ; 2 0 , 0 0 0  p o unds s in g l e  ax l e  l i mi t ; 
3 4 , 0 0 0  p o unds t andem ax l e  l imi t ; and H i ghw ay B r i dg e  F o rmu l a B ( a  
s c i en t i fi c  fo rmu l a  t h a t  w o u l d  p e rm i t h i ghe r  g r o s s w e i gh t s  a s  the  
l en g t h  of  v e h i c l e s an d n u�b e r  o f  ax l e s  a r e  inc r e as e d )  , t h e  t onna g e  
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mo ved by t rucks  c o u l d  b e  c a r r i ed  wi th  a s ub s t an t i a l  s av i n g s  in d i e 
s e l  fue l . 

T h e r e  i s  a p rob l em i n  s t r i c t  app l i c a t i on o f  t h e  g ro s s  w e i gh t  
fo rmu l a , howeve r , i n  s t a t e s  whe re  t h e  l en g t h  l i mi t i s  5 5  f e e t  and 
the  s t andard vehi c l e  is  t h e  o r d i n a ry 5 - ax l e  t r a c t o r , s emi - t r a i l e r  
comb i nat i on . T h i s  v e h i c l e  w o u l d  g e t  ve ry l i t t l e , i f  any , p ay l o ad 
g a i n  from t h e  g r o s s  we i gh t  fo rmu l a a s  p r e s e n t ly  d e v i s e d . 

Unde r  the  f o rmu l a , two c ons e c u t i ve s e t s  o f  t an dem ax l e s  mus t 
b e  a t  l e as t 3 9  f e e t  ap a r t  in o r der  t o  c a r ry a g ro s s  we i gh t  o f  6 8 , 0 0 0  
p o unds . The  5 0  t o  5 5  f e et c omb i n a t i on us u a l ly op e r a t e s  w i t h  a 
s em i - t ra i l e r 4 0  f e e t  i n  l en g t h  and s u c h  a v eh i c l e  d o e s  no t have 3 9  
f e e t  b e tween  t h e  f i r s t ax l e  o f  the f i r s t  s e t  o f  t andems and the  l a s t 
ax l e  o f  the  s e c ond s e t . Th i s  d i s t anc e i s  u s u a l l y 3 6  f e e t and und e r  
the  f o rmu l a , a s  p r e s e n t l y  d ev i s ed , c o u l d  c ar ry o n l y  6 6 , 0 0 0  p ound s . 

The r e fo r e , the  g r o s s  we i g h t  formu l a , i f  p l a c e d  i n  t h e  f e d e r a l  
l aw ,  c o u l d  c o nt a i n · a  s p e c i a l  p rov i s o  a l l ow ing 6 8 , 0 0 0  p ounds  t o  b e  
carr i ed o n  two c o ns e cu t iv e  s e t s  o f  t andem ax l e s  p r ov i d i ng t h e  d i s 
t anc e b e tween  the f i r s t  and l a s t ax l e s  o f  s u c h  c o ns ecu t i v e  s e t s  o f  
t andem ax l e s  i s  3 6  f e e t  o r  mo r e . 

Wh i l e t h i s  i s  a m inor  d i ff e r enc e f r om t h e  s tandp o i n t  o f  b r i d g e  
pro t e c t i o n , i t  h a s  g r e a t  e c o nom i c  s i g n i f i c an c e  f r om t h e  s t andp o i n t  
o f  the many thou s ands  o f  v e h i c l e  c omb ina t i o n s  o f  the  c on f i gu r a t i on 
men t i oned . I t  i s  imp o r t an t  f o r  a l l s u c h  v eh i c l e s , r e gard l e s s  o f  
the c ommod i ty b e i n g  c ar r i ed , bu t i t  i s  c r i t i c a l ly imp o r t an t  t o  no t e  
t h a t  a t  th i s  t ime , the p r e v a l en c e  o f  th i s  s i z e v eh i c l e  i s  i n  t ank 
t ru c k  op e r a t i on s - - th e  v e h i c l e s  mo v ing the c ommo d i ty wh i c h  i s  at the 
h e ar t of the en e r gy p r o b l em . 

The h i gh e r  ax l e  and g ro s s  we i gh t s  p r o p o s e d fo r v eh i c l e s  o p e r 
a t ing  o n  the  I n t e r s t a t e  H i ghway Sy s t em wou l d  r e s u l t i n  s u b s t a n t i a l  
fue l s av ing s i n  t e rms  o f  ga l l ons  o f  d i e s e l  fu e l  r e qu i r e d  t o  c arry 
a g iv e n  vo lume of  h i ghway fre i ght . T h i s is  b e s t i l l u s t r a t e d  u s i n g  
a c omb i na t i o n  t ru c k  wh i c h  i s  i n  common us e t o day - - a  typ i c a l  t r ac t o r , 
s em i - t r a � l e r  c omb i na t i o n : 

• T r a c t o r  s emi - t r a i l e r  ( 5  ax l e s ) - - 5 5 f e e t  ove r a l l  l e ng th w i t h  
a 4 0  o r  4 5  f e et s emi - t r a i l e r  an d a t o t a l  emp ty we i g h t  o f  
2 6 , 2 7 0 p o unds . 

• P r e s ent  max i mum w e i ght .  o f  7 3 , 2 8 0  p o un ds p e rm i t s  a p ay l o a d  
o f  4 7 , 0 1 0  p o unds w i t h  a fue l cons ump t i on r a t e  o f  0 . 2 3 8 g a l 
l ons p e r  mi l e . 

• Propo s e d max i mum we i gh t  o f  7 8 , 0 0 0  p o unds p e rmi t s  a p ay l o ad 
o f  5 1 , 7 3 0 p ounds w i th a fue l c on s ump t i on r a t e  o f  0 . 2 4 6 g a l 
l ons  p e r mi l e . 

• Fue l / p ay l o ad r a t i o s - - 1 0 . 0  p e rc e n t  mo r e  p ay l o a d  w i t h  3 . 4 p e r 
c en t  mo r e  fue l  c ons umed  o r  a b en e f i t r a t i o  o f  2 . 9 : 1 . 

• Put an o th e r  way , h i gh e r  w e i gh t  wo u l d  e l i m i n a t e  app r o x i m a t e ly 
one t r i p  in t en . 
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T he s e c omp a r i s on s  a r e  b as e d  on t h e  op e r at i ons  o f  " t yp i c a l  ve 
h i c l e s " now i n  us e on  t h e  h i ghways . Us i n g  t h e  ab ove  fue l c o n s ump 
t i on f ac t o r s  and t h e  t o n - mi l e s o f  fre i gh t  c onvey e d  by  i n t e r - c i ty 
t ruck  dur i n g  1 9 7 2 , t h e  p o t en t i a l  cons e rv a t i on o f  fue l w o u l d  h ave 
ach i eved  19 thous and b a r r e l s  p e r  day ( s e e  App e n d i x  C ,  Exhi b i t  X ) . 
The maj o r i ty o f  t h i s  d i e s e l  fue l s av i n g s  c ou l d  b e  a t t a in e d  as  s o on 
a s  w e i gh t  l im i t a t i ons  a r e  mo di f i e d . I f  i t  i s  a s s um e d  t h a t  n o  o t h e r  
e ff i c i en c i es o f  d e s i gn ,  op e r at i on o r  s p e e d  l imi t at i ons  a r e  i mp l e 
men t e d  an d t h a t  t ruck f r e i gh t  mo vement g r ow s  through  1 9 7 8  at the  
ave r a g e  rate  of  t h e  p as t 5 y e ars  ( 3 . 9 p e rc en t ) , t h e  s av i n g s , by 
v i r tue o f  the ab ove  examp l e , coul d r e a c h  24  t ho us an d b a r r e l s  p e r  
day in  1 9 7 8  ( b a s e d  o n  5 9 1  x 1 0 9 ton - mi l e s ) . 

TRUCK MA I NTENAN C E  AND O P E RAT I NG PROCEDURE 

P rop e r  ma i n t enan c e  and g o o d  dr i v i ng hab i t s  c an i n c r e a s e fue l  
e ff i c i en cy b y  a s  muc h  a s  2 0  p e r c e n t . T he s e  i n c l ude ma i n t a i n i n g  max 
i mum s p e c i fi e d  t i r e p re s s ur e , ma i n t a i n i n g  p rop e r  en g i n e  adj us tme n t , 
s ki l l fu l  d r i v i n g  t o  ho l d  cons t an t  s p e e d , avo i danc e o f � ac k  rabb i tq 
s t a r t s  and s h i ft s  t o  h i g h e r  g e a r  a t  m i n i mum s p e e ds , and mi n i mum us e 
o f  a i r  c o n d i t i on i n g . 

I t  i s  ob vi ous t h a t  t ruck eng i n e s  wi l l  r un mo s t e f f i c i en t l y  
wh en they  a r e  i n  g o o d  op e r a t ing condi t i on .  O ve r - fue l i n g  due t o 
chan g e s  in  fue l p ump a dj us tment and ove r - s p e e d i n g  a s  a r e s u l t o f  
chan g e s  i n  gove rno r cut - o f f  s p e e d  a r e  i n e f f i c i en t  way s t o  i mp ro ve 
p e r f o rmanc e an d may b e  i l l e g a l  due t o  envi ronmen t a l  r e gu l a t i ons . 
On e o f  the  en g i n e  manufa c tu r e r s  e s t imat e d  t h a t  a 1 0  p e rc e n t  inc r e as e 
in  p owe r g a i n e d  t h i s way c an r e s u l t  i n  1 5  p e r c e n t  mo r e  fue l cons ump 
t i on .  

Due t o  t h e  vas t numb e r  o f  mo t o r  c a r r i e rs op e r a t i n g  in  t h i s  
coun t ry t o day , t h e i r  d i f fe r en t  typ e s  o f  o p e r a t i on s  and commo d i t i es 
c a r r i e d , and t h e  di f f e r e n t  g e o g r ap h i c a l  r e g i on s  w i t h i n  w h i c h  t h ey 
op e r a t e , i t  i s  v i r t ua l ly i mp o s s i b l e  t o  a r r ay a l i s t  o f  fue l s av i n g  
s t ra t e g i e s  a n d  t o  de t e rm i n e  t h e  app ro x i ma t e  amo un t  o f  fue l t h a t  c an 
b e  s av e d  a s  a r e s u l t o f  e ac h  s t r at e gy o r  by a l l s t r a t e g i e s  c o mb i ned . 

How e ve r , b a s e d  o n  a cont i nuing Ame r i c an T ru c k i n g  As s o c i a t i on 
fue l cons ump t i on and c o s t s urvey , i t  was  de t e r mi n e d  t h a t  dur i ng t h e  
i n t e rva l b e twe en N ovemb e r  o f  1 9 7 2  an d Novemb e r  o f  1 9 7 3 , mo t o r  c a r 
r i e r s  only c ons um e d  an addi t i on a l  6 . 9 p e rc e n t  o f  fu e l  w h i l e  mi l e s  
op e r a t e d  i n c r e a s e d  b y  1 4  p e r c e n t . As a r e s u l t  o f  t h e  vo l un t ary fu 
e l  c ons e rvat i on s t r a t e g i e s  i ni t i at e d  by t h e s e 3 0 0  p l us  c a r r i e rs , 
t hey w e r e  ab l e  t o  r e a l i z e a 3 . 0 p e r c e n t  g r e a t e r  e f fi c i ency wi t h  gas 
o l ine  p owe r e d  equipme n t . Fue l c o n s ump t i on r at e s  fo r t h i s  e q u ipment 
d e c r e a s e d  from 3 . 5 4  MP G i n  1 9 7 2  to  3 . 6 5  MP G i n  1 9 7 3 .  A t  t h e  s ame 
t i me t h e  e ffi c i ency f o r  d i e s e l  p owe r e d  equipmen t i n c r e as e d  by  4 . 4 
p e r c en t , c on s ump t i o n  r a t e s  de c r e as i n g  from 4 . 5 4  M P G  i n  1 9 7 2  t o  4 . 7 4  
MP G i n  1 9 7 3 .  

Dur ing  the  s umme r o f  1 9 7 3  the  Ame r i c an Truc k i n g  As s o c i at i on 
s urvey e d  bo t h  r e gu l a t e d  and p r i va t e  mo t o r  c a r r i e r s, a s k in g  . them t o  
c ommen t  on fue l s av in g  s t r at e g i e s b e in g  p r a c t i c e d  a t  t h a t  t ime as  
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we l l  a s  tho s e  p l anne d fo r t he futur e . Rep l i e s  from 3 1 9  r e s p onden t s  
indi cat ed t h a t  t h e  fo l l ow i n g  fue l s t r a t e g i e s  we r e  i n  op e r a t i on o r  
wou l d  b e  p l a c e d  i n t o  op e r a t i on i n  t h e  i mme d i a t e  f u t u r e : r e duc i n g  
i d l ing  t i me an d/ o r  imp r o v e d  dr i vi ng t e c hn i q ue s , r e du c e d  o r  c o n t ro l 
l e d s p e e d s , c ons o l i da t e d  an d/ o r  i n c r e a s .e d l o a d i n g s , l e s s d e a dh e a d  
( emp ty ) mi l e s  op e r a t e d , i n c r e a s e d  and/ o r  imp ro v e d  m a i n t e n an c e , r e 
duc e d  s e rv i c e  l ev e l s , m o r e  d i r e c t  r o u t i n g s , l im i t i n g  and/ o r  d e r a t 
ing  eng i n e s , us ing  " a i r  s h i e l d s , " mo r e  u s e o f tw i n  t r a i l e r s , n o t  
ove r - fi l l i ng fue l t anks , c onve r s i on t o  di e s e l  p ow e r , u s i n g  b e t t e r 
t i re s , r e du c e d  us e o f  a c c e s s o r i e s , and n o  "p r e - c o o l i n g "  o f  r e fr i g 
e r a t e d  t ra i l e r s . 

The  I nt e rs t a t e  C omme r c e  C ommi s s i on h a s  r e c e n t ly adop t e d  a r e g 
u l a t i o n  g o v e rn i n g  g a t ew ay op e r at i ons o f  i rr e gu l a r - r o u t e  mo t o r  c a r 
r i e r s  wh i ch w i l l  p e rmi t s ome c ar r i e r s  t o  byp a s s  e xi s t i n g  g a t eway s  
un der app r op r i a t e  e xp e d i t e d  f i l i n g  p r o c e du r e s . Und e r  t h e  ru l e s , 
c a rr i e r s  w i l l  n o  l ong e r  have t o  ob s e rve g a t ew ay s - - th a t  i s , r o u t e 
the i r  trucks  t h r o ugh p o i n t  C ins t e ad o f  g o i ng d i r e c t ly b e tw e e n  
p o i n t s  A an d B - - i f they  c an s ave u p  t o  2 0  p e r c e n t  i n  mi l e ag e  by us 
ing  a mo re  d i r e c t  r o u t e . The I n t e rs t a t e  C o mme r c e  C ommi s s i o n  e x 
p e c t s  t h e  new r e gu l a t i o n  t o  c ons e rve an e s t ima t e d  3 0 0  mi l l i on g a l 
lons  ( 2 0  th o us and b a r r e l s  p e r  day ) o f  fue l a y e a r . 

There  a r e  nume rous  r e gu l a t i ons ap p ly i n g  t o  a l l  fo rms o f  t r an s 
p o r t a t i on inc l u d i n g  c omme r c i a l  t ruc k in g . Wh i l e  t h e r e  a r e  many i n 
s t anc e s  wh e r e  r e gu l a t i o n  i s  a ne c e s s i ty , t h e  vas t maj o r i ty w e re 
p romul g a t e d  when the  e ff e c t  on e n e r gy c ons ump t i on w a s  o f  m i n o r  con 
s i de ra t i on . Rec o gn i z ing t he current  ene r gy s i t ua t i on , r e gu l a t i ons  
fo r a l l  f o rms of  t r ans p o r t  s ho u l d  be  r e v i ew e d  to  mo d i fy or  e l im 
ina t e  t ho s e  l e ad i n g  t o  e x t r avagant ene r gy u s e .  

By v i rtue  o f  t h i s  b r i e f  d i s cus s i on ,  i t  i s  de eme d b o th r e a s o n 
ab l e  an d cons e r v a t i v e  t h a t  a l l  fac t o rs o f  ma i n t e n an c e  and op e r a t i ng 
p r o c e dure , in  comb i n a t i o n , c o u l d y i e l d a t o t a l  fue l s av i n g s  o f  2 . 5 
p e r c ent . Thus , t h r o ugh  c a r e fu l  p l ann i ng ,  i mp ro v e d  t e chn i q u e s  and 
dr i ve r  e duc a t i o n , the quan t i ty o f  fue l c on s e r v e d  by h e a vy t r ucks  
coul d amount to  1 8  t h o us and b a r r e l s  per  day by 1 9 7 8 . Whe n  added  
to  the  e s t imat e of  fue l  s a ve d through t h e  byp a s s  of  g a t ew ay s , t h e  
t o t a l  cons e rv a t i o n  p o t en t i a l r e a ch e s  n e a r ly 3 7  t h o us and b ar r e l s  p e r  
day . 

MODE SH I FTS ( FROM T RU C KS ) 

Almo s t as  s o o n  as  one  b e g ins  a d i s cus s i o n  o f  t h e  p o s s ib l e  fue l 
c ons e rva t i on me as ur e s  ava i l ab l e t o  th e t ru c k i n g  i n dus t ry ,  t h e  t op i c  
o f  mo da l s h i ft s - - f o r  e x amp l e , t h e  t r ans fe r o f f r e i gh t  from t ru c k  t o  
ra i l - - eme r g e s . T h e  i de a  t h a t  s h i ft i n g  f r e i gh t  from t ru c k s  t o  r a i l 
c o u l d  con s e rve app r e c i ab l e amo unt s  o f  ene rgy i s  b a s e d  up on mi s un de r 
s t an d i n g s  about  t ru c k  op e r a t i o ns and o f  t h e  b as i c a l ly n on - s ub s t i t ut 
ab l e  ro l e  t h a t  t rucks  p l ay i n  Ame r i c a ' s  t r an s p o r t a t i on s y s t em t o 
day . 

S in c e  d i e s e l  fue l  ( a  mi dd l e  d i s t i l l a t e )  i s  t h e  p r i n c ip a l  s o u r c e  
o f  en e r gy us e d  by he avy i n t e r - c i ty t rucks , t h i s  d i s cus s i on w i l l  b e  
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c on f i n e d  t o  d i e s e l  fue l cons ump t i on and t o  i n t e r - c i ty f re i gh t  move 
ment s . 

App r o x i ma t e ly 3 . 3 p e r c e n t  o f  to t a l  p e t r o l e um fue l s  a r e  c o n s ume d 
by he avy , i n t e r - c i ty t rucks  from wh i ch f r e i gh t  c o u l d  p o s s ib l y  b e  d i 
ve r t e d  t o  r a i l s . The i de a  that  l a r g e  amoun t s  o f  i n t e r - c i ty f r e i gh t  
t r a f fi c c ou l d , i n  p ra c t i c e , b e  s h i f t e d  from t ru c k s  t o  r a i l s  o v e r 
l o o k s  s eve r a l  b as i c  fa c t s a b ou t  i n t e r - c i ty t ruck  and r a i l s e rv i c e . 
The f i r s t ,  and m o s t i mp o r t ant , f a c t  i s  th a t  f o r  the  mo s t  p a r t , the  
two  k i nds  of  s e rvi c e  a r e  d i s t i nc t ly d i f f e r e nt and  i n  many i n s t an c e s  
a r e  no t r e a d i ly s ub s t i tu t ab l e  o n e  fo r t h e  o th e r . How e ve r , t h e  i n 
h e r en t  e c onomi c s  o f  r a i l  v e rs u s  truck  op e r a t i on s  r e l a t i ve t o  
l ong d i s t an c e  and b u l k  h and l in g  c ann o t b e  d e n i e d . Th e a dv an t a g e s  
o f  e ach mo de a r e  n o t  a lw ays  t rans l a t ab l e  i n t o  a p ro p o r t i on a t e  r a t e  
s t ru c t u r e , i . e . , t h e  f a s t e s t o r  l owe s t c o s t  mo de i s  no t a lw ay s  the  
mos t e c o nomi c mo de fo r the  s h i pp e r . G r e a t e r  c o n c e n t r a t i on by  r e g 
u l a t o ry a g e nc i e s on a r a t e s t ru c t ur e  b as e d  on  t h e  t o t a l  e c onomi c s  
o f  s hi pment by  typ e  o f  go o ds c ou l d  a l s o  r e s u l t  i n  g r e a t e r  e f f i c i en 
c i e s  o f  ene r gy u t i l i z a t i on . 

A s tu dy o f  t he f re i gh t  commo di ty s t a t i s t i c s  fo r the  r a i l ro a d s  
s h ows that  t h e y  a r e  g en e r a l ly l ong haul  c a rr i e r s  o f  b u l k  c o mmo d i 
t i e s . Mo t o r  c a r r i e r s , on  the  o t h e r  hand , us u a l ly han d l e s ma l l e r  
s hi pment s  an d manu f a c t ur e d  commo d i t i e s . I n  1 9 7 1 , r a i l s  o r i g i n a t e d  
1 1 0  m i l l i on t on s  o f  me t a l l i c o r e s , 3 6 0 mi l l i on t on s  o f  c o a l  a n d  1 5 7  
m i l l i on tons  o f  n on - me t a l l i c  m i n e r a l s  ( s t on e , s an d  and g r ave l fe r 
t i l i z e rs , e t c . ) .  The  t h r e e  c ommo d i t i e s  a c c o unt e d  fo r $ 2  b i l li on  in  
r a i l revenu e s  f o r  1 9 7 1 . 

Mo t o r  c a r r i e r s , i n  the s ma l l s h ipmen t s  a r e a  wh i ch t h ey domi n a t e  
hand l e d  8 3  m i l l i on t ons  o f  " l e s s t ruc k l o ad"  ( l e s s t h an ful l l o a d )  
t r a f f i c  i n  1 9 7 1 , r e c e i v i n g  mo r e  t h an $ 4 . 9 b i l l i on fo r t h i s  s e rv i c e . 
The n e g l i g i b l e  c omp e t i t i on b e twe en mod e s  i n  t he s e a r e a s  i s  c l e ar 
from th e c o n t r a s t ing f i gur e s  f o r  t he s e  c ommo di t i e s , as  r a i l s  han d l e d  
on ly 5 1  thous an d t on s  o f  s ma l l  s h ipment s  t o  g o  w i th a r evenue o f  
$ 3 . 3 m i l l i o n , c omp ar e d  t o  t h e  $ 4 . 9 b i l l i on by  mo t o r  c a r r i e r s . F o r  
th e thr e e  b u l k  c ommo d i t i e s  c i t e d , mot o r  c a r r i e r s  h an dl e d  on ly 6 . 9  
m i l l i on t on s  w i t h  r e venue s  o f  l e s s t h an $ 3 7 m i l l i on c o mp ar e d  t o  th e 
$ 2  b i l l i on fo r r a i l ro ads . 

The  f r e i gh t  c o mmo d i ty s t a t i s t i c s  r e ve a l  t h a t  b o th mo d e s  c ar ry 
s ub s tant i a l  amo un t s  o f  manu f a c t u r e d  commo d i t i e s . I n  r e g a r d t o  t he s e  
commo di t i e s , a r e c ent  s tudy b y  A l e xand e r  Ly l e  Mo r t on , C o mp e t i t i o n 
i n  t h e  In t e r c i ty Fr e i g h t  Ma r k e t 3  U . S .  Dep ar tmen t o f  T r ans p o r t a t i on , 
O f f i c e  o f  Sys t em s  Ana lys i s  and I n f o rma t i on , p r o v i d e s  a g r e at de a l  
o f  i n fo rma t i on o n  comp e t i t i on b e tw e e n  the mo d e s . 

Mr . Mo r t on an a ly z e d  a 1 9 6 7 f r e i gh t  s tu dy o f  w ay b i l l s c o mp i l e d  
b y  the M i d d l e  A t l an t i c  C on f e r en c e  from p a r t i c ip a t i n g  mo t o r  c a r r i e r s . 
H e  c o mp a r e d  the  t ra f fi c o f  thes e mo t o r  c ar r i e r s  w i th t h e  manufac t ur 
e r s  and mi s c e l l an e o u s  t r a ffi c o f  t h e  r a i l r o ad s  a s  d e t e rmin e d  from 
the 1 9 6 5  Way B i l l  S amp l e o f  the  I n t e r s t a t e  C o mme r c e  C ommi s s i on .  
B a s e d  on  the  chara c t e r i s t i cs o f  th i s  t ra f f i c by c ommo d i ty c l as s i f i 
c a t i on , Mr . Mo r t o n  t h e n  ana ly z e d  the  t o t a l  manu f a c t u r e s  and mi s ce l 
l an e ou s  s h ipme n t s  i n  t h e  1 9 6 7  C ens u s  o f  T r ans p o r t at i on . T h e  maj o r  
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f inding o f  t h i s s tudy i s  that  on ly 4 0  p e r c ent o f  t h i s  t r af f i c  mi gh t 
b e  comp e t i t i ve as b e tw e e n  r a i l ro ads and mo t o r  c a r r i e r s . And th i s  
l eve l i s  a t t a inab l e  only  i f  i t  i s  as s ume d th a t  s h ipment s i z e c an b e  
readi ly a l t e r e d  w i thout  addi t i ona l co s t  t o  t h e  s h i pp e r  and cons i gn e e  
fo r s ome p o r t i on o f  the  l e s s - than - t ruck - l o a d  t r a f fi c . Th e  p e r c e n t 
age o f comp e t i t ive t r af f i c f a l l s  t o  on ly 2 5  p e rc en t  i f  s h i pme n t  s i z e 
i s  n o t  r e adi ly a l t e rab l e . Mr . Mo r t o n  s umma r i z e d  t h i s  f i n d i n g  i n  the 
fo l l ow ing l angua g e : 

The C e n s u s  o f  T r ansp o r t a t i on d i vi des  a l l  s h ipmen t s  o f  
manu fac tur e s  amon g 8 5  s h ipp e r  c l a s s e s . Al l s h ipmen t s  
w i thin  e a ch c l a s s are  c l as s i f i e d  in t o  o n e  o f  t h i r t e en 
mi l e a g e  b l o c k s  an d i n t o  one  o f  th i r ty we i ght - m i l e ag e  
b lo ck s . U s i ng t h e  c r i t e ri on that  any b l o ck o f  t r a ff i c  
i n  wh i ch b o th ra i l s  and mo t o r  carr i e r s  s ho w  s i gn i fi c an t  
p a rt i c ip a t i on i s  ' comp e t i t ive ' ,  i t  i s  foun d  t h a t  r o u gh l y  
for ty p e r c en t  o f  the  1 . 4  b i l l i o n  t on s  o f  m anufa c t ur e s  
p ro duc e d  i n  1 9 6 7  c an b e  cons i de re d  c omp e t i t i v e  b e twe en 
mo t o r  c a r r i e r  and ra i l . Th i s  fra ct i on is  r a i s e d  t o  
s i x t y  p e rc en t  i f  s h ipm ent s i z e s  a r e  t houg h t  t o  b e  r e a d i l y  
a l t e r ab l e  or a r e  d e t e rm in e d  by the  m od e  t ha t  s hi pp e r  and 
c on s i g n e e  ag r e e  up on . On t he o ther hand , the fr ac t i on o f  
c omp e t i t iv e  t onn ag e i s  o n  t he o r d er o f  on l y  twenty - f i v e  
p e rc en t  i f  s hipmen t s i z e s  ar e t h oug ht t o  b e  d e t e rm i n e d  
qu i t e  indep end ent l y  o f  the  mo d e  c ho s en a n d  ar e no t r ead i ly 
a l t e r a b l e  w i t ho u t  add i t i on a l  c o s t s to t he s hi p p e r  and c on 
s i g n e e . 

Us ing  t h e  mo r e  s t r i ngent  c r i t e r i on o f  c omp e t i t i vene s s  
th at  s hipmen t we ight s are  re l a t ive ly f i x e J  an d i n de p e n d 
en t o f  the  cho i c e o f  mode , ab out 3 4 0  mi l l i on t on s  o f  
manufa c t ur e s  a r e  j u dge d t o  b e  comp e t i t i ve . On l y  s e ven 
s h ipp e r  c l a s s e s  amo ng the  8 5  a c coun t  for  n e a r l y  ha l f  o f  
t h i s  t o t a l . Th ey a r e : g r a i n  mi l l  p ro du c t s and s ug a r , 
m i s ce l l an e ous  f o o d  p r ep ar at i on s , p u l p  and p ap e r , c o n 
c r e t e , gyp s um and p l a s t e r , s t e e l  work s a n d  r o l l i n g  m i l l  
p ro du c t s ,  mo t o r  veh i c l e s  and p a rt s , and hyd r aul i c  c emen t , 
cut s t one , an d s t on e  p ro duc t s . *  

Sh ipmen t we i ght s i n  the s e  a r e a s  are  d i c t a t e d  p r im a r i l y by ma r 
k e t p r ac t i c e s  and n e e d s . 

The b a s i s  f o r  Mr . Mo r t on ' s  c on c l us i ons c an b e  r e ad i ly s e en in  
App en d i x  C ,  Exhib i t  X I , Tab le s 3 1  an d 3 2 , wh i c h  s h ow the  d i s t r ib u 
t i on o f  manufa c t ur e d  commo d i t i e s in  t h e  C e n s us o f  T r an sp o r t a t i on , 
in t e rms o f  l e n g th o f  haul and s i z e o f  s h ipment . F o r  examp l e , i t  
i s  i n di c a t e d  that  p r i va t e  an d for - h i r e  mo t o r  c arr i e r s  hand l e  mo r e  
t h an 8 5  p er cent o f  a l l  t ons t ran s p o r t e d i n  s h ipmen t s  und e r  3 0 , 0 0 0 
p o unds in  we i g ht . F r om th e s e  data  and h i s  own s t udy , Mr . Mo r t on 
conc l ude d th at r a i l s we re n o t  comp e t i t iv e  f o r  t r af f i c  we i g h i n g  
l e s s  t h an 1 0 , 0 0 0  p o unds . 

* Mo rt on , A l e x an de r  Ly l e , Comp e t i t i o n  i n  t h e  In t e r c i t y  Fre i g h t  
Mar k e t ,  D ep artment o f  T rans p o rt at i on , O f f i c e  o f  Sy s t ems An a ly s e s  
an d  I n fo rmat i on ,  Was h i n g t on , D . C . , Feb ruary 1 9 7 1 , p .  7 - 8 .  
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Mr . Mo r t o n  a l s o  c o n c l ude d t h a t  s h ipmen t s  o f  mo r e  t h an 6 0 , 0 0 0  
p o un d s , o r  3 0  t on s , were  r e l at i v e l y  immune f r om mo t o r  c a r r i er c om 
pe t i t i on b e c aus e o f  t h e  s i z e o f  s h ipmen t . Thu s , t h e  a r e a  o f  com
p e t i t ion  b e twe en r a i l roads  and mo t o r  c ar r i e r s  is  p ra c t i ca l l y  l im i t e d  
to  s h ipmen t s  we i g hing  b e twe en 1 0 , 0 0 0  and 6 0 , 0 0 0  p o un d s . A c c o r d i n g  
t o  t h e  1 9 6 7  C e n s u s  o f  T r ans p o rt a t i on , t h ere  we r e  app ro x ima t e l y 4 0 7  
m i l l i o n  t o ns o f  t ra f f i c  in t h e s e  we i ght c a t e g o r i e s , o f  wh i c h  7 2  
mi l l i on t ons mov e d  b y  r a i l and 3 3 5  mi l l i on t on s  b y  p r i va t e  and 
f o r - h i r e  mo t o r  c a r r i e r s .  Th i s  r ep r e s ent s app r o x i ma t e ly 2 5  p er ce n t  
o f  t h e  t o ta l  manufa c tur e s  a n d  mi s ce l l an e o u s  c o mmod i t i e s  s t ud i e 4  
i n  t h e  C e ns us o f  T r an s p o r t a t i on . 

I t  m ay b e  argue d t h a t  s ome l arge r p o rt i on o f  i n t e r - c i ty t ruck 
t r a f f i c may be s h i f t e d  t o  r a i l p i g gyb ack s e rv i c e  wh i c h  w i l l  r e s u l t  
i n  ene rgy s av i ng s . The r e  i s  no  f a c t u a l  b a s i s  f o r any s uc h  c o n 
c l us i on .  To t h e  cont r a ry , t h e r e  i s  s o und r e a s on t o  conc l ude t h at 
s u ch a sh i ft , s ho u l d i t  o c cur , could  wo r s en t h e  e n e r gy s i t ua t i on . 

The p r im ary r e a s on fo r s h i ft ing t ra f f i c  t o  r a i l p i g gyb ack  wou l d  
b e  t o  r e duce t h e  consump t ion o f  d i e s e l  fue l  in  t h e  irit er - c i ty move 
men t o f  t ruck  t r a ffi c .  Th e que s t i on o f  fue l s av i n g  t h r o u g h  t r an s 
fer  o f  t ra f f i c t o  r a i l  p i ggyb ack r evo lve s ar o un d  t h e  3_ . 3 p e r c e n t  
o f  t r ansp o r t at i o n  fue l us e d  by t h e  he avy - duty  i n t e r - c i t y  t ruck 
op e r a t i ons . T h e  a ct u a l  amoun t that  m i gh t  be  i nvo l v e d , howeve r , i s  
s omewhat smal l er t h an t h i s  p er c en t a g e  for  t h e  f o l l ow i n g  r e a s on s : 

• A s ign i f i cant  p o r t i on o f  th e consump t i on i s  b y  t ru c k s  t h a t  
in n o  w a y  op e r a t e  c omp e t i t ive l y  w i t h  any o th er f o rm o f  
t r an sp or t a t i on .  Thes e are  p r ivat e b us i n e s s  n o n - fre i ght , 
he avy - duty c o n s t ruc t i on ve h i c l e s , dump t ruck s , h e avy h au l 
ing  op e ra t i ons , e t c . 

• An equ a l ly s ig n i f i c ant p o r t ion o f  t h e  c o n s ump t i on i s  by  
t ruck s t h at are  enga g e d  i n  fre i gh t  t r an sp o r t a t i o n  o f  
s p e c i a l  commo d i t i e s  o r  in s ho r t - haul  op e r a t i on s  t h a t  a r e  
no t t r ans fe r ab l e  t o  r a i l und e r  any imag i nab l e  c i r c um s t an c e s . 

• O f  t h e  r ema i n i n g  p o r t i on o f  t ruck  c o n s ump t i on ,  whi ch mi ght 
c on t a i n  t r an s fe r ab l e  t r a f fi c , a l ar g e  p er c e n t ag e a c t ua l l y  
p r e s en t s  a fue l s av i ng through t h e  h i g hway mo de , a s  t h i s  
t ra f f i c  g oe s  d i r e ct ly fr om o r i g in t o  d e s t i n a t i on w i t h  n o  
s i gn i f i c ant movement  throug h  h eavi l y  c on g e s te d  urb an ar e a s . 
I t  i s , t h e r e fo r e ,  a t ruck mo veme n t  o f  t h e  mo s t  e ff i c i en t  
t yp e  f r om a fue l us e s t andp o i n t . 

I f  t hi s  t r a f f i c  moved by p i g gyb a ck i t  w ou l d , o f  n e c e s s i ty ,  
invo l ve o r i g i n  and de s t i na t i o n  mov emen t s  i n  t h e  cong e s t e d u rb an 
ar e a s  ( t o  and f r om r a i l  a s s emb l y  and b r e akup p o i n t s ) . T h i s  i s  the  
mo s t  i ne f f i c i en t  typ e of  t ruck moveme n t  from a fue l s t an dp o i n t . 

S i nce  mo s t  s h ipment s t r ave l re l a t i v e ly s ho r t  d i s t an ce s , i t  may 
be unw i s e  t o  s ug g e s t  that  a s hipme n t  o f  g ene r a l  me r chand i s e  b ound 
fo r a de s t i na t i o n  o f  l e s s t h an 2 0 0  m i l e s d i s t a nt s houl d  b e  h au l e d  
pe rhap s 5 0  m i l e s  o u t  o f  i t s  way ( b y  t ruck)  t o  a p i ggyb ac k  t e rm i n a l  
to t r av e l  b y  t r a i n s om e  di s t ance  t o  ano th e r  t e rm in a l , t h e r e  t o  b e  
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p i c k e d  up by a t r uck f o r  ano t h e r  5 0  m i l e  hau l  t o  i t s  c o n s i gn e e . 
Y e t  p i g gyb ack t e rm in a l s  a r e  g e ne r a l l y  s i t e d  at s w i t c h i n g  y ar d s , 
an d s in c e t h e  ave r ag e  d i s tance  b e twe en y ar d s  i s  1 6 0  mi l e s , that  i s  
e xa c t l y  t he s i t ua t i o n that w ou l d  p revai l i f  a n  a t t emp t we re  made t o  
d ive rt t he ma j o r i ty o f  t ruck fr e i g h t  t o  p i g gy b a c k . Fu r t h e r  s w i t c h 
i n g  t o  p i g gyb ack p l ace s add i t i ona l trucks  i n  u rb an t r af f i c  s i t ua 
t i on s  whe re t h ey a r e  h i gh ly energy  i n t e n s i v e . 

R e s ear c h  by t he D ep ar tment o f  Tr an sp o r t a t i on i n d i c a t e s  t hat an 
exp an s i on of p ig g yb a c k  l oa d i ng s , fr om t h e  cur r e n t  r a t e  o f 2 . 5  m i l 
l i on p e r  year t o  7 . 5  m i l l i on in 1 9 8 0 ,  i s  r e g a r d e d  b y  t he r a i l ro ad 
indu s t ry a s  f e a s i b l e  and l i k e l y  t o  occur . I f  ha l f  o f  t h i s  exp an 
s i on rep r e s en t ed t onna g e  d iv e r t ed fr om the  t r u c k i n g  i ndu s t ry - - 9  
p e rc e nt of  in t e r - c i ty t ruc k t on -m i l e s - - fue l sav ing s c ou l d  amount 
t o  3 6 9  m i l l io n ga l l on s  p e r year in 1 9 7 2 ( 2 4  t ho u s and b a r r e l s  p e r 
day )  or 0 . 2 p e r c en t  o f  a l l  t ran spor t a t i on f u e l  ( s e e  App end ix C ,  
Exhi b i t  X I ) . T h i s  a s sum e s  t ha t  t he ave ra g e s h ipme n t  d i ve r t ed fr om 
truc k i ng we i g hs 1 5 t o n s  and trave l s  1 , 0 0 0  m i l e s . 

I t  i s  e s t imat e d  t h at th e cap i t al inves tment i n  ro l l in g  s t o ck 
and t e rmin a l s  re qui re d fo r s uch g rowth b y  1 9 8 0  app r o ach e s  $ 1 5  
b i l l i on .  How e ve r , an e x ami n at ion  o f  i nt e rm o d a l  t r ans fe r o f  f re i gh t  
b e tween mo t o r  c ar r i e rs and r a i l s  i n d i c at e s  th at r a i l s  s uffe r from 
a h o s t of int an g ib l e  ins t i t ut i on a l  p rob l e ms wh i ch adve rs e ly a f fe c t  
s e rvi ce and thus d r i ve s h ipp e rs t o  t ruck i n g . Re s o l ut i on o f  t he s e  
di ffi cul t i e s  w i l l  b e  a mo re i mp o rt ant de t e rm i n a t i o n  o f  t h e i r  s uc ce s s  
i n  winn i n g  t r a f f i c b ack from t ruck in g  t h an the avai l ab i l i ty o f  
cap i t a l . 

I n  s umma ry , t h e  p r e s ent  us e o f  fue l i n  he avy duty t ruck op e r a 
t i on s  i s  sma l l  i n  t erms o f  t o t a l  p e t r o l e um t r an sp o r t a t i o n fue l 
consump t i on .  Howeve r , t he t r an s p o r t a t i on s e rv i c e  p e r fo rme d t h rough 
ut i l i z a t i o n  of t h i s  r e l a t ive l y  sma l l  p e rc� n tag e o f  t o t a l  fue l n e e d s  
i s  v i t a l . Dep ende ncy o n  th i s  s e rv i ce i s  o f  s uch s i g n i f i c an c e  t h a t  
any r educ t i on coul d h ave s e r i ous e f f e c t s  on t h e  N a t i o n ' s e c o nomy , 
as evi denc e d  by t h e  re cent  d r i ve r  s t r i k e . T h e  p o r t i on o f  t ru c k i n g  
fue l r equi r eme n t s  t h a t  coul d  b e  a ffe c t e d  by any t r an s fe r  o f  int e r 
c i t y  t r af fi c from h i ghway t o  p i g gyb ack b y  1 9 7 8 , wo ul d b e  r e l a t ive ly 
in s i g n i f i c ant e x ce p t  wh en cons i d e r e d a s  a p a r t  o f  the  t o t a l  c o n 
s e rvat i o n  e f fo r t . 
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P ART T HREE : I NTE R - C I TY B U SE S  

T r av e l  o n  in t e r - c i ty b us e s  t o t a l e d  an e s t ima t e d  2 5 . 6  b i l l i on 
p as s en ge r  m i l e s dur ing 1 9 7 2  an d r e f l e c t e d  a c on t i nu i n g  i n c r e a s e 
f o r  chart e r  and s pe c i a l  s e rv i c e  whi l e  r e gu l ar - r ou t e op e r at i on s  c on 
t i nued  t o  de c l ine . The s e  t rends have chara c t e r i z e d  muc h  o f  t h e  
p e r i o d  s in c e  Wo r l d  W a r  I I , y et i nt e r - c i ty b u s  c omp an i e s  c a r r i ed 
ab ou t 3 8 7  m i l l i on p as s en g e r  t r ip s  and l o g g e d  r oug h l y  1 . 1 8 b i l l i on 
b us mi l e s  i n  1 9 7 2 . 

I n  p r ov i d i ng t h i s  s e rvi ce int e r - c i ty b us e s  o f  a l l  t yp e s  c on 
s ume d a n  e s t i m a t e d  1 4  thous and b a r r e l s  p e r day o f  fue l ; m o r e  t h an 
8 5  p e r c e n t  o f  whi ch w a s  d i e s e l  fue l . I n  t e rms  o f  c o n s e rva t i o n  o f  
fue l , t h i s  l e v e l o f  c onsump t i o n  i s  a very sm a l l b a s e  f r om whi ch t o  
e x t r a c t  s av in g ; b ut , i t  i s  e s t imat e d  t h a t  s ome 1 0 0  b a rr e l s  p er day 
o f  fu e l  o r  0 . 7 p er c e nt o f  c o n s ump t i on c o u l d  b e  c ons e rve d thr ough 
i n c r ea s e d  op e r a t i ng e f fi c i en c i e s . Howeve r , one  of t h e  maj o r  o b 
j e c t iv e s  o f  co n s e rvat i on s hould  b e  t h e  enco u r ag eme n t  o f  g r e a t e r  
b us ut i l i z a t i on a n d  t h i s  imp l i e s  a h i g he r  l ev e l o f  fue l c on s ump t ion 
in t h i s  s e c t o r  of  the  hi ghway mo de of  t r av e l . 

EXPANDED UT I L I ZAT I O N 

D a t a  o n  t h e  i n t e r - c i ty b u s  indu s t ry i nd i ca t e s  t h a t  t h e  i n t e r 
s t a t e  s e gment  co u l d  p ro v i de ab out 3 2 . 6  b i l l i on p as s e ng e r  mi l e s  o f  
t r an sp o rt a t i on annua l l y ove r re gu l a r  r o ut e s . Such  p o t ent i a l vo l ume 
rep r e s en t s  an i n c r e a s e  o f  app r oxima t e l y  1 1 0 p e r c e n t  ove r curr en t 
r eg u l a r - ro ute  vo l ume o f  s o me 1 5 . 5 b i l l i o n  p a s s eng e r  m i l e s . I n  t erm s 
o f  numb e r  o f  p as s e ng e r s , t h e  current ly e s t ima t e d  annua l t o t a l  o f  
ab out 1 7 5  mi l l i on f o r  re g u l ar - ro ut e  s erv i ce o f  t h i s s e gmen t o f  t h e  
i ndus t ry c o u l d  b e  i n cr e a s e d  to  s o m e  3 6 8  mi l l i o n . 

Much o f  t h i s in cr e a s e  can b e  han d l e d  a l mo s t  imme d i a t e ly w i t h 
t h e  p r e s en t b u s  f l e e t  and s ome dive r s i on s  t o  r eg u l ar r o ut e s  o f  b us e s  
c ur r en t ly i n  char t e r  and s p e c i al ope ra t i on s . A l l o f  t h e  p r o j e c t ed 
incr ea s e  c o u ld b e  hand l e d  wi th i n  1 y e a r  a s  mo re  b us e s  b e c om e  av a i l 
ab le . Mo r e  i nt e n s i v e  ut i l i z a t i on o f  th e f l e e t  w ou l d  dep e nd , t o  
s ome  e x t en t , o n  p ub l i c  a c cep t ance  o f  s om ewhat l e s s  c om f o r t  and c o n 
ven i e n c e  t h an a t  p r e s en t . On t h e  o th e r  h and , l ac k  o f  mo t o r  fue l , 
o t h e r s upp l i e s , o r  m anp owe r  could cut s ha rp l y  in t o  i n du s t r y  p o t e n t i a l . 

E s t ima t e s  o f  t h e  p o t e nt i a l n o t e d  h e r e  a r e  p r e d i c a t e d  p r imar i ly 
on e xp e r i en c e  dur i n g  Wor l d  War I I  and s ub s equent  p e r i o ds o f  h i g h  
t r ave l deman d , p ar t i cu l ar ly Augus t 1 9 6 6 , whe n  op e r a t i on s  on s ev e r a l  
a i r l i ne s  w e r e  ha l t e d  by  s t r i k e s . 

Du ri ng W o r l d  Wa r I I ,  mi l e s  p e r bus  r ep o r t e d  by t h e  C l a s s  I 
carr i e r s  s howe d r e l a t ive ly l i t t l e chang e . On t h e  o the r h an d , 
th e i r  ave r ag e l o ad f a c t o r s  i n  r e gu l ar - r o u t e  i n t e r - c i ty s e rv i c e  in 
c r e a s e d  by  a t  l e a s t  S O  p er c en t . Av e ra g e s  o f  m o r e  t h an 8 6  p er c e n t  
o f  ava i l ab l e  s e a t - m i l e s  w e re e xp e r i en c e d  in 1 9 4 3  an d 1 9 4 4  a s  c o m 
p ared  w i t h  r o ug h l y  5 7  p er c ent in 1 9 3 9  a n d  1 9 4 0 . To t a l  p a s s e ng e r  
m i l e s  r o s e  s ub s tant i a l ly mo r e  dur i ng t h e  s ame y e a r s  a s  a r e s u l t  o f  
i n c re a s i ng numb e r s  o f  c a r r i e r s  i n  t he C l a s s I g r oup , a g re a t e r  num -
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be r o f  b us e s  in  the i r  f l e e t s , and a g radua l i n cr e as e  in th e ave r a g e  
s e a t i ng cap a c i t y  o f  th e i r  b u s e s . 

Re s u l t s  fo r op e r a t i on s o f  one comp any i n  the  Un i t e d  S t a t e s  fo r 
the mon th o f  Augus t 1 9 6 6 , when as s umed to  b e  c o n t i nu e d  fo r 1 2  mon t hs 
at the s ame l eve l and comp a r e d  w i t h a r e c e n t  annua l  p e r i o d  ( O c t o b e r  
1 ,  1 9 7 2 - S ep t e mb e r  3 0 , 1 9 7 3 ) , i n d i c a t e  that th i s  c omp any c o u l d  i n 
c r e a s e i t s p as s eng e r - mi l e  vo l ume o n  i n t e r - c i ty rout e s  b y  ab out 9 3  
p e rcent  wi thout s ub s t an t i a l  fl e e t  augmen t a t i o n  o r  d i v e r s i on o f  
bus e s  f r om chart e r  o r  s p e c i a l  op er a t i ons . Th i s  i n cr e a s e  wou l d  
involve op e r a t i on o f  6 3  p e rc e n t  mo r e  b u s  m i l e s  t h an a t  p r e s en t  and 
an i nc r ea s e  o f  1 8 . 5 p e r c e nt in the ave r ag e  p as s en g e r  l o a d . T h i s 
comp any h a s  in c r e a s e d  ave rag e s e a t i ng cap a c i t y o f  i t s b u s e s  6 . 4  
p e rc e nt b e tw ee n  1 9 6 6  an d S ep temb e r  1 9 7 3 , a d e v e lopmen t  wh i ch i t  
b e l i e v e s  i s  mo re  t h an o f fs e t  b y  t h e  l o s s  o f  p r oduc t i v i ty wh i ch r e 
sul t s  from t h e  imp o s i t i on o f  a n a t i on a l  un i fo rm maxi mum s p e e d  l im i t  
o f  5 5  MPH . 

Ano the r comp any b e l i eves  that , j udg i n g  f r om i t s o p e r a t i n g  e x 
p e r i enc e , i t  c o u l d  hand l e  a n  i nc r e a s e o f  7 5  p e r c en t  i n  p as s e ng e r  
mi l e s  o n  i t s  r e gul a r  i n t e r - c i ty rout e s , r e q u i r i n g  a n  i n c r e a s e o f 
S O  p e rcent  i n  i t s  bus m i l e s  and , i n  e f fe c t , an i n c r e as e o f  ab out 
1 7  p e rc ent  in p a s s enge r mi l e s  p e r  b us mi l e ( ave r a g e  l o ad ) . How 
eve r ,  the comp any a l s o  b e l i eves that the i mp o s i t i on o f  a 5 5  MPH 
s p e e d  l i mi t wi l l  r e qui r e  ab out 1 5  p e rc en t  mo r e  b u s e s  j us t  to op e r 
a t e  i t s  cur rent  l eve l o f  s e rvi c e , re f l e c t i ng an app ro x i ma t e ly p ro 
p o r t i onat e r e duc t i on i n  e ffe c t i ve b us m i l e s  p e r  b us and d i ve r s i on 
of  an e qu i va l en t numb e r  o f  bus e s  o r  b us m i l e s from c h a r t er and s p e 
c i a l  s e rvi ce . 

Veh i c l e  u t i l i z a t i on for  in t e r - c i ty b u s  f l e e t s cur r en t l y  i n  
regul a r - r ou t e  s er v i c e  p r o b a b ly can b e  i nc r e a s e d  2 5 p e r c e n t  i n  t e rms 
of b us mi l e s p er b u s , and ave r ag e  bus l o ad s  for  such f l e e t s  c an be 
inc r e a s e d  s ome 2 5  p er c e n t . Such i n c r e a s e s  wou l d  r e s u l t i n  an ave rag e 
l o ad ,  p e r b us , o f  2 2 . 6  p a s s enger s as  c omp a r e d  w i th 1 8 . 1  i n  1 9 7 2 .  
The s e  incre a s e s  ar e b e l i e v e d  t o  repr e s en t  c o n s e rvat i v e  e s t im a t e s  
wh i ch may we l l  b e  s u rp a s s e d  i n  p r ac t i c e an d p r o b a b ly c an b e  a c h i eved 
unde r t h e  5 5  MPH s p e e d  l im i t . 

I f  s ome 1 5 0  m i l l i on b u s  m i l e s  ar e d i ve r t e d  f r om c har t e r  and 
sp ec i a l  s erv i ce t o  r eg u l a r - rout e op e r at i o n s , an add i t i on a l  3 . 4  
b i l l i on pas s e ng e r  m i l � s  o f  re gul ar - r o ut e t r av e l  c an b e  han d l e d  wi th 
a c oncur r en t  and s o mewhat  g r e at e r  de c r ea s e  i n  p as s en g e r  m i l e s in 
char t e r  an d s p e c i a l  s e rvi c e . E xp e c t e d  annua l p r o duc t i o n  o f  2 , 6 5 0  
i nte r - c i t y  b us e s , i f  pu t i n t o  s e rv i ce o f  t h e  i n t e r s t a t e  c a r r i e r s  
w i t hout o f f - s e t t i ng r e t i r emen t  o f  b us e s  now i n  t h e  f l e e t , c an b e  
exp e c t e d  t o  p ro v i d e  an o th e r  4 . 1 b i l l i on p as s e n g e r  m i l e s i n  p o t e n t i a l  
regul a r - r o u t e  v o l ume . 

To g e the r , the i n c r ea s e s  i n  p ot en t i a l  vo l ume r e s u l t i ng from 
mo r e  bus  mi l e s , g r e a t e r  ave r a g e  l o ads , d i ve r s i ons  f r om char t e r  and 
s p e c i a l  s e rvi c e , and e xp e c t e d  f l e e t  augmen t at i on w ou l d  make  p o s 
s ib l e  th e t o t a l  annua l  vo l ume o f  app r o x i ma t e ly 3 6 8 m i l l i on p as s en 
g e r s  o r  ab out 3 2 . 6  b i l l i on p a s s eng e r  m i l es n o t e d  ab ove . Such  a n  i n -
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c r e as e p r ob ab ly c o u l d  b e  handl e d  w i t h i n  a y e ar and w i t h o u t  s i gn i fi 
c an t  r e duc t i on i n  t r ave l comfo r t  o r  c o nven i en c e . F u r th e r  i n c r e as e s  
a r e  c l e ar ly f e a s i b l e  b u t  woul d r equi r e  addi t i ona l b us e s  t o  b e  man 
ufact ur e d  and p r o b ab ly g r e a t e r  c rowd i ng o f  b us e s  and l e s s  c onve 
n i ent  s ch e dul e s . 

T h e s e p re c e d i ng e s t ima t e s  r e l a t e  t o  th e i nt e r s t a t e  s e gment of  
the  i nt er - c i ty bus  i ndu s t ry and sp e c i f i c a l l y  to  the  r egu l a r - rout e 
s e rv i ce op e r ate d by s uch carr i e rs . I t  i s  c ur r en t ly e s t im a t e d  t h a t  
th e ent i r e i ndu s t ry , inc luding int r a s t a t e ca r r i e r s , p ro v i de s  a t o t a l 
o f  ab out  2 5 . 6  b i l l i on p a s s eng e r  m i l e s  o f  t r av e l  annu a l l y  f o r  s ome 3 8 7  
mi l l i on p a s s e ng e r s  in b o th r e gu l a r - rau t e  and cha r t e r  s e rv i ce . 

The  ave rag e p as s eng e r  l o ad on bus e s  in s c h e du l ed i n t e r - c i ty 
s e rv i c e  f o r  C l as s  I car r i ers  wa s 1 9 . 4  p e r s o n s  i n  1 9 7 2 , b u t  t he 
o ve r a l l p as s en g e r l o ad fo r a l l  carr i er s  in  a l l  s e rv i ce inc ludi ng 
ch art e r s  wa s s om ewhat g r e a t e r - - p ro b a b ly ab out 2 1 . 7 - - a s  a r e s u l t  o f  
g r e a t e r ave ra g e  l o ads  c a r r i e d  in c ha r t e r  an d s p e c i a l  s er v i c e . 

Up on c omp l e t i on o f  new in t er - c i ty bu s a s s emb l y  f ac i l i t i e s 
p re s e nt ly unde r c o n s t ru c t i on , t h e  i nt er - c i ty b us i ndu s t r y  w i l l  hav e  
t h e  capac i t y  t o  e xp and i t s bus  f l e e t s  by r oug h ly 5 p e r c e nt i n  add i 
t i on t o  r e t i r i ng ag i ng e q u ipmen t .  

Du r in g  Wo r l d  Wa r I I ,  m i l e s p e r b us s ho we d  l i t t l e  c hang e ; howeve r ,  
ave r ag e  l o ad f a c t o r s  in r e g u l a r - r ou t e  i nt e r - c i t y  s e rv i c e  in cr e a s e d  
by 5 0  p er c e n t . L o ad fac to r s  i n  r e gu l ar - r o ut e s e rvi ce  c ou l d  r e a l 
i s t i ca l ly b e  i nc r e as e d  by 2 5  p e rcent  t o  2 7 . 1 p as s en g e r s  p er b us 
w i th o ut cr owd i ng whi ch t h e  t r ave l i n g  p ub l i c  w ou l d  f i n d  ab ho r r e n t . 
I n  addi t io n , i t  i s  e s t ima t e d  t h a t  v eh i c l e  u t i l i z a t i on i n  r e gu l a r 
ro u t e  s e rv i ce c an b e  incr e a s e d  2 5  p e rc ent  i n  t e rm s  o f  ave r ag e m i l e s  
p e r b us . H oweve r ,  ave r a g e  l o ad s  and ave r ag e  b u s  m i l e a g e  p r o b ab ly 
c ann o t  b e  i n cr e a s e d  s i gn i f i c an t ly for char t e r an d sp e c i a l  s e rv i c e s , 
an d t h i s  w i l l  h ave a mo der a t e  i n f l uence  on t h e  out l o ok un l e s s  the s e  
b u s e s ar e d i ve r t e d  t o  r e gu l a r - r out e s e rv i ce . 

B a s e d  o n  t h e s e  a s s ump t i ons  and e s t imat e s , i t  i s  c onc l ude d that 
t he t o t a l indus try may be  e xp e c t e d  to  h an d l e  a b ou t  4 9 . 3  b i l l i o n  
p as s e ng e r  m i l e s  b y  1 9 7 8 ,  an incr e a s e  o f  9 3  p er c en t . T h r o ugh d i ve r 
s i on o f  a n  e qu a l amoun t  o f  p as s enge r c a r  t r av e l ,  t hi s l ev e l o f  
b us ut i l i z a t i on wou l d  s ave ab out 3 1  t h o u s an d  b arr e l s  p er day o f  
fuel ( s e e App e n d i x  C ,  Exhib i t  VI I , I nt er - C i t y  B u s  Tr ave l ) . 

Th e c urre n t  indus try t ot a l  f o r  p as s eng e r  m i l e s  o f  t rave l ( 2 5 . 6  
b i l l i on a s  n o t ed ab ov e )  r ep r e s ent s 1 5 . 8 p e r c e n t  o f  t o t a l  t r ave l on  
pub l i c c a r r i er s  b y  a i r , ra i l , wa t e r  and bus  ( 1 6 1 . 6  b i l l i on )  o r  2 . 0  
p e rce n t  o f  a l l  in t e r - c i ty t r ave l ( 1 , 3 0 0  b i l l i o n  i n c l ud i ng t h a t  b y  
aut omob i l e  and g ene ra l  av i a t i on ) . W i t h  at t a i nment o f  i ndus t ry p o 
t e nt i a l  e s t imate d he r e in , t o t a l  annual b u s  t r av e l o f  n e a r ly 5 0  
b i l l i on p a s s e ng e r  m i l e s  coul d a c c ount for  mo r e  t h an 2 0  p er c en t  o f  
t h e  pu b l i c  c a rr i e r  t ot a l  in 1 9 7 8 . 
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OPE RAT I NG EF F I C I E NC I E S  

T h e  g r e a t e s t  s i ng l e  fa c t o r  de t e rmin in g a c t ua l op er at i n g  e f 
f i c i ency o f  an i nt er - c i ty bus  i s  the  dr i v e r . I t  i s  n e a r ly ax i o 
mat i c  th at a dr ive r  t h i n k s  h e  can op e r a t e  a L u s  b e t t e r  t h an any o f  
h i s  co n temp o r ar i e s . Un l i k e  a i r l i n e r s  wh i c h  have f l i g ht e n g ine e r s  
and t r a i n s  wh i c h have f i r emen , t h e  b u s  dr i v e r  h a s  n o  o n e  b eyond 
the  t e rm i n a l  to  mon i t o r  h i s p e rforman c e . T h e  i n t r o duc t i o n , r e c ent 
l y , o f  au t oma t i c  t r an s m i s s i ons  i n  in t e r - c i ty b u s e s  h a s  r e s u l t e d  in  
a 3 - 5  p e rc e nt i n c r e a s e  i n  op e r a t ing e f f i c i en cy by e l imin a t i ng s ome 
of th e d r i v e r  va r i a b l e s . A maj o r i ty of n ew e q u ipment  b u i l t  b e twe en 
now and 1 9 7 8  w i l l  b e  s o  equip p e d , b ut t h e  t o t a l  s av ing p o t en t i a l  
fr om t h i s chang e w i l l  b e  ve ry mo de s t  a t  b e s t .  I f , f o r  e xamp l e , 
5 , 0 0 0  n ew b us e s  o f  4 p e r c e n t  g r e a t er e f f i c i en cy a r e  add e d  t o  t h e  
f l e e t  b y  1 9 7 8 , t h e  n e t  g a i n  i n  ove ra l l  b u s  f l e e t  e f f i c i e ncy , a s  
we igh t e d  by  o l d and new b us e s , wo u l d  b e  o n l y  . 7  p e r c e n t  o r  ab out  
1 0 0  b a r r e l s  p e r day b a s e d  on  1 9 7 2  c o n s ump t i on l e v e l s .  

T h e  i n t e r - c i ty b u s  manufa c t ur e r s  i n  c o op e r a t i on w i th  t h e  De 
p artmen t o f  Transp o r t a t i on are  c onduc t i ng ae r o dynam i c  t e s t s  on i n t e r 
c i ty b u s e s . I t  i s  c o n s e rva t ive ly e s t i m a t e d  t h a t  in c o rp o r a t i on o f  
ae r odynam i c  imp r ovement s can s ave  1 0  p e r c e n t  i n  fue l u s ag e . H o w 
ev e r , i n  o rder t o  r e t r o f i t  th e s e  dev i c e s  on  ex i s t ing  b u s  f l e e t s , 
l e g i s l a t i on i nc r e as i ng max imum v eh i c l e  w i d t h  f r om 9 6  t o  1 0 2  inche s 
wi l l  b e  n e e d e d . T h e s e  dev i c e s  c an b e  i n c o rp o r a t e d i n  n ew b us de 
s i g n s  w i t h  no pr o t r u s i o n  beyond t h e  b us s i d e s . 

I f  t h i s l e g i s l a t i on t o  i n c r e as e w i d t h  c ou l d  b e  a c h i e v e d  by 
1 9 7 8  an d a l l  b us e s  we r e  so de s i g ne d , a 1 0  p e r c e n t s av in g s  c o u l d 
amo un t t o  1 t ho u s and b a r r e l s  p e r d ay . P r ov id e d  o n l y  th e n ew b us e s  
adde d t o  t h e  f l e e t  a r e a e r o dynam i c a l l y  imp r o v ed , t h e  fue l s av i n g s  
wou l d  app ro x im a t e  on ly  2 5 0 bar re l s  p e r d ay . 

Th e adop t i on o f  5 5  MPH s p e e d  l im i t s  has  p r oven c o un t e r - p r o duc 
t iv e  in t e rms o f  b u s  e f f i c i ency . Typ i c a l  i nt e r - c it y  b u s e s  have 
been de s ign ed t o  op e r a t e  mo s t  e f f i c i e n t l y  i n  the 6 0 - 6 5 MPH s p e e d  
rang e . S l owe r s p e e d s  r e s u l t in eng i n e  ove r l o a d  i n  h i g h  g e a r  o r  
eng ine ove r s pe e d  i n  l o we r g e a r  p o s i n g  h i g he r  l e v e l s  o f  fue l c o n 
s ump t ion a n d  t h e  p o s s i b i l i ty o f  damag e t o  t h e eng i n e  and/ o r  t r an s 
mi s s io n .  Add i t i o n a l l y , i t  i s  s u s p e c t e d  t h a t  s l ow e r  s p e e d  l im i t s  
( and i ncr ea s e d  t r ip t i me )  may have re s ul t e d  in  t h e  d i ve r s i on o f  
s ome pa s s en g e r  t r a f f i c  f r om bus e s  t o  l e s s  fue l - e ff i c i e nt mode s such  
as  a i rp l an e s  and  p r i v a t e c a r s . 

As th e i nt e r - c i ty b u s  indu s t ry c o ns ume s on ly  . 1 6 p e r c e nt o f  
t h e  t ot a l t r ansp o r t a t i on e ne rg y r e q u i remen t , any s av i ng s a c h i e v e d  
w i l l h av e  ve ry s ma l l  imp ac t . H oweve r , t h e  h i g h  e ff i c i en cy l ev e l 
o f  b us e s  wou l d  i n d i c a t e  t h e  n e e d  for g r e a t e r  u t i l i z a t i on and any 
imp rov emen t s  i n  t h i s e f f i c i e ncy woul d h av e  a comp o und i ng e ff e c t  on 
fut ur e fue l s av i ng s . 

6 7 



PART F OU R : ROADWAY I MP ROVEME NTS 

W i thin  the Uni t e d  S t a t e s  dur ing 1 9 7 2  mo re than 1 2 2  m i l l i on 
mo t o r  v e h i c l e s  a ccumu l a t e d  n e a r l y  1 . 3  t r i l l i o n  ve h i c l e  m i l e s , o v e r  
3 . 8  m i l l i on m i l e s  o f  p ave d ro adway , whi l e  c o n s um in g  ove r 1 0 5  b i l l ion 
g al l on s  ( 6 , 8 3 5  t hous and b a r r e l s p er day )  of  fue l in the  p r o c e s s . 
A l t h o ug h  no t t h e  m o s t app a r e n t , on e o f  t h e  a r e a s  t o  c o n s i de r  i n  
t he c ons e rva t i on o f  fue l i s  l i t e r a l l y  t h e  h ig hway i t s e l f . H i ghway 
p r o j e c t s  s uc h  as new c o n s t ruc t i on or r e s u r fa c i ng a r e  unde r t aken 
for m any r e a s ons - - t o  p r o v i de a c c e s s  to n ew dwe l l i n g s , s h o r t en 
t r av e l  t ime , r e duce  o r  e l iminat e s af e t y  h a z a rd s , imp r ove vehi c l e  
f l ow ( l e s s  s t op and g o ) , r e duc t i on o f  g r ad i en t s and b e t t e r , smo o t h e r  
surface s o n  wh i c h  t o  t r ave l . 

I n  t he s e l e c t i on o f  s p e c i f i c  hi ghway p r o j e c t s t h e  p r i o r i t i e s  
o f  n ee d , c os t ,  b ene f i t  and env i r onme n t a l  imp act a r e  c a r e fu l l y  
we i g he d . Mo r e  r e c en t ly ,  th e a sp e c t o f  fu e l  s ho r t a g e s  adds  a n ew 
d im en s i o n  o f  ene rgy imp ac t t o  t h e  evaluat i on p r o c e s s .  F o r  examp l e , 
i f  fue l s h o r t ag e s  we re  t o  b e come mor e s ev e r e  t han ha s b e e n e xp er i 
e nc e d , i t  wou l d  s e em inapp rop r i a t e  t o  c on s ume fue l fo r c o n s t ru c t i on 
o f  r o a ds un l e s s  a l l o th e r p r i o r i ty demands have b e e n  ful f i l l e d . O f  
cons eque n c e , the deve l opment o f  me thodo l o gy fo r d e t e rm i n i n g  t h e  
energy i mp a c t  o f  h i ghw ay p ro j e c t s  i s  o f  cons i de r ab l e  i mp o r t an c e . 

T h e  F e der a l  H i g hway Adm in i s t rat i on h a s  de v e l o p e d  an e x amp l e  
o f  hyp o t h e t i c a l  ana l y s i s  o f  t h i s  ene rgy imp ac t ( s e e  App end i x  C ,  
E x hi b i t  X I I ) . T h r ough u s e  o f  t hi s  m e t h o d o l og y  and s ome o f  t h e i r  
h i ghway c o n s t r uc t i on da t a , t he supp o s i t i on h a s  b e en imp o s e d t h a t  
t h e  ave rag e r oa d  imp r ovement wou l d  in c r e a s e  v e h i c l e e ff i c i ency b y  

1 5 p e r c e n t . O n  t h i s b a s i s  t h e  app ended  ex amp l e  r e l a t e s  t h a t  t h e  
imp rov e d  qua l i ty o f  t h e  av e r a g e  h i ghway p r o j e c t , w i t h  2 - l an e  as 
pha l t  p avi ng o f  o n e  m i l e  in l e ng th , w i l l  s av e  7 , 0 7 5  g a l l o n s  p e r  
ye a r  a t  a t ra f f i c  v o l um e  o f  5 , 0 0 0  veh i c l e s  p e r d ay .  Thu s , a c om 
p arab le  h i g hway s e gme n t  o f  1 0 0  m i l e s  i n  l eng t h  m i ght s av e  4 6  b ar 
re l s  p e r day . Mo r e over , when me a s u r e d  ag a i n s t  a l l p e t r o l eum r e 
qui remen t s  f o r  t h e  c i te d  p r o j e c t  i t  i s  n o t ewor thy t h at o n l y  3 . 6  
ye ars o f  ro ad u s e a r e  r equi r ed be f o r e  a ne t b ene fi t i n  fue l c o n 
s e rva t i on b e g i n s  t o  a c crue . 

Th i s  p ay o ut t im e  i s  o b v i ous l y  a f r ac t i o n  o f  t h e  u s e fu l  l i fe 
o f  t h e  p ro j e c t  and s av i ng s  app e a r  t o  o c cur i n  s uf f i c i e nt t ime  t o  
b e  o f  r ea l  v a lue i n  th e cons e rva t i on o f  h ig hway e ne r gy . O f  c o u r s e , 
a lt e rn a t e s  t o  a s p ha l t  s ur fac ing mat e r i a l s  co u l d  b e  c on s i de re d  i n  
a n  even  g r e at e r s av i ngs e ffo r t , bu t t h e  m anu fa c tu re o f  c e m e n t  
requ i re s  s ub s t an t i a l  amo un t s o f  energy  f o r  d e hy d ra t i on .  I n c r e a s e d  
us e o f  c o a l  t a r s  i n  a s p ha l t would r e l i ev e  t h e  d em an d  o n  p e t ro l eum , 
an d e mu l s i f i e d  a s p ha l t s h ave s ome p o t e n t i al f o r  r e duc i n g  t h e  n e e d  
f o r  a s p ha l t  vo l a t i l e s  ( th e  dry ing  a g e nt s )  wh i ch c an a c c oun t  f o r  
a s  h i gh as  5 0  p e r c en t  o f  s ome g r ade s . Ano th e r  a l t e rna t iv e  o f  no 
p av in g  imp r ovemen t i s  unde s i r ab l e  f r om t h e  s t andp o i n t  t h a t  fue l 
r equ i remen t s  fo r veh i c l e s  t r av e l i ng ove r g r av e l  s ur f a c e s  o ft en 
e x c e e d  smo o t h  s u r f a c e  ne e d s  by  5 0  p e rc en t  o r  m o r e .  

At  t h i s t im e , when many s ta t e �  a r e c on s i d e r i n g  r e duc t i o n  o f  
ma inte nan c e  and r epaving  p ro g r am s  i n  an e f for t t o  c on s e rv e  fue l ,  
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t h i s  exe rc i s e i nd i c at e s  t h at such cut b ac k s  may b e  s ho r t s i g h t e d - 
in t e rms  o f  cons erv at i on and t h e  a t t endant un emp l oyme n t  s uch r e 
duc t i ons would und oub t e d ly cre a te . I t  s hou l d  a l s o  b e  no t e d t h a t  
t h e  c i t ed p r o j ec t e x amp l e ho l d s  9 6  p e r c en t  o f  t h e  j ob s ' p e t r o l eum 
r equ i remen t s  a s  a spha l t . I n  o th e r  c a s e s , whe re e x t en s i v e  e x c ava 
t i on or  s t r uc t ur a l  wo rk a re r e qui red , a sp h a l t  m i g ht o n l y  a c coun t  
fo r one - f o urth  o f  t h e  p e t r o l eum requ i r em en t s . I n  s u c h  i n s t an c e s , 
every add i t i on a l  b a r r e l o f  o i l  requ i r e d  t o  c omp l et e  t h e  p r o j e c t  
adds 2 day s t o  t h e  p ayout  t ime b e fo r e  n e t  s av ing s a c c rue  t o  t h e  
p art i cu l a r  j o b .  
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Chap t er  Two 

A I RWAYS 

I NTRODU C T I ON 

There  a r e var i o u s  fue l  cons erv a t i on m e a s ur e s p o s s i b l e  in  a i r 
craf t op e r a t i on s , and � f o r  t he p res en t , t h e r e  are  a l s o  o pp o r t un i t i e s  
fo r fu e l  s av ing s t hroug h cur t a i lment . Howeve r , t h e  av ai l ab l e  con 
s e rva t ion  m e a s ur e s  have al l b e en in p r a c t i c e  to  a vary ing ex t ent 
fo r s everal  y e ar s , and wh i l e  fu tur e fue l d eman d s  w i l l  b en e f i t f rom 
t he s e  cons e rv a t ion m e a s ur e s , t he p o t en t1 a l  for  a d d i t i o n a l  fu ture  
s av ing s  through c o n s erva t i o n  i s  l im i t e d . Mo r eo ve r , i n c r e a s ing de 
mand for  a i r  t r ans p o r t a t i o n  by p a s s en g e r s  and s hipp e r s  coul d s o o n  
r equ i r e  t h e  r e s t o r a t i on o f  f l i g h t s  r e ce n t l y  curta i l e d  a n d  t he a dd i 
t ion o f  even mor e a i r  s e rv i ce . The r e fo r e , dur i ng t h e  p e r i o d  cove r e d  
b y  t h i s  P ha s e I ( 1 9 7 4 - 1 9 7 8 ) r ep o r t , t h e  requi r ement s fo r av i a t i on 
fu el s w i l l  inc r e a s e  al t ho ug h  a t  a l eve l r e duc e d  by t h e  con s e rva t i on 
measur e s  d i s cu s s e d her e a f t e r . 

The c o n s ump t io n  o f  av i a t i o n  fue l s  in  t he Un i t e d  S t at e s  dur ing 
t he b a s e p e r io d y e ar o f  1 9 7 2  i s  s hown in  T ab l e  2 1  w h i c h  dep i c t s  
con sump t i on bo t h  by typ e  o f  fuel  and b y  t yp e o f  u s e r . 

TABLE 21 

U . S .  CONSUMPT ION OF AVIATION FUELS--19 7 2  
( Thousand Barrels Per Day) 

Fuel Consump t ion 

Avi ation Gas oline 
Jet Fuel Naph th a Type 
Jet Fuel Keros ine Type 

Total 

User 

Jet 
Mi litary 
Scheduled Airlines 
Supp lemental Air lines 
General Aviation 
Oth er Aviation 
Non-Aviation Uses 

Sub total--Jet 

Aviation Gas oline 
All Us ers 

To tal 

7 1  

46  
242  
80 3 

1 , 09 1  

2 88 
6 7 0  

6 
3 7 
20  
24  

1 , 045 

46  

1 , 09 1  



T he co n s ump t io n o f  av ia t i on fu e l s i n  1 9 7 2  r e p r e s en t ed 1 1 . 8  p er 
c ent  o f  t he to t a l  fue l  con sumed i n t he t r an sp o rta t i on s e c to r . The 
no rma l  f i r s t quar t e r 1 9 7 4  d emand fo r av i a t i on fu e l s  was p r o j e c t e d  
t o  b e  1 , 1 3 8  t hou s and b a rr e l s p er day bu c e s t imat e d  a c tu a l  c on s ump 
t i o n  in  t h i s  p e r i o d  w a s  a t  a r a t e  o f  ab ou t 9 5 0  t ho u s and b ar r e l s p e r 
day w i t h  a n  app a r ent 1 7  p e r ce n t  s av i ng s . 

S inc e t h e  p r ep onder ance  o f  av i a t i o n  fue l  c o n s ume d i s  j e t fu e l , 
t h i s  ana l y s i s  w i l l no t invo l v e  c on s e rvat i o n  m e a s ur e s  r e l a t ing  t o  
the  op e r a t ion  o f  a i rp l ane s whi c h  u s e  av i a t i on g a s o l i n e . N e i t h e r  
w i l l i t  d e a l  w i t h  mi l i t ary a i r c r aft  op e r a t i on s  e x c e p t  t o  no t e  t ha t  
op e r a t i o n a l  t e c hn i qu e s fo r co n s e rv i ng fu e l  t hat app l y  t o  c iv i l  j e t 
a irp l an e s  a l s o  app l y  t o  m i l i t a ry j e t a i rp l an e s t o  t he e x t en t  t hat  
t he m i l i t ary m i s s io n w i l l al l ow t he us e o f  s uc h  t e chn i que s .  

Fundament a l l y , t h e r e are two app ro a che s  t o  o r  m et ho d s  o f  con 
s erv ing j e t fu e l . The f i r s t i s  t o  imp ro v e  the  o p e r at ing e f f i c i ency 
o r  t he a i r  tr an sp o r t a t i o n  s y s t em - - g e t t in g  f r om p o in t A t o  p o i n t  B 
us ing the l e a s t  amo un t o f  fue l . I mp ro v e d  o p e r a t i ng e f f i c i en c i e s  
inc lude r edu c e d  cru i s e  sp e ed s , r e duc e d  a i r  t r a ff i c  con t ro l d e l ay s , 
and r educ ed i n - f l i g ht p i l o t t r a in ing and p ro f ic i en cy c h e c k ing 
t hr o ug h  s imul a t ing . The s e c ond i s  t o  fl y t he a i rp l an e  l e s s  o r  f ly 
f ew e r  a i rp l ane s o r  s om e comb inat io n w i t h  an end  r e s ul t o f  a r e duc 
t i o n  of f l i g ht s . T h i s  anal y s i s  wi l l  l o o k  a t  e ac h  o f  the s e two 
me t ho d s  in t erms o f  how t hey can b e  accomp l i s he d ; t h e  s av in g s that  
c o u l d  b e  a c h i ev e d  by  t hem ( a s  s hown o n T a b l e  2 2 ) ; what  t h e  d i f f i 
cul t i e s  ar e in  a c c omp l i s hing t hem ;  and w ha t  t he e f f e c t s  a r e  o f  ac 
comp l i s h ing t hem . Redu c t i o n i n  non - av i a t i o n  u s e  o f j e t f u e l s ,  
c h i e f l y by e l ec tr ic ut i l i t i e s , wo ul d r e qu i r e  t he s u b s t i tu t ion  o f  
a l t er n a t e  fu e l s fo r powe r  g ene rat i o n . 

Measure 

Operating Efficiencies 

• Cruise Speed Reductions 
• I mproved Traffic Control 
• Training Simulation 

Flight Reductions 

TABLE 22 

AIRWAY FUEL CONSERVATION POTENTIAL 
(Thousand Barrels  Per Day) 

IMP ROVED F L I GHT O P E RAT I ON E F F I C I ENCY 

Sav ings 

1974 1978 

33 4 1  
5 1 0  
3 4 

1 04 Unclear 

E f f o r t s  t o  op t imi z e  t he o p e r a t ing  e ff i c i ency o f  j e t a i rp l ane s 
have b e en und e r  way l i t e r a l l y s in c e  the  f ir s t  j e t a i rp l an e s  we r e  
in t r o duc ed . I n  r e c ent  y e a r s , f o r  a comb i n a t i o n  o f  e c o n om i c , env i 
r o nm ent a l  and c o n s e rv a t i o n  r e a s o n s , t ho s e e ff o r t s have b e en i n t en 
s i f i ed . The r e su l t i s  t hat muc h  o f  what c a n  b e  g a ined  t hroug h im 
p r o v e d  o p e r a t i onal  e f f i c i ency ha s a l r e ady b e en a t t a i n e d . Howev e r , 
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t h e r e  r ema in s ome s av i ng s to  b e  r e a l i z e d t hroug h imp r o v e d  a i r  t r a f 
f ic co nt r o l  p r o c e dur e s  and imp r oved  a i r c r a f t  op e r a t ing p r o c e dure s .  

The  fo l l ow ing ar e con s ervat ion me a s ur e s  al l o f  whi c h  to  varying 
deg r e e s  are  a l r e ady b e ing p r ac t i c e d , wh i c h  app ly to  j e t a ir c r a f t  
op e r a t i on s : 

• R e du c e d  CP u i s e Sp e e d s : A s l i g h t  r e du c t i o n  in c ru i s e  s p e e ds  
from the  p r ev io us l y  u s ed no rmal c r u i s e  sp e e d s  w i l l b r ing 
about a s av in g s  of  from 3 t o  5 p e r c e n t  of  t o t a l  fue l c o n 
sume d . A r e duc t i on o f  . 0 2 t o  . 0 4 ma c h  numb e r  ( 1 5 t o  3 0  MPH ) 
i s  t he op t imum sp e e d  r e duc t i o n  t ha t  c an b e  made  t o  m ax im i z e  
fuel  s avi ng s . A sp e ed r e duc t io n  g r e a t e r  t han t ha t  w i l l r e 
sul t in mor e fue l b e ing burn ed  r a t he r  t han l e s s . C r u i s e 
sp e e d  r e duc t io n s  a r e  in e f f e c t i n  mo s t  a i r l i n e  op e r a t ion s  
to day . Annu al  s av in g s  fr om t he s e m e a s u r e s a r e  e s t ima t e d  at 
5 0 0  m i l l io n  g a l l on s  o r  33  thous and b ar r e l s p e r  day . 

• Imp Po v e d  A i P TP a ffi c Co n tPo l :  A numb e r  o f  f ac t or s  ex e r t  an 
in f l u e n c e  i n  t h e  ar e a  of a i r  t r a f f i c  con t ro l : op t im i z e d 
cru i s e  a l t i tud e s , op t im i z ed c l imb and de s c en t  p ro f i l e s , ex 
p ed i t e d  a i r b o r n e  hand l ing in a i rp o r t  t e rm i n a l  a r e a s , and 
incr ea s ed u s e  o f  po int - to - p o in t r o u t i ng s . I t  i s  e s t ima t e d  
that  a i r  t r a f f i c c o n t ro l d e l ay s  c o n s ume 1 3 0  t o  1 5 0  m i l l ion 
g a l l o n s  o f  j e t fuel  annua l l y  o r 9 t o  1 0  t hous an d b ar r e l s  
p er day . 

• TPa i n ing Sim u l a t i o n : Reduce  i n - f l i g h t  p i l o t t ra 1 n 1 n g  and 
p ro f i c i ency c he c k i ng t hr oug h th e u s e  o f  s imu l a t i on t e c h 
n ique s . T he cont inu ing advanc emen t o f  a i r c r af t  c o c kp i t  
t r a in ing d ev i c e s  and s imu l a to r s  ha s p ro v i d e d  o n g o in g op p o r 
tun i t i e s f o r  fuel s av ing s t hroug h  t he s ub s t i tu t i on o f  t r a in 
ing d ev ic e s and s imul a t or s  f o r  a i r c r a f t  i n  t h e  t r a i n ing  and 
c he c k in g  of p i l o t s . A Dec emb e r 1 9 7 3  chang e to F ed e r a l  Av i 
a t i on Regul a t i o n s  w i l l al low  con s i d e r a b l y  mo r e  p i l o t t r a in 
ing and c h e c k in g  t o  b e  accomp l i s h e d  in  s imul a to r s  r e s u l t ing 
in annua l fue l s av ing s o f  60 m i l l ion g a l l o n s  or 4 t hous and 
bar r e l s p e r  day . 

B e for e l e av ing the  ar e a  o f  imp r o v e d  f l i g h t  op e r a t i o n s , t h i s  
r ep or t  s houl d make  me n t i on o f  s eve r a l  o t he r w i d e l y  c l a imed  me a s ur e s  
tha t  wou l d  imp rov e a i rcraf t e f f i c i ency i n  o r d e r  t o  pu t t ho s e  m e a 
sur e s  in t he ir  p r op e r  p e r sp e c t iv e .  

Such things a s  i mp roved j e t eng ine d e s i gn and i mp rove d a i r frame / 
w in g  de s i gn are  c e r t a i n ly me asures  that  wou l d  i n c r e a s e t h e  fue l e f 
f i c i ency o f  a i r c r a ft op e r a t i ons . Howeve r , i t  i s  unr e a l i s t i c  t o  
exp e c t  t ha t  such  imp r o vemen t s  c an b e  accomp l i s he d  dur ing  t he p e r i o d  
cov er ed by t h i s  repo r t . The typ e s  o f  a i rp l an e s  f l y in g  t o day a r e  
t he typ e s  tha t w i l l b e  f l y ing t hr oug hou t  t he n e x t  5 y e ar s  and b eyond .  
Long - r ang e r e s e a r c h  and d ev e l opment  in t h e  are a s  o f  en g in e  and a i r 
frame d e s i gn p rov i d e s  hop e for  t he future but  n o  fue l s av in g s fo r 
the p r e s en t . 
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F L I G HT REDUCT I ON S  

Af t er fl i g ht o p e r a t i on e ff i c i ency ha s b e en imp ro v e d  to t he 
max imum ext ent  f o r  fu e l  cons e rva t ion p urp o s e s , any r ema i n ing n e e d  
to con s e rve s t i l l mo r e  fue l can b e  me t o n l y  t hroug h a r e du c t io n  o f  
f l i g ht s . F l i g h t  r e duc t i o n s  h ave  var i o u s  imp a c t s  o n  t he s eve r a l  
d i f f e r en t  typ e s o f  us e r s  o f  j e t fu e l : 

• Fo r t h e  m i l i tary , r educed f l y ing  me an s r e du c e d  t r a i n i ng and 
p o t en t i al r e duc e d  r e ad i ne s s . 

• F o r t h e  s upp l eme n t a l  a i r l ine s ,  r e du c e d  f l y i n g  r e s ul t s  in  a 
d i r e c t l y p r op o r t i on a t e  r e duc t i on in p ub l ic s e r v i c e  s in c e  
supp l emen t a l  a i r l ine l o a d  f a c to r s  a r e  v i r t u a l l y  1 0 0  p e r c en t . 
Emp l oymen t r e duc t io n s  and r educ e d  a i r cr a f t  u t i l i z a t i o n  al s o 
r e sul t .  

• Fo r g en e r a l  av i a t i on , r e duc e d  f l y in g  h a s  num e ro u s  adv e r s e  
e f f e c t s  rang ing from r e du c e d  numb e r s  o f  b eg inn i n g  p i l o t s ; 
t o  r educ e d  numb e r s o f  a i r c r af t  b e ing manu f a c t ur e d , ma in 
t a ined and s e rv i ced ; to r educ ed f l ex i b i l i t y  and e ff i c i en cy 
o f  c o rp o r a t e e x e cu t iv e s  u s ing bus ine s s  a i r c r af t . 

• Fo r o t he r av i a t i on c a t eg o r i e s s uc h  a s  a i r cr a f t  man uf a c tu r e r s , 
r e duc e d  f l y ing m e ans  fewe r r e s e ra c h , d e v e l opm en t  and t e s t 
fl ight s - - a s l ow ing o f  e s s ent i al wo r k  toward  imp r o v e d  d e s i gn s . 

T he maj o r  u s e r  o f  U . S .  p r o du c e d  o r  impo r t e d  j e t fue l , how ev e r , i s  
t he s c hedul ed a i r l i ne indus try , and t hi s  rep or t d e al s p r imar i l y  w i th 
tha t  indus try . 

Und e r  p r e v i o u s  cond i t io n s  o f  p l en t i ful  and i n e xp e n s ive j e t fue l , 
the  h i g h l y comp e t i t ive an d ag g re s s ive  s c he dul e d  a i r l ine  i n du s t ry 
bui l t  up a cap a c i ty l ev e l  whi c h ,  under  t he p r e v a l e n t  p as s en g e r  t raf 
f i c  l e v e l s ,  r e s u l t e d  in an indus try av e r ag e  l o ad f a c t o r o f  app r ox i 
ma t e l y  5 0  p e r c en t . T h i s  means  that  t he hypo t he t i c a l  av e r ag e a i r 
l in er wa s ha l f  ful l / ha l f  emp t y . T h i s  do e s  no t m e a n , howeve r ,  t ha t  
t he s c he dul ed  a i r l ine indu s try coul d cut hal f i t s  f l i g h t s and op e r 
a t e  a t  a ful l l o ad fa c to r  al l t he t ime , no r do e s  i t  m e an t ha t  twi c e  
a s  many p e op l e  c o u l d  f l y wi t ho u t  any i nc r e a s e i n  f l i g ht s . I n  o rde r 
to  p r o v i d e  conv e n i ent  a c c e s s  t o  a s ch e dul ed a i r  t r an s p o r t a t ion  s y s 
t em ,  an av e r ag e l o ad f ac t or o f  any g iven a i r l i n e , b as e d  o n  a dvan c e  
r e s e rva t ions , s ho ul d  no t exc e ed app rox imat e ly 6 5  p e r c en t . The  a c 
tual ( f l own ) l o ad f a c t o r  coul d o f  cour s e  b e  h ig h e r  i f  s e a t s  s t i l l  
av a i l ab l e  a t  d e p ar tur e  t ime were  t o  b e  f i l l e d b y  cha r t e r  o r  s p a c e

. 

ava i l ab l e  p a s s eng e r s . Exp e r ime n t s  are  p r e s en t l y  b e i n g  c o nduc t e d  w i t h  
s uch comb i nat i o n s  o f  r e gu l a r ly s ch e du l e d  and cha r t e r - typ e p a s s eng e r s  
on t h e  s am e  a i rp l ane in  o r d e r  to inc r e a s e  t he a c tual ( fl own )  l o ad 
fac t o r  w i t ho u t  undul y inhi b i t ing fr e e  ac c e s s t o  r e g u l a r , a dv anc e 
r e s ervat i o n  typ e , s c hedu l e d  a ir t r an s p o r t a t i o n . 

The  l oad f a c to r  e qua t io n  has two p ar t s - - th e  p a s s en g er s  [ f i g ur e d  
a s  r ev enu e p a s s en g e r  m i l e s  ( RPM) ] d iv ided  b y  t h e  c ap a c i t y  [ f i gur e d  
a s  ava i l ab l e  s ea t  m i l e s  (ASM) ] .  I f  t h e  RPM r em a i n  con s tan t w hi l e  
the  A SM ar e r educ ed , t h e  l o ad f a c t o r  inc r e a s e s . Ho l d ing t h e  ASM 
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co n s t ant wh i l e  t he RPM i n c r ea s e s  a l s o  r e s ul t s  in an i n c r ea s ed l o a d 
fac to r . L i kew i s e , a comb ined  r e duc t io n  o f  ASM and inc r e a s e in RPM - 
th e  fac tual  s i tua t i o n  tha t ex i s t e d  i n  f i r s t  qua r t e r  1 9 7 4 - - r e s ul t s  
in a n  even mo r e  s t e ep l y  i ncr e a s ed l o ad f a c t o r . F rom t he f o r e go ing 
ex amp l e s , it  c an be  s e e n  that i n c r e as ing  l o ad f a c t o r s , as  an en d in 
i t s e l f , is not n e c e s s ar i l y  a c o n s erva t i o n  m e a s ur e , b e c a u s e i n c r e a s ed 
l o ad fac to r s  c an r e sul t w i t h  no r e duc t ion in  f l i g h t s .  F u r t h e rmo r e , 
the  numb er o f  p a s s eng er s c a r r i ed a t  a g iv e n  l o ad fac t o r c an b e  in 
c r e a s ed by incr e a s ing  t he s e a t ing dens i ty - - t h e  numb e r  o f  s e a t s p e r  
p l an e . S e a t in g  den s i ty c an b e  i n c r e a s ed  e i ther  by p l a c ing  row s o f  
s e a t s  c l o s er to g e t her o r  b y  incr e a s ing t he r a t io o f  c o a ch t o  f i r s t  
cl a s s  s e a t ing - - ev en comp l e t e l y  rep l a c ing f i r s t  c l a s s  s e a t i ng w i t h  
c o a ch s e at in g . I n  add i t i o n  t o  fue l c o n s i d e r a t i o n s , f ac t o r s  o f  the  
mark e tp l ac e , i n c lud ing  the  newly revamp e d  f a r e  s t ru c t u r e  announ c e d  
in Mar ch 1 9 7 4  b y  t h e  C iv i l  Ae ronaut i c s  B o ar d  t h a t  w i l l  i n cr e a s e  t h e  
c o s t d i f f er ent i a l o f  f i r s t  c l a s s o v e r  c o a c h  s e rv ic e , w i l l come  t o  
pl ay in d e t erm in ing futur e s e a t ing dens i ty .  S o  t he an a l y s i s  c om e s  
ba c k  t hen to t he r ea l  f u e l  s aver - - f l ig ht r e duc t io n s . 

I n  add i t io n  to s av ing fue l , howeve r ,  f l i g ht r e du c t i o n s  i n  t h e  
sc hedu l e d  a i r l in e indu s try  m i g ht hav e o t he r e f f e c t s  wh ic h in c l ud e : 
reduc ed pub l i c  s e rv i c e , r educ ed emp l oym e n t , and r e du c e d  a i r c r a f t  
ut i l i z a t i on w i t h n o  con s equen t i a l  r educ t i o n  i n  f i x e d  c o s t s . Fur 
thermo r e , r e du c t io n  o f  f l i g h t s  automa t i c a l l y  m e an s  n o  g r ow t h , w h i c h 
p r e c l u de s an ab i l i ty fo r the  indu s try t o  a t  l e a s t  p a r t i a l ly ab s o rb 
inc r ea s in g  c o s t s  ra t h e r  t han hav ing t o  p a s s  t hem o n  t o t a l l y  t o  t he 
co n s umer . Neve r t h e l e s s , t he n e ed ex i s t s fo r s om e  c o n s erva t i o n  
throug h fl ig ht r educ t io n s , ke ep ing i n  m i nd t h e p r ac t i c a l  load  f a c 
to r l im i t a t ion o f  approx ima t e ly 6 5  p e rc en t . 

The U . S .  s c hedu l ed a i r l in e i ndu s try  dur ing  t h e  f i r s t p a r t  o f  
1 9 7 4  r educ ed i t s  da i l y f l i g h t s from app r o x im a t e l y  1 4 , 0 0 0  t o  app r o x 
ima t e l y 1 1 , 8 0 0 ( a  1 6  p e r c ent r educ t ion ) and i n  do ing s o  s av e d  ap 
prox ima t e l y  1 0 4  t ho u s and barr e l s  p e r  day o f  j e t fu e l . Dur i ng t h i s  
p er iod , a s  a r e sul t o f  t he r e duc ed f l i g h t s an d a mar ked in c r e a s e 
in p a s s eng er  t r a f f i c , t he a i r l i n e  indu s t r y ' s  av e r ag e l o ad f a c t o r  
app ro ached  6 0  p e r c e n t  w i t h  s ev e r a l  ind iv i dua l a i r l i n e  av e r ag e l o ad 
fac to r s  ex c e e d in g  6 0  p e r c en t . I f  p as s eng e r  t r a f f i c  g row t h  c o n t inu e s  
at i t s curr ent  r a t e , t h e r e  s o on wi l l  b e  a n e ed t o  a d d  f l i g h t s r a t her 
than r educ e t hem . 

I nc r e a s ing demand fo r a i r  tran s p o r t a t io n  by b o t h  p a s s eng er s 
and s h ipp er s wi l l  qu i c k l y  (w i t hi n  a y e ar o r two ) r e qu i r e  t he r e s 
tor a t i o n  o f  a l l  f l i g h t s t ha t  hav e b e en c an c e l l e d and an add i t i o n  
of  e v e n  mo r e  f l i g h t s . Ther e fo r e , the  r e qu i r em en t s  f o r  av i a t ion  
fue l s w i l l in c r ea s e , t ho u g h  mo d e r a t e d  by c o n s erva t i o n  me a s ur e s . 

MODE SHI F T S  

T h e r e i s  l i t t l e p o t e n t i a l  fo r fue l c o n s e r va t ion  in t h i s  s ec to r  
throug h t he s hi f t i ng o f  a i r l ine p a s s en g e r s  a n d  f r e i g h t  t o  a l t e r na t e  
me t ho d s  o f  t r av e l . T h i s s i tu a t i on i s  t he r e s u l t o f  t h e  un i qu e  s e r 
v i c e s p ro v i d e d  by the  a ir l ine s .  
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I n  t he p a s s eng er mov em en t s ec to r  t h e r e  r em a i ns an app a r en t  
exc e s s c ap a c i ty t o  ab s o rb 2 1 . 9  b i l l ion p a s s en g e r  m i l e s  f rom a l t e r 
n a t e  mo d e s  in  s p i t e  o f  r e c ent fl i g ht r e duc t io n s  ( s e e  a m o r e  d e t a i l e d  
d i s cus s i o n  i n  the  "Mode  Sh i f t s  ( Fr om Automob i l e s ) " s e c t i on in  Chap 
t e r  One ) . The a i rp l ane al s o  o f f e r s  conven i e n c e  and s p e e d  w i th r e 
s u l t ant  gr e a t e r  p e r i od s  o f  t ime at  one ' s  d e s t i n a t i o n . F o r  a g iven  
t r i p i n t e rva l , this  f e a t ur e i s  no t ava i l ab l e  thr ough o t h e r  me thods , 
wh i c h  make s i t  unr e a s o nab l e  t o  as s ume that  t h e r e c o u l d  b e  a s i gn i f 
i c an t  s h i f t  o f  p a s s eng e r s  t o  o th e r  me ans o f  t r ans p o r t a t i o n . The 
only ar e a  wh e r e  t h e r e  is  a p o t ent i a l  f o r  s h i f t s  away from a i r  
t r ave l , i s  t h a t  o f  t h e  s h o r t  hau l fl i g h t s , b u t  t h e  s av i n g s  w o u l d  
b e  ins i gn i f i c an t  b e c aus e many o f  the p a s s eng e r s  on  the s e  f l i g h t s  
a r e  int e r c onne c t ing  w i t h o th e r  fl i gh t s . 

I n  t h e  fr e ig ht mov ement a r e a  of t h e  a i r l in e indu s t ry t h e r e  i s  
no s ig n i f i c an t  p o t en t i a l  fo r s hi f t s  t o  t ruc ks  and r a i l ro a d s  du e to 
the  natur e  o f  t he c argo  and t he m e t hod o f  mov em en t . The sma l l quan 
t i ty o f  c a r g o , 5 . 4  m i l l ion t o n - m i l e s  in 1 9 7 2 , t ha t  i s  t r a n sp o r t e d  
b y  a ir mu s t  b e  mov e d  in s uc h  a manne r du e t o  t h e  n e e d  f o r  i t s  t im e l y  
d e l ivery . 
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C hap t e r  T hr e e 

RA I LWAY S 

I NT RO DUCT I O N  

I t  i s  g en er a l ly r e co g n i z ed t ha t  t he r a i l r o ad i s  one o f  t he 
mo s t  e f f ic i ent  mo de s o f  t r anspo r t a t i o n  i n  t e rms  o f  f u e l  e f f i c i ency . 
Dur ing 1 9 7 2  t h e  r a i l ro ad indu s try c on s um e d  s l i g ht l y  mo r e  t h an 2 5 0  
tho us and b a rr e l s p e r  day of p e tro l eum p r o duc t s . Exc e p t f o r  t h e  
sma l l  amount o f  e l e c t r i f i ed op e r a t ion  (abou t 5 0 0  m i l l i o n  KWH) o r  
8 0 0  b a r r e l s  p e r  d a y  d i e s e l  e qu iva l ent , t h i s  ene rgy was  e s s en t i a l ly 
a l l  in  the  f o rm o f  d i e s e l  fue l and r ep r e s e n t e d  abou t 2 . 8  p e r c e n t  
o f  t o t a l  t rans p o r t a t i o n  fu e l . 

A s  r a i l r o a d s  c o n s ume  t h i s  r e l a t i v e l y  sma l l  p e r c en t ag e  o f  t r an s 
por t a t i on  fue l , i t  s ho ul d b e  no ted t ha t  t hey s t i l l a cc oun t f o r  
roug hl y 3 9  p e r c en t  o f  a l l int er - c i ty t on -m i l e s w i t hin t h i s  N a t i on ' s  
fr e ig ht t r an s p o r t a t ion s y s t em .  T he s e  fac t s  s ug g e s t t ha t  max imum 
ut i l i z at ion  o f  t he r a i l  mo de fo r t h e  haul ag e o f  fr e i g ht s ho u l d  b e  
enco urag ed whenever t ime cons ider a t ion s a r e  no t p a r am o un t . 

C o n s erva ti on o f  fu el  i s  impo r t an t  t o  t h e  r a i l ro ad s  and wh i l e  
the ir  e f fo r t s  may no t p o s s e s s  a l ar g e imp a c t  b e c au s e  o f  t h e  r e l a 
t iv e ly sma l l  fu el  b a s e  f r om w h i c h  they  o p e r a t e , e f fo r t s  in t ha t  
d ir e c t i o n  cou l d  s t i l l  b e  a s ig n i f i c ant c on t r ibu t ion . S tud i e s  a r e  
b e ing c onduc t ed b y  s o m e  r a i l r o ad s  in a n  e f fo r t  to t r ac k  t he r e s ul t s 
o f  con s e rva t io n  m e a s u r e s whic h hav e b e en in s t i tu t e d  and t o  i d e n 
t ify fur ther  opp o r tun i t i e s . 

A s  d i s cu s s ed in t h i s  s e c t ion o n  r a i lway s , t h e  mo s t  l i ke l y  c on 
s erva t ion p o t en t ial  to  b e  achi eved by  1 9 7 8  w i l l  app r o x i m a t e  2 0  
t ho u s and b ar r el s p e r  day . At t hi s  wr i t ing , t he fu e l  c on s e rva t ion 
val ue for  1 9 7 4  app e a r s t o  b e  in t he area  o f  1 5  t ho u s and b a rr e l s 
p e r  day a s  ac h i ev ed t hroug h  var ious op e r a t ing e f f i c i en c i e s . 

OPERAT I NG E F F I C I EN C I E S 

B ec au s e the  co s t o f  fu e l  has alway s  b e en a s i g n i f i c an t  e l ement 
in t he exp en s e  o f  r a i l r o ad op e r a t i on s , r e a s o n ab l e  c on s e r v a t ion s t ep s  
hav e b e en s t andard p r o c edur e . How ev e r , w i t h t he incr e a s ing s ho r t 
ag e of  m idd l e d i s t i l l a t e s  b eg inn in g in t he f a l l o f  1 9 7 2  an d t h e  
r ap id ly e s c a l a t ing c o s t s , t he indu s t r y  r e d oub l e d i t s  e f f or t s  and 
put in to p r ac t ic e  s ome new m e a sure s .  C o n s i d e r ing t he int e r - c i ty 
fr e ig ht tr ans p o r t a t ion on l y , in 1 9 7 3  r a i l ro ad s  h au l e d  ab o u t  8 5 0  
b il l i on ton - m i l e s , wh i c h  r ep r e s en t e d  an inc r e a s e o f  9 p er c en t  o v e r  
t h e  t r a f f i c  hau l e d  i n  1 9 7 2 . At t he s am e  t im e , in t h i s  s e r v i c e 
C l a s s  I r a i l r oa d s  con s umed 2 6 4  t ho u s and b ar r e l s p e r  day o f  d i e s e l  
fuel - - a 5 . 6  p e rc en t  incr e a s e over  the fu e l  c on sum e d  in 1 9 7 2 . 

I n  1 9 7 2 , t he av er ag e c on sump t i on o f  d i e s e l  f u e l  p e r 1 , 0 0 0  
r evenu e ton - m i l e s  wa s 5 . 0 4 7  g a l l o n s . I n  1 9 7 3 , the  av e r ag e  c o n s ump 
t i on o f  fu e l  p er 1 , 0 0 0  r evenue ton - m i l e s  w a s  4 . 7 6 4  g a l l o n s - - a 
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r educ t i o n  o f  5 . 6 1 p er c en t . C ons erva t i on m e a s u r e s  wh i c h  hav e b e e n  
app l i e d  by the  r a i l r o ad s , o r  are  und e r  c o n s i d e r a t i on , and t h e i r  
e s t ima t ed p o t e n t i a l  a r e  a s  fo l l ows : 

• Hi g h  L e v e l En e r g y  C o n s e r v a t i o n  C omm i t t e e : Mo s t  r a i l ro ad s  
dur ing  r e c e n t  y e a r s  e s tab l i s he d  s u c h  a c ommi t t e e  o f  h i g h  
r anking  o f f i c e r s  w i th b r oad  au t ho r i ty t o  r e qu i r e  e n e r gy 
c o n s erva t i on n o t  on l y  o f  fu e l , b u t  i n  a l l r eg a r d s . I mm e 
d i a t e  r e s u l t s ar e o b ta inabl e b u t  v e r y  d i f f ic ul t t o  quan 
t ify b e c au s e t h i s  d ep ends  o n  t he b a s e  f r om w h i c h  t hey  s t a r t  
and t h e  t r ad e - o f f s  that  mus t b e  c o� s i d e r e d .  

• R e d u c t i o n o f  Sp i l la g e o f  Fu e l : Whi l e  mo s t r a i l ro ad s  had 
p r ev io u s l y  ins t a l l ed automa t i c  s hu t - o f f  d ev i c e s on the fue l 
ing no z z l e s , r e ex am ina t i o n  o f  t he ir op e r a t i o n  p o in t s  t ow a rd 
t h e  n e e d  f o r  imp r o v emen t s , b e t t e r  ma i n t enanc e ,  and s t andar d 
i z a t i o n  and i t  was  found tha t fur t h e r  s av in g s  we r e  ava i l 
a b l e .  

• U s e  o f  Tr a i n  P er fo rma nc e Ca l cu l a to r ( TP C ) : Many r a i lr o a d s  
hav e m a d e  u s e  o f  a comp u t er i z ed op er a t ing ana ly s i s  t ec h 
n iqu e  (TP C )  t o  deve l op f o r  each  l in e  s egmen t o f  t h e  r a i l 
r o a d  t he mo s t  e f f e c t iv e  bal ance b e tween  ho r s epower , t onn ag e 
and sp e e d  in t he i n t er e s t  o f  o v e r a l l fue l c on s e rva t i o n . 
Ther e a r e  a numb er o f  t r ade - o f f s  i nvo l v e d  wh i c h  have t o  b e  
co n s id e r ed i n  imp l emen t ing t h i s  p o s s ib il i ty .  T he r a i l r o ad 
manag e r s  mus t c o n s ider  t he imp a c t o f  inc r e a s e d  t r an s i t  t ime 
on t h e  ov er a l l e c o nom i c s of the r a i lway , t he imp ac t  on s hip 
p e r s o f  incr e a s ed t r an s i t t ime and t h e  imp a c t  o n  t he indu s 
try car supp l y a t  a t im e  when d emand f o r  c a r s i s  a t  an a l l 
t im e  h i g h  and t h e  s upp ly do e s  no t m e e t  t h e  d emand . 

Ano t he r  f ac t o r  that  c an w e i g h  h e av i ly o n  a d e c i s i o n  whe t h e r  
or  no t t o  max im i z e  l oad ing a t  a c o s t  i n  sp e e d  a n d  t r an s i t  
t ime  invo lv e s  t h e  p o s s ib l e  mod a l  s h i f t . T he o v e r al l e n e r g y  
s av ing s t o  t h e  Na t i on m a y  n o t  b e  s erv e d  by s av in g  a sma l l  
fr a c t i on o f  r a i l r o a d  fue l  i f  i t  d i s c ou r ag e s  o r  make s un 
econom i c  a s h i f t  o f  t r af f ic t o  t he r a i l s fr om a mo r e  en e r g y  
in t en s i v e  mo de . A r a ther dr ama t ic d emo n s t r a t i o n  o f  t h e  
ne ed f o r  c ap a c i ty o n  t he ra i l ro ad s  t o  a c c ep t  a dd i t i o n al 
t r af f i c  o c curr e d  whe n  the  fu e l  s h o r t a g e  w a s  s o  i n t e n s e f o r  
a s ho r t p e r i o d  t h at a l ar g e r e duc t io n  i n  truc k t r a f f i c  t o ok  
p l ac e . 

• V e r i fi ca t i o n  o f  TP C R e s u l t s : Rai l ro ad s  w ho have u s e d  t h i s  
t e c hn i qu e  ve r i fy t h e  p r e d i c t i o ns f r o m  t h e  TP C b y  ac tual 
t e s t run s , and b e fo r e  making p o l i cy de c i s i o n s w i t h  r e s p e c t  
to  c hang e s  i n  o p e r a t ing s t r a t e g i e s . 

• D i e s e l  Eng i n e  Ma i n t e n a n c e : Fue l c o n s ump t io n  can b e  r e du c e d  
b y  m a i n t a i n ing  a h i g h  l ev e l  o f  d i e s e l  eng i n e  p er fo rmanc e .  
Th i s  i s  a mea s ur e whi c h  c an b e  put  i n t o  e f f e c t p r omp t l y ,  
may r educ e t he ava i l ab i l i ty o f  l o como t ive s a s ma l l amo unt 
but imp r ov e s  t he i r  o u tput as we l l  a s  con s erv ing  fue l . 
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• A dj u s tm e n t  o f  S e r v i c e  o n Lo w  D e n s i ty L i n e s : S ome b ranch 
l in e  op er a t i o n s  wh i c h  hav e v e ry l ow demand were found t o  be  
con suming a d i s p ro p o r t i ona t e  amo un t of  fue l f o r the  s e rv i c e  
pe r f o rme d . By p ro v i d ing s e rv i c e  o n  a l e s s  fr eque n t  b a s i s , 
mo r e c a r s  cou l d  b e  mo v e d  on e ac h  t r ip an d fu e l  c on s e rv a t i on 
a c h i ev e d . T h i s s am e  s i tu a t i o n  p r eva i l s w i t h  r e sp e c t  to  i n 
du s t ry s w i t c hing . 

• O t h e r  Me a s ur e s : Ext ens i on o f  run - t hr o ug h t r a in s o r  b l o c ks 
o f  car s i s  ano t her s t r a t egy be i ng imp l emen t ed i n c r e as ing l y  
b y  t he r a i l r o a d s . T h i s , o f  c ou r s e ,  i s  b e n e f i c i a l  t o  s e r 
v i c e  and o ve r a l l  ef f i c i ency and s av e s fu e l  by e l im in a t ing 
int erme d i a t e  s w i t c h ing op e r a t i on s . Where c l imat i c  cond i 
t i on s  p e rm i t ,  lo como t iv e s  a r e  s hut  do wn dur i n g  t emp o rary 
p e r i o d s  when t hey ar e no t in s er v i c e . T h i s  is  a l im i t ed op 
p or tun i ty and ha s t o b e  v e ry c ar e ful l y c o nt ro l l e d t o  avo i d  
d amag e t o  l o como t iv e s  and con s equent l o s s  o f  t he i r  s e rv i c e . 

The quant i ty o f  f u e l  s av i ng po t ent i a l  r e s u l t ing f r om imp l emen 
t a t ion o f  t he s e  ac t i o n s  and p o l i c i e s  i s  imp o s s ib l e  t o  e s t ima t e  on 
an ind iv idual  b a s i s . T her e s e em s to  b e  a c o n s e n s u s  in  t he indus t ry 
that p o s s ib l y  5 to 1 0  m i l l ion bar r e l s o f  fue l ( 2 0  thou s and b ar r e l s  
p e r day ) m i g ht b e  co n s e rved throug h a l l  c on s ervat i on e f fo r t s  in  
conc e r t  by 1 9 7 8 . 

MOD E SH I F T S  

D u e  to  t h e  inher ent  e f f i c i enc i e s o f  t h e  r a i l ro ad s y s t em , a s  
p r ev i ou s l y  d i s cu s s ed , i t  woul d be  e n e r g y  e x t r av ag an t  to  a t t emp t to 
s h i f t  t he mov ement of f r e i g h t  or p a s s eng e r s  t o  ano t he r  mo d e . I n  
fac t , in t en s i f i e d ut i l i z at io n  o f  t he r a i l ro ad s y s t em s ho ul d b e  a 
p r imary g o a l  in t he c o n s e rv a t io n e f fo r t , whenev e r  f e a s i b i l i t y a l l ows . 
Po s s i b l e  s h i f t s  f r om c a r s , t r uc ks , and a i rway s t o  r a i l w ay s  a r e  r e 
l a t ed in t ho s e  s e c t ion s of the r ep o r t . 
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Chap t e r  F our 

WATE RWAYS 

I NTRODUC T I ON 

An e s t ima t e d  3 4 8 tho u s and b ar r e l s  p e r  day o f  g a s o l i n e , d i s t i l 
l a t e  an d r e s i dua l fue l o i l  o r  3 . 9 p e r c e n t  o f t o t a l  ene r g y  u s e d in 
the t r ansp o r t a t i on s e c t o r  was  consum e d  on wat e rways in 1 9 7 2 . Mo s t  
o f  th i s  fue l wa s us e d  b y  v e s s e l  an d b a r g e  op e r a t i on s  wh er e  e n e r gy 
co s t s  p e r  ton - m i l e  ar e l e s s than fo r  any o t h e r  fo rm o f  t r an s p o r 
t a t i on . Two g e n e r a l t yp e s  o f  p o t e n t i a l  ene r gy s av i ng s  h av e  b e e n  
i dent i f i e d  b a s e d  o n  e x i s t i ng u s e  p a t t erns  and t e chno l o g y - - mo d i f i ed 
op e r at ing p r a c t i c e s  a im e d  a t  r e duc ing e n e r g y  c o n s ump t i on and m o r e  
int e ns i ve us e o f  ene r gy - e ff i c i ent  wa t e r b o rn e  t r a n s p o r t a t i on . E s t i 
ma t e s  o f  p o s s ib l e  e n e r g y  cons e rv a t i on p o t e n t i a l s  a r e  de v e l o p e d  b a s e d 
on l i t e r atur e  d a t a , Mar i t ime Adm in i s t r a t i on and S t . L awr e n c e  S e away 
Deve l opment C o rp o r a t i on i n f o rma t i o n , and j udgmen t s  o f  mar i n e  eng i 
n e e r s  and op e r a t o r s . 

As i dent i f i e d  in  t h i s  s e c t i on , quant i f i e d  ene r gy c on s e rv a t i on 
p o t ent i al s  a r e  no t e d  in T ab l e  2 3 ; howeve r ,  the s e  s av i n g s  p o t e n t i a l s  
may b e  max imum v a l ue s . 

Measu re 

Operating Efficiencies 

• Speed Reductions 
• Improved Tu rnarounds 
• Operat ing P ractices 

I ncreased Uti I ization 

TABLE 23 

WATERWAY FUEL CONSERVATI ON POTENTIAL 
(Thousand Barrels Per Day) 

OPERAT I NG E F F I C I ENC I E S 

1 974 

1 
4 

18 

Sav i ngs 

1 978 

1 
4 

20 

3 

F o r  purp o s e s  o f  e s t ab l i s h i n g  a b a s e  l i n e  f r om wh i c h  quan t i t a 
t i ve e s t imat e s  o f  e n e r gy c ons erva t i on p r o p o s a l s  c an b e  me a s ur e d , 
p r o j e c t i ons  we r e  made f o r t o t a l  mar ine  fue l r e qu i r emen t s  p r i o r  t o  
app l i c a t i on o f  c ons e r v a t i on m e a s ur e s  d i s c us s e d b e low ( s e e Ap p e n d i x 
D ,  Tab l e s  3 3 , 3 4  and 3 5 ) . 

Re s i dual  Fue l 

F o r U . S .  and f o r e i gn v e s s e l  op e r a t i o n s  u s i n g  r e s i d ua l  fue l in 
U . S .  wa t e rway s , d at a  on  t on - m i l e  movemen t s  we r e  p r o j e c t e d  i n  a c c o r 
danc e wi th h i s t o r i c a l  t r ends  wi th adj u s tmen t s  f o r  ant i c ip a t e d  N o r th 
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Al as k an o i l moveme n t s  i n  1 9 7 7  and 1 9 7 8 . I mp r ov em e n t  i n  un i t  fue l 
c o n s ump t i o n  was  a s s ume d a s  t r ends  t o  l ar g e r  s i z e v e s s e l s  c o n t i nue . 
T o t a l  fu e l  r e qu i r em e n t s  for  s uc h  v e s s e l  op e r a t i o n s  wer e t he n  d eve l 
op e d  f r om p r o j e c t e d  t o t a l  t o n - m i l e s  and un i t  fue l r e qu i r em e n t s ,  and 
then s p l i t  i n t o  unde rway and p o r t  ut i l i z a t i o n  in a 7 0 : 3 0 r a t i o . 
Th e d i f fe r en c e  b e twe e n  e s t im a t e d  1 9 7 3  t o t a l  mar i n e  r e s i du a l  fue l 
c o n s ump t i o n  and that  p o r t i o n  a c c ount e d  f o r  b y  U . S .  and f o r e i g n  v e s 
s e l  o p e r at i ons in  U . S .  wa t e rway s  was  a s s ume d t o  b e  v e s s e l  o p e r a t i on s  
in i n t e rn a t i ona l wa t e r s . Th i s  p o r t i o n  o f  r e s i du a l  fue l c o n s ump t i o n  
was  r e l a t e d  t o  t o n s  o f  imp o r t s  and e xp o r t s . P r o j e c t i o n s  o f  g r owth 
in i n t e rn a t i o n a l t r a de and improvement  i n  un i t  fu e l  c o n s ump t i on then 
l e d  t o  e s t im at e d  r e s i dua l fue l c on sump t i on for v e s s e l  o p e r a t i on s  in  
int erna t i on a l  wa t e r s . 

• Impr o v e d  Effi c i e n c y : As u s ua l ly  f o und i n  m o s t  f l e e t s , var 
i o us fue l e c on om i e s  a r e  p o s s ib l e  through m o r e  e f f i c i ent  
op e r at i on of  v e s s e l  e qu i pment  and  chan g e s  i n  o p e r a t i n g  
p r ac t i ce s . Examp l e s  a r e  r e duc t i on i n  ex c e s s  comb us t i on 
a i r ; e l im in a t i o n  o f  ex c e s s ive  vent i l a t i o n , a i r  cond i t i on 
i ng , and p ump in g ; m i n im i z a t i o n  o f  c ar g o  h e a t ing ; and m a i n 
tenan c e  o f  c l e an e r  hul l s  and b o i l e r s . B a s e d  on  l ar g e  f l e e t  
exp e r i ence , the  p o t en t i a l  max imum fue l  s av i ng s for  r e a s on 
ab l e  imp r oveme n t s  i n  t he s e  and o th e r  p r ac t i c e s  w i l l  r e s u l t 
i n  fue l s av in g s  o f  ab out 8 p e r c e n t  f o r  ave r a g e  s i z e s h i p s . 
App l i c a t i on o f  t h i s  e s t im a t e  t o  the  underway p o r t i on o f  
the v e s s e l  fue l c on s ump t i on b a s e  l i n e  p r o j e c t i o n  y i e l d s  
fue l s av ing s o f  ab out 6 . 2  m i l l i o n  b a r r e l s  p e r  y e ar ( 1 7  
thous and b ar r e l s  p e r  d ay ) . 

• R e d u c t i o n i n  Po r t  Tu r n a r o u n d  T i m e : Mi n im i z i ng p o r t  turn 
a r o un d  t ime c an p r oduc e  s i gn i f i cant  fue l s av i n g s s i n c e  ap 
p r o x ima t e l y  3 0  p e r c e n t  o f  ve s s e l  fue l c o n s ump t i on o c cur s 
whe n  the  ve s s e l  i s  i n  p o r t . F a s t e r  l o ad ing and d i s c h ar g 
ing , fewer p o r t  c a l l s , and r e duc e d  p o r t  t im e  ar e e s t ima t e d  
t o  r e s ul t  in  a max imum 1 0  p e r c e n t  s av in g s o f  t h e  p o r t i o n  o f  
fue l c o ns umed  whe n  d o c k e d  o r  no t und e rway . Vo lume tr i c  s av 
ings  a r e  e s t im a t e d  a t  ab out  1 . 5  m i l l i o n  b ar r e l s  p e r  y e a r  
( 4  thous and b ar r e l s  p e r  d ay )  max imum . 

• Sp e e d  R e d u c t i o n : Ve s s e l  fue l  c o n s ump t i on v ar i e s  r o ugh l y a s  
t h e  c u b e  o f  s h a f t  s p e e d . The r e f o r e , a l though t h e  ove r a l l 
e c onom i c  o p t imum s p e e d  fo r t ank e r s  u s ua l l y i s  i n  t h e  r ang e 
o f  1 5 - 1 6  kno t s , the  m o s t e f f i c i e n t  s p e e d  f r om a fue l s  
s t andp o i n t  f o r  a g iven v e s s e l  may b e  1 2  kno t s - - a t  wh i ch 
fue l c o n s ump t i on when underway w ou l d  b e  d e cr e a s e d  by p e rhap s 
S O  p e r c en t . Howeve r ,  s in c e  t anke r s  and o the r  b ul k  c ar r i e r s  
n o rma l l y a r e ful l y  l aden , mor e s h i p s  woul d  b e  r equi r e d  t o  
haul a c o n s t an t  t onnag e . Al s o  c o n s i de r i n g  d e c l i n i n g  eng ine  
e f f i c i ency , n o  fue l s av i n g s  a r e  e s t ima t e d  f o r  s p e e d r e du c 
t i ons  f o r  t anker s and o th e r  b u l k  c a r r i er s . Non - b u l k  and 
l iner - typ e c ar r i e r s , howeve r ,  ar e  g en e r a l l y  und e ru t i l i z e d . 
Henc e , s p e e d  r e duc t i on s  o n  the s e  ve s s e l s  wou l d  r e s u l t  i n  
ne t fue l s av ing s . A rough app r o x i ma t i on o f  p o s s ib l e  s av i n g s  
for  t he s e t yp e s  o f  ve s s e l s  a t  a 3 - 5  kno t  s p e e d r e duc t i on 
l e ad s  t o  ne t fue l s av i ng s  o f  ab out  5 0 0  t h o u s and b a r r e l s  p e r  
y e a r  ( 1  thou s and b ar r e l s  p e r  d ay ) . 
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D i s t i l l at e  Fue l 

As in the c a s e o f  v e s s e l  op e r a t i ons  us i ng r e s i du a l  fue l , a b a s e  
l i ne wa s e s t ab l i s h e d  f o r  towing v e s s e l s  and b ar g e  o p e r a t i on s  us ing 
d i s t i l l a t e  fue l from wh i ch quant i t a t iv e  e s t ima t e s  o f  e n e r gy c o n s e r 
v a t i o n  p r o p o s a l s  c an b e  me a s ur e d . D a t a o n  t ow i n g  v e s s e l  and b ar g e  
ope r at i ons  t o n - m i l e s  we r e  p r o j e c t e d  b a s e d  on  h i s t o r i c  g r ow th t r ends . 
To t a l  ho r s e p owe r i n  us e w a s  a l s o  pr o j e c t e d  ac c o r d i n g  t o  p a s t t r ends . 
Ave r ag e  annu a l  ut i l i z a t i o n  and s p e c i f i c  fue l c o n s ump t i on wer e  e s t i 
mate d t o  ob t a i n  t o t a l  d i s t i l l a t e  fue l c o n s ump t i o n . 

• Imp r o v e d  Effi a i e n ay : Mo r e  e f f i c i en t  u t i l i z a t i o n  o f  e qu ip 
men t and chang e s in op e r a t ing p r a c t i c e s  we r e  j udg e d  t o  en 
ab l e  a 2 . 5  p e r c en t  s av i n g s  i n  fue l c on s ump t i o n . I n c lude d 
a r e  imp r o v e d  e n g i n e  op e r at i o n s , e l imin a t i on o f  unne c e s s ary 
us e of aux i l i a ry equipme n t , m o r e  e f f i c i e n t  make - up o f  t ows , 
e t c . Vo l ume t r i c  s av i n g s  a r e  e s t ima t e d  t o  r an g e  f r om 7 0 0  
thous and bar r e l s  p e r  ye ar ( 2  thous and b a r r e l s  p e r  d ay ) in  
1 9 7 4 t o  1 m i l l i on b a rr e l s  p e r  y e a r  ( 3  thous and b ar r e l s  per  
day ) in 1 9 7 8 . 

• Sp e e d  R e d u c t i o n : No fue l s av i n g s  thro ugh r e duc e d s p e e ds 
ar e d e em e d  p r ac t i c a l  b e caus e o f  the  l ow - s p e e d  o f  t yp i c a l  
op e r a t i o n s  and n e a r l y  ful l u t i l i z a t i o n  o f  ex i s t i n g  equ ipme nt . 

MODE SH I F TS  ( TO WAT E RWAYS )  

Ove r s e a s  

P o s s i b i l i t i e s  f o r  d i ve r t ing  s ub s t a n t i a l  quan t i t i e s  o f  a i r  c ar g o  
to  wa t e rb o rn e  t r a n s p o r t at i o n  app e ar l im i t e d  b e c au s e o f  typ i c a l  re 
qu i r em e n t s  for  s p e e d  and f l e x ib i l i ty inhe r e n t  in  a i r  c a r g o  moveme nt s .  
Some p o t en t i a l  may e x i s t  for  dive r s i o n  o f  a i r  p a s s e ng e r s  t o  s h i p s , 
e s p e c i a l ly  fo r r e c r e a t i o n a l  t r ave l . Howeve r ,  e x t e n s ive r e t i r ement  
o f  p a s s en g e r  l i n e r s  l im i t s  t h i s  p o s s i b i l i ty f o r  i n c r e a s e d  use  o f  
wa t e r b o rne t r an s p o r t a t i o n , a t  l ea s t  f o r  t he Pha s e  I p e r i o d . 

I n l an d  

W i t h  s ome  e xc ep t i o n s  i n l and wa t e rway s ar e a lmo s t  ful ly  ut i l i z e d  
from t h e  s t andp o i n t  o f  e qu i pment av a i l ab i l i ty . C o n s t ruc t i o n  fac i l 
i t i e s  f o r  n ew p r op u l s ive  equipme n t  a r e  b o o k e d  through  1 9 7 7 ; new 
b arge  e quipment  r e qu i r e s  1 7  to 24  mon th s  for d e l iv e r y . An  exc ep t i o n , 
h owev e r , i s  the S t . L awr enc e S e away wh i ch cur r e n t ly i s  o p e r a t i n g  
much b e l ow c ap ac i ty . Unde rut i l i z a t i on o f  t h i s  f a c i l i ty h a s  b e en 
a t t r ibut e d  t o  fre i ght  r a t e  s t ru c t ur e s  t h a t  e n c our a g e  t ruck  o r  r a i l  
sh ipment s o f  G r e a t  L ake s a r e a  fre i gh t  t o Gu l f  o r  At l an t i c  t i dewa t e r  
p o r t s  fo r e xp o r t .  

The S t . L awr e n c e  S e away Deve l opme n t  C o r p o r a t i on h a s  made  ap 
p r o x imat e d e t e rm i n a t i on s  o f  fue l s av in g s p r em i s e d  o n  r e a l l o c a t i on 
o f  th e dome s t i c  l e g  o f  fo re i gn t r ade f l ows b e twe e n  G r e a t  L a k e s and 
t idewat e r  p o r t s , b a s e d  o n the re l a t i v e  e f f i c i e n c i e s  o f  t h e  d ome s t i c  
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mode s - - t ruck , r a i l , and wa t e r . The ana ly s i s  w a s  c o n f i n e d  t o  g r a i n  
and non - b u l k  o r  l in e r - typ e c ar g o  wh i ch r e p r e s e n t  m o s t  o f  t h e  p o t e n 
t i a l . M i l e ag e  w a s  d e t e rm i n e d  f r om s e l e c t ed  i nt e r i o r p o i n t s f o r  
t i dewat e r  a n d  G r e a t  L ak e s  r out ing s ; t on - m i l e s  a n d  we i g h t e d  ave r a g e  
l eng th o f  h a u l  c a l cu l a t e d  us ing t o n s  now mov ing  t h r ough t i d ewat e r  
p o r t s ; m o d a l  fue l e f f i c i e nc i e s  app l i e d  f o r  e ach  r o ut e ; and t h e  
G r e at L ake s c o n s ump t i o n  d i f fe r ent i a l  mu l t ip l i e d  b y  p o t en t i a l  t o n s  
t o  a r r i v e  at  fue l s av ing s . The  r e s u l t  o f  t h i s  d e t e rm i na t i o n  w a s  an 
ind i c a t e d  annua l  fue l s av i n g s o f  ab out  1 m i l l i on b ar r e l s  p e r  y e a r  
( 3  thous and b ar r e l s  p e r  day )  wh en s h i f t ing c ar g o  f r om t i d ewa t e r  
p o r t s  t o  G r e a t  L a k e s  p o r t s . 

At t a i nme n t  o f  the  ind i c at e d  ene r gy s av ing s wou l d  b e  imp e de d  by  
opp o s i t i on  t o  t rans f e r  of  revenue s f rom c ar r i e r s  and p o r t s  now en 
j oy ing th i s  b us in e s s  t o  o t h e r  carr i e r s  and p o r t s . Rev i s i o n  o f  
e x i s t ing f r e i gh t  r a t e  s ch e du l e s  wou l d  b e  r e qu i r e d , t he r eb y , i nd i 
c a t ing  a r at h e r  l ong and d i f f i cul t p r o c e s s  woul d b e  n e c e s s ary t o  
at t a in t h e  ind i c at ed e n e r gy s av i ng s . 
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Chap te r  F ive  

URBAN PUB L I C  TRAN S I T 

I NTRODUCT I ON 

Urb an pub l i c  tr ans i t  r e f e r s  t o  t ho s e  mo de s o f  t r an s p o r ta t i o n  
wh i ch any p er s o n h a s  the  r i gh t  t o  us e  up o n  p ayme n t  o f  t h e  p r o p e r  
far e . Wi th t h e  e xc e p t i on o f  taxi c ab s , t h e r e  h a s  b e e n  a s t e a dy and 
r ap i d  de c l ine  i n  pub l i c  t r ans p o r t a t i o n  s in c e  Wo r l d  War I I . No t 
on ly have many c omp an i e s  g one out  o f  ex i s t e n c e c omp l e t e ly , b ut the  
rema in ing s y s t ems app e a r  to b e  underu t i l i z e d , p a r t i c ul ar l y dur i ng 
o f f - p e a k  hour s . The drama t i c  d e c l ine  in  r i de r s h i p p r o b ab l y h a s  i t s  
caus e i n  the r ap i d incr e a s e  o f  popul a t i o n  o u t s i d e  t h e  c e n t r a l  c i t 
i e s  and the r e s ul t i ng s ub ur b an l iv ing , typ i f i e d by  l ow hous ing and 
popul a t i o n  dens i t i e s  and the l ar g e  numb e r of o r i g i n s  and de s t i na 
t i ons wh i c h  make c o nv ent i ona l pub l i c  t r ans p o r t a t i o n  a p o o r  a l t e r 
nat ive to  the p r iv a t e  aut omob i l e . 

Of the  7 8 4  b i l l i on urb an pas s eng e r  m i l e s  t rave l e d  in t h e  
Un i t ed  S ta t e s  dur i ng 1 9 7 0 ,  o n l y  7 p er c en t  we r e  b y  t h e  v a r i ou s  mo d e s  
o f  urban pub l i c  trans i t . A b r i e f  rev i ew o f  t h e  ab s o l u t e  s i z e and 
comp o s i t i on o f  the  maj or mod e s  o f  urb an p ub l i c t r ans i t  i s  g iv e n  in  
Tab l e  2 4 . 

TABLE 24 

SELECTED URBAN TRANS IT STAT I STICS--19 70  

Revenue Revenue 
Mo de of  Passengers Miles Traveled 

Transportation (Millions ) (Millions) 

Bus 4 , 058  1 , 409 
Rai l* 1 , 7 46  441  
Tro lley Coach 128 33 
Commuter Railt 247  NA 
Taxicab 2 , 3 7 8  3 , 417 

Number o f  
Vehicles 

( Thousands )  

5 0  
11 

1 
NA 

1 70 

* Includes elevated and subway rai l rap id t rans i t , grade
sep arated surface rail , and s tree tcar operat ions . 

t Urban pas senger rail service provided by railroad comp anies . 

T ab l e  2 5  r e ve a l s  t h e  maximum e n e r gy c o n s e r v a t i o n  p o t e n t i a l  
wh i c h  c an b e  r e a l i z ed  b y  1 9 7 8 , but  i t  mus t b e r e c o g n i z e d  tha t  t h e r e 
i s  an over l ap o r  i n t e r a c t i on among s ev e r a l  o f  t he s e  m e a s ur e s  and 
the fu l l  p o t e n t i a l  of s av ing s is l e s s  t han the s um of the mea s ur e s  
l i s t e d . 

Th e e s t ima t e d e n e r g y  consump t i o n  o f  t he urb a n  p ub l i c  t r an s i t  
sy s t em s  i n  1 9 7 2  was  equiva l en t  t o  1 0 0  t h o u s and b ar r e l s  p e r  day o f  
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TABLE 25 

URBAN PUBLIC TRANSIT CONSERVATION POTENTIAL-A L L  FORMS 
(Thousand Barrels Per Day) 

Measure 

1 0-percent increase in peak-hour ridersh i p  
o f  ra i l  a n d  b u s  systems 

Staggeri ng of  work hou rs 

I mprovement in bus load factor and bus service 

Additional u rban buses ( 1 5,000) 

1 00,000 vans for work tri ps 

1974 

1 4  

Savings 
1978 

1 4  

69 

1 9  

33 

8 

mo tor  fue l s  o r  1 . 1 1 p e r c e n t  o f  the t o t a l  trans p o r t a t i on fue l s  c o n 
s umed (urb an b us e s , 2 2  thous and b a rr e l s  p e r  day o r  0 . 2 5 p e r c ent ; 
non - h i ghway s ys t em s , 4 thous and b a r r e l s  p e r  d ay o r  0 . 0 4 p e r c e n t ; 
an d t ax i s , 7 4  thous and b ar r e l s  p e r  day or  0 . 8 2 p e r c e n t ) . B e c aus e 
o f  th i s  s m a l l b a s e , the n e t  t r an s p o r t a t i o n  fue l s av i n g s  tha t c an b e  
exp e c t e d i n  the  s h o r t  run f r om the  fu l l e r  ut i l i z a t i o n  and e xp ans i on 
o f  urb an pub l i c t r ans i t  canno t b e  l a r g e  r e l a t ive  t o  the to t a l  fue l 
consumed b y the  U . S .  t r ansp o r t a t i on s e c t o r . 

I N C REAS E D  UT I L I ZAT I ON O F  PRE SENT SYSTEMS 

The s h i f t  from p r i va t e  au tomob i l e s  t o  e xi s t i ng p ub l i c  t r a n s i t  
no t o n l y  c o n s e rv e s  e n e r g y  b u t  has  o th e r , on b a l an c e , favo r ab l e  im 
p ac t s . Th e s e , inc l uding  p r ob l em s  o f  imp l emen t a t i o n , w i l l  b e  d i s 
cus s e d l a t e r  i n  t h i s s e c t i on . Seve r a l  m e t h o d s f o r  b e t t e r ut i l i z a 
t i o n  o f  e x i s t ing s y s t em s  are  d i s cus s e d b e l ow . 

I nc r e a s e d  P e a k  Hour R i de r s h i p  

Urb an p ub l i c  t r an s i t  s ys t ems typ i c a l l y  h ave l i t t l e  e x c e s s  c a 
p a c i ty dur ing p e ak l o ad  hour s ; they a r e  g e n e ra l l y  g r o s s l y und e r 
ut i l i z e d  dur i ng o ff - p e a k  hour s . P e ak hour r i de r s h i p  o n  urb an pub l i c 
t r an s i t  c o u l d  p r o b ab l y  b e  i n cr e a s e d  by  1 0 p e r c en t  but  o n l y  a t  the 
exp ens e of fur ther  c r owd i ng , s t and ing , and g e n e r a l  d i s c omfo r t . 
Mo t o r  fue l s av ing s from d iver t in g  t he s e  a dd i t i o n a l r id e r s  f r om p r i 
vat e c ar s  wou l d  amount t o  1 4  thous and b ar r e l s  p e r  day ( s e e  
App en d i x  E )  . 

Spr e ad i ng P e a k  Hour R i d e r s h ip 

The  h e avy c o n c e n tr a t i o n  o f  mo rn ing and even ing  p e aks  s u g g e s t s  
tha t a s p r e ad ing o f  t h e  wo r k  l o ad by  s t ag g e r ing wo r k  hou r s  c ou l d  
theor e t i ca l ly a lmo s t  doub l e  the c arrying capac i ty o f  t h e  ex i s t ing 
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sys t ems . Howev e r , such  dra s t i c r e du c t i on s  o f  t h e  t r av e l  p e ak s  
wou l d  invo lve  wo r k ing hou r s  who l ly incomp a t i b l e  wi th the  d e s i r e s  o f  
t h e  a f f e c t e d  emp l oy e e s  a n d  bu s in e s s f irms . F o r  mo r e  p r ac t i c a l  pur 
po s e s  i t  i s  a s s umed tha t the  carry ing c ap a c i ty c o u l d ,  a t  a max imum , 
b e  inc r e as e d  by 5 0  p e r c en t  t hrough the  s t a g g e r i n g  o f  wo r k  hour s , 
r e su l t ing i n  fu e l  s av in g s  o f  approx ima t e l y  6 9  thous and b ar r e l s  p e r  
day ( s e e  App e nd ix E ) . 

Improved  Bus L o ad F a c t o r  

Bus - on ly - l an e s  i n c r e a s e  t h e  av e r a g e  s p e e d  o f  t h e  b u s  s y s t em 
and , thereby , e xp and i t s  c a r ry i ng capac i ty . Al though b us - o n l y 
l ane s have  b e en s uc c e s s fu l l y  i n t r o du c e d  o n  s e l e c t e d  r o u t e s  i n  s ome 
commun i t i e s , it  is  b e l i ev e d  that l a r g e - s c a l e  i n t r oduc t i on of th i s  
concep t , wi thout s i g n i f i c an t  e xp an s i o n  o f  t h e  b u s  f l e e t , w i l l  r e 
duce the s p e e d  o f  the  l ar g e l y  un chan g e d  au to  t r a f f i c  and r e s ul t  i n  
no fue l s av ing s a n d  may e v e n  i n cr e a s e  ov e r a l l fue l c o n s ump t i on . 

Of f - p e ak ut i l i z a t i on o f  bu s e s  for purp o s e s  o th e r  t han j ourney 
to - wo r k  c o u l d , at  l e a s t  i n  the ory , b e  i n cr e a s e d  d r amat i c a l l y . The 
maj o r i t y of the p o t en t i a l  us e r s  are l iv i n g  in the s ub urb s ; b e c au s e  
of  the l ow p o pu l a t ion  and hou s ing den s i ty and the l a�g e numb e r  o f  
o r i g in s  and de s t i n a t i on s , c o nvent i ona l p ub l i c  t r ans i t  i s  e x t r eme l y  
c o s t l y t o  p r o v i de the t r an s p o r t a t i o n  s e rvi c e s  n e c e s s a ry f o r  s ub 
urb an l i v i ng . I nc r e as i ng the numb er o f  r o ut e s  t r ave l e d and the  
frequency of  s e rv i ce to  a c c ommo d a t e  mo r e  of  t he n o n - j o urney - to - wo r k  
t r an s p o r t a t i on n e e d s  o f  t h e  s ub urb an i t e  coul d b e  a c c omp l i s he d  
thr ough addi t i on a l  gove rnment  sub s i d i e s , b u t  t r ans p o r t a t i o n fue l 
s av ing s a r e  n o t  e a s i ly quant i f i e d . I f  we a s s um e  t h a t  the 1 9 7 0  b us 
l o ad f a c t o r  wi l l  incr e a s e  by 2 5  p e r c e n t  and tha t  impr ovem e n t s  o f  
b u s  s e r v i c e  wi l l  i n cr e a s e  the m i l e s  t r ave l e d  b y  t h e  av e r a g e urban 
b us by 5 p e r cent , then fue l s av ing s fr om a r e duc t i o n  i n  car  u s e  
c o u l d  b e  1 9  thous and b ar r e l s  p e r  day ( s e e  App e nd i x  E ) . 

Impr oved Ut i l i z a t i o n  o f  T ax i c ab s  and J i tneys  

Tax i c ab s  r e p r e s e n t  an  imp o r t an t , o f ten  unr e c o gn i z e d ; component  
o f  urb an pub l i c trans i t . S ince  every  p r iva t e l y  own e d  au t omob i l e  
can po t en t i a l ly b e  us e d  a s  a taxi c ab , chang e s  i n  t h e  r e gul at i o n s  
contr o l l ing entry into  the i ndus try , s h ar e d r i de r s h ip , l ev e l and 
s t ructur e  of f a r e s , e t c . ,  wou l d  not only h e lp  to imp r ov e  the ut i l i 
z a t i on o f  the e xi s t ing t ax i c ab f l e e t b u t , a l s o , e n c o ur a g e  i t s e x 
p ans i on . I n  pr inc i p l e ,  t he r e  i s  no r e as on why the  u s e  o f  t ax i s  
coul d n o t  b e  incr e a s e d  s i gn i f i c an t l y  f o r  j ourney - to - wo r k  tr i p s ; 
th i s , howev e r , wou l d  r e q ui r e  a chang e in  the  r i g i d  f a r e  s t ru c t ur e  
and p e rm i s s i on o f  s h ar e d  r i de r s h i p . L i kewi s e , p r iv a t e ly  owne d 
veh i c l e s  c an b e  u s e d  as  j i tneys  that o p e r a t e  w i t h in m o r e  or l e s s 
r i g i dly de f i ne d ro u t e s and ar e h a i l e d b y  p as s eng er s . Dr iv e r s  c an 
t a i l or the r o u t e , s ch e du l e  and s t op s o f  e a c h  t r i p  t o  s a t i s fy the  
s p e c i f i c  n e e ds of  p a s s eng e r s . Un for tuna t e l y , j i tneys  g enera l ly 
ope r ate  wi thout l e g a l  s t a t u s , are  opp o s e d  by b us and t ax i s ope r a 
t o r s , and n o t  infre quen t l y  ar e the ob j e c t  o f  p o l i c e ac t i on s . T r ans 
p o rt a t i on fue l s av i ng s  a t t r i b ut ab l e t o  b e t t e r u t i l i z a t i o n  and ex 
p ans i on o f  t ax i c ab s  and the u s e  o f  j i tn e y s  c anno t b e  quant i f i e d . 
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EXPAN S I ON OF  URBAN PUBL I C  TRANS I T  S Y S TEMS 

I n  the s h o r t  run ( t o 1 9 7 8 ) , no s i gn i f i c an t  e xp ans i on i s  p o s 
s ib l e  o f  r a i l - or i en t e d  s y s t ems e xc e p t c omp l e t i o n  o f  p r o j e c t s  und e r  
cons t ru c t i on i n  Wa s h ing t o n - Maryl and - V i r g in i a , B a l t imo r e  a n d  A t l an t a . 
The ne t fue l s av i n g s  that  can b e  a c h i eved  b y  s w i t c h i ng f r om c a r s  to 
the s e  new s y s t ems c anno t be quant i f i e d  due t o  l a ck of d a t a  and 
op e r a t i ng exp e r i e nce . However , s ever a l . o t h e r  m e t h o d s  of expand i n g  
p ub l i c t r a ns i t  s y s t em s  are  exam i n e d  b e l o w . 

Add i t i o n a l  Urb an Bus e s  

Expans i o n  p o s s i b i l i t i e s  ex i s t  f o r  c o nv en t i on a l  urb an b us e s , 
the p r o du c t i on o f  wh i ch i n  the Un i t e d  S t a t e s  i s  curren t l y a t  a r a t e  
o f  ab out 6 , 0 0 0  un i t s  p e r  y e ar o n  a s i ng l e  s h i f t  b as i s .  Mo s t  o f  
the s e  un i t s  a r e  i n t ended as r ep l a c em e n t  e q u ipment . Output o f  b u s e s  
c an b e  i n c r e a s e d  b y  op e r a t ing ex i s t ing p r o d uc t i o n  f a c i l i t i e s  o n  a 
two o r  t h r e e  s h i f t  b a s i s , b ut cons t r a i n t s  such a s  av a i l ab i l i ty o f  
pa r t s ( eng i ne s , ax l e s ,  e t c . ) , av a i l ab i l i ty and t im i ng o f  f i nance 
for new b us equ i pme nt , and the ab i l i ty of  t r ans i t  c omp an i e s  t o  put 
add i t i on a l  e q u i pment into s e rv i c e  (ma i n t en anc e f ac i l i t i e s , d r iv e r s , 
p l anning , e t c . )  w i l l  l im i t  t he ne t add i t i o n s  t o  t h e  b u s  f l e e t  t h a t  
c an b e  ach i ev e d  b y  m i d - 1 9 7 8  to ab out 1 5 , 0 0 0  un i t s . 

W i t h  a mod e s t  i nc r e a s e  in b u s  m i l eag e and u t i l z a t i o n  r a t e , 
t he s e  add i t i o n a l  bu s e s  w i l l  a l l ow 1 4 . 9  b i l l i on p a s s eng e r  m i l e s  t o  
b e  d iv e r t e d  from a u t omob i l e s  t o  pub l i c t r a n s i t , and r e s u l t  i n  n e t  
fu e l  s av ing s o f  3 3  t h o u s a nd b a rr e l s p e r  d ay ( s e e App end i x  C ,  E x h i b i t  
V I I ,  Urban Bu s P a s s en g e r  M i l e s ) . 

D em and Re spo n s ive Sys t ems 

$ inc e the r e  is  c o n s i d e r ab l e  a g r e eme n t  tha t the ma j o r r e a s o n  
why mo s t  pub l ic t r an s i t  s y s t ems have d i ff i c u l t i e s i n  a t t r a c t i ng 
r i d e r s h i p  is tha t it c anno t c ome anywh e r e  near to the s e rv i c e  char 
a c t e r i s t i c s  o f  t h e  p r iva t e  au tomo b i l e ,  i t  may b e  n e c e s s ar y  t o  p l ac e  
muc h  mo r e  emph a s i s  o n  the d e v e l opm e n t  o f  s y s t em s  tha t a r e  fu l ly o r  
p ar t i a l l y  d emand - r e s p o n s ive . Tax i c a b s  and j i t neys hav e a l r e ady 
b e e n  men t i o n e d  in the p r ev i ou s  s ec t i o n ; o th e r  demand - r e s p o n s i v e  
s y s t ems that  h a v e  r e c e n t l y  c o m e  i n t o  b e i ng a r e  d i s cu s s e d b e l ow .  

D i a l - a - R i de v eh i c l e s  a r e  sma l l b us e s  t h a t  c a r r y  s e ver a l  p a s 
s en g e r s who c a l l  them b y  phone . F o r  e x amp l e , one  s y s t em ' s  p r imary 
m i s s i o n is  t o  s e rv e  t rave l e r s  b e tween s ub ur b a n  r e s i d e n c e s  and a 
c ommut e r  r a i l s t a t i o n . Dur ing o f f - p e a k  p e r i o ds , t h e  s y s t em s e rv e s  
t h e  n e e ds fo r l o c a l  t r ave l among d i ve r s e  o r i g in s  and d e s t i n a t i o n s . 
Such s y s t ems app e ar t o  b e  b eyond the p i l o t p r o g ram s t ag e  and s u i t 
ab l e  f o r  b r o ad e r  app l i c a t i ons . N e t  fue l s av i n g s  c anno t b e  q u an t i 
f i e d  a t  t h i s p o i n t  i n  t ime due to  l a ck o f  da t a . 

The 3M C omp any h a s  r e ce nt l y  ins t i tu t e d  a m i n i - b us c ommu t i n g  
sy s t em for s om e  o f  i t s  emp l oye e s . The c omp any , l o c a t e d  i n  t h e  
s ub urb o f  S t . Paul , Minne s o t a , emp l o y s  9 , 0 0 0  p e r s o n s  wh o , b e fo r e  
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the int roduc t i on o f  th i s  s e rv i c e , we re  a lmo s t  c omp l e t e ly dep endent  
on the  au t omob i l e  t o  g e t  to wo rk . B a s i c a l l y , the  s y s t em wo r k s  as  
fo l l ows : 3 M  b uy s  the vans and  a l l o c at e s  t h em t o  g e o g r ap h i c ar e a s  
in wh i ch t h e r e  i s  s uf f i c i e n t  c o n c e n t r a t i on o f  emp l o y e e s ; e a c h  van 
is  a s s i g n e d  to a r e gu l ar emp l o y e e  ( b a c k - up dr iv e r s  are av a i l ab l e  
among the r i de r s ) who r i d e s  f r e e  o f  char g e  and i s  r e imb ur s e d b y  3M 
fo r the m a i nt enance  and o p e r a t ing  exp en s e s  of t h e  v an ; t h e  p a s s en 
g e r s a re p i c k e d  up at  the d o o r  and p ay month l y  f e e s  f o r  t h i s  s e r 
v i ce r ang ing  f r om $ 1 6  t o  $ 4 0 , d e p e n d i n g  on  h o w  far  they  l i ve  fr om 
the p l a c e  o f  work . The  c omp any s t a r t e d  th i s  s e rv i c e  w i t h  s i x vans  
in ·Ma rch/Ap r i l  1 9 7 3 . The p i l o t  p r o g r am w a s  s uc c e s s fu l , an a dd i t i on 
a l  2 5  v ans we r e  added  i n  S e p t emb e r  1 9 7 3 ,  and cur r e n t l y  (Ma r c h  1 9 7 4 )  
4 8  vans a r e  i n  o p e r a t i on . The vans  are  made  b y  F o r d , D o d g e , P l y 
mout h , c o s t  ab out  $ 6 , 0 0 0  e ac h , g e t  9 t o  1 0  m i l e s  p e r  g a l l on , a r e  
a i r  condi t i on e d ,  a n d  ho l d  1 2  p e op l e  ( 1  dr i v e r  and 1 1  r i d e r s ) . The 
sy s t em op e r a t e s  a t  an ave r ag e  o c c up ancy r a t e  o f  1 1  p e op l e  ( i n c lud 
ing dr ive r ) . P as s e ng e r  m i l e s  p e r  g a l l on o f  fu e l  c o n s um e d  i s  1 0 0  t o  
1 1 0  a s  c omp a r e d  w i th 2 1  f o r  p r i v a t e  aut omob i l e s  us e d  f o r  commu t ing 
and 5 2  for urb an b us e s  at  current  u t i l i z a t i o n . 

L ar g e - s c a l e  i n t r o du c t i o n  o f  s uch a s y s t em s h o u l d  b e  f e a s i b l e  
i n  the  s h o r t  run . Th e o n l y  r e a l  b o t t l e n e c k s  app e a r  t o  b e  i n  g e t t ing 
s uch p r o j e c t s  o r g an i z e d  by c omp an i e s  and e n t e rp r i s i ng p r i v a t e  in 
di v i du a l s and remov ing l aws and r e gu l a t i on s  wh i ch i n t e r f e r e  w i th 
s uch op e r a t i on s . Eve ry 1 , 0 0 0  van s  t h a t  a r e  p ut i n t o  t h i s typ e o f  
op e r a t i on ( ave r ag e  o c c up an c y  r a t e  o f  8 )  c an s av e  8 1  b a r r e l s  p e r  day 
of t r an s p o r t a t i o n fue l ( s e e Append i x E ) . 

FAC TORS O F  I MP LEMENTAT I ON AND I MPAC T  

The i n c r e a s e d  u s e  o f  urb an p ub l i c  t r an s i t  n o t o n l y  r e s u l t s  in 
ene r gy s av in g s , b u t  h a s  o th e r  imp ac t s , p a r t i cu l a r l y  i n  the  l o n g e r  
t e rm wh i ch , on  b a l an c e , a r e  favorab l e  a n d  h a v e  b e en t h e j u s t i f i c a 
t i on f o r  new s y s t ems . Among  the p o s i t iv e  f a c t o r s  that  c an b e  c i t e d  
ar e r e d u c e d  urb an aut o c on g e s t i on , p a r t i c ul ar l y  dur i n g  t h e  r u s h  
hou r s , r educ e d  u r b an au t o  a i r  p o l lu t i o n , and r edu c e d  t r a f f i c  a c c i 
den t s  and d e a th s . The ma i n  ne g a t ive  f a c t o r s  a r e  the  i n c r e a s e d  
ave r a g e  u rban t r av e l  t ime and r e s tr i c t i on s  o n  t h e  u s e o f  t h e  au to 
mob i l e  t h a t  may have t o  b e  imp o s e d  t o  a s s u r e  fu l l  u t i l i z a t i o n  o f  
the  sys t em s . 

The p rob l em o f  p ub l i c a c c ep t anc e , t h e  m a j o r  o b s t a c l e  o f  i n 
c re a s e d  r i de r s hip , i s  o f  fundame n t a l  imp o r t an c e . Th e  d r ama t i c  de 
c l ine  in  r i de r s h ip o f  the N a t i on ' s  b us e s , s ub way s and c ommut e r  r a i l  
l in e s  over  th e p a s t 2 0  y e a r s  i s  p r i n c i p a l l y due t o  the c omp e t i t i o n  
o f  the p r iv a t e  automob i l e . G iven the  d i s p e r s i o n  o f  r e s i d e n c e s , 
s h opp i n g  c e n t e r s , j ob l o c at i on s , s ch o o l s , e t c . , t h e r e  i s  no f e a s ib l e  
a l t e r n a t i v e  fo r many aut o t r i p s . But , e v e n  wh e r e  p ub l i c  t r an s p o r t 
i s  an a l t e r n a t ive , t h e  c a r  i s  p r e f e r r e d  b e c aus e i t  o f f e r s  u n i que  
s e rv i c e  charac t e r i s t i c s  wh i ch i n c l ude  s p e e d , c om f o r t , p r i v a cy and 
c omp l e t e  indep endenc e from any s ch e du l e .  S t imul a t i on o f  a s h i f t  t o  
urb an pub l i c  t r an s i t  r e qu i r e s  that  i t  mu s t  c ome  c l o s e r t o  t h e  s er 
v i c e  char ac t e r i s t i c s  o f  the  aut omob i l e  ( e . g . , a m o r e  e x t e n s i v e  c o v -
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er a g e , s h o r t e r  d o o r - t o - do o r  t r ave l t im e s , m o r e  f r e qu e n t  s e r v i c e , 
i n c r e a s e d  comfo r t , e t c . ) .  Obv ious ly , the s e  ar e d i f f i c u l t g o a l s  f o r  
any pub l i c  t ran s i t  s y s t em . The i r  r e a l i z a t i on , b e i ng a f ar mo r e  
d i f f i cul t t a s k  than m o s t p e op l e  a r e  wi l l ing  t o  adm i t ,  c o u l d  r e s u l t  
f rom a var i e ty o f  c i r cum s t ance s and ac t i o n s . 

• Hi g h e r  Fu e l Pr i c e s : Th i s  w i l l  e n c o u r a g e  s ome  s h i f t t o  urb an 
p ub l i c  t r ans i t . However , it  s hou l d  be r e a l i z e d  tha t t h e  
ave r a g e  c ommu t e r  round t r ip i s  1 8  m i l e s  and r e qu i r e s  o n l y  
1 . 5  g a l l o n s  o f  g a s o l ine . A $ 0 . 3 0 i n cr e a s e i n  t h e  p r i c e  o f  
g a s o l i n e  r a i s e s  mont h l y  c ommut ing  c o s t s  b y  o n l y  $ 1 0 - - a v e r y  
sma l l f ra c t i o n o f  typ i c a l  mon t h l y  hous e h o l d  exp e n s e s . Al s o , 
in  t he l o ng e r  r un , c on s ume r s  c an b uy s m a l l e r  c ar s  wh i ch 
a ch i eve g r e a t e r  m i l e s p e r  g a l l on and , thus , r e t a in mo s t  o f  
t he conven i en c e  o f  au t o  tr ave l wh i l e  k e ep i n g  c o s t  m o r e  o r  
l e s s  co n s t an t . 

• S h o r t a g e s  o f  Ga s o l i n e  o r  Ra t i o n i n g : G a s o l i n e  s ho r t a g e s  or  
the  imp o s i t i on of  r a t i on i n g  wi l l  r e s u l t  i n  a no t i c e ab l e  r i s e  
i n  the  u s e o f  p ub l i c  t r an s i t  a s  exp e r i e nc e i n  r e c en t  months  
c onf i rm s . How many r i ders  wi l l  ab andon p ub l i c t r a n s i t  a f t e r  
g a s o l i n e  i s  a g a in conven i e nt ly av a i l ab l e  r em a i n s  t o  b e  s e en . 

• Trav e l  Tim e R e du c t i o n : T r ave l t ime c an b e  r e duc e d  by  t e ch 
n i que s  s uch a s  b us - on ly - l an e s , p r i o r i ty a c c e s s  o f  b u s e s  t o  
h i ghw ay s  a n d  tunn e l s , and bus - a c t iv a t e d  tr a f f i c  s i g na l s  
t h a t  a l l ow b u s e s  t o  i nc r e a s e  the i r  s p e e d  i n  c i ty t r af f i c . 

• In c r e a s e d  Go v e r nm e n t  Su b s i di e s : S ub s i d i e s  m a i n l y  f r om the  
F e d e r al  Gove rnmen t , wi l l  b e  r equ i r e d  t o  p r event  t h e  fur ther  
dem i s e  o f  e x i s t i n g  s y s t ems , t o  e xp and and mo d e rn i z e  e q u i p 
ment and t o  ke ep far e s  a t  r e a s onab l e  l eve l s . Reduc e d  f ar e s  
w i l l  s t imul a t e  s ome s h i f t s  from c ar t o  urb an p ub l i c  t r an s i t , 
b u t  many s tud i e s  o f  t r ans i t  f a r e  and s e rv i c e  chan g e s  i nd i 
c a t e  t h a t  s erv i c e  imp r o veme n t s  hav e  a much g r e a t e r  imp a c t  
on  r i der s h ip than l owe r ing  o f  f ar e s . 

• Ne w Sy s t e m s : Deve l opment o f  new s y s t em s  s ho u l d  b e  c o n c e n 
t r a t e d  t o  tho s e  o f  l ow c ap i t a l  and op e r a t ing  c o s t and h i gh 
f l e x i b i l i ty even i f  they ar e no t a s  p r e s t i g i o u s  a s  f i x e d  
r a i l  s y s t ems . 

• R e g u l a t o ry Co n s tr a i n t s : The p r e s e n t  r e gu l a t o ry c o n s t r a i n t s  
on  urb an pub l i c t r an s p o r t a t i o n  i n c l u d i n g  o b s o l e t e franch i s e  
l im i t a t i ons  and marke t - entry b ar r i e r s  fo r t ax i c ab s  and j i t 
neys , r e s t r i c t s  the  e f f i c i en t  op e r a t i on o f  t h e  urban t r a n s 
p o r t a t i o n  s y s t em . The r emova l o f  s uch  r e gu l a t o ry c o n 
s t ra in t s  s ho u l d  l e ad  t o  mor e e ff i c i en t  u s e o f  t h e  t r an s p o r 
t a t i o n  s y s t e m  and i n c r e a s e the  op t i o n s  av a i l ab l e  t o  i t s  
us er s . 

• Co o p e r a t i o n : I n c r e a s e d  c o op e r a t i o n  o f  c o mmun i t i e s  in  a 
g iven urban ar e a  w i l l  b e  n e c e s s ary t o  bu i l d e ff i c i en t  ar e a 
w i d e  p ub l i c t r a ns p o r t a t i on sys t ems  i n  wh i ch the  var i o u s  
m o de s o f  t ransp o r t a t i o n  are  p l anne d  a n d  me s h e d  c ar e fu l ly t o  
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p rov i de the var i e d  t r an s p o r t a t i o n  s e rv i c e s  r e qu i r e d  by the  
p o t en t i a l  u s e r s . The r e  mus t  b e  g r e a t e r  e ff o r t t o  d i s s em i 
n a t e  i n f o rma t i on on  s chedu l e s  and ch ang e s  i n  s e rv i c e . 

• R e g u l a t i o n  o f  A u t o m o b i l e Us e :  I n c r e as e d  r e gu l a t i o n  o f  auto 
mob i l e  us e , p ar t i c u l ar l y  in down t own ar e a s , w i l l  b e  n e c e s 
s ary n o t  o n l y  t o  ach i eve a g r e a t e r  s h i ft t o  and imp r oveme n t s  
in  pub l i c t r ans i t  b u t , a l s o , t o  a c h i eve t h e  a i r  qua l i ty 
s t andar ds p r omu l g a t e d  i n  the C l e an A i r  Ac t . L i k e l y  dev i c e s  
a r e  s t r i c t l i cens ing  o f  o f f - s t r e e t  p a r k i ng , imp o s i n g  s ever e 
l y  h i gh  t ax e s  o n  b o th o n - and o f f - s t r e e t  p ar k i ng , r e qu i r i n g  
s p e c i a l  l i c e n s e s  t o  e n t e r  the c e n tr a l  b u s i ne s s  d i s t r i c t  by  
au tomob i l e , e s t ab l i s h i ng car - fr e e  z on e s , e t c . Such a c t i on s  
m a y  no t s i gn i f i c an t ly a d d  t o  the  i nc onv e n i e n c e  o f  mo t o r i s t s  
o r  h arm r e t a i l  s a l e s  i n  the c e n t r a l  c i ty i f  c o nv e n i e n t  a l 
t erna t ive s  t o  the  c ar c an b e  made av a i l ab l e . 

9 1  



C hap t e r  S ix 

P I P E L I NE S  

I NTRODUC T I ON 

The p ip e l ine  mo d e  o f  t r anspo r t  i s  emp l oy e d , f o r t he mo s t  p a r t , 
in the  mov ement o f  na tural  g a s  and p e t r o l e um l i qu i d s  ( c rude o i l  and 
p ro duc t ) . Quant i f ic a t i o n  o f  t he 1 9 7 2 e n e r g y  con s ump t i o n  l ev e l  in 
the p ip e l ine  mo d e  was b a s e d  o n t he s e  us e s . The  e s t i m a t e  o f  fue l 
con s ump t io n i n  g a s  p ip e l ine s ( 7 9 1  t r i l l i o n  BTU ' s ) i s  b a s e d  o n  U . S .  
Bur e au o f  M in e s dat a , whic h i s  i n  turn b a s e d  o n  indu s t ry s urvey s . 
T he e s t imat e  o f  fue l con sump t i on i n  l i qu i d s  p ip e l i n e s  ( 3 5 8  t r i l l i o n  
BTU ' s ) i s  b a s e d  o n I n t e r s t a t e  C omme r ce C ommi s s io n  d a t a , a n d  a n  e s 
t imated  uni t energy  con s ump t i o n  l eve l i n  a l l ex i s t i ng p ip e l i n e s  o f 
8 0 0  BTU ' s p e r to n - m i l e . The  1 , 1 4 9  t r i l l i o n  BTU ' s c on sume d i n  p ip e 
l in e  op e r a t i on s i n 1 9 7 2  equa t e s  to n e a r l y  5 4 0 t ho u s and b a rr e l s p e r  
day d i s t i l l a t e  equ ival ent  and ac c oun t s  fo r 6 . 0 p e r c en t  o f  t he ene rgy 
c o n s umed in  the t r an sp o r t a t i on s e c to r . 

The b a s i c  d a t a  u s e d  i n  the  c a s e  o f  g a s  p ip e l in e s i s  p r o b ab l y  
sup e r i o r  to  t ha t  fo r l iq u i d s  b e c au s e  i t  i s  a s urvey o f ,  amo ng o ther 
thing s , fu e l  c o ns ump t ion  i t s e l f . T h e  l i qui d s  data is  g iven in  
barr e l - m i l e s ,  so  i t  w a s  n e c e s s a ry t o  exp and up o n  t h i s  numb e r  t o  e s 
t im a t e  e ne rgy  u s a g e  l ev e l s .  Al s o , 1 9 7 1 i s  t he l at e s t p ub l i s he d  d at a  
ava i l ab l e  t o  d a t e , s o  i t  w a s  n e c e s s a ry to  e s t im a t e  t he 1 9 7 2  l e v e l  o f  
p ip e l ine l iqu i d s  t r an s p o r t . 

I t  i s  e s t imat e d  t ha t  t he us e o f  exhau s t h e a t  e c o n o m i z e r s  to  
improve  t he e f f ic i en cy o f  gas  tur b ine s in p ip e l i n e  s e rv i c e  cou l d  
pro du c e  a s av ing s o f  1 0  t r i l l i o n  BTU ' s p e r y e ar ( 5  t ho us and b a r r e l s 
p er  day ) . O t he r  m e a sure s ,  such  a s  t he u s e  o f  i n - p l a c e  i n t e rn a l  
p ip e l ine  c o a t ing , fr i c t io n r e duc ing p o l yme r s , l arg e r  d i am e t e r  l ine  
in new c o n s truc t io n  and coal  s l urry p ip e l i ne s i n  p l ac e  o f  t ra in s  
ar e d i s cu s s ed bu t no t quant i f i e d  d u e  t o  t h e  l im i t e d  s av ing s t o  b e  
r e a l i z ed or  t he un l i k e l i ho o d  o f  t he i r imp l em e n t a t i o n . 

EX I ST I NG P I P E L I NE S  

The  p o t en t i a l  fo r ene rgy c o n s ervat i o n  i s  ve ry l im i t e d  i n  t hi s  
t ran sp o r t a t i on mo d e . Mo s t  o f  t he f l ex i b i l i ty , i n s o f a r  a s  e n e r g y  
r equ i r eme n t s a r e  co n c e rne d , i s  remo v e d  w h e n  t h e  p ip e l ine  i s  i n 
s ta l l e d .  T he o n l y  r em a i n ing ar e a s  o f  f l ex i b i l i ty a r e  i n  t he e f f i 
c i ency l ev e l  o f  the  p ip e l ine dr ive r  (p ump s , c o mp r e s s o r s ) and wha t 
ev e r  f r i c t i o n  r e du c t io n  t e c hn i que s c an b e  emp l oy ed . 

One sp e c i f i c  con s ervat ion  me t ho d  that  h as b e en c o n s i d e r e d  i s  
t he u s e o f  exhau s t he a t  e conom i z e r s  to  imp rove t he e f f ic i en cy o f  
g a s  turb ine s i n  p ip e l ine  s e rv i c e .  E s t im a t e d  s av in g s , a s s um ing two 
t h i r d s  p e r c en t  c onv er s i on o f  ex i s t ing  mac h i n e s o v e r  5 , 0 0 0  ho r s epower 
from " s imp l e  cy c l e " to  " r e g en e rat iv e c y c l e , "  is  about 1 0  t r i l l i o n  
BTU ' s p e r y e a r  o r  5 t ho u s and b a rr e l s p er d ay ( 1 9 7 2  b a s e ) . 
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I mp l em en t a t i o n  o f  t hi s  ene rgy  co n s erva t i o n  t e c hn iq u e  woul d 
almo s t  c er t a in l y  b e  o n  an e c onom i c  b as i s . T h i s wo u l d r e qu i re t ha t  
t h e  c o s t  o f  t he fu e l  burned i n  t he s e  t urb i n e s e s c a l a t e  s uf f i c i en t l y  
t o  war r an t  t he r e l a t i v e l y h i g h  c ap i t al e xp en d i tu r e  r e qu i r e d  t o  make 
the  conv e r s io n . The  t im i ng of s uch c onver s i o n  wo ul d p ro b ab l y  no t 
sub s t an t i a l l y  l ag t he in cr e a s e  i n  un i t  fue l co s t  ( c o s t  p er B T U) 
r equ i r e d  fo r e conom i c  j u s t i f i c a t io n . C o nv e r s i o n  wou l d have l i t t l e  
imp ac t  o f  a so c i a l , p o l i t i c a l o r  e nv i ronme nt a l  n ature , and t he o n l y  
e c o no m i c imp a c t  wou l d  b e  t ha t  conc e rn ing e qu ipm e n t  p u r c h a s e .  T h e  
imp a c t  o n  t h e  equ ipmen t s upp l i e r  woul d p r o b a b l y  b e  r e l a t iv e l y smal l . 

O t he r  c o ns e�v a t i on m e thods  cons i d e r e d  a r e  the  u s e o f  i n - p l ac e  
int er n a l  p ip e l ine co a t ing and u s e  o f  fr i c t i o n  r educ ing p o l ym e r s 
( inj e c t ed int o  a l iquid  p ip e l ine s tr e am ) . B o t h  o f  t he s e  t e c hn i que s 
ar e in the  c a t eg o ry o f  eme r g ing t e c hno l o gy and , t he r e f o r e , no t cur 
r en t l y quan t i f i a bl e . I mp l ement a t ion , when t ec hno l o g i c a l l y  f e a s i bl e , 
woul d b e  o n  an e c o nom i c  b a s i s , but  p ot en t i al s av ing s in t he s e  a r e a s  
ar e v e r y  l im i t ed . 

NEW P I PE L I NE S  

I n  t h e  c o n s t ru c t i o n  o f  new p ip e l ine s , c o ns i d e r ab l e  f l ex ib i l i ty 
ex i s t s  i n  d e t erm i na t i o n  o f  the  ene r gy e f f i c i ency o f  the  n e w  s y s t em . 
P ip e l ine s o ff e r , p o t en t i al l y , the  mo s t  e n e r gy - e ff i c i en t  mo d e  o f  
tr ans p o r t a t i on f o r  l i qu i d  and g a s e ou s  m a t e r i a l s . F o r  e x amp l e ,  i t  
i s  e s t ima t e d  tha t the  T r ans - Al a s ka p ip e l i n e  w i l l  c o n s ume  l e s s  than 
2 5 0  BTU ' s p e r  t o n - m i l e . 

The ene rgy e f f i c i e n cy o f  a new p ip e l i n e  i s  d e t e rm in e d by t h e  
s i z e ( d i ame t e r )  o f  the  p ip e . F o r  ins t an c e , t h e  e ne rg y  r e qu i r em e n t  
f o r  a 1 6 - i n ch d i ame t e r  p ip e l ine wou l d  b e  ove r 1 5 0  p e r ce n t  o f  t h e  
r e qu i r ement  f o r  an 1 8 - inch d i ame t e r  l in e  a t  th e  s ame r a t e  o f  ma t e 
r i al f l ow .  Howeve r ,  the c ap i t a l  c o s t r e qu i r e d  t o  a t t a in e n e r gy 
s av in g s  through i n cr e a s e d  p ip e l in e  s i z e  i s  s ub s t an t i a l . T yp i c a l ly , 
t he en ergy  exp ens e r e qu ir e d  i n  t he op e r a t i o n  o f  a p ip e l i ne i s  a r e l 
a t ivel y smal l  p or t ion o f  t he to t a l  o p e r a t ing e xp e n s e  p l u s  annua l i z ed 
c ap i t a l c harg e s . T he r e f o r e , t o  make e c o nom i c  s e n s e ,  t he v a l ue o f  
ene r g y  wou l d have t o  in c r e a s e  s ub s t an t i a l l y  t o  o ff s e t  t h e  l arg e r  
inv e s tmen t t ha t  i s  r equ i r e d  t o  ins t a l l l ar g e r  p ip e l in e s . Wha t ever  
the e c onom i c s , howev er , energy  s av ing s p o t en t i a l  i s  av a i l ab l e i n  
t he c a s e o f  n ew p ip e l ine ins t a l l a t i o n s . 

T he m e t ho d  by w h i c h  t he ins t a l l at ion o f  r e l a t i v e ly l ar g e r  
p ip el in e s wo ul d l i k e l y b e  a c c omp l i s hed i s , ag a in , e co n om i c  induc e 
men t . I t  i s  d i f f i c u l t t o  c on c e ive o f  a r a t i on a l  s i tu a t i o n  in w h i c h  
a p ro j e c t  t ha t  do e s n o t  m a k e  l on g - t e rm e c onom i c  s e ns e  wo u l d  b e  im 
p l ement e d , e i t h e r  vo l un ta r i l y  o r  t hro ug h s ome l eg a l l y d i c t a t e d  
pro c edur e . I n  t he c on s i d e r a t i on o f  p ip e l i ne s , t he e n e r g y - c ap i t a l 
trade - o f f  mu s t  b e  m ade o n  a r e a l i s t ic co s t  b a s i s .  

T he o v e r a l l imp a c t  o f  bu i l d i ng l ar g e r  p ip e l i n e s than wo ul d 
o t he rw i s e  have b e en bu i l t  wo ul d b e  smal l , l im i t e d  t o  t h e  m a r g in al l y  
h i g h er c ap i ta l  inv e s tmen t  r e qu i r emen t .  T he i n cr e a s e d  inve s tmen t 
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wou ld no t b e  sub s t ant i a l , r e l a t ive to  th e c o s t o f  t h e  sma l l e r l ine , 
bu t wou l d  r e qu i r e  a l ar g e  change  i n  ener gy c o s t t o  imp l em e n t  b e c au s e  
o f  the r e l a t iv e l y  l ow imp o r tanc e o f  energy c o s t  i n  p ip e l i n e  e c onom ic s . 

COAL - SLURRY P I P E L I NE S  

T her e a r e  curr ent l y  i n  op e r a t ion in t he Un i t e d  S t a t e s  a t  l e a s t  
2 7 3  m i l e s o f  c o a l - s l ur r y  p ip e l ine t r an sp o r t ing o v e r  4 m i l l i on tons  
p er  ye ar o f  c o a l . T h i s  m e t ho d  o f  t r an spo r t  m i g h t  b e  c o n s i d e r e d  as  
fea s ib l e on  a larg e s c a l e  bu t i t i s  t e c hno l o g i c a l ly immatur e . How 
ev er , s l urry p ip el ine s a r e  r e c e iv ing s e r i o u s  c on s i de r a t i on a s  a 
means o f  tr ansp o r t in g  the  hug e quan t i t i e s  o f  co a l t h a t  c o u l d b e  
ex t r a c t e d  from t h e  we s t e rn c oa l  f i e l d s  a s  t h e i r  d e v e l opment a c c e l 
e r a t e s . I t  i s  con s i d e r ed as  an a l t e rn a t e  t o : ( 1 ) t r an s p o r t  b y  
ra i l r o a d  un i t  t r a i n s , and ( 2 )  con s t ruc t i o n  o f S N G  ( syn t he t i c n a tural  
g a s ) p l an t s  a t  t h e  m i n e  s i t e s  and  t r an sp o r t  of  t h e  r e s ul t in g  g a s  by  
p ip e l ine  t o  ex i s t i ng lo ad c e nt e r s . 

I t  i s  e s t im a t e d  t h at t he energy r e qu i r em ent fo r a s l ur ry p ip e 
l in e capab l e o f transpo r t ing 3 0  m i l l i o n  t on s  p e r ye ar woul d b e  ab out 
7 7 5  BTU ' s p er to n - m i l e .  T h i s  f igur e app ear s t o  o ff e r  l i t t l e  a dvan 
t ag e , en ergyw i s e , over  r a i l t r anspo r t  ( a s s um i n g  r a i l  t r an sp o r t  a t  
6 7 0  B TU ' s  p er ton - m i l e ) . I t  i s c l o s e enoug h , i n  any c as e , t ha t u s e 
of one o f  the s e  mo de s o r  the o t her w i l l  no t have a s i gn i f i c an t  im 
pac t on energy  c o nsume d in t r an s p o r t in g  t he co a l . The  d e t e rm ina 
t i on  of  wh i c h  mo d e  to  us e w il l , in a l l  l i ke l i ho o d , b e  made  a s  the  
r e su l t o f f ac t o r s  o t her t han ene rg y  c onsump t io n . 
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C hap t e r  S ev en 

M I S C ELLANEOUS 

I NTRODUC T I ON 

Th i s  a r e a  inc l u d e s  the s p e c i a l  non - t ransp o r t a t i o n  s ub c a t e g o 
r i e s - - f arm e qu i pmen t , cons truc t i o n  e qu ipmen t , u t i l i ty eng i n e s , 
s nowmob i l e s and r a c e  c a r s . A s  a gr oup , i n  1 9 7 2  t h e y  c on s um e d  6 3 1 . 5  
thou s and b a r r e l s  p e r  day o r  the  e qu iv a l e n t  o f  7 . 0  p e rcen t  o f  the  
energy c o nsum e d  i n  the  t ranspo r t a t i o n  s e c t o r . T he r e  i s  v e r y  l i t t l e 
sub s tant ive  d a t a  av a i l ab l e  on  fu e l  c onsump t i on i n  th i s  s e c t o r ; thu s , 
s ome o f  the  consump t i o n  l ev e l s  d ep i c t e d i n  T ab l e 2 6  a r e  e s t ima t e s . 

TABLE 26 

MISCELLANEOUS ENERGY USAGE-- 19 7 2  

Farm Equipment 

Gas oline 
Diesel 

. Total 

Cons truction Equipment 

Gasoline 
Diesel 
To tal 

Utility Engines 

Gasoline 

Snowmob iles 

Gas oline 

Race Cars 

Gasoline 

To tal 

Consump tion 
(MB/D) 

134 
144 
2 78 

45 
281 
326  

22  

5 

0 . 5  

6 31 . 5  

Consump ti on 
(BTU ' s x 10 1 2 /Yr . ) 

255  
305  
560  

86  
5 9 8  
6 84 

4 3  

10* 

1* 

1 , 29 8  

* Includes only the energy us ed b y  snowmob i les and race 
cars . Does not include spectator  travel by automob i le ,  et c .  
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I n  t h i s  c a t e g o ry , t he g r e at e s t  s av i n g s  p o t e n t i al  i s  in  t he farm 
equ ipmen t and s nowmo b i l e  s e c t o r s . Ene r gy c o n s e rva t io n  c an b e  ac com 
p l i s he d  i n  t h e  farm equipme n t  a r e a  throu g h  t h e  i mp l eme n t a t i o n  o f  
imp r o v e d  energy manag ement  t e c hn i qu e s and r e du c e d  t i l l ag e p ra c t i ce s  
fo r a p o t en t i al s av i ng s  o f  2 0  tho u s and b a r r e l s  p e r  d ay o r  3 9  t r i l l ion  
BTU ' s  per  y e a r . I n  the s nowmob i l e  s e c to r , fu e l  c an b e  c o n s e rv e d  by 
m e ans  o f  imp ro v e d  man a g em e n t  t e chn i qu e s  and r e du c e d  t r a i l e r i ng o f  
s nowm o b i l e s , r e s u l t ing i n  a p o t en t i al s av in g  o f  � thous and b ar r e l s  
p e r  d ay o r  1 . 9  t r i l l i o n  BTU ' s p e r  � ear . �h e  s av 1n g� �h a t c a� b e  
r e a l i z e d  i n  the  ar e as o f  cons t ru c t 1 o n  e qu 1pmen t , u t 1 l 1 ty e n g 1 n e s , 
and r ac e  c a r s  a r e  e i th e r  ins i gn i f i cant  o r  unquant i f i ab l e .  E a c h  
c a t e go ry o f  fu e l  c o nsump t i o n  i s  � i s cu s s ed �nd iv i du a l ly , and Tab � e 
2 7  s ummar i z e s  t h e  fu e l  c o ns e rva t 1 o n  p o t e n t 1 a l  thoug h t  t o  b e  ava l l 
ab l e  i n  t ho s e  ar e a s . 

FARM EQU I PMENT (MOTOR I Z E D )  

D a t a  c o nc e r n i ng t he l evel  o f  fue l c o ns ump t i o n  by fa rm e qu ipmen t 
i s  ava i l a bl e  o n l y  a s  e s t ima t e s  b e c aus e o f  i n s u f f i c i en t  da t a  o n  fue l 
s a l e s  t o  farm e r s  fo r  u s e i n  farm e q u ipmen t ,  p e r s e . Q u an t i f i c a t i o n  
o f  the  1 9 7 2  e n e r g y  con s ump t i on l eve l w a s , t he r e fo re , m a de o n  t he 
b a s i s  o f  the  ava i l ab l e  e s t ima t e s . 

Two s ep a r a t e  s o u rc e s  o f  ba s ic info rma t i o n , Dep a r tment  o f  Ag r i 
cu l t ur e e s t i ma t e s  o f  fue l  us ag e  and a S o u t hw e s t  R e s e a r c h  I ns t i t ut e 
S tudy c o n t a ini ng p o w e r  us a g e  e s t ima t e s , y i e l d s ub s t an t i al l y t he s ame 
e s t imat e s  o f  the  c o n s ump t i on l ev e l  fo r b ot h  d i e s e l  fu e l  an d g as o l ine . 
The s e  are : 

• D i e s e l Fu e l - - 1 4 4  t hous and b a r r e l s  p e r  day ( 3 0 5  t r i l l i on 
BTU ' s p e r y e a r )  

• G a s o l in e - - 1 3 4  t ho u s an d  b a r r e l s  p er day ( 2 5 5  t r i l l i o n  BTU ' s  
p e r  y ear ) .  

T he t r e nd i n t he p a s t  s ev e r a l  y e a r s  has b e e n  f o r  g a s o l ine  c o n s ump 
t i o n t o  r ema i n  a lmo s t  c o ns t an t  wh i l e  d i e s e l  con s ump t i o n  has  i n c r e as ed  
a s  farme r s c o nve r t e d  t he i r  equipmen t from g a s o l i n e  t o  d i e s e l . T h i s 
t r end i s  exp ec t e d  to c o n t i nu e . 

The U . S .  D ep ar tmen t o f  Ag r icul t u r e  i s  in  t he p ro c e s s o f  i s 
su ing an " En e r g y  Manag ement P ac kag e " whi c h  w i l l  co n t a i n  a w e al t h  o f  
energy  co n s e rva t i o n  m e a sure s t hat  can b e  u s e d  b y  f a rm e r s . T h e  D e 
p ar tment has  a l s o  i s sued  a c he ckl i s t  o f  e n e r g y  c o n s e rva t io n  me a 
sur e s , t he e s s en c e  o f  whi c h  i s  s hown i n  App end i x  F .  I n  g en e r a l , 
t he s e  me a s ur e s  c an b e  d i v i d e d  in to two ca t e g o r i e s : imp ro ve d ene rgy 
manag eme n t  t e c hn i qu e s  and r e duc e d  t i l l ag e  p r a c t i c e s . 

I mp ro v e d  e n e rg y  mana g ement  t e c hn ique s w i l l p r o b ab l y  b e  imp l e 
me n t e d  by a c om b i n a t i on o f  vo l un t a ry a c c ep t an c e , e n c o u ra g e d  by D e 
p ar tm e n t  o f  Ag r i cul tur e p ub l i c a t ions  an d o the r e du c a t i o n a l  info rma 
t i on d i r e c t e d  a t  t h e  f a rme r t o  inc r e a s e t h e  l ev e l o f  awa r en e s s  o f  
po t en t i a l s f o r  fue l s av in g s , and the  an t i c ip a t e d  i nc r e a s e  in p r i c e  
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TABLE 27  

ESTIMATED CONSERVATION POTENTIALS 

Farm Eq uipmen t 

Energy Management 
Gasoline 
Diesel 
To tal 

Reduced Tillage 
Gasoline 
Diesel . 
To tal 

To tal Farm Equipment 

Cons truction Equipment 

Ut il i ty Engines 

Snowmob i les 

Energy Management 
Gaso line 

Reduced Trailering 
Gasoline 

To tal Snowmob iles 

Race Cars 

To tal Cons erva tion Potential 

Savings 
(MB/D) 

7 
3 

10 

5 
5 

10 

20 

0 . 2 5 

0 . 7 5  

1 . 00 

21 

Savings 
(BTU ' s x 10 1 2 ) 

1 3  
6 

19 

9 
11  
20  

39 

0 . 5  

1 . 4  

1 . 9 

40 . 9  
= 

and s omewhat l im i t e d  fue l  ava i l ab i l i ty ,  wh i c h  w i l l  fur t h e r  encourag e 
adop t io n  o f  imp roved  energy manag eme nt p o l i c i e s . T he s e  t e chn ique s - 
incr e a s e d  f r equency o f  tune - up s , inc r e a s e d  s harpne s s  l ev e l o f  f a rm 
imp l eme n t s , e t c . ( s e e App end ix F ) - - ar e g en e r al l y  inexp e n s ive , r e 
qu ir i ng o n l y  an incr e a s e  in t he a t t en t i o n  g iven b y  farme r s  to  t he 
op e r a t i o n  o f  the i r  e qu ipmen t .  Adop t i o n  o f  t h e s e  t e c hn i qu e s  w i l l  
p r o b a b l y  b e  g r adu al , inc re as ing wi t h  t he p r e s s ur e s  o f  fue l ava i l ab i l 
i ty and p r ic e .  No s i g n i f ic ant imp ac t  i s  a n t i c ip a t e d . 

Quant i f i c a t i o n  o f  t he s av ing s p o t ent i a l  i s  h i g h l y  s ub j e c t i ve 
in t h i s  ins t anc e , bu t fue l co n s ump t i on r e duc t i o n s  in t he o r d e r  o f  
5 p er c en t  fo r g a so l ine  p ow e r e d  equ ipm en t  and 2 p e r c e n t  fo r d i e s e l 
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e qu ipment s e em s a t t a i n ab l e .  T h i s woul d r e s u l t i n  the  fo l l owing  fue l 
s av ing s at  1 9 7 2  c o n s ump t ion l ev e l s : 

• D i e s e l  Fue l - - 3 t ho us and barr e l s p e r d ay ( 6  t r i l l i o n  BTU ' s  
p e r  y e ar ) 

• G a s o l in e - - ?  t ho u s and bar r e l s p er d ay ( 1 3  t r i l l i o n  B TU ' s p e r 
ye ar ) . 

Ano t he r  m e a s ur e , r e du c e d  t il l ag e  p r a c t i c e s ,  r e fe r s  t o  t h e  cul 
t iv a t i o n  p r ac t i c e s  u s ed by f arme r s .  App ar ent l y ,  t he p r ac t i c e  o f  
farmer s i n  t he p a s t  ha s b e en t o  " o v e r - t i l l "  t he i r  f i e l d s . I t  ha s 
been  found t h a t  a s u b s tant i al r e duc t io n  in cul t iv a t i on int en s i ty 
c an b e  made in  t he p ro duc t i o n  o f  s ome c rop s w i t h  l i t t l e  o r  no r e duc 
t io n  in c r op y i el d . T h i s  i s  a g en e r a l i z a t ion , howeve r , and i s  n o t  
ful l y app l i c abl e t o  a l l  c l imat e and s o i l  c on d i t io n s . App endix F ,  
T ab l e 3 6  s ho w s  a Un iv e r s i ty o f  N e b r a s ka e s t im a t e o f  fue l c o n s ump t i on 
fo r var i o u s  t i l l ag e  in t en s i t ie s  in the p r o du c t ion  o f  co rn . A c c o r d ing 
to t h i s  t abul a t i o n , r e du c t i o n s  in fuel  c on s ump t i o n  o f  o v e r  8 0  p e r c en t  
c an b e  at t a ine d . 

I n  quan t i fy ing t he fu e l  s av ing s p o t en t i al f o r  r edu c e d  t i l l ag e  
p r ac t i c e s , i t  ha s be en a s s umed that  a 2 5  p e r c en t  r e duc-t i on from 1 9 7 2  
t i l l a g e l eve l s c an b e  a t t a in e d . I t  w a s  fur t he r  a s s ume d  t h a t  t h e  
me t ho d  i s  l im i t e d  t o  t h e  c o rn , s o r g hum and s o yb e an cr op s . The s e  a s 
sump t ions  r e s u l t  in an e s t imated  s av ing s p o t en t i a l  o f : 

• D i e s e l  Fue l - - S t ho u s and b ar r e l s p e r  day ( 1 1  t r i l l i on B TU ' s  
p e r  y e a r ) 

• G a s o l ine - - 5  t ho u s and b a r r e l s p er day ( 9  t r i l l io n  BTU ' s  p e r  
year ) . 

Imp l em en t a t i on o f  r e duc e d  t i l l ag e con s erva t ion  p r ac t i c e s  w i l l  
l i ke ly b e  s im i l ar to  t h e  imp l em ent a t i o n  o f  imp roved  man ag eme n t t e c h 
n i que s .  Howe v e r , i t  w i l l  p r o b ably  requ i r e  a r e l a t ive l y  int e n s e and 
cont inue d e duca t i onal  comm i tmen t on t he p ar t  o f  t he Dep artme n t o f  
Ag r i cul ture  t o  at t a in a h i g h  r ate  o f  comp l i an c e  by t he N a t i o n ' s  
farmer s .  L i t t l e imp ac t  i s  an t i c ip at e d  excep t ing a p r ob ab l e  sma l l  
r educ t io n in farm y i e l d s  a s  mo r e  d r a s t i c  r e du c t i on s  i n  t i l l ag e  l ev 
e l s ar e mad e . T h e  b a l an c e b e twe en t he e x t en t  o f  y i e l d  r e duc t i o n  t o  
b e  t o l e r a t e d  and t h e  quant i ty o f  fue l  s av e d  w i l l  undoub t e d l y  b e  e s 
t ab l i s hed on an e conom i c  b a s i s  i n  t he l on g  run . T h i s i s  a r e l a 
t iv e l y  new c on c ep t in s o f ar a s  w i d e  app l i c a t i o n  o f  t h e  p r a c t i c e  i s  
conc erned , and an incr e a s ing l e ve l o f  t e c hno l o g ic a l  s op hi s t i c a t i on 
in futur e ye ar s w i l l a l mo s t  c e r t a inl y c l ar i fy t he s av ing s p o t en t i a l s 
ava i l ab l e . To t a l  p o t e n t i a l  s av ing s in f a rm equ i pm en t a r e : 

• D i e s e l  F u e l - - 8 thous and barr e l s  p e r  day ( 1 7  t r i l l i o n  BTU ' s  
p e r  y e ar )  

• G a s o l i n e - - 1 2  t ho u s and barr e l s p e r d ay ( 2 2  t r i l l i on BT U ' s  
p er y e a r ) . 
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CO NSTRUCT I ON EQU I PME N T  

Ther e i s  v ery l i t tl e  d a t a  av a i l ab l e  o n  f u e l c o n s ump t i o n  by  con 
s truc t i on equ ipm en t . T he o n l y  at t emp t a t  quant i f i c at i o n  t ha t  h a s  
b e e n  l o c a t ed i s  a n  e s t ima t e  b y  t h e  F e d e r a l  H ig hway Adm in i s t r a t i o n  
t ha t  the  av e r ag e amount o f  fue l r equ i r e d  in a l l  t yp e s  o f  h i g hway 
co ns truc t ion is 1 0 7 t ho us and g a l l o n s  p e r  $ 1  m i l l i o n  o f  t o t al exp en 
d i tur e , on  f e d e r al - a i d  h i g hway c on s t ruc t io n  p ro j e c t s . App l ic a t i o n  
o f  t h i s numb e r  t o  t h e  $ 1 0 . 2 b i l l i on o f  t o t a l  h i ghway c on s t ru c t i o n  
i n  1 9 7 3  r e sul t s  in a fue l  c o n s ump t io n  e s t ima t e  o f  7 1  t ho u s and b a r 
r e l s p e r  day . T h i s  e s t im a t e  co v e r s  h i g hw ay c on s t ru c t i o n  o n l y , and 
hig hway co ns tru c t i on r ep r e s en t s l e s s  t h an 1 0  p e r c e n t  o f  t o t a l  c o n 
s truc t ion .  

Ano t he r  ind i c a t o r  o f  fue l  c o n s ump t i on l e v e l s b y  con s t ruc t i on 
equ ipm ent i s  an e s t ima t e  b a s ed on ho r s epowe r - ho u r  u s ag e . T h e  b a s i s  
for s uc h an e s t im a t e  i s  co n t a i n e d  i n  a S o u t hw e s t  R e s e ar ch I ns t i tu t e  
S tudy and t he d e r ived e s t ima t e s  whi c h  c o v e r f u e l  c on s ump t i o n  f o r  
al l  cons truc t i on equ ipment in t he Un i te d  S t a t e s  a r e : 

• D i e s e l  F ue l - - 2 8 1  t ho u s and b a r r e l s p e r  d ay ( 5 9 8  t r i l l ion  
BTU ' s  p er y e a r ) 

• G a s o l in e - - 4 5  t ho u s and barre l s  p er d ay ( 8 6  t r i l l i o n  B TU ' s  
p e r  y e a r ) . 

No en e r g y  co n s e rva t i on me a s ur e s o f  any s ig n i f i can c e  hav e b e en 
f ound in t h i s  a r e a .  Ther e s e ems  to  b e  l i t t l e  g o v e r nmen t  a c t i v i ty 
d i r e c t e d  t oward co n s erva t ion in con s t ru c t i on equ ipmen t , and indus 
try c o nta c t s  hav e  b e e n  g ener a l l y  non - r e s p o n s i v e . 

The F e der a l  H i g hway Adm in i s t r at i o n  e s t im a t e  o f  1 0 7  t ho u s and 
g a l l on s p e r  $ 1  m i l l io n of  h i g hway e xp end i tur e s ( 7  b a rr e l s  p e r day 
p e r  $ 1  m i l l i o n  p e r y e ar ) c an b e  u s e d  a s  a g u i de l i n e  t o  t he amoun t 
of fu e l  t ha t  m ay b e  s av ed a s  t h e  r e s ul t o f r e d u c e d  c on s t ru c t i o n  
ac t iv i ty . Re duc e d  cons truc t i on a c t iv i ty i s  n o t s ug g e s t e d a s  an en 
ergy  c on s erva t io n m e a sure  b e c aus e o f  t h e  o bv i o u s l y  unde s i r ab l e im 
p a c t  i t  wou l d  have o n  emp l oymen t  and t h e  e co nomy . 

UT I L I TY ENG I NE S  

Quant i f i c a t io n  o f  f u e l  c on s ump t i o n  by  u t i l i t y  eng ine s w a s  b a s ed 
on in f orm a t ion  c o n t a i n e d  in a S o u t hwe s t  R e s e ar ch I n s t i tu t e  S t udy 
co n c e r n ing  eng ine emi s s io ns . The r e su l t ing e s t ima t e  o f  c on s ump t i on 
wa s 2 2  t ho u s and b a rr e l s p e r  day ,  a l l  g a s o l in e . A p ar t ia l  l i s t in g  
o f  the  typ e s  o f  eng i n e s  in c l ud e d  in t h e  e s t im a t e  fo l l ow s : 

• Wa l k ing M ow er s  

• G ar d en T r a c t o r s  

• L awn T r a c t o r s 
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• Mo to r T i l l e r s  

• Sno w T hrowe r s  

• Smal l E l e c tr i c  G en er a t o r s  

• C o mp r e s s o r s  

• Pump s 

• Mo b i l e  Re f r i g e r a t io n Un i t s  

• M in i b i ke s . 

I t em s  no t inc l ud e d  ar e : 

• M o t o r cy c l e s 

• O u t b o a r d  Mo t or s  

• S nowmo b i l e s 

• A l l T e rr a in V e hi c l e s  (ATV ' s ) .  

A p o pu l a t i on in e x c e s s  o f  5 0  m i l l ion eng in e s w a s  emp l o y e d  fo r 
t he fue l  u s ag e e s t ima t e  o f  2 2  t ho u s and b a r r e l s p e r day , wh i c h  i s  
the e qu iva l en t  o f  l e s s  t han 7 g al l on s  p e r mach ine p e r  ye ar . C o n s i d 
e r ing the  l ow leve l o f  p e r  un i t  con s ump t ion , no s i g n i f i c ant c on s er 
va t i on me a s ur e s s ho r t  o f  no t u s ing t he m a c h in e ry a r e  ava i l ab l e .  

S NOWMO B I L E S  

T he I n t e r n a t i o n a l  Snowmo b i l e  I ndus try A s s o c i a t i o n  ( I S IA )  ha s 
e s t im a t e d  t he 1 9 7 2  fu e l  consump t io n  o f  s nowmo b i l e s  t o  b e  a b o u t  5 
t ho u s and b ar r e l s p er day , a l l g aso l ine . T h i s i s  l im i t e d  t o  g a s o l ine 
ac tu a l l y  u s e d  i n  s nowm o b i l e s and do e s  no t in c l ud e  tha t c o n s um e d  by 
c ar s  t r a i l e r ing snowmo b i l e s . The e s t im a t e , b a s e d  on a U . S  s nowmo 
b il e  popul a t i o n  o f  1 . 5  m i l l i o n  app e ar s  r e a s o n ab l e . 

The I n t e r na t i o n a l  Snowmo b il e  I ndus t r y  A s s o c i a t i o n  h a s  a l s o  r e c 
omm ended fue l c o n s e rva t i on m e a sure s .  T he s e  c an b e  c o n s i d e r e d  in 
two c a t e g o r i e s : 

• I mp ro v e d  u t i l i z a t ion  t e c hn i que s - - p o t en t i al s a v in g s ,  5 0 0  bar 
r e l s p e r  day . 

• R e du c ed t r a i l e r ing o f  snowmo b i l e s - - p o t en t i a l  s av ing s , 2 
t hou s an d  bar r e l s p e r  day . 

The f ir s t o f  t he s e m e a sure s i s  d e t ai l ed i n  App end i x  F ,  and in 
c l ud e s  t e c hn ique s tha t w oul d l a r g e l y  b e  imp l eme n t e d  o n  a vo l un t a ry 
b as i s . T h i s  woul d b e  the  r e s u l t o f  an educ a t ion a l c amp a ign  by the 
I S IA o r  o t he r  s uc h g ro up . L i t t l e  imp a c t  i s  an t ic ip a t e d  f r om t he 
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imp l ement at ion  o f  s u c h  me a sure s .  I f  a c omp l i an ce r a t e  o f  5 0  p er c en t 
in the s e  mea sure s ,  p r o b ab l y  a l i b e r a l  a s s ump t ion , c ou l d b e  a c h i eved , 
the l ev e l  o f  energy  s av ing s woul d b e : 

• Ene r g y s av ing s by snowmo b i l e s  ( g a so l in e ) - - 2 5 0  b a r r e l s p e r  
d a y  ( 0 . 5 t r i l l ion  BTU ' s  p er y e ar ) . 

T he s e c ond o f  the s e  me a s ur e s , r educ ed t r a i l e r i ng o f  snowmob i l e s , 
i s  ac tual l y o u t  o f  t h i s  m i s c e l l aneous a r e a . W h i l e  t h i s  a s p e c t  o f  
trav e l  i s  c o v e r e d  und e r  h i g hway s , i t  s t i l l  s e em s app ro p r i a t e  t o  
tr ea t i t  her e a s  w el l . I S lA e s t im a t e s t h a t  t he typ i c a l s n o wmob i l e 
i s  t r a i l e r e d  n e a r l y 4 0 0  m i l e s  p er y e ar  and a s sum e s a 5 0  p e r c en t  r e 
duc t io n  i s  a t t a in a b l e .  A dop t ing a mo r e  c on s e rv a t ive e s t ima t e  o f  a 
2 5  p e r c ent r edu c t i on ,  ant i c ip a t ed s av ing s c ou l d  b e : 

• Ene rgy s a v ing s b y  c a r s  tow ing snowmo b i l e s  ( g a s o l in e ) - - 7 5 0  
barr e l s p e r  day ( 1 . 4  tr i l l ion B TU ' s  p e r  y e a r ) .  

I mp l emen t a t ion o f  r educ e d  s nowmo b i l e  t r a i l e r i ng wou l d  b e  o n  a l a r g e 
ly vo l unt ary b a s i s , encour a g e d  by e conom i c  f a c to r s . The e conom 1 c  
imp a c t  woul d b e  f e l t by  bu s in e s s e s  i n  f o rm e r l y  p o pu l a r  s nowm o b i l ing  
ar e a s . L i t t l e  s o c i al , p ol i t i c a l  or env i ronme n t a l  imp a c t  w oul d 
r e sul t . 

RAC E CARS 

The quan t i ty o f  fu e l  c o ns um ed by  r a c e  c ar s , as e s t ima t e d  by 
Mo t o r  Sp o r t s  Mar k e t ing C o rp o r a t ion , i s  a b o u t  5 0 0 b a r r e l s p e r  d ay . 
Any r e duc t ion in  t h i s  am ount wo ul d hav e  t o  r e s u l t from t h e  s ho r t en 
ing o r  canc e l l a t ion o f  r ac e s . T he f o rm er m e a s u r e  i s  o bv i o us l y  no t 
a s i g n i f i c an t  energy con s e rvat i o n  t e chn i que , b u t  a s ymb o l i c  g e s tu r e . 
T he l a t t e r  cou l d  y i e l d  s av ing s in con s ump t i on by  r a c e  car s but , 
mo r e  imp o r tant l y , woul d a f f e c t  an e s t imat e d  1 5  t ho u s an d  b ar r e l s  p e r  
day o f  g a s o l i n e  u s ed by sp e c t a to r s  i n  co nj un c t i o n  w i t h  r a c i ng even t s . 

No s ign i f i c an t  s av ing s a r e  ant i c ip at e d  f r om s ho r t e n i n g  r a c e s . 
C anc e l l a t ion o f  r a c e s  i s  no t co n s i d e r e d a v i ab l e c o n s e rv at i on me a 
sure in t ha t  s u c h  an ac t i o n  wou l d  d e s t roy  t he automo b i l e  r a c in g  in 
dus try and i n f l i c t  . s eve r e  har d s h ip s on  an a l r e ady a i l ing  t o u r i s t  
indu s t ry and o t he r  a s s o c ia t e d  i n dus tr i e s . 
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Appendix  A 

United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASH I�GTON, D . C .  20240 

In Reply Refer To : July 2 3 , 19 7 3  
AS-EM 

Dear Mr . True : 

In his energy s t atement of June 29 , the President announced addit ional 
steps b e ing taken to conserve Ame rica ' s fuel s upplies and their use , 
and called upon private  indus t ry to respond to  the energy conservat ion 
direct ives with all the imaginat ion and resource fulnes s that has made 
this Nat ion the richest on earth . 

In Decemb er 19 72 , the Nat ional Petroleum Council s ubmit ted to me a 
comprehens ive s ununary report on "U . S .  Energy Outlook , "  the s upport ing 
detailed task force reports being now received for each fuel as com
pleted . The results of  this exhaus t ive work done by the energy indus
tries has been of maj or value to the Department and other agencies o f  
Governmen t ,  shedding considerab le light o n  the U • .  s .  fuel s upply s itu
at ion in part icular . 

In order to further as s is t  us in as ses s ing the patterns of  future U . S .  
energy use , the National Pet ro leum Council is reques t ed to conduct a 
study which would analyz e and report on the pos s ib ilities for energy 
conse rvat ion in the United States and the impact of  such measures on 
the future energy posture of the Nat ion . 

You are reques t ed to s ubmi t  a progress report by January 1 ,  19 74 . 

Mr . H .  A .  True , Jr . 
Chai rman 
National Petroleum Council 
1625 K S t reet , N .  W .  
Washington , D .  C .  20006 

S incere ly yours , 

�/ w {&g;l)/� . :Jc�� o f  the Int erior 
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App endix B 

TRANSPORTAT I ON TASK GROUP 
O F  THE 

NAT I ONAL PETROLEUM COUNC I L ' S  
COMM I TTEE ON ENERGY CONSE RVAT I ON 

CHAI RMAN 

E .  R .  Hey d ing e r 
Manag e r  
E c onom i c s  D iv i s ion 
Marathon O i l  C omp any 

AS S I S TANT TO THE CHAI RMAN 

Rob e r t L .  B e r g e r 
E conomi cs  D i vi s i on 
Marathon O i l Comp any 

COCHAI RMAN 

Myr on Mi l l er 
D i re c t or Office o f  Transportat ion 

Ene rgy P o l i cy 
U . S .  Dep a r tmen t o f  Transp ort at i on 

SE CRE TARY 

Mar s h a l l W .  N i ch o l s  
D i r e c to r , Comm i t t e e  Op e rat i ons 
N a t i onal  P e t r o l e um C o un c i l 

* * * * * * 

R .  G .  Ayre s 
P l ann ing and E c onom i c s  Sp e c i a l i s t  
Ph i l l ip s  P e t r o l eum C omp any 

Wi l l i am C .  Barn i c h , I I I  
D i r e c t o r  o f  G ove rnmen t  Affa i r s  
Nat i on a l  A s s o c i a t i on o f  Mo t o r  

Bu s Owne r s  

Dr . F r e d  W .  Bowd i t c h  
Ex e cut ive As s i s t an t  t o  the  

V i ce P r e s ident  
Veh i c l e  Em i s s i on Ma t t e r s  
Env i ronme n t a l  Ac t iv i t i e s  S t aff 
Gene r a l  Mo t o r s  C o rp o r at i on 

R .  R .  Man i on 
V i c e  P r e s ident  
Op e r a t i on s  and Ma int enanc e 
As s o c i a t i on o f  Ame r i c an Ra i l r o ads 

Grant E .  Me din 
Manag e r , Ene rgy An alys i s  Gr oup 
A t l ant i c  R i c h f i e l d  C omp any 

J o hn F .  Br ennan 
A s s i s t an t  to t h e  V i ce P re s i dent 
Re s e a r c h  & T e chn i c a l  S e rv i c e s  D iv .  
Am e r i c an Trucking As s o c i a t i ons , I nc . 

T imo t hy N .  G a l l a g h e r  
Sp e c i a l As s i s t an t  fo r Ene rgy 

to the  S en i o r  V i c e  P r e s ident 
Op e r a t i on s  and A i rp o r t s  
A i r  T r ans p o r t  A s s o c i at i on o f  Ame r i c a  

Rob e r t  A .  B r own 
Mana g e r , P r i c e  F o r e c a s t ing 

and Comp e t i t i ve S t ud i e s  
Mob i l  O i l  Co rp o r a t i on 

Mar k  W .  Ow ing s 
Man ag e r , Marke t ing E c onom i c s 
C o rp o r a t e  P l ann ing & E c onom i c s  

D e p a r tment  
Gu l f  O i l  C o rp o ra t i on 

J o hn H .  Rabb i t t 
Man ag e r , I n dus t ry Affa i r s  
Sun O i l  C omp any 

SPEC I AL ASS I STANT S 

J o hn H .  Guy , I V  
As sD c i a t e  C ommi t t e e  C o o rd inat o r  
Nat i onal  P e t r o l eum C oun c i l  
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Ru d i  Win z ing e r  
P e t r o l e um E c onom i c s  Ana ly s t  
Gul f O i l  C o rp o r a t i on 
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Appendix  B 

NAT I ONAL PETROLEUM C OUNC I L ' S  
C OMM I TTEE ON ENERGY C O N S E RVAT I ON 

CHA I RMAN 

Maur i c e  F .  G r anv i l l e 
C ha i rman o f  t he B o ard 
T ex a c o  I nc . 

V I C E  CHAI RMAN 

C .  H .  Murphy , J r . 
Cha irman o f  the Board 
Murphy O i l  C o rpo r a t i on 

EX  O F F I C I O  

CO CHA I RMAN 

C .  K ing  M a l l o ry 
Deputy A s s i s t an t  S e cr e t ary 

f o r  E ne r gy an d Mine r a l s  
U . S .  Depar tment o f  I n t e r i or 

S E C RE TARY 

V in c e n t  M .  B r own 
Ex e cu t ive D i r e c t o r  
N a t i on a l  P e t r o l eum C ounc i l  

H .  A .  True , Jr . 
C ha i rman 
N a t i onal  P e t r o l eum C ounc i l  
c / o  T rue O i l C omp any 

* * * * * * 

J a c k  H .  Ab erna t hy 
Pr e s ident  
Big  C h i e f  Dr i l l ing C omp any 

Howard W .  B l auve l t  
Ch a i rman o f  the  Board  
C ont inen t a l  O i l  C omp any 

H .  B r i dg e s  
P r e s i d ent 
S he l l  O i l  C omp any 

C o l l i s  P .  C han d l er , J r . 
Pr e s i dent 
Chandl er  & As s o c i a t e s , I n c . 

0 .  C .  D av i s  
P r e s ident  
P e op l e s  Gas  C omp any 

Rob e r t  H .  G e r d e s 
C h a i rman o f  the Ex e c u t ive 

C omm i t t e e 
P a c i f i c  G a s  and E l ec t r ic C omp any 

John W .  Han l ey 
P r e s ident  
Mon s an t o  C omp any 
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F .  D o n a l d  Ha r t  
P r e s i d e n t  
Ame r i c an G a s  A s s o c i a t i on 

F r e d  L .  Ha r t l ey 
C h a i rman o f  t h e  B o a rd 

and P r e s i d e n t  
U n i on O i l  C omp any o f  C a l i f o rn i a  

H .  J .  Hayne s 
Ch a i rman o f  t h e  B o a r d  
S t andard O i l  C omp any o f  C a l i fo rn i a  

P .  N .  Howe l l  
C ha i rman 
Howe l l  C orpo r a t i on 

F rank N .  I ka r d  
P re s i de n t  
Ame r i c an P e t ro l eum I n s t i tu t e  

Rob e r t  D .  Lyn ch 
V i c e  P r e s i d en t  
N a t i ona l O i l  Fu e l  I n s t i tu t e , I n c . 

W .  F .  Mar t in 
C ha i rman 
P h i l l ip s  P e tr o l eum C omp any 



Tommy Munro 
P r e s i d ent 

App endix  B 

Thom a s  F . S t ro c k  
S t r o c k , Ro g e r s  & Dymond 

Nat i on a l  O i l  Jobb e r s  C ounc i l , I nc . 

R .  E .  Seymou r 
Chairman o f  the  Board  
C on s o l idat e d  Natur a l  G a s  C omp any 

Rawl e i g h  Warne r , J r . 
Cha i rman o f  the Board  
Mob i l  O i l  C or p o r a t i on 

C ha s . E .  Sp ahr 
C ha irman of the  B o a r d  
The S t andard O i l  C omp any ( Oh i o )  

M .  A .  Wr i gh t  
C ha i rman a n d  C h i e f  

Ex e c u t ive O f f i c e r  
Exxon C omp any , U . S . A .  

POL I CY COMM I TTEE 
OF  THE 

NAT I ONAL PETRO LEUM C OUNC I L ' S  
C OMM I TTEE ON ENERGY CONSE RVAT I ON 

CHAI RMAN 

Maur i ce F .  Gr anvi l l e 
Cha i rman o f  t he B o ard  
Te xaco I n c . 

V I CE C HA I RMAN 

C .  H .  Murphy , J r . 
C h a i rman o f  the  B o a r d  
Mu rphy O i l  C o rp o r a t i o n  

C o l l i s P .  Chandl e r , J r .  
P r e s ident 

COCHA I RMAN 

C . K i n g  Ma l l o ry 
Deputy As s i s t ant S e c r e t a ry 

f o r  E n e r gy and M ine r a l s 
U . S .  D ep a r tment  o f  I n t e r i o r  

S E C RE TARY 

V in c e n t  M .  Brown· 
Execu t ive D i r e c t o r  
Na t i on a l  P e t ro l eum C ounc i l  

* * * * * * 

F r ank N .  I k ar d 
Pr e s i dent  

C hand l e r & As s o c i a t e s , I n c . Am e r i c an P e t r o l eum I n s t i tu t e  

Rob e r t  H .  G e r d e s 
Cha irman o f  the  Ex e cut ive 

C omm i t t e e  

Rob e r t  D .  Lynch 
Vice  P r e s i d e n t  
Na t i ona l O i l  Fu e l  

P ac i f i c  Ga s an d E l e c t r i c  C omp any I n s t i tu t e , Inc . 

G .  J .  T anker s l ey 
P r e s ident 
C o n s o l i d a t e d  Natur a l  

G a s  C omp any 
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COORD I NAT I NG SUBCOMM I TTEE 

OF  THE 
NAT I ONAL P ETRO LEUM C OUNC I L ' S 

COMM I TTE E ON ENE RGY CON SERVAT I ON 

C HA I RMAN 

R .  C .  McC ay 
V i c e  P r e s i dent  
Pub l i c Re l a t i on s  & P e r s onne l 
Texac o I nc .  

COCHA I RMAN 

C .  K ing Ma l l o ry 
Deputy A s s i s t an t  S e cr e t ary 

for E n e r gy and Mine r a l s .  
U . S .  Dep a r tment  o f  I n t e r i o r  

SECRETARY 

V incent  M .  Br own 
Ex e cu t ive D i r e c t o r  
Nat i on a l  P e t r o l eum C ounc i l  

* * * * * * 
Dr . E d g a r  N .  Br ig htb i l l  
D i r e c t o r , P l ann ing 
Energy & Ma t e r i a l s  D ep a r tment 
E .  I .  duP ont  d e  Nemou r s  & C o . , I nc . 

Thomas  H .  Bu rb ank 
V i ce  P r e s ident  
Ed i s on E l e c t r i c  I n s t i tu t e  

C har l e s  H .  Bur g e  
An a l y s t 
Sp e c i a l  Stu d i e s  O f f i c e  
Murp hy O i l  C o rpo r a t i on 

W .  R .  F i n g e r  
Sen i o r  P l ann ing Sup e rv i s o r 
C o rp o r a t e  P l ann ing Dep artment 
Exxon C omp any , U . S . A .  

Harvey L .  F r an z e l  
Mana g e r  Ene rgy and 

Ut i l i t i e s  P l ann ing 
Manufactur ing  
She l l  O i l  Comp any 

E .  R .  Heyding e r  
Manag e r , E c onom i c s  D iv i s i on 
Mar athon O i l  C omp any 

J ohn H .  L i ch t b l au 
Execut iv e D i r e c t o r  
P e t r o l eum I ndu s t r y  R e s e ar c h  

F ounda t i on , I nc . 

Ro b e r t  D .  Lynch 
V i c e  P r e s i d en t  
N a t i ona l O i l  Fu e l  I n s t i tu t e , I n c . 

Howa rd A .  Mc K i n l ey  
V i c e  P r e s i d e n t  
N ew Bu s ine s s  Dev e l opme n t  
We s t e rn Hem i s p h e r e  P e t r o l eum D iv .  
C on t inen t a l  O i l  C omp any 

R i cha rd J .  Mu rdy 
V i c e  Pr e s i d e n t  & G e ne r a l  

Man ag e r  
C N G  P r o du c ing C omp any 

P au l  F .  P e t ru s  
Man ag e r , E nv i r onme n t a l  A f f a i r s  
Mob i l  O i l  C o rp o r a t i on 

Du d l ey J .  Taw 
V i c e  P r e s i dent , Mar k e t ing 
The E a s t Oh i o  G a s  C omp any 

SPEC IAL ASS I STANT 

H .  W .  Wr i gh t  
Manager , Int e rnat ional  Mark e t  Ana lys i s  
Economi c s  D iv i s i on 
Texaco ,  Inc . 
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CONSUME R TAS K  GROUP 
OF THE 

NAT I ONAL PE TROLEUM COUNC I L ' S  
COMM I TTEE ON E NE RGY CONSERVAT I ON 

CHA I RMAN 

Howard A .  Mc K i n l e y  
V i c e  P r e s i dent , N e w  Bu s ine s s  Dev . 
We s t e rn Hem i s p h e r e  P e t ro l eum D iv .  
C ont inen t a l  O i l  C omp any 

AS S I STANT TO THE C HA I RMAN 

R .  G e r a l d  Benne t t  
C o o r d in a t o r , P l ann ing D ep t . 
C ont inen t a l  O i l  C omp any 

COCHA I RMAN 

E i n a r  W in d i n g l and 
D i r e c t o r  P o l i c i e s  and P r o c e dur e s  
O f f i ce o f  P r o curement 
F e de r a l  S upp l y  and P r o ce dure s 
G e ne r a l  S e rv i c e s  Adm i n i s t r a t ion 

S E C RE TARY 

V in c e n t  M .  Brown 
Ex e cu t ive D i r e c t o r  
N a t i on a l  P e t ro l eum C ounc i l  

* * * * * * 

Dav i d  A .  C r ane 
Pre s ident  
Rice  Center  f o r  C ommun i t y  

De s ign & Re s e a r c h  

P atr i ck G r e a thou s e  
V i c e  Pr e s ident  
Un i t e d  Aut o  Wo r ke r s 

Dr . C ha r l e s M .  Hugg i n s  
Manag er o f  L i a i s on 
C o rp o ra t e  Re s e arch  & D eve l opmen t 
G ene r a l  E l e c t r i c  C omp any 

Dr . Henry D .  J ac ob y 
P r o f e s s or  o f  .Man a g ement  
Ma s s achus e t t s  I n s t i t u t e  o f  T e ch .  

Alv in Kaufman 
D i r e c t o r  
O f f i c e  o f  E c onom i c  Re s e a r c h  
N ew Y o r k  S t a t e  Pub l i c  

S e rv i c e  C omm i s s i on 

P au l  Swa t e k  
Na t i on a l  Tr e a s ur e r  
S i e r r a  C lub 

Mrs . E l i z ab e t h Wa l l ac e  
C on s ume r A f f a i r s  Sp e c i a l i s t  
Wa s h ing t on , D .  C .  

S P E C IAL AS S I STANTS  

K .  R .  G e rhart 
D i r e c t o r  of  I n t e rn a l  

Energy C on s e rvat i on 
C on t inen t a l  O i l  C omp any 

J .  E .  Lande r s  
D i r e c t o r , F u e l T e chno l o gy 

Deve l opment  
C ont inen t a l  O i l C omp any 

Don a l d  L .  Wi l l i ams  
Exe cut ive D i r e c t o r  
R i c e  C en t e r  f o r  C ommun i ty 

D e s ign  & Re s e arch  
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App e nd i x  B 
I NDUST R I AL TAS K  GROU P 

OF  THE 
NAT I ONAL PE TROLEUM COUNC I L ' S  

C OMJ\.1I TTEE ON ENE RGY CON S E RVAT I ON 

CHAI RMAN 

Harvey L .  F r an z e l  
Man a g e r  Ener gy and 

U t i l i t ie s  P l ann ing 
Manu f a c tur ing 
S he l l  O i l  C omp any 

V I C E C HA I RMAN 

Dr . Edgar  N .  Br i g h t b i l l  
D i r e c t o r , P l ann ing 
Ene rgy and Ma t e r i a l s  De par tment  
E .  I .  duP ont  de  Nemou r s  & C o . , I n c . 

COCHAI RMAN 

Dr . Qu e n t i n  L o on e y  
C h i e f , P r o g r am D ev e l opment 

and Ev a lu a t i on Br an ch 
Energy C o n s erva t i on D iv i s i o n  
U . S .  D e p a r tm e n t  o f  Comm e r c e  

S E C RE TARY 

P e t e r  J .  C ov e r  
C omm i t t e e  C o o rd in a t o r  
N a t i o n a l  P e t ro l eum C ounc i l  

* * * * * * 

S t an l ey M .  Be rman 
C omm i t t e e  Exe cut ive 
Nat iona l Re s our c e s Man ag eme n t  

and C o n s ervat i on C omm i t t e e  
N a t i o n a l  As s o c i a t i on o f  Mfr s . 

G e r a l d  L .  De cke r 
U t i l i t i e s  Manag e r  
P e t r o l eum P r o duc t s  & S e rv i c e s  
D ow Chem i c a l  U SA 

Ro g e r  S .  Ho l c omb 
Manag e r  of Eng ine e r ing 
Amo c o  O i l  C omp any 

Wi l l i am Marx 
Man ag e r  
Ame r i c an Bo i l e r  Manuf a c tur e r s  A s s n . 

Dw ight  L .  M i l l e r  
As s i s t an t  Ar e a  D i r e c t o r  
Nor the rn Re g i ona l Re s e arch L ab . 
Ag r i cul ture Re s e arch  S e r v i c e  
U . S .  D e p a r tment  o f  Ag r i cu l ture  
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Henry E .  M i l l e r 
As s i s t an t  V i c e  P r e s i dent  
Eng ine e r ing and C o n s t ruc t i on 
Armc o S t e e l  C o rp o r a t i o n  

Gus G .  P app a s  
S e n i o r  S t a f f  Eng ine e r  
Env i ronme n t a l  Ac t iv i t i e s  S t aff 
G en e r a l  Mo t o r s  C o rp o r a t i on 

Dr . C .  J .  P o t t e r  
Cha i rman 
Roche s t e r  & P i t t s burgh C o a l  C o . 

W i l l i am H .  S h e rwo o d  
Sen i o r  S t a f f  Buy e r  
A l um inum C omp any o f  Ame r i c a  

Dr . Rona l d  J .  S l i nn 
V i c e  P r e s i d e n t  
P u l p  an d Raw Ma t e r i a l s  
Ame r i c an P ap e r  I n s t i tu t e  
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PATTE RN S  O F  CONSUMP T I ON/ ENERGY DEMAND TA S K  G ROUP 
OF THE 

NAT I ONAL PETROLEUM C OUNC I L ' S  
C OMM I TTEE ON ENE RGY CONSE RVAT I O N  

CHAI RMAN 

W .  R .  F inger  
Sen i o r  P l ann ing Sup erv i s o r 
Corpo r a t e  P l ann ing Department 
Exxon C omp any , U . S . A .  

SE CRE TARY 

CO CHAI RMAN 

D r . Marqui s R .  S e i de l  
S en i o r  E c onomi s t  
O ffi ce o f  t h e  Ch i e f Eng ine e r  
F e de r a l  P ow e r Comm i s s i on 

J . A  . .  Cob l e  
C o n s u l t ant  t o  the 

N a t i ona l Pe t r o l e um C o un c i l  

John M .  Ab e l  
Manag e r  

* * * * * * 

Econom i c & C o rp o r a t e  P l ann ing 
Un ion  O i l  C omp any of C a l i f o rn i a  

J .  E .  Bl ack 
D i r e c t o r  of E c onom i c s  
P l ann ing & E conom i c s  Department 
Gu l f  O i l  C omp any - - U . S .  

R .  L .  Howar d 
D i r e c t o r , C orp o r a t e  Ec onom i c s  

and P l ann ing I n forma t i on 
P h i l l ips  P e tr o l eum C omp any 

Lee  L e i b acher  
Econom i c s  Dep a r tment  
St andard O i l  C omp any ( I nd i ana ) 

Thom a s  L .  C r anmer  
P l ann ing A s s o c i a t e  
P l ann ing & E conom i c s  D ep a r tment 
Mob i l  O i l  C o rpn r a t i on 

L awrenc e J .  G o l d s t e in 
E c onom i s t  
P e t r o l eum I ndu s t ry Re s e arch 

F oun da t i o n , I n c . 

Edward Symonds  
V i c e  P r e s i d ent  
P e t ro l eum D e p a r tment 
F i r s t  N a t i on a l  C i t y  Bank o f  

N ew York  

RE S I DENT IAL / C OMMERC IAL TAS K  G ROUP 
O F  THE 

NAT I ONAL PETRO LEUM COUNC I L ' S  
COMM I TTEE ON ENERGY CONSERVAT I ON 

CHA I RMAN 

Dud l e y  J . T aw 
Vi c e  P r e s i den t , Marke t in g  
The E a s t Oh i o  G a s  C omp any 

VI CE CHAI RMAN 

Ri chard J . Murdy 
Vi ce P r e s i de n t  & Gene r a l  Mana g e r 
CN G P r o duc ing Comp any 

* * * * * 
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C O CHA I RMAN 

He in z R .  Tre chs e l  
Man a g e r  , Bu i l d ing  P r o g r am 
O ff i c e  o f  E n e r gy C o ns e rvat i on 
N a t i o n a l Bur e au o f  S t andards  

SE C RE TARY 

Mar s h a l l  W .  N i ch o l s  
D i re c t o r  , Comm i t t e e  Op e r a t i ons 
N a t i o n a l  P e t ro l e um Coun c i l 
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R .  A .  B e a l s 
E qu ipme nt D eve l opme n t  D i r e c t o r  
Na t i on a l  O i l  Fue l I n s t i tu t e , I n c . 

F r an k l in P .  B l a i r  
D i r e c t o r  o f  P l ann ing 
Bryan t A i r  C on d i t i on ing C omp any 

The o d o r e  C .  G i l l e s  
C o rp o r a t e  Manag e r  
Environme n t a l  Sys t em s  
Lennox I n dus t r i e s I n c . 

Pau l  C .  G r e ine r 
V i c e  P r e s ident  
Mark e t  Deve l opment  
E d i s on E l e c t r i c  I n s t i tu t e  

J ame s Judg e 
Execut ive V i c e  P r e s i d e n t  
Nat i on a l  As s o c i a t i on o f  

Bu i l d ing Manu f a c tu r e rs 

J o hn F .  Ma s on 
G e ne r a l  Manag e r  
Fu e l  O i l  S a l e s  D i v i s i on 
T e xa c o  I n c . 

C ha r l e s  E .  P e c k  
G r oup V i c e  P r e s i d e n t  
Owens - C o rn ing  F ib e rg l as C o rp . 

Kenn e t h  W .  P e r s on 
V i c e  P r e s i d e n t  
Bu s in e s s D ev e l opm en t 
M inn e ap o l i s  G a s  C omp any 

P au l  C .  K .  Sm i th 
Re s i dent i a l  Marke t ing Mana g e r  
Ame r i can G a s  A s s o c i a t i on 

F r e d  L .  Ty l e r  
D i r e c t o r  
Re s i d en t i a l  Marke t ing  
N o r t he rn Na tur a l  G as C omp any 

S PE C I AL A S S I STANT S 

J o hn C .  Arno l d  
Re s e arch Mark e t  An a l y s t 
The E a s t  O h i o  G a s  C omp any 

.!J e ral d W .  F o s t e r  
Manag e r  
I n s u l a t ion Ma r k e t  D eve l opment 
Owens - C o rn i ng F i b e r g l a s  C o rp . 

Wa l l a c e  H .  F r i c k  
Techn i c al  Marke t ing Manag e r  
The  E a s t O h i o  G a s  C omp any 

War ren  Wa l e en 

Char l e s  G a l l ag h e r  
G roup V i c e  P r e s i d e n t  
Owen s - C o rn ing F i b e rg l a s  C o rp . 

G l enn L o v i n  
Was h i n g t o n  Rep re s en t a t ive 
E l e c t r i c  E n e r g y  A s s o c i a t i on 

Dan i e l  E .  Mor g enro th 
Manag e r , Mar k e t D ev e l opmen t , 

C o n s t ruc t i on G r oup 
Owen s - C o rn ing F i b e rg l as C o rp . 

Manag e r , C e n t r a l  P l an t  
Deve l opment  

· 

M inne ap o l i s  G a s  C omp any 

E L E CTRI C UT I L I TY TASK G ROUP 
OF THE 

NAT I ONAL P E T RO LE UM C O UN C I L ' S  
COMMI T TE E  ON ENE RGY CONSE RVAT I ON 

CHAI RMAN 

Thomas H .  B urb ank 
Vi ce P r e s i de n t  
E di s o n E l e ct r i c  I n s t i tute  
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COCHAI RMAN 

Dr . Char l e s  A .  B e r g  
C h i e f  En g i ne e r  
F e de r a l  P owe r Comm i s s i on 



AS S I S TAN T TO TH E CHAI RMAN 

J . L .  S chen ck 
As s i s t an t  D i r e c t o r  
E conomi c s  and S t a t i s t i c s 
E d i s on E l e ct r i c  I n s t i t u t e  

App e nd i x  B 
S E C RE TARY 

P e t e r  J .  C o ve r 
Comm i t t e e  C o o r d i na t o r  
N a t i o n a l  P e t r o l eum C o un c i l 

* * * * * * 

S .  P .  C au l ey 
Product  L i ne Man ag e r  
D i s t i l l a t e  and Re s idual  Fue l 
C o rp o r a t e  P r o duc t s  Dep artment 
Mob i l  O i l  C o r p o r a t i on 

H .  L .  D e l oney 
Pr e s i dent  
Sys t em Fue l s  I nc . 

J o s eph S .  I ve s  
Env i r onmen t a l  C oun s e l  
Na t i onal  Rur a l  E l e c t r i c  

C o op e r a t ive As s o c i a t i o n  

V . M .  J o hn s t on 
Man ag e r , Ec onom i c  S e rv i c e s  
I s l and C r e e k  C o a l  C omp any 

Rene Ma l e s  
Manag e r , G ene r a l  S e r v i c e s  
C ommonwe a l t h  E d i s on C omp any 

W .  H .  S e aman 
V i c e  P r e s i de n t  
S o u t h e rn C a l i fo rn i a  E d i s on C o . 

H .  W .  S e a r s  
V i c e  P r e s i d en t  
N o r t he a s t U t i l i t i e s  S e rv i c e  C o . 

T .  G r aham We l l s , J r . 
A s s i s t ant Manag e r  f o r  P owe r 
Tenne s s e e  V a l l ey Au tho r i ty 

W .  L .  Wr i g h t  
C o n s u l t an t  
P ower  G e ne r a t i on Sys t ems  
We s t inghou s e E l e c t r i c  C o rp o rat ion 

S P E C IAL ASS I STANT S 

J am e s  R .  Bu rde s haw 
D i r e c t o r , P ower  Marke t i ng 
Tenne s s e e  V a l l ey Au t ho r i ty 

L .  C .  Grundmann , J r . 
Eng ine e r ing Manag e r  
Sys t em Fue l s  I n c . 
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J o hn L ade s i c h  
Man ag e r , Nu c l e ar Fue l Supp ly  
Southern C a l i fo rn i a  Ed i s on C o . 

D a l l a s  Mar ckx 
Fue l A s s i s t an t , Nuc l e ar 
N o r the a s t U t i l i t i e s  S e rv i c e  C o . 



App end i x  C ,  Exhib i t  I 

E xh i b i t  I 

CAR - POO L I NG COMPUTAT I ON S  

1 .  Lo ad F ac t o r : 1 p e r s on p e r  c a r  x S O %  + 3 p e r s ons  p e r  c a r  x S O %  = 
l o a d  fac t o r  o f  2 . 0 . 

2 . S avings ( S ) :  Due t o  c i rcui ty , a mo d i f i e r  s h o u l d  b e  as s i gn e d  t o 
th e l o ad fac t o r  t o r e p r e s ent  the  carp o o l  t r ip  l en g t h  a s  a func 
t i on o f  the  l on e  commu t e r  t r ip l ength  as : y = . 9 6 + . 0 4 x :  
wh e r e  y i s  t h e  c i rcui ty fac t o r  and x i s  the  l o ad f a c t o r . The  
p e rc e n t a g e  o f vehi c l e  mi l e s  e l iminat e d , or  t h e  s av i n g s  ( S ) in  
vehi c l e  mi l e s  c an now be  ca l cu l a t e d  thr ough : 

S = xT - ( . 9 6 + ( . 0 4x )  T 
xT 

whe r e  T i s  t h e  l one  d r i v e r  commut e r  t r ip l en g t h  ( wh i ch app e a r s  
i n  e ach t e rm and canc e l s  out ) . O f  cours e ,  t h e r e  i s  e x i s t en t  
s aving va lue  b e i n g  de r i ved  from the  p r e s e n t  ca r - p o o l in g  l o ad fac 
t o r  as i t  exc e e ds un i ty . Bas e d  on t h e  p r em i s e  t h a t  l i t t l e  
change  has  o c cu r r e d  i n  t h i s l oad fa c t o r  ( 1 . 6 ) and t h a t  t o t a l  ve 
h i c l e  mi l e s f o r  commut ing have g r own t o  3 4 4  x 1 0 9 s in c e  the  
Dep a rtment o f Tr ansp o r t a t i on s urvey of  1 9 7 0 , t h i s c ur r e n t  ve 
h i c l e  mi l e a g e  s av i n g  value  i s  c a l cu l a t e d  a s : 

S = 1 . 6 - ( . 9 6 + . 0 4 X 1 . 6 ) 
1 . 6 

i n  wh i ch S equa l s  3 6  p e r c en t . 

3 .  Chang e i n  S av i ngs  ( CS ) : Th i s  s aving  v a l ue of  36  p e r c en t  i n  ve 
hi c l e  m i l ea g e  through the p re s ent l e ve l  o f  c ar - p o o l ing imp l i e s 
that  1 9 7 2  m i l e a g e  w oul d b e  S 3 8  x 1 0 9 w i th n o  c a r - p o o l i n g  o r  1 9 4  
x 1 0 9 mi l e s  mo r e  t han ac tua l ly dr i ven . Thus , t o  f i nd t h e  p o 
t ent i a l , o r  c hang e d  s av i ng ( C S )  i n  vehi c l e  m i l e s  t h rough i n 
t ens i fi e d c ar - p o o l i n g , the  p re s ent  l eve l o f  s av i n g  ( 1 9 4  x 1 0 9 ) 
mus t b e  s ub t r ac t e d . Thi s change  i n  s av i n g  ( CS )  fo r ve h i c l e  
m i l e s  may then b e  t r ans l at e d  t o  fue l  e q u i va l en t  b y  d i vi d i n g  by 
the as s ume d l eve l o f  fue l c ons ump t i on p e r  m i l e  (MP G ) . 

1 9 7 4  -

C S  = S 3 8 x 1 0 9 VM ( 1 . 7 - ( . 9 6 + . 0 4 x 1 . 7 ) - 1 9 4  x 1 0 9 VM 

1 9  7 8  -

( 1 .  7 ) 
( 1 8 . 6 7  x 1 0 9 VM) � 1 3 . 2  MP G = 1 . 4 1 x 1 0 9 g a l l on s  
� 4 2  g a l l ons / b ar re l = 3 3 . 6  MMB � 3 6 S  days = 9 2  MB/ D  

c s  = 5 3 8 X 1 0 9 VM ( 2 . 0 - ( . 9 6 + . 0 4 X 2 . 0 ) - 1 9 4  X 1 0 9 VM 
( 2 .  0 ) 
( 6 4 . 2 4  x 1 0 9 VM )  � 1 2 . 9  M P G  = 4 . 9 8 x 1 0 9 g a l l ons  
� 42  g a l l on s / b ar r e l = 1 1 8 . 6 MMB � 3 6 5  days 
= 3 2 5  MB / D  

1 1 9  
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App end i x  C ,  E x h i b i t  I I 

E x h ib i t  I I  

TRAVEL CHARACTE R I ST I CS COMPUTAT I ONS 

1 .  As s ump t i on s  for  4 - Day Work Week : 

a .  S ix - s e ven t h s  o r  8 5 . 7  p e rcent  o f  t o - an d - f r om work and r e 
l at e d bus i ne s s  m o t o r  fue l i s  con s um ed dr i v in g  t h e  5 - day 
work we e k . 

2 , 2 6 7 , 1 1 0  B / D  X . 8 5 7  = 1 , 9 4 2 , 9 1 0  B / D  

b .  O n e - f i f t h  o r  2 0 p e r c ent o f  th i s  fu e l  i s  c on s um e d  e a c h  o f  
the  5 days . 

1 , 9 4 2 , 9 1 0  B / D  X . 2 0 = 3 8 8 , 5 8 0  B /D 

c .  One - fourth  o r  2 5  p e r c ent o f  the  work for c e  c an b e  p l a c e d  
o n  a 4 - day wor k  s ch e du l e  t h er e by s a v i ng a f o u r t h  o f  o ne 
day ' s  au t o  c ommut ing fue l r equ i r em e n t . 

3 8 8 , 5 8 0 B / D  x . 2 5 = 9 7 , 1 4 5  B / D  

2 .  As s ump t i on s  f o r  Fue l S av ing P o t ent i a l  Thr o ug h  D iv e r s i o n  o f  
T r ip s  t o  B i cyc l i n g  a n d  Wal k in g : 

S in ce t h e r e ar e n o  ab s o l ut e d e t e r r en t s  t o  t h e s e a c t iv i t i e s  
( o t he r t h an t h e  avai l ab l e  s upp l y  o f  b i c yc l e s )  arb i t r ary v a lue s 
de eme d r e a s onab l e  h ave b ee n  s e l e c t e d fo r t h e  f o l l owi ng c a l cu l a 
t i o n o f  s av i ng p o t e n t i a l . F o r  examp l e , i t  i s  p r op o s e d t h at 
g r e at e r  t r ip l en g t h  wou ld , o f  i t s  n a t u r e , a c h i e v e  a l e s s e r 
d ive r s i o n  an d t h a t  s h o r t e r t r ip s  in  automob i l e s r e s u l t  in  a 
p r op o rt i o na t e l y l ow e r  MP G f a c t o r . T h e s e  a s s ump t i on s  are  ap 
p l i e d  t o  to t a l  v e h i c l e  m i l e s  ( f o r  1 9 7 2 )  a s  s hown o n  T ab l e  2 8  
and s av i n g s  ar e d e r i v e d  by t r ip leng t h  f o r  1 9 7 4  an d 1 9 7 8  a s : 
t o t a l  ve h i c l e  m i l e s ( 1 , 1 1 0 . 7  x 1 0 9 ) x a nnu a l  g r ow t h  ( 2 . 5 % )  x 
p e r c e n t  o f  veh i c l e  m i l e s  x p e rc ent o f  m i l e s  d ive r t e d  = ve h i c l e  
m i l e s  dive r t e d  � m i l e s  p e r g a l l o n  = fue l c o n s e rve d . 

1 2 1  
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TABLE 28 

ESTIMATED PARAMETERS OF VEHICLE TRIP S AND MILES OF TRAVEL BY PURPOSE--19 7 2  

Average 
Round 

Occupants Occupancy Percent of Trip Miles o f  Travel (Miles x 10 6 ) 

Purpos e  o f  Trip 

Earning a Living 
To and From Work 
Related Business 
Total 

Family Business 
Med ical and Dent al 
Shopping 
O ther 
To tal 

Social and Recreat ional 
Vacations 
Visits  (Relatives , e tc . )  
Pleasure Rides 
Other 
Total 

Educat ion , Civic , Religious 

Total--All Purposes 

P er 
Trip 

1 . 4  
1 . 6  
1 . 4  

2 . 1  
2 . 0  
1 . 9  
2 . 0  

3 . 3  
2 . 3  
2 . 7  
2 . 6  
2 . 5  

2 . 5  

1 . 9  

(Passen ger Mil es Percent o f  
Per Vehicle Mile s )  TriJ2S 

1 . 6  31 . 8  
1 . 7  4 . 3  
1 . 6  36 . 1 

2 . 6  1 . 7  
2 . 2  15 . 2  
2 . 2  14 . 0  
2 . 3  30 . 9  

3 . 3 0 . 1  
2 . 7  8 . 9  
3 . 0  1 . 3  
3 . 0  11 . 8  
2 . 9  2 2 . 5 

2 . 5  9 . 2  

2 . 2  100 . 0  

Vehicle Length Passenger Ligh tt 
Miles * _{Miles ) Cars Trucks 

34 . 6  18 . 8  343 , 900 39 , 900 
8 . 1  32 . 0  75 , 500 14 , 300 

42 . 7  20 . 4  419 ,400 5 4 , 200 

1 . 5  16 . 6  16 , 200 800 
6 . 5  8 . 8 68 , 400 3 , 400 
9 . 0 13 . 2  95 , 400 4 , 800 

17 . 0  1 1 . 2 180 , 000 9 , 000 

4 . 1  3 30 . 2  37 , 500 8 , 400 
11 . 6  24 . 0  122 , 000 6 , 700 

3 . 3  3 9 . 2  31 , 500 5 , 100 
16 . 5  2 2 . 8 147 , 700 35 , 900 
35 . 5  26 . 2  338 , 700 56 , 100 

4 . 8  9 . 4  4 8 , 300 5 , 000 

100 . 0  17 . 8  9 86 , 400 124 , 300 

Note : Based on data from NationaL PersonaL Transportation StudY and Federal Highway Adminis tration . Data functions 
may not agree due to s amp ling error and rounding . 

* Passenger cars only in columns 1-3 , 5 ;  Column 4 includes light trucks for pers onal (non-commercial) use only . 

t Light trucks for p ersonal (non-commercial) use only . 

Total 

383, 800 
89 , 800 

4 7 3 , 600 

1 7 , 000 
71 , 800 

100 , 200 
100 , 000 

45 , 900 
128 , 700 

36 , 600 
183 600 
394 , 800 

5 3 , 300 

1 , 110 , 700 
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TABLE 2 9  

ESTIMATED HIGHWAY CONSUMPTION O F  GASOLINE BY PURP O S E  O F  TRIP--19 7 2* 

ConsumE t ion (MM Gallon s )  Total 
Passenger Light Cons umption 

Purpose of  TriE Car s Trucks t To tal (MB /D) 

Earning a Living 
To and From Work 25 , 035  3 , 1 30 2 8 , 16 5 1 , 83 2  
Re lated Bus iness 5 , 495  1 , 19 0  6 , 6 85 4 35 
To tal 30 , 5 30 4 , 320  34 , 850  2 , 26 7 

Family Busines s  
Medical and Dental 1 , 19 5  7 5  1 , 2 7 0  8 3  
Shopp ing 5 , 9 5 5  360  6 , 315 410 
Other 7 , 6 3 0  4 80 8 , 110 5 2 8  
To tal 14 , 7 80 9 15 15 , 6 95  1 , 0 2 1  

Social and Recreational 
Vacatio ns 2 , 440 6 4 5  3 , 085  2 01 
Vis i t s  (Relatives ,  e t c . ) 8 , 880 6 10 9 , 49 0  6 17  
Pleas ur e  Rides 2 , 19 5 3 9 0  2 , 5 8 5  16 8 
Other 10 , 6 7 0  2 , 9 9 0  13 , 660  889  
To tal 24 , 185  4 , 6 35 28 , 820  1 , 8 7 5  

Educat ion , Civic , Religious 3 , 625 415 4 , 040 2 6 2 

To tal--All Purposes 7 3 , 120 10 , 2 85 8 3 , 405 5 , 42 5  

* Based on factors  i n  Tab le 2 8  • 

t Ligh t  trucks for p ers onal (non- commercial) use only . 

Percen t  by 
Purpose  

3 3 . 8  
8 . 0  

41 . 8  

1 . 5  
7 . 6  
9 . 7  

1 8 . 8  

3 . 7  
11 . 4  

3 . 1  
16 . 3  
34 . 5  

4 . 8  

100 . 0  
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App e n di x C ,  Exhib i t  I I I  

E xh i b i t  I I I  

C ONSE RVAT I ON E F FE CT O F  LOWER S P E E D  L I M I T S  C OMPU TAT I ON S  

Th e p r op o r t i o n  o f  a i r condi t i on e d  c a rs i n  t h e  E PA s t udy s amp l e  
( 4 2 . 9  p e rc e n t )  i s  a s s ume d a s  rep r e s e nt a t i v e  o f  the c a r  f l e e t . How�  
eve r , i t  i s  a l s o  a s s umed  that t h e s e a i r  condi t i one r s  are op e r a t e d  
o n l y  2 5  p e r c e n t  o f  t h e  veh i c l e  op e r a t i ng t ime o n  a n a t i onw i de b a s i s . 
Thu s , a we i gh te d  ave r ag e  ch an g e  i n  c o n s ump t i on b y  c h an g e  in  s p e e d  
i s  s h own in t h e  fo l l owing : 

1 2  C a r s  ( A i r condi t i on i ng o f f )  
9 C a r s  ( A i r condi t i on i ng on ) 

We i g ht e d  Ave r a g e  

P e rcen t C h an g e  i n  C on s ump t i on 
w i th Ch an g e s  i n  Sp e e ds 

4 0 - 5 0 MPH 5 0 - 6 0  MPH 6 0 - 7 0 MPH 

+ 8 . 1 1 %  
+ 6 . 6 4 %  

+ 7 . 8 8 %  

+ 1 1 . 3 1 % 
+ 9 . 4 7 %  

+ 1 1 . 0 2 %  

+ 1 7 . 2 8 % 
+ 1 3 . 9 0 %  

+ 1 6 . 7 5 % 

T h e  chan g e  i n  c o n s ump t i on by v i r tue o f  i ncr e as e d  sp e e d  i s  a 
curv i l i n e ar fun c t i on and t h e  chang e in c o n s ump t i on i s  e xp r e s s e d  on 
an i ndex b a s i s  o n  F i gure 4 ;  a s s uming  4 0 MPH is  e q u a l  to 1 0 0 . 

z 0 
i= 0.. :2: :::> rn z 0 
u 
u.. 0 
X w 0 z 

1 3  

0 

� v 0 

- I 0 

� v 0 

I- / 0 v 

1 5  

1 4  

1 2  

1 1  

/ 
� 

0 1 0  

> 
30 40 50 60 70 80 

M I LES P E R  HOUR 

F i gure  4 .  Fue l C ons ump t i on Ve r s u s  Sp e e d . 
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App e nd i x  C , E x h i b i t  I I I  

As s ug g e s t e d b y  t h e  r e l at i ons h ip on F i gu r e  4 ,  a r e duc t i on in 
n a t i ona l ave ra g e  s p e e d s  fr om an e s t ima t e d  l eve l of 6 2 . 5 MPH in 1 9 7 2 , 
t o  t he n e w  l im i t  o f  5 5  MPH , wo u l d  r e s u l t  in a fue l s av i ng s o f  8 . 9  
p e rcent . Wh en re l a t e d t o  actual  d r i v in g , t h i s  s av i n g s  mus t  b e  
mo di f i e d  a s : 

a .  Sp e e d  l im i t s  w ou l d  ap p ly on l y  t o  rur a l  op e ra t i on o f  c a r s  
a n d  l i ght  t rucks  o r  5 0 . 5  pe rcen t o f  t h e  t o t a l  m i l e s  
dr iven . I t  i s  a s s umed that  th i s  m i l e ag e  w ou l d  e xp an d 
a t  an annua l r a t e  o f  2 . 5 p e r c e n t . 

b .  An e s t im a t e d  1 5  p erc e nt o f  t h e  veh i c l e s  a r e  a l r eady 
t r ave l ing a t  o r  b e l ow the  5 5  MPH l im i t  ( a t t h e  6 2 . 5  MPH 
ave r ag e )  and r e duced  s p e e d  l im i t s  wi l l  h ave no e f fe c t  
on fue l c o n s ump t i on f o r  th at p a rt o f  veh i c l e  t r ave l . 

c .  A s  rur a l  t yp e dr i v ing r e s u l t s  in g r e a t e r  e f f i c i en cy ( MP G ) , 
the n o rma l p ro j e c t i ons o f  MP G a r e  in c r e a s e d  by 1 5  p e rcen t . 

d .  A fa c t o r  o f  s p e e d  l imi t comp l i an c e  mu s t  b e  i nco rp o ra t e d  
an d 9 0  p e r c e nt i s  de eme d app r op r i at e  ( a l though  p r e s en t l y  
un r e a l i s t i c ) b e cause  th e l imi t i s  l aw .  

T h e r e f o r e , s av i n g s  i s  ca l cu l a t e d  a s : 

Mi l e s  Dr iven x 1 0 6 

Ru ra l P e rcen t 
Pe rc e n t  ove r 5 5  MPH 
Comp l i an c e  F a c t o r  
Mi le s p e r G a l l on 
Ga l l on s  C o n s umed  x 1 0 6 
Pe r c e nt S av e d  
S av ing s  ( G a l l ons  x 1 0 6 ) 

( Thou s and B a rre l s  P e r  Day)  

1 9 7 4 

1 , 1 3 8 , 4 7 0  X 
5 0 . 5  = 5 7 4 , 9 2 7  X 
8 5 % = 4 8 8 , 6 8 8  X 
9 0 %  = 4 3 9 , 8 1 9  � 
1 5 . 1 8 = 

2 8 , 9 7 3 . 6  X 
8 . 9 % 
2 , 5 7 8 . 7  
1 6 8  

1 2 5  

1 9 7 8  

1 , 2 5 6 , 6 5 5  X 
5 0 . 5  = 6 3 4 , 6 1 1  X 
8 5 %  = 5 3 9 , 4 1 9  X 
9 0 %  = 4 8 5 , 5 7 7  t 
1 4 . 8 4 = 

3 2 , 7 1 4 . 1  X 
8 . 9 % 
2 , 9 1 1 . 6  
1 9 0  



App en di x  C ,  E xh ib i t  I V  

E xh ib i t  I V  

AUTO DES I GN C OMPUTAT I ONS 

1 .  As s ump t i on s  fo r Fue l S avings Through Engine D i s p l a c ement 
Re duc t i on : 

To c a l cu l a t e  the  e ff e c t  o f  phas i n g - in  an eng i n e  di s p l a c e 
ment  r e duc t i on over the  1 9 7 6 - 1 9 7 8  mo d e l  y e a r s  ( ac ro s s  t h e  en 
t i r e  p r o duc t i o n  l in e ) , the  fo l l ow i n g  condi t i ons  a r e  a s s ume d : 

a .  D i s p l ac ement r e duc t i ons w i l l  equal  6 p e r c en t  in  1 9 7 6 ; 8 
p e r c e n t  i n  1 9 7 7 ;  and 1 0  p e r c ent  in  1 9 7 8 . 

b .  E ach  y e a r ' s  p r o duct i on wi l l  amo unt t o  1 0  p e r c en t  o f  the 
cars  on t he road  in 1 9 7 8 .  

c .  Re duc t i ons  i n  di sp l a c emen t r e s u l t  i n  fue l e co nomy i mp rove 
ment s  i n  a p e r cent a g e  r e l a t i o n s h i p  o f ab o u t  4 t o  1 r e s p e c 
t i v e l y , a s  de t e rmin e d  b y  ave r a g i n g  the  f i n d i n g s  o f  s eve r a l  
s tud i e s . 

The r e f o r e : 

D i s p l ac ement 
Change 

E conomy 
Change 

P e rcent 
o f F l e e t  

Pr e - 1 9 7 6 mo de l s  
1 9 7 6  I I  

1 9 7 7  I I  

1 9 7 8  I I  

0 %  
6 %  
8 %  

1 0 %  

0 . 0 % 
1 . 5 %  
2 . 0 % 
2 . 5 % 

7 0 %  
1 0 % 
1 0 %  
1 0 %  

1 9 7 8  - We i gh t e d  e conomy c hange equa l s  0 . 6  p e rc ent  o f  no rma l  p as 
s en g e r c a r  fue l requ i r ement s  o r  ab out 3 6 . 6  t hous and b ar 
r e l s  p e r  day . 

2 .  As s ump t i ons for Fue l S avings Through Ac c e s s o ry Op e r a t i ng 
E f f i c i enc i e s : 

To c a l cu l a te the e ff e c t  o f p ha s ing - in a c c e s s o ry op e ra t ing 
e ff i c i en c i e s  over the 1 9 7 6 - 1 9 7 8  mo de l y e a r s  ( a c ro s s  the  ent i r e  
p r o duc t i on l in e ) , the fo l l owing cond i t i on s  a r e  as s um e d : 

a .  Ac c e s s o ry e ff i c i ency imp rovement s w i l l  equa l 5 p e rc en t  in  
1 9 7 6 ; 7 . 5 p e r c en t  in  1 9 7 7 ;  and 1 0  p e rc e n t  i n  1 9 7 8 .  

b .  E a ch o f  the  above y e ar ' s  p r o duc t i o n  w i l l  amo unt t o  1 0  p e r 
c en t  o f  the  cars  o n  the r o ad i n  1 9 7 8 . 

c .  T o t a l  a c c e s s o ry fue l cons ump t i on amount s t o  1 8 . 6 5  p e rcent 
of  t o t a l  p a s s en g er c ar fue l c ons ump t i on . 

1 2 6  



There fo r e : 

P r e - 1 9 7 6  
1 9 7 6  
1 9 7 7  
1 9 7 8  

mo de l s  
I I  

" 

I I  

E ff i c i ency 
Chang e 

0 . 0 % 
5 . 0 % 
7 .  5 %  

1 0 . 0 % 

App end i x  C ,  Exhib i t  IV 

P e r c en t  o f  
F l e e t  

7 0 %  
1 0 %  
1 0 %  
1 0 % 

1 9 7 8  - The we i gh t e d  e ff i c i ency chan g e  equa l s  2 . 2 5 p e r c en t  o f  
1 8 . 6 5  p er cen t o f  no rma l p a s s eng e r  c a r  fue l requi r eme n t s  
o r  2 5  thous and b arre l s  p e r  day . 

------ INTERMEDIATE 6 CYL . CAR 

4 0 1-- - - - FULL SIZE 6 CYL. CAR 1----t-- J t----r--,�1 
1---+--�--+-�---r--�--r/./ --�� . :J a: 3 0 1---+---+---+---+----'---....L----f, ·1·1--+--t-----i 

� =!STAN� {f_ 
HORSEPOWER - ,.,�,···!· --t--t--t I 20 1 JJ,{q --/./+---t-----1 I � , , 

1--+--+--t--+--t--d' --;�� ... <�" ----+---! Jdl;,'' I 
, t�L 1 ROLLING 

I O  b�V - .  - RESISTANCE 

4-;:.�y HORSEPOWER 

1-------t�---+� 
0 10 20 30 40 !!0 60 70· 80 90 100 

MILES PER HOuR 

Source: Cornell, Jack C. ,  Passenger Car Fuel Economy 
Characteristics on Modern Superhighways, SAE Rept. No. 
650862; report to the National Fuels and Lubricants Meeting, 
Society of Automotive Engineers, Tulsa, Okla . •  November 2-4. 
1 965 (New York : Society of Automotive Engineers, 1 965). 

F i gure 5 .  A i r  and Ro l l ing Re s i s t an c e  H o r s ep owe r 
Ve r s u s  Veh i c l e  Sp e e d . 
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App endix C ,  E xh ib i t  V 

DATA 

E xh i b i t  V 

VEHI CLE MAI NTENANCE COMPUTAT I ONS 

C o s t  E ff e c t iven e s s o f S em i - Annu a l  T un e - Up s * 
- 1 9 7 t  B a s e D a t a  -

Pas s en g e r  C a r s  and L i gh t  T rucks 
C o s t of mino r ( s emi - annua l )  t une - up 
P r i c e  o f  fue l ( c ent s / ga l l on )  
Fue l e c onomy imp ro vement 
Fue l c ons ume d ( ga l lons  x 1 0 6 ) 

1 1 7 , 1 1 0 , 0 0 0  
$ 2 S t 

3 6 . 1 3 
2 % :t: 

8 3 , 4 0 S  

AS SUMPT I ON S  & CONC LUS I ONS 

a .  The  co s t  o f  min o r  t une - up i s : 

b .  The c o s t o f  fue l s aved i s : 
( 8 3 , 4 0 S  X 1 0 6 ) X ( S O % )  X ( 2 % )  X ( 3 6 . 1 3 ) = 

$ 2 . 9  b i l l i on 

$ 3 0 1 . 3  mi l l i o n  

c .  T o  e qua l th e c o s t o f  mi d - y e a r  tun e - up , fue l  p r i c e  mu s t  
r i s e  to : 

$ 2 . 9  b i l l io n  = 
( 8 3 , 4 0 S  X 1 0 6 )  X ( 5 0 % )  X ( 2 % )  

Fue l e conomy imp rovement mus t  r i s e  t o : 
$ 2 . 9  b i l l ion  

( 8 3 , 4 0 S  X 1 0 6 ) X ( S O % )  X ( 3 6 . 1 3 ) 
= 

* Non- maj o r , m i d - y e a r  ma int enance. 

t E s t imat e d  c o s t f o r  minor tune - up.  

$ 3 . 4 8 /  g a l l on 
o r  

1 9 . 2 S %  

+ App l i e s  o n ly t o  s e c ond ha l f  o f y e ar a s  i mp ro veme n t  ove r n o  
a c t i o n. 

1 2 8  
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Exhib i t  VI 

VEH I CL E  CHAN G E S  ( SMAL LER CARS )  C OMPUTAT I ON S  

1 .  As s ump t i ons  f o r  B r e akdown o f  t h e  P a s s eng e r  C ar F l e e t : 

19 7 2  

19 7 3  

19 7 4  

19 75 

19 7 6  

19 7 7  

19 7 8  

In  orde r t o  p r o j e c t  t h e  futur e m i x  of  v e h i c l e s  by s i z e 
o f  c ar , i t  i s  e s s ent i a l  t o  have a b en c hmark whi c h  r e f l e c t s  
th e comp o s i t i on o f  t h e  e x i s t i ng f l e e t .  The  s ma l l c ar i s  e s 
t ima t ed t o  r ep r e s ent 2 9 . 0  p e rc e n t  o f  t h e  f l e e t  i n  1 9 7 2  ( by 
the P at t e rn s  of Consump t i on / En e r g y  Deman d  T a s k  G r o up ) , and , 
whi l e  n o t  p r e c i s e l y de f in e d  by  mo de l , i s  a s s um e d  t o  i n c l ude 
c omp a c t , s ub c omp a c t  and imp or t ed c a r s .  

Us ing t h i s  d a t a  a s  a b a s e , a s imp l i f i e d  me t ho d  o f  c om 
p ut a t i on i s  u s e d  t o  de t e rm in e chan g e s  i n  f l e e t  c omp o s i t i on 
as s um ing : 

a .  C a r s  c an b e  m e an ing fu l l y  g r oup e d  i n t o  two e ff i c i ency 
c a t e g or i e s . 

b .  N e w  c a r  s a l e s  r ep r e s ent 1 0  p er c e nt o f  t he c h an g e d  f l e e t  
f o r  t h e  e n s u ing y e ar .  

c .  The exi s t ing f l e e t  t h e r e fo r e  r ep r e s en t s  9 0  p e rc en t  o f  
t h e  n ew f l e e t . 

d .  A s s ump t io n s  b and c a c c oun t  f o r  v eh i c l e  s cr app ag e . The 
c h ang ing f l e e t  mix f or s ma l l c a r s i s  c a l cu l at e d b a s e d  on 
the 1 9 7 2  value s ,  t h e  actual s a l e s  m i x

.
f o r  1 9 7 3  and t h e  

e s t ima t e d  s a l e s  m i x  f o r  1 9 7 4 an d e n s u ing y e a r s  a s  fo l l ows : 

Base Weight in New Sales Weigh t  in New 
Percent X New Mix + Percent X New Mix = Base 

2 9 . 0  X 90% + 39 . 6 ( ' 7 3 )  X 10% = 30 . 06 

30 . 06 X 90 % + 46 . 0  ( I  74)  X 10% = 3 1 . 65  

31 . 65 X 90%  + 50 . 1  X 10% = 33 . 50 

3 3 . 50 X 90 % + 54 . 2  X 10 % = 35 . 5 7 

35 . 5 7 X 9 0% + 5 8 . 3 X 10 % = 37 . 84 

37 . 84 X 90%  + 62 . 4  X 10% = 4 0 . 30 

40 . 30 

Thus , t h e  p e rcent a g e  o f  s ma l l  c a r s in t h e  e x i s t ing f l e e t  
r i s e s  f r om 2 9 . 0  p e rcent  in 1 9 7 2  t o  3 1 . 6 5  p e r c e n t i n  1 9 7 4 . 
S t andar d s i z e c a r s  would obv i ou s l y  r ep r e s e nt t h e  d i f fe r -
en c e , o r  6 8 . 3 5  p e rcent  o f  th e 1 9 7 4  f l e e t . 
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Appendi x C ,  E xh ib i t  VI 

50r----------------------------------------------------------------. 

(/) 
w 
-' 

<I: 
(/) 
-' 

<I: 
1-
0 
1-
Ll. 

0 
w 
<.9 
<I: 
1-
z 
w 
() 
a: 

w 
a.. 

45 

35 

30 

25 

20 

1 5  

1 0 1----

5 

a ,___ __ 

LEGEND 

h>flsU BCOMPACT 

� COMPACT 

IMPORTS 

1 970 1 97 1  1 972 

Y EAR 

1 973 

F i gure 6 .  Sma l l  C ar S h a r e  o f  M arke t S al e s . 

1 3 0 

46.0 

1 1 .0 

18.5 

1 974 (Est.) 



App e nd ix C ,  Exhib i t  V I  

Ove r t h e  p e r i od o f  1 9 7 0  thr oug h 1 9 7 4  t h e  mark e t  s a l e s  
share  o f  sma l l car s h a s  r i s en f r om 2 9 . b  p er c e n t  t o  4 6 . 0  p e r 
c e nt o f  an ab s o lut e increa s e  o f  4 . 1  p e r c e nt p e r  y e ar . I f  i t  
i s  as s umed t h a t  th i s  r a t e  o f  chan g e  p r ev a i l s  throug h  1 9 7 8 , 
smal l car s a l e s  wi l l  h o l d  a 6 2 . 4  p e rcent  s h a r e  o f  t h e  marke t . 
By u s i ng th i s  g r owth t rend for  s a l e s  and t he f o r e g o ing  c a l cu 
l a t i on m e th o d , t h e  1 9 7 8  p a s s enger  c a r  f l e e t  wou l d  c on s i s t , 
a s  s hown , o f  4 0 . 3 0 p e rcent sma l l  car s and 5 9 . 7 0 p e r c e nt s t an 
dar d s i z e mod e l s . 

2 .  As s ump t i ons  f o r  Fue l Cons e rved  by  Sm a l l er C ar s : 

To  de t e rmine  th e e ffe c t  on fue l c on sump t i on s o l e ly f r om 
t h e  c a l cul a t e d  sh i f t  to  sm a l l e r c ar s , i t  i s  n e c e s s ary t o  ho l d  
a numbe r  o f  f a c t o rs  a s  c ons t ant s , whi c h  a l s o  s e rv e s  t o  r e duce 
c omp le x i ty . Thu s , i t  is  des igned  that : 

a .  A l l c a r s  t r av e l  an e qu a l  numb e r  o f  m i l e s  r eg ar d l e s s o f  
s i z e  o r  ag e .  

b .  N o  o t her  chan g e s  o c cur t o  e f f e c t  t h e  d i f fe r en c e  in  m i l e s  
p e r g a l l on b e twe en sma l l  and s t andar d s i z e  c ar s . 

c .  E s t imat e d  ave rag e m i l e s  p e r g a l l o n  r ema i n  at c on s t an t  
1 9 7 2  l eve l s - - wh i c h  a t t r ibut e s  any f u t u r e  c h an g e  in c o n 
sump t i on t o  f a c t or s  o t he r  t h an t h e  s h i ft t o  sma l l e r  c ar s . 

Th er e f or e , i t  i s  a s sume d : 

a .  T o ta l car s ( 1 9 7 2 )  

b .  Av er ag e annual  m i l e s p er  car  

c .  Sma l l c a r  m i l e s  p e r  g a l l on 

d .  S t andar d car  m i l e s  p e r  g al l on 

1 9 7 2  Cons ump t i o n  ( a ctua l FHWA) 
Re g i s t r a t i ons = 9 6 , 8 6 0 , 0 0 0  

N o . o f  Cars  
Averag e M i l e s  
T o t al Mi l e s  x 1 0 6 
Mi l e s  P e r  G a l l on 
Ga l l on s  x 1 0 6 

Sma l l  Cars  ( 2 9 . 0 % )  

2 8 , 0 8 9 , 4 0 0  X 
1 0 , 1 8 4 = 

2 8 6 , 0 6 2  t 
2 2 . 0 0  = 

1 3 , 0 0 3  

= 

= 

= 

= 

9 6 , 8 6 0 , 0 0 0  ( x  3 . 5 % Annua l  
G r owt h) 

1 0 , 1 8 4  

2 2 . 0 0 

1 1 . 6 5 

S t andard  C a r s  ( 7 1 . 0 % )  

6 8 , 7 7 0 , 6 0 0  
1 0 , 1 8 4 

7 0 0 , 3 6 0  
1 1 . 6 5 

6 0 , 1 1 8  

X 
= 

= 

T o ta l  C o n s ump t i on = 7 3 , 1 2 1  x 1 0 6 g a l l on s  or 4 , 7 5 7 thous and 
b a r r e l s  p e r  d ay . 

1 3 1  
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1 9 7 4  C o n s ump t io n  ( hyp o t he t i ca l )  
Reg i s t r a t i ons = 1 0 3 , 7 6 0 , 0 0 0  

N o . o f  Car s 
Av er ag e Mi l e s 
T o t a l  M i l e s  x 1 0 6 

Mi l e s  P e r  G a l l on 
G a l l on s  x 1 0 6 

Smal l C ar s  ( 3 1 . 6 5 % ) 

3 2 , 8 4 0 , 0 4 0  X 
1 0 , 1 8 4  = 

3 3 4 , 4 4 3  � 
2 2 . 0 0 = 

1 5 , 2 0 2  

S t and a r d  C ar s  ( 6 8 . 3 5 % )  

7 0 , 9 1 9 , 9 6 0  
1 0 , 1 8 4  

7 2 2 , 2 4 9  
1 1 . 6 5 

6 1 , 9 9 6  

X 
= 

= 

T o t a l  C o ns ump t io n = 7 7 , 1 9 8  x 1 0 6 g a l l o n s  o r  5 , 0 3 6  thous and 
b a r r e l s  p e r  d ay .  

T hu s , t he app a r en t  fue l  s av i ng s f r om t h e  p re s en t  s h i f t  t o  
s ma l l e r  c ar s  c o u l d  amoun t  t o  7 3  thous and b a r r e l s  p e r  day , 
v e rsus p o t en t i a l  consump t i on a t  t h e  1 9 7 2  p e r c e n t ag e  o f  
s ma l l car s . 

1 9 7 8  C o n s ump t i on ( hyp o t he t i c a l )  
Re g i s t r at i on s  = 1 1 9 , 0 6 0 , 0 0 0  

No . o f  C a rs 
Av e r age Mi l e s  
To t al M i l e s  x 1 0 6 

Mi l es P e r  G a l l on 
Ga l l o n s  x 1 0 6 

Sma l l C ar s  ( 4 0 . 3 0 % ) 

4 7 , 9 8 1 , 1 8 0  X 
1 0 , 1 8 4  = 

4 8 8 , 6 4 0  � 
2 2 . 0 0  = 

2 2 , 2 1 1  

S t andard C a r s ( 5 9 . 7 0 % )  

7 1 , 0 7 8 , 8 2 0  
1 0 , 1 8 4  

7 2 3 , 8 6 7  
1 1 . 6 5  

6 2 , 1 3 4  

X 
= 

= 

To t a l  C o ns ump t i on = 8 4 , 3 4 5  x 1 0 6 g a l l on s  o r  5 , 5 0 2  t h o u s and 
barr e l s  p e r  day . 

Thu s , t h e  app a r ent fue l s av i ng s  f r om a p o t e nt i al s h i f t  t o  
smal l e r  c a r s  c oul d amo unt  t o  3 6 1  thous and b ar r e l s  p er day , 
v e rsus p o t en t i a l  consump t i on a t  t h e  1 9 7 2  p e r c e n t ag e o f  
s ma l l  c a r s . 

1 3 2  
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E x h ib i t  V I I 

MO DE SH I F TS ( FROM AUTOMOB I LE S )  C OMP UTAT I O N S  

1 .  Urb an Bus  P a s s e ng e r  Mil e s : 

To e s t ab l i s h  p rop e r  p e r sp e c t iv e  and t o  e s t ima t e  t h e  fue l 
c ons erva t i on p o t ent i a l  for an urb an s h i f t  t o  b us e s  dur ing  t h i s 
s ho rt - t e rm p er i o d , t h e  fo l l ow ing a s s ump t i on s ar e emp l oy e d : 

a .  The  p r e s en t  c apac i t y  t o  p r o du c e  urb an b us e s  i s  about  
6 , 0 0 0  un i t s  p e r year  on a s i ng l e  s h i f t  b a s i s  and mo s t  
o f  t h e s e a r e  us ed a s  r ep l a c ement s .  T ime i s  n o t  adequa t e  
f o r  new p r o duc t i on f a c i l i t i e s  i n  t h i s  t im e f r ame s o  t ha t  
i nc r e a s e d  output mus t s t em fr om two - and t h r e e - s h i f t  wo rk 
p at t e rn s  at p r e s en t  p l an t s .  A s s um i n g  p r o duc t i o n  p a r t s  
a r e  ava i l ab l e , b u s  output f o r  s e rv i c e  e x t e n s i on c o u l d  
p robab ly r e a ch 5 0 0  un i t s  i n  1 9 7 4 ,  2 , 5 0 0  i n  1 9 7 5 , 4 , 0 0 0  
i n  1 9 7 6 ,  and 8 , 0 0 0 i n  1 9 7 7  and 1 9 7 8 ; t hu s , t h e  t o t a l  
numb er o f  b us e s ava i l ab l e f o r  1 9 7 8  urb an s e rv i c e  m i g h t  
b e  6 5 , 0 0 0 c omp a red t o  4 9 , 7 0 0  i n  u s e dur i n g  1 9 7 0 . 

b .  I t  s e ems r e a s onab l e  t o  a s s um e  t h at  mode s t  i nc e n t i v e s  
c ou l d  g e ne r at e a 2 5  p e r c e n t  i n c r e a s e i n  bus  l o a d fa c t o r s  
s o  t h a t  a n  ave r a g e  o f  1 6 . 6  p e r s o n s  w ou l d  b e  r i d i n g  i n  
1 9 7 8 c omp ared  t o  1 8 . 8  i n  1 9 6 0  a n d  1 3 . 3  i n  1 9 7 0 .  

c .  I t  i s  de eme d th at t h e  e x t ens i on and imp ro vem e n t  o f  b u s  
s e rv i ce  wou l d  add a fa c t o r  o f  5 p e r c e n t  t o  t h e  mi l e a g e  
o f  t h e  ave r ag e  urb an b u s . 

Throug h  t h e s e  as s ump t i ons , b us e s  wo u l d  b e  a b l e t o  a c h i eve 
a g a in of 1 4 . 9  b i l l i on  pas s eng e r  mi l e s  by 1 9 7 8 , or m o r e  than 
7 0  p er c e n t  over  th e 1 9 7 0  l e v e l s .  A c c o r d i ng ly ,  i f  i t  i s  a s s ume d 
t h at 1 9 7 0 u rb an aut omob i l e t r av e l  ( 7 3 7  b i l l i o n  p a s s en g e r  m i l e s )  
i nc r e as e s  a t  an annual  rat e o f  2 . 5  p e r c e n t  t o  1 9 7 8 , a s s um ing  
no d i v e r s i on ,  the  1 4 . 9  x 1 0 9 p as s e n g e r  m i l e s  d i v e r t e d  to  bus  
b e come s 1 . 7  p e rc e n t  of  the  aut omob i l e  t r av e l  ( 8 9 8  x 1 0 9 p a s 
s en g e r  m i l e s ) . S im i l a r l y , th e  fu e l  s av ing s a t t a i n e d  t hr ough 
t h i s  c h an g e  c an t hen b e  ca l cu l at e d  a s  p as s en g e r  m i l e s  d i v e r t e d  
t imes  t h e  d i f f er e n c e  in e f f i c i e n c i e s  ( m i l e s p e r g al l on x l o ad 
fa c t o r) b e twe e n  the ave r a g e  p a s s enger  c a r  an d b u s , o r : 

Pas s e ng e r  M i l e s 
D ive r t e d  

X 

C ar 
E f f i c i e n cy 

( 1 
( 1 2 . 9  MP G x 1 . 6  L F 

Bu s 
E ff i c i en cy 

1 ) 
4 . 0  MP G x 1 6  L F ) 

an d t h e  r e s u l t an t  fue l  c o n s erva t i o n  amo un t s  t o  4 9 8  m i l l i on 
g al l o ns o r  3 2 . 5 t hous and barr e l s  p er d ay . 

1 3 3  
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2 .  I n t e r - C i ty Au t omob i l e Tr ave l ( P o t en t i a l  f o r  D ive r s i on ) : 

E s t im a t e d  I nt e r - C i ty Aut omo b i l e  T r av e l  - 1 9 7 2  

T o t a l  

Non - D ive r t i b l e  

E arn in g  a L iv i ng 

• Re l a t e d  Bus i n e s s x 7 5 % 

F am i ly B u s i ne s s  

• S hopp ing  x 9 5 %  

• O t h e r  x 8 0 %  

S o ci a l  and Re c r e a t i onal  

• Va c a t i on s  x 9 0 %  

• V i s i t s  x 2 5 % 

• P l e a s u r e  x 5 % 

• O t h e r  x 1 0 %  

E duc a t i on ,  e t c . x 1 0 %  

P o t en t i a l  f o r  D iv e r s i on 

3 .  I nt e r - C i ty Bus T r ave l : 

P a s s eng e r  M i l e s  x 1 0 9 

1 , 0 7 1 . 3 

9 6 . 2  

1 4 3 . 0  

1 6 7 . 9  

1 1 1 . 3  

8 2 . 4 

4 . 7  

4 4 . 3  

1 2 . 1  

6 6 1 . 9  

4 0 9 . 4  ( 3 8 . 2 % o f  
T o t a l )  

T o  e s t ab l i s h  p er s p e c t iv e , and b a s e d  o n  e s t imat e s  p r ov i d e d  
b y  t h e  mo t o r  bus  i ndus t ry , the  f o l l owing c a l cu l at i ons  a r e  
exh i b i t e d  t o  f o rmul a t e th e c ap a c i t y  o f  t h e  int er - c i ty b u s  
f l e e t  t o  ab s o rb p as s eng e r  mi l e s  a n d  t o  de t e rm i n e  t h e  fu e l  
s av i ng s  t h at c o u l d  b e  derive d . Thus , a s  b a s e d  o n  ava i l ab l e 
f ac t o r s  f o r  1 9 7 2 , i f : 

a .  T h e  b us f l e e t  we r e  cap ab l e  o f  a 5 p er c e nt annua l e xp an 
s i on thr ough l es s  equipmen t r e t i r em en t  b y  1 9 7 8 , 

b .  T h e  ave r ag e  numb e r  o f  p as s eng e r s  were  t o  i n cr e a s e  by 2 0  
p e rcent  thr oug h  aut omo b i l e  d i s inc en t i v e s  ( t o l l s , t axe s , 
e t c . )  dur i ng th i s  p er i od , 
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App en d ix C ,  Exhi b i t  V I I 

c .  Av erag e m i l e s  p e r  bus wer e incr e a s e d  by 2 0  p er c e n t , a l l  
bus e s  wou l d  b e  ab l e  t o  g a in 2 3 . 7  b i l l i on p as s eng e r  m i l e s  
o r  9 3  p e rcent  ove r  the 1 9 7 2  l e v e l . 

C a l cul at i o n  o f  I n t er - C i t y  Bus  P a s s enger  Mi l e s 

Bus e s  in  Ave r ag e Av e r ag e  P a s s en g e r  
S e rv i c e  P a s s en g e r s  Mi l e s  Mi l e s  x 1 0 9 

1 9 7 2  2 2 , 7 0 0 2 1 . 7 5 2 , 0 0 0  2 5 . 6  
1 9 7 8  3 0 , 4 0 0  2 6 . 0 6 2 , 4 0 0  4 9 . 3  

Ac c o r d i ng l y , i f  i t  i s  a s s umed tha t 1 9 7 2  i n t e r - c i ty au to 
t r av e l  ( 1 , 0 7 1  x 1 0 9 p a s s eng e r  m i l e s ) i n c r e a s e s  a t  an annu a l  
r a t e  o f  2 . 5  p e r c en t  to  1 9 7 8  ( a s s um i ng no d iv er s i o n )  and that 
the p r op o r t i o n  sub � e c t  to  d ive r s i o n  r em a i n s  c o n s t an t  ( 3 8 . 2 % ) , 
then the 2 3 . 7  x 1 0  p a s s eng e r  m i l e s  d iv e r t e d  to  i n t e r - c i ty 
bus b e c ome s o n l y  5 . 0  p e r c en t  o f  the s h i f t ab l e au t o  t r av e l  a t  
that  t ime ( 4 7 4  x 1 0 9 p a s s eng e r  m i l e s ) . The r e s u l tant  fue l 
s av ing can b e  c a l c u l a t e d  on the s ame b a s i s  a s  the i n t r a - c i ty 
s h i ft to  bu s e s  o r : 

P a s s en g e r  Mi l e s  
Dive r t e d  

X 

Car  
E ff i c i ency 

( 1 
( 1 5  MP G x 2 . 5 L F  

B u s  
E f f i c i en cy 

1 ) 
5 . 9  MP G x 2 6 . 0  L F) 

and t h e  fue l cons e rve d amoun t s  t o  4 7 7 . 5 m i l l i on g al l on s  or  
3 1 , 1 5 0  b ar r e l s  p e r  day . 

13 5 
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Exh ib i t  VI I I  

COMMERC IAL T RUCK I NG 

TABLE 30 

ESTIMATED PARAMETERS OF COMMERCIAL TRUCK TRAVEL--19 7 2* 

Fuels Consumedt 
Vehicle Vehicle MB/D 

Type Mil es x 10 6 MM Gallons (Gasoline/Diesel)  

Light Trucks:t: 
Urban 5 4 , 625  7 , 165 44 7 / 19 
Inter- city § 2 8 , 255 4 , 160 2 5 8 / 13 
Total 8 2 , 880 11 , 3 25 7 05 / 32 

7 3 7 
Heavy Trucks // 

--

Urban 17 , 855  3 , 295  2 7 /187  
Inter- ci ty §  2 8 , 170 5 , 19 5  4 2 / 2 9 6  
Total 46 , 025  8 , 49 0  69 / 4 8 3  

5 5 2  
To tal Commer cial Trucks* 

--

Urban 72 , 480 10 , 460 4 7 4 / 206  
Inter- ci ty § 56 , 425  9 , 3 55  30 0 / 309 
To tal 128 , 905 19 , 815 7 74/ 515 

1 , 289  

* Trucks for p ersonal and government use are excluded . 

t Includes a small quantity o f  LPG.  

+ Single unit , 2- and 3-axle trucks . 

§ Includes private b usiness non-freight use . 

II Comb ination tractor-trailer trucks . 
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Exh ib i t  I X  

CONSERVAT I ON E F F E C T  O F  S P E E D  L I M I TS 
ON I NTER - C I TY COMMERC IAL TRUCK TRAVE L 

The Cons e rva t i o n  E f fe c t  o f  5 5  MPH Sp e e d  L im i t s  o n  I n t er - C i ty 
Comme r c i a l  Truck Tr ave l 

F rom Exh i b i t  V I I I , Tab l e  3 0  i t  i s  e s t ima t e d  tha t 6 0 9  thous and 
barr e l s  p er day of fue l is c o n s ume d in i n t e r - c i ty truck  t r ave l . 
At th i s  p o int , i t  i s  fur ther e s t ima t e d  t h a t  t h i s  fue l c o n s i s t s o f  
3 0 0  thous and b ar r e l s  p e r  day o f  g a s o l ine  and 3 0 9  thous and b ar r e l s  
per  day o f  di e s e l  fue l . 

As suming a 3 p er cent  s av ing s p o t en t i a l  a s  d e v e l o p e d  i n  t h e  
t e x t , and 9 0  p er c e n t  c omp l i anc e wi th the  l ower  s p e e d  l im i t  ( a s  i t  
i s  l aw) , the fo l l ow ing s av i n g s  ar e c a l cu l a t ed : 

• G a s o l i ne - - 3 0 0  thous and barr e l s  p er day x ( . 0 3 s av i ng s x . 9 0 
comp l i ance ) o r  8 thous and b a rr e l s  p e r  day p o t e n t i a l  s av i ng s . 

• D i e s e l  Fue l - - 3 0 9  thous and b a r r e l s  p e r  d ay x ( . 0 3 s av in g s  
x . 9 0 comp l i anc e )  o r  8 thous and b a rr e l s  p e r  d a y  p o t e n t i a l  
s aving s . 

Thus , th e t o t a l  fue l cons e rva t i on p o t en t i a l  v i a  t ruck s p e e d 
l imi t redu c t i o n  b e c ome s 1 6  thous and b a r r e l s  p e r  d ay f o r  1 9 7 2 . 

1 3 7  



App endix C ,  E xhib i t  X 

Exh ib i t  X 

I NTE R - C I TY TRUCK F UE L  SAV I NG THROUGH 
MOD I F I E D  WE I GHT STANDARDS 

S av i n  

• P r e s ent  S t andards a l l ow - - 4 7 , 0 1 0  p o un d  p ay l o a d  a t  a fue l 
cons ump t i o n  r a t e  o f  . 2 3 8  g a l l o n s  p e r  m i l e  wh i ch e qua l s  
9 8 . 7 6 1  t o n s  p e r  MP G . 

• Prop o s e d  S t andard s  wou l d  a l l ow - - 5 1 , 7 3 0  p o und p ay l o ad a t  a 
fue l cons ump t i o n  r a t e  o f  . 2 4 6  g a l l o n s  p e r  m i l e  whi ch equa l s  
1 0 5 . 1 4 2 t o n s  p e r  MP G .  

Bas e d  on I n t e r - C i ty Truck F r e i gh t  Movement o f  4 7 0  B i l l i o n  Ton 
Mi l e s  Dur ing 1 9 7 2  the Fue l Us ed Would B e : 

• P r e s ent  S t andards = 4 7 0  x 1 0 9 t 9 8 . 7 6 1  = 4 , 7 5 8 , 9 6 3 , 5 0 0  
g a l l on s  

• Prop o s e d  S t andards = 4 7 0  x 1 0 9 t 1 0 5 . 1 4 2  = 4 , 4 7 0 , 1 4 5 , 1 0 0  
g a l l o n s  

• S av i n g s  = 2 8 8 , 8 1 8 , 4 0 0  g a l l ons  o r  1 9  thous and b ar r e l s  p e r  
d� . 

* I n t ended t o  s e rve a s  an examp l e  a s the  chan g e  i n  p ay l o ad i s  
dep endent o n  truck  d imens i on s . 

1 3 8  



App end ix C ,  Exhib i t  X I  

Exh ib i t  X I  

MODE SH I FT S  ( FROM TRUC K I NG )  CALCULAT I ONS 

As s ump t i o n s  f o r  T r u c k  t o  Ra i l  Fr e i gh t  Sh i f t  

C a l cul a t i ons  o f  fue l s av ing po t e n t i a l  r e s u l t ing  from t h e  d i 
ve r s i on o f  f r e i gh t  f r o m  i n t e r - c i ty trucks  t o  r a i l . 

a .  I n t e r - c i ty t ruck t o n - mi l e s  w i l l  c on t inue t o  i n c r e a s e a t  
an annu a l  r a t e  o f  3 . 9  p e r c en t  f r om a b a s e o f  4 7 0  x 1 0 9 
t on - m i l e s  i n  1 9 7 2 . 

b .  Through e xp an s i o n  o f  r a i l car p ig gyb a c k  l o ad ing s i t  wou l d  
b e  p o s s ib l e  t o  d iv e r t  9 p e r c e n t  o f  the  i n t e r - c i ty t ruck 
t on -m i l e s . 

c .  The d i ffe r en c e  i n  e f f i c i ency b e tw e e n  the  mod e s  ( r a i l ad 
vant a g e ) e qua l s  . 0 0 8 7 2 4  g a l l ons  p e r  t on - mi l e . 

C a l cul a t ions  

1 9 7 2  -

4 7 0  x 1 0 9 ton - mi l e s  x 9 %  x . 0 0 8 7 2 4  g a l l o n s  p e r  t on -m i l e  
= 3 6 9 , 0 2 5 , 2 0 0  g a l l ons o r  about 2 4 . 0  thous and . b ar r e l s  p e r  
day 

1 9 7 4 -

5 0 7  x 1 0 9 t on - m i l e s  x 9 % x . 0 0 8 7 2 4  g a l l on s  p e r  t on -m i l e  
= 3 9 8 , 0 7 6 , 1 2 0  g a l l o n s  o r  ab out 2 5 . 9  thous and b ar r e l s  p e r  
d ay 

1 9 7 8  -

5 9 1  x 1 0 9 t on - mi l e s x 9 %  x . 0 0 8 7 2 4  g a l l on s  p e r  t on - m i l e  
= 4 6 4 , 0 2 9 , 5 6 0  g a l l o ns o r  ab o u t  3 0 . 3  thous and b ar r e l s  p e r  
day . 

139 
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TABLE 31 "d 

('I) 
Tons Tra nsp orted By Length of Haul  By Al l  Modes of Tra nsportation - 1 967 11 1 ::l 

(:U 
( in  1 000 tons) .... . 

>< 
Total n 

For H i re Private Private Total 
o/o of Motor o/o of Motor o/o of & For o/o of · Oth er o/o of All  tr:l 

Length of Haul  Rai l  Tota l Ca rriers Tota l Ca rriers Total H i re Total Modes (2) Total Modes >< --- -- -- -- -- ::r' ( m i les) ..... Under 50 25,373 1 8 .6 53,529 39.3 5 1 , 588 37.8 105, 1 1 7  7 7 . 1 5,839 4.3 1 36,329 0" 
.... . 

50-99 38 ,367 2 7 . 5  5 5 , 7 7 5  39.9 4 1 , 452 29.7 97 ,227 69.6 4, 1 37 2 .9 1 39 , 7 3 1  rl' 

1 00- 1 99 64, 8 1 1 37. 1 66, 566 38. 1 39,203 2 2 . 5  105,769 60 .6 4,029 1 74,609 
:>< 

2.3 H 

200-299 6 1 ,649 48 . 5  44 ,008 34 .6 1 6 , 204 1 2 . 7  60 , 2 1 2  4 7 . 3  5,325 4.2 1 2 7 , 186 

300-399 40 ,372 49.4 29 , 5 1 0 36 . 1  7 ,009 8.6 36 , 5 1 9  44. 7  4.848 5.9 8 1 , 739 

400-499 34 , 7 6 1 59.8 1 7 ,04 1 29.3 4,245 7 . 3  2 1 ,286 36.6 2 ,070 3.6 58 , 1 1 7 

f--1 I 500-599 26 , 7 54 6 1 . 4 1 2 , 730 29.2 3 , 2 9 1  7 .6 16 ,02 1 36.8 783 1 .8 43,558 
+::-
0 

600-799 43,0 1 6  62 . 5  1 9 ,696 28.6 3 , 4 1 3  5.0 23, 109 33.6 2 , 662 '3.9 68,787 

800-999 2 7 .795 64 .8 9, 9 1 7  23. 1 1 ,665 3.9 1 1 , 582 27.0 3 , 542 8 . 2  42 , 9 1 9  

1 ,000- 1 , 1 99 1 4 , 824 64 . 5  4,668 20.3 1 ,0 1 1 4.4 5,679 24.7 2 ,482 1 0 .8 22 , 985 

1 ,200- 1 ,499 1 3 , 347 70 . 3 3,478 18.3 474 2 . 5  3,952 20.8 1 ,686 8.9 1 8 , 985 

1 , 500- 1 ,999 23, 1 8 7  8 1 .0 3 , 3 52 1 1 . 7  473 1 .7 3,825 1 3.4 1 , 628 5.6 28,640 

2,000 & over 1 6 ,970 7 2 . 3  2 , 465 10 .5  284 1 .2 2 , 749 1 1 . 7  3, 743 16.0 23,462 --- -- -- --
TOTALS 43 1 . 226 44.6 322 , 7 3 5  33.4 1 70 , 3 1 2  1 7 .6 493,047 5 1 .0 42 , 7 74 4.4 967 , 047 

( 1 )  Census of T ra n sportat ion ; Co m mod ity Tra nspo rtat ion Su rvey - S h i pper G ro u p  9 (Petro l e u m  a nd Coa l Products) 
has been o m i tted because it  i s  moved i n  b u l k  q u a n t i t i es p redom i na nt ly .  

(2i Other modes i nc l ude:  a i r , water ,  parc e l  post ,  ra i lway express, fre ight  fo rwarders, moto r express ca rr iers,  etc . 
Movements by p i pe l i n e  were not i nc l uded i n  the su rvey . 

SOURCE:  B u reau of the Censvs;  1 967 Census of Tran sportat io n ;  Com mod i ty Tra n s po rtat io n  Su rvey - S h i pper 
G ro u ps. 
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TABLE 32 

To ns Transp o rted By Size of S h i p m ent By All  M o d es of Tra nsp ortati o n - 1 967 < l l 
( I n  1 ,000 Tons) 



App endi x  C ,  Exh ib i t  XI I 

Exhib i t  X I I 

ROADWAY I MPROVEMENT S  CALCULAT I ON S  

Hyp o the t i ca l  Pe tro l eum Cons erva t i on Ana l y s i s  

Ana l y s i s  f o r  a 1 - m i l e , 2 - l ane , 2 4 - fe e t  w i de , p a v i n g  p r o j e c t  
carrying  5 , 0 0 0  v eh i c l e s  p e r  day whi ch wi l l  imp r ov e  veh i cu l ar fue l 
e f f i c i ency by 5 p e r c e n t . 

Pe t r o l eum Re qu i r emen t s  

At j ob s i t e  

Tack  c o a t  0 . 2 5 g a l . / s q . yard 
B i tumen in  s h e e t  a s p ha l t  

S ub t o ta l , a s p ha l t 
He a t  and p r op e l  d i s t r ib u t o r  
Op e r a t e  p ave r 
Hau l p l an t  m i x  t o  p ro j e c t  

2 0 - mi l e  round t r ip 
Op e r a t e  r o l l e r 
C r ew t r ans p o r t  t o  and fr om wor k s i t e  

O f f s i t e 

Produc e a g g r e g a t e  
He a t  b i tumen 
Dry a g g r e g a t e  
P l an t  op e ra t i on 
Trans p o r t a t i on o f  b i tumen from 

r e f i n e ry 
O i l  we l l  through r e f inery 
Cons t r uc t i o n  and manufac tur e o f  

equipment 

To t a l  

Annua l  fue l s av i n g  - 1 0  p e r c e n t  

3 , 5 2 0  g a l . 
1 9 , 5 1 0  

1 5  
1 0  

6 0 0  
2 0  
1 2  

1 , 0 0 0  
1 2 0  
3 0 0  
1 0 0  

3 0 0  
2 0  

2 

5 , 0 0 0  
. O S x 1 2 . 9  MP G VMT/ day x 3 6 5  day s /yr . = 7 , 0 7 5  g a l . / yr . 

Days o f  imp r ov e d  op e r a t ion r e qu i r e d t o  b r e a k  even : 

2 S , S 2 9  x 3 6 5  = 1 , 3 1 7 day s  o r  3 . 6 y e a r s . 
7 , 0 7 5 

14 2 

2 3 , 0 3 0  

6 5 7  

1 , 8 4 2  

2 5 , 5 2 9  
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TABLE 33 

U . S .  FOREIGN AND DOMESTIC WATERBORNE COMMERCE 
P OTENTIAL FUEL SAVINGS--VES S EL OPERATIONS 

19-7 3 
Anticipated Normal 0£erat ions 

. 1 9 7 4  Parameters Affecting Consump tion 

U . S . Waterways 
Billi on Ton Mi les 
Fue l Effi ciency (1 , 000 Ton Mi les Per Barrel) * 
Res idual Fuel Oil Consump t ion (Million Barrels ) 

At Port ( 30%) 
At Sea ( 70 % )  
To tal Cons ump t ion 

Int ernational Waters 
Imports and Expor t s  (Million Short Tons ) 
Fuel Efficiency ( Short Tons Per Barrel ) t  
Res idual Fuel Oil Consump tion (Million Barrels ) 

Total Consump t ion (All At Sea)  

To tal Fuel Consump tion in Both U . S .  and 
Internationa l  Waters (Million Barrels)  

At Por t 
At Sea 
Total Consump tion 

439 
8 . 7 8  

15 . 0  
35 . 0  
5 0 . 0 

741  
19 . 7  

3 7 . 6  

15 o 0 
72 . 6  
8 7 . 6  

4 5 2  
9 . 2 2 

14 . 7  
34 . 4  
4 9 . 1  

7 6 7  
2 0 . 7 

3 7 . 1 

1 4 . 7 
7 1 . 5  
86 . 2  

19 75  

4 70 
9 . 68 

14 . 6  
34 . 0  
4 8 . 6  

8 5 7  
2 1 . 7  

39 . 5  

14 . 6  
7 3 . 5  
8 8 . 1  

19 7 6  

488  
10 . 16 

14 . 4  
33 . 6  
4 8 . 0  

9 70 
2 2 . 7  

42 . 7  

1 4 . 4  
7 6 . 3  
9 0 . 7  

1 9 7 7  

5 9 1  
13 . 42 

1 3 . 2 
30 . 8  
4 4 . 0  

1 , 123  
2 3 . 9  

4 7 . 0  

13 . 2  
7 7 . 8  
9 1 . 0 

1 9 7 8  

6 9 0  
15 . 7 3 

13 . 2  
30 . 7  
4 3 . 9  

1 , 1 7 0  
2 5 . 1  

4 6 . 6  

1 3 . 2 
7 7 . 3  
90 . 5  

* Est imated t o  rise 5 p ercent p er year , adj usted upward for Nor th Slope volume s  b eginning in 19 7 7 .  

t Estima t ed t o  rise  5 p er cent p er year through entire per iod . 
·.6" 
"0 
(!) 
::I 
0.. 
..... . 
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TABLE 34 

U . S .  FOREIGN AND DOMES TI C WATERBORNE COMMERCE 
POTENTIAL FUEL SAVINGS--VES S EL OPERATI ONS 

(Mi lli on Barrels ) 

P otenti al Fuel Oi l Savings 

Parameters Af fecting Consumption 

Oper ating efficiency savings at 8 percent 
of fuel consumed at s ea 

Fas ter loading and dis charge , f ewer port 
calls and reduced port t ime at 10 p ercent 
of fuel consumed at port 

Speed reduction savings for liner-typ e  vessels and 
non-bulk carriers at 0 . 7  p ercent o f  fuel consumed · 
at  sea* 

To tal Savings (Million Barrel s )  

To tal Savings (Percent o f  Normal Consump t ion) 

19 7 3  19 74 

NA 5 . 7  

NA 1 . 5 

NA . 5  

NA 7 . 7  

NA 8 . 9  

1 9 75 19 76 19 7 7 

5 . 9 6 . 1 6 . 2 

1 . 5  1 . 4  1 . 3 

. 5 . 5  . 5  

7 .  8 . 0  8 . 0  

9 . 0  8 . 8 8 . 8  

1 9 7 8  

6 . 2 

1 . 3 

. 5  

8 . 0  

8 . 8 

* Calculat ed at an e s t imated 1 8  p ercent fuel savings on 4 p ercent o f  fuel b unkered for use at sea . 
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TABLE 35 

U . S .  FOREIGN AND DOMESTIC WATERBORNE COMMERCE 
POTENTIAL FUEL SAVINGS--TUG AND BARGE OPERATIONS 

Parameters Affecting Consump t ion 

Billion Ton Miles 

P ropulsion E f fi ciency (1 , 000 T on Miles Per 
Hors epower of Uni ts in Servi ce) * 

Tow and Tug Capacity in Use (Million Horsepower) 

Annual Round Trip (Hours Under Tow Per Unit ) t  

Billion Annual Horsepower Hours o f  Propulsion 

Fuel Efficiency (Pounds of Diesel Fuel Per 
Horsepower Hour) * 

Annua l Diesel Fuel Consumption (Million Barrels ) 

To tal Op erat ing Effic iency Savings at 
2 . 5  p ercent of To tal Fuel Consump t ion 

19 7 3  

286 

6 3 . 3 7  

4 . 50 8  

4 , 0 30 

18 . 1 7 

. 421 

2 5 . 2  

19 7 3  

NA 

* Estima ted to rise at 3 . 5  p ercent per year throughout . 

AnticiEated Normal 0Eerations 
19 7 4  1 9 7 5  1 9 7 6  1 9 7 7  

308 3 34 36 2 394 

65 . 5 9 6 7 . 88 70 . 26 7 2 . 7 2  

4 . 6 9 9  4 . 9 1 3  5 . 149 5 . 411 

4 , 190 4 , 35 8  4 , 5 34 4 ,  716 

19 . 69 2 1 . 41 2 3 . 35 25 . 5 2 

. 440 . 4 36 . 432 . 42 7  

28 . 5  3 0 . 7 33 . 2  35 . 8  

Potential Fuel Oil Savings (MMB) 
19 7 4  1 9 7 5  19 76  19 7 7  

0 . 7 0 . 8  0 . 8  0 . 9  

t Es timated to ris e  at 4 p ercent per year due to improved utilization and longer trips . 

19 7 8  

426 

75 . 26 

5 . 655 

4 , 90 4  

2 7 . 7 3  

. 42 3  

38 . 6  

1 9 7 8  

1 . 0 

* Calcul ated to decline 1 percent annually from 19 7 5  through 1 9 7 8  due to increas ed proportion o f  larger 
horsepower tugs . 

>-
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App endix E 

1 .  P e ak Hour Ride r s hip  (A 10  p e r ce n t  incr e a s e  i n  u rb an pub l ic 
trans i t  and ut i l i z a t i on ;  exc l ude s t ax i s ) : 

As s ump t i on s : 

Av e ra g e  c ar o c cup ancy 
Av e r ag e c ar m i l e s p e r  g a l l o n  
P a s s eng e r  m i l e s  hand l ed b y  

urban pub l i c  tr an s i t  
( bu s  & r ai l )  i n  1 9 7 2  

P as s eng e r  m i l e s  t ha t  can b e  
s hi f t e d  f r o m  c a r s  

I nc re a s e  i n  fue l  c o n s ump t i o n  
b y  urb an p ub l ic t r ans i t  
s y s t em s  

1 . 6  
1 2 . 9  

4 S  b i l l io n  

4 . S b i l l i o n  ( a  1 0 %  incr e a s e  
i n  r id e r s h i p )  

n e g l ig ib l e  

S i nce  "Aver ag e c ar o c cup ancy" i s  de f ined a s  P a s s eng e r  m i l e s  
Veh i c l e  m i l e s  

t h e  p as s e ng e r  m i l e s  diver t e d  from c a r s c an b e  c o nv e r t e d  i n t o  
v eh i c l e  m i l e s  by 

Veh i c l e  m i l e s  = P a s s eng e r  m i l e s  
Ave r ag e car o c cup ancy 

= 4 . S X 1 0 9 

1 . 6  

= 2 . 8  b i l l i on m i l e s p er year . 

Fue l s av i ng s  f r om no t u s ing car s a re c a l cu l a t e d  a s  f o l l ow s : 

Fuel s a v i ng s  = Ve hi c l e  m i l e s  
Mi l e s  p er g al lon 

= 2 . 8 X 1 0 9 

1 2 . 9  

= 2 1 8 m i l l i on g al l ons  p e r  y e a r  

= 1 4  thous and b a r r e l s  p er d ay .  

2 .  S t ag g e r ing o f  W o r k  Hours  (Al l owing a S O  pe r c e n t  in cr e as e  in 
urb an p ub l i c  t r an s i t  u t i l i z a t i on ;  e x c l ude s t ax i s ) : 

As sump t i on s  ar e the  s ame as  a b ov e  e x c ep t  t h at 2 2 . S  b i l l i on p a s 
s eng er m i l e s  ( a  S O  p e r cent  incr e a s e )  a r e  d iv e r t ed f r om car s to  
urb an p ub l i c  t r ans i t  by v irtue  of  s t ag g er ed work  h o u r s . I t  i s  
a l s o  a s s um e d  t ha t  m i l e s  t r ave l e d b y  t h e  b u s  and r a i l  s y s tems 
w i l l i ncr ea s e  b y  1 0  p ercent  ther eby incr e a s ing the fue l  consump 
t i on o f  th e s e sy s t em s  by 1 0  p er c e n t . Fuel  c o n s ump t i o n  b y  t h e  
bus  a n d  ra i l  s y s t ems was 2 6 . 2 S t ho u s and b a r r e l s  p er day in 1 9 7 2 .  

Us ing the s ame app roach  a s  in ( 1 )  above t he fu e l  s ave d from n o t  
u s ing c a r s  i s : 

2 2 . S  X 1 0 9 

1 2 . 9  X 1 . 6  

1 4 7 

= 1 , 0 9 0  m i l l i o n  g a l l on s  p er  year  

= 7 1 t ho u s and b a rr e l s  p er d ay 



App endi x E 

Thi s s av i ng mus t  b e  r e du c e d  by t he addi t i ona l fue l c on s um e d  by 
the pu bl i c  trans i t  sy s t em s  whi c h  is 1 0  p e rc ent o f  2 6 , 7 9 0  barr e l s  
o r  2 . 6  thous and barr e l s  p er d ay .  N e t  fue l s av ing s a r e  about 6 9  
thous and barr e l s  p e r  day . 

3 .  I n cr e a s e d  Urban Bus Load F a c t o r  and I mpr oved Bus  S e rv i ce : 

A s s ume t h a t  the  bus l o ad fac t o r  wi l l  incr e a s e by 2 5  p e rc ent ove r  
1 9 7 0  l ev e l  and t h a t  imp r oved b u s  s e rv i ce r e qu i r e s  a 5 p er c en t  
incr e a s e  i n  t h e  annua l  mi l e s trav e l ed  b y  t h e  ave ra g e u r b a n  bus . 
Thes e da t a  a r e  s umma r i z e d  b e l ow : 

Bus l o ad fac t o r  
Numb e r  o f  bus e s  
Ave r ag e annu a l  mi l e s  p er bus 
P a s s eng e r  m i l e s  (m i l l ion) * 
Av er ag e c a r  o c cupancy 
Ave r a g e  car m i l e s  p e r  g al l on 
Av erag e bus m i l e s  p e r  g a l l on 

A s s um ed 
C h ang e s  

1 6 . 6  
4 9 , 7 0 0 
3 3 , 1 4 0  
2 7 , 3 4 1  

1 . 6  
1 2 . 9  

4 . 0  

1 9 7 0  
Ba s i s 

1 3 . 3  
4 9 , 7 0 0  
3 1 , 5 6 0  
2 0 , 8 6 0  

* Bus l o ad fa c t or x Ave r ag e annua l  m i l e s  p er bu s x 
Numbe r  o f  bu s e s . 

S in ce 6 , 4 8 1  m i l l i on p as s eng e r  mi l es c an b e  d iv e r t e d  f rom c ar s  
( i . e . , 2 7 , 3 4 1 m i l l i on l e s s  2 0 , 8 6 0  m i l l ion) , t h e  fue l s aved  
can b e  c a l cu l at e d  by  u s ing the app r o a c h  as  in ( 1 )  above ; i . e . , 

6 , 4 8 1  X 1 0 6  = 
1 2 . 9  X 1 . 6  3 1 4  m i l l i on g al � o n s  p er year  

= 2 1  t hous and b ar r e l s  p er day . 

S inc e t h e  ave r ag e annua l  mi l e s  trav e l e d  p e r  urban bus  incr e a s e  
b y  1 , 5 8 0  mi l e s , the t o t al incr e a s e  i n  m i l e s  t r av e l e d  b y  t he 
bu s f l e e t  i s  1 , 5 8 0  t ime s 4 9 , 7 0 0 ,  the  numbe r  o f  bus e s . Thi s 
r e su l t s  in 7 8 . 5  m i l l i on veh i c l e  m i l e s . S inc e bus e s  a r e  a s sumed 
to g et 4 m i l e s  to th e g al l on ,  the add i t i o na l  fue l consump t i on 
i s : 

Veh i c l e  mi l e s  
Mi l es p er g al l on 

= 7 8 . 5 X 1 0 6  : 
4 . 0  

1 9 . 6  m i l l i o n  g a l l on s  p e r  ye ar 

= 1 , 2 8 0  b a rr e l s  p er day . 

Henc e , n e t  fue l s av i ng s a re 1 9 . 2 t ho u s and b ar r e l s  p er day 
( i . e . , 2 0 , 4 8 0  l e s s  1 , 2 8 0 ) . 

4 .  Demand Re s p on s ive Sys t em s : 

As s uming that th e re are  2 5 0 w o rk in g  day s  in the  ye a r , that the 
ave rage roun d  t r ip is 18 mi l e s , an d th at the van h as an ave r age 
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o cc upa n cy o f  8 p er s on s , e a c h  van wi l l  c a r r y  3 6 , 0 0 0  p as s eng e r  
mi l e s  p e r  y e ar ( 1 8  m i l e s  x 8 p er s o n s  x 2 5 0  d ay s ) and t r av e l  
4 , 5 0 0  m i l e s  ( 1 8  m i l e s  x 2 5 0  day s ) . 

A s s um ing fur the r :  

Ave r ag e  car  o ccup an cy 
Ave r ag e  c ar m i l e s  p e r  g a l l on 
Averag e v an m i l e s  p e r g a l l on 

1 . 6  
1 2 . 9  

9 . 0 

t he n  n e t  fue l s av i ng s  f r om emp l oy ing 1 , 0 0 0  v an s  can b e  c a l 
c u l a t e d  a s  f o l l ows : 

S in c e  3 6  m i l l io n  p a s s eng er m i l e s can b e  d ive r t e d  f r om 
car s w i t h  t he u s e o f  1 , 0 0 0  van s , t h e  r educ t i o n  i n  c a r  m i l e s  
t rave l e d  i s : 

P as s eng e r  m i l e s 
Ave r ag e  ca r o ccup an cy 

= 3 6  X 1 0 6 

1 . 6 
= 2 2 . 5 m i l l i on m i l e s  p er year . 

Fu e l  s av ing s f r om thi s r educ t i on i n  c a r  t r av e l i s  thus : 

Ve hi c l e m i l e s  = 2 2 . 5 = 1 , 7 4 4  m i l l i o n  g al l o n s  p er y e a r . 
Mi l e s  p er g al l on 1 2 . 9  

S i nce t h e  1 , 0 0 0  v an s  w i l l  t r av e l 4 . 5 m i l l io n  m i l e s  a y e ar , the  
fu e l  c o n s ump t i o n  wi l l  b e : 

4 . 5 X 1 0 6 
9 

= 0 . 5  m i l l io n  g al l o n s  p e r  y e ar . 

H e nc e , n e t  fue l s av i n g s  a r e  1 , 2 4 4  m i l l i on g a l l on s  p er y e ar o r  
8 1  b a r r e l s  p er day . 
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App endix F 

TEN WAY S  TO SAVE ENERGY ON THE FARM 

1 .  Ke ep eng i n e s  t un e d  up . 

2 .  Reduc e d  t i l l ag e . 

3 .  Conne c t  imp l emen t s  t o  cut out tr i p s  and s ave fue l . 

4 .  Sh i f t  up and thro t t l e  down . 

5 .  Shu t o f f  eng i n e s , i d l i ng was t e s  fue l . 

6 .  Us e whe e l  we i gh t s for l i ght j ob s . 

7 .  Ma tch  equ ipment t o  j ob . 

8 .  Ke ep equipme n t  s h arp and in adj u s tme n t . 

9 .  Ke ep p rop e r  a i r  p r e s s ur e  in t i r e s  f o r  max imum e f f i c i e ncy . 

1 0 . Re fer  t o  o p e r a t ing manu a l  and cons u l t de a l er . 

S our c e : S t arne s , B ruc e , Off i c e o f  U . S . D . A . , En e r g y  A c t i v i t i e s ,  
U . S .  D ep artm ent o f  Ag r ic u l ture . 

TABLE 3 6  

ENERGY REQUIREMENTS AT VARIOUS LEVELS 
OF TILLAGE INTENS ITY--

NEBRASKA CORN CROP 
(Hors ep ower Hours Per Acre ) 

Tillage S teps Conventional Reduced Minimum No 
S t art to Finish Tillag e Tillag e Tillage Tillage 

Chop S talks 9 . 0  9 . 0 9 . 0  
Disc 6 . 6  6 . 6  
Plow 19 . 1  
Dis c 6 . 6  
Harrow 5 . 5  
Plant 4 . 0  7 . 3  3 . 7  2 . 0 
Spray 1 . 0  1 . 0  1 . 0  1 . 0  
Cultivate 6 . 6  6 . 6  8 . 8  
Comb ine 8 . 2  8 . 2 8 . 2 8 . 2  

To tal 66 . 6  38 . 7  3 0 . 7  11 . 2 

Estima ted Fuel Requirement 
( Gallons o f  Diesel Fuel Per Acr e) 5 . 33 3 . 10 2 . 46 0 . 9 0 
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Appendix F 

E I GHT S IMPLE OPERAT I ONAL PROCEDURE S TO REDUCE 
GAS O L I NE CONSUMPT I ON I N  SNOWMO B I LE S  B Y  1 0  PERCENT 

1 .  Me a s u r e  and m i x  g a s  and o i l  a c cur a t e l y , us ing  t h e  manu f a c 
turer ' s  r e c ommend e d  r a t i o s . Exc e s s  o i l  i n  g a s  i n c r e a s e s  fue l 
c on s ump t i on .  

2. Us e r e gu l ar g r a d e  fue l . To avo i d  s p i l l a g e , n e v e r  turn or l e av e  
t h e  v eh i c l e  o n  i t s  s i de . 

3 .  Dr ive  a t  moder a t e  s p e e d . Cons t ant mod e r a t e  t h r o t t l e  o p e r a t i o n  
w i th s l ow e r  a c c e l e ra t i o n  w i l l  u t i l i z e  fue l m o r e  e f f i c i en t l y . 

4 .  Do n o t  i d l e  the e ng ine . I d l in g  c o n s ume s fue l w i t h o u t  any p o s 
i t ive r e s u l t  and may c au s e  ine f f i c i en t  o p e r a t i o n  due t o  s p a r k  
p l ug fou l ing  and h i gh op e r a t ion t emp e r at u r e s .  

5 .  F o l l ow p a c k e d  o r  g r o ome d tr a i l s  ins t e ad o f  mak i n g  new p a ths  i n  
de ep l o o s e  s now . 

6 .  K e ep the eng i n e  i n  t o p  oper a t ing  c o nd i t i on a t  a l l  t ime s . 

7 .  Che ck eng i n e  i gn i t i o n  t im i n g . Us e o n l y  new o r  v e r y  c l e an 
s p ar k  p l u g s  o f  the  p ro p e r  heat  r a n g e  and w i th the  p r o p e r  g ap . 
Do n o t  change any o f  the c arbur e t o r  s e t t i n g s . 

8 .  Ma i n t a i n  a l l  veh i c l e  c ompo n e n t s  in g o o d  o r d e r  throughout  the 
s e a s on . Proper t r a c k  and dr ive c h a in t en s i o n , p r o p e r  s k i  and 
c l u tch a l i gnme n t  and p r op e r  lubr i c a t i o n  are imp o r t an t  f a c t o r s  
f o r  fue l e c o n omy a s  w e l l  a s  l ow e r  ma i n t enanc e c o s t s . 

Sourc e : I nt e r n a t i o n a l  Snowmo b i l e  I n du s t r y  As s o c i a t i o n  and 
the I n t ern a t iona l Snowmo b i l e  Counc i l . 
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