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Energy, the Economy, and  Mass Trans i t ,  December 1975, U.S.  Congress, Office 

o f  Technology Assessment, OTA-T-15. 

This report  reviews the  re la t ionship  of mass t r a n s i t  t o  energy consumption and . 

t o  a l t e rna t ive  economic conditions. A portion of the report deals with the 

energy requirements f o r  various passenger t r a n s p r t a t i o n  modes. (See Attach- 
ment A f o r  a table  from th3s r epor t ) .  

Energy Conservation in Transportation and Construction, report  of a conference 

sponsored by ARBA, Department of Civil Engineering a t  Clemson University, School 

of Civil Engineering a t  Georgia I n s t i t u t e  of Technology, and U.S. D O T ,  December 
2-5,  1975. 

Par t icular ly  relevant--in t h i s  conference report  a r e  the fol lowing papers : 

"Highway Transportation ' s Response t o  Energy Conservation", by 
J .  R .  Coupal , J r .  of U.S. DOT. 

0 "Energy Consumption of A1 t e rna t i  ve Transport Modes", by John Smyl i e  
of De Leuw, Cather, and Company. (See Attachment B ,  pp .  1-4,  fo r  
tables  from t h i s  paper).  h 

0 "Energy and ~ o o d s '  Movement: An Integrated Approach", by Frank J .  Cesario 
o f  Cornel 1 University. 

0 "Rail Transportation - I t s  Place in t h e  Nation's Energy Conservation 
Program", by BFuce M .  Flohr of FRA.  

A - 
O "Energy Conservation: Views by a S ta te  Department of Transportation", 

by E .  Wilson Campbell of New York DOT. - 
.- O "Energy Conservation in Transportation - Why and How", by Sydney D. - Berwager of FEA. 

0 "Energy Conservation Related to  Traff ic  Operations", by Harold L .  
Michael of Purdue University (See Attachment B ,  p p .  5 - 7 ,  fo r  a suw- 
mary of t h i s  paper).  

Transportation Energy Conservation Data Book, A .  S .  Loebl , e t  a1 . , Oak Ridge 

National Laboratory, October 1976, ORNL-5198. 

-. 

S t a t i s t i c a l  data on energy use in the transportat ion sec tor  a re  presented in the 
form of t ab les ,  graphs, and chayts.  Some of the topics covered incl ude: 



characteris t i c s  of  tranpsortation modes; energy character is t ics ,  including energy 

. . consumption by source and by sector; conservation alternatives; government im- 
pacts, including expenditures , regulations and research, development , and 
demonstration spending; and, transportation demand. A bi b l  iography of data 
sources i s  included in the report. (See Attachment C for tables from this  report) .  . 

Energy Sta t i s t ics  - A Supolement to the Summary of National Transportation Stat is-  
t i c s  by William F. Gray of  the Transportation Systems- Center, August, 1974. DOT- - 

'a -- 

The f i r s t  and third sections of this  report are the most relevant. Section one 
includes financial ,  inventory, and activity s t a t i s t i c s  related t o  the trans- 
portation of energy commodities via pipeline, water, truck, and r a i l .  .The third- 

- 

section containes U.S. -energy consumption s t a t i s t i c s .  Included are data on fuel 
and oil  costs for various modes of transportation and energy consumption disag- 

gregated according to consuming sectors. 
- 

Dial-A-Ride's Impact on Transportation Energy Consumption in Small Cities,  
William R. Hershey, February 1976, The Huron River Group, Ann  Arbor, Michigan.. 

- .  
-This paper examines enerav consumotion of  Dial-A-Ride svstems. For the c i t i e s  .. . . 

which were surveyed, i t  was found that the energy intensiveness o f  Dial-A-Ride i s  
greater than that of most transportation a1 ternatives, including driving. The 

principal reasons for these significant energy costs were low ,vehicle occupancies, . 

circuity of routing, and poor vehicle fuel economy. 

"Transportation Energy Conservation Policies", Eric Hirst, Science Vol . 192,  

No. 4234, April 2, 1976, pp.  15-20. 

- 
This paper presents an overview of the historical trends in passenger' travel a n d  

energy use. I t  then goes on t o  discuss four transportation policies which could 
save energy -- improved mass t r ans i t ,  carpooling, gas01 ine taxes, and  auto fuel 
economy standards. Data i s  presented on the estimated energy savings of each 
policy for 1980 and 1985. These savings are summarized in the following table: 



Est ima ted  Energy Savings 

- Pol  i c y  (Thousand B a r r e l s  Per Day) 

Inc rease  percentage o f  urban t r a v e l  

c a r r i e d  by mass t r a n s i t  from 2.52 

i n  1973 t o  5.0% i n  1980 and 7.5% 

i n  1985. 

I n c r e a s e  ca rpoo l  i n g  s u f f i c i e n t l y  t o  

reduce w o r k - t r i p  a u t o  t r a v e l  by - -- 
10% i n  4980  and 1985. 

I n c r e a s e  gas01 i n e  p r i c e s  by 20% 

s t a r t i n g  i n  1975. -- - 

I n c r e a s e  new c a r  f u e l  economy 

f r o m  14 mpg. i n  1974 t o  20 mpg. - 
i n  1980 and 22.mpg. i n  1985. 

T r a n s p o r t a t i o n  Programming, Economic A n a l y s i s  , and Eva1 u a t i o n  o f  Energy Con- 
_ I '  

s t r a i n t s ,  T r a n s p o r t a t i o n  Research Record 599, T r a n s p o r t a t i o n  Research Board, 1976. 

P a r t i c u l a r l y  r e 1  evan t  papers i n  t h i s  vo l  um2 a re :  
. , 

"Gaso l ine Consumption i n  Urban T r a f f i c e " ,  by Man-Feng Chang, e t  a1 
o f  General Motors Research L a b o r a t o r i e s .  - 

0 "Energy A n a l y s i s  f o r  Urban T r a n s p o r t a t i o n  Systems : A @ e l  i m i n a r y  
Assessment", by Dav id  T. Har tgen o f  New York DOT. - - 

O "New Technique f o r  E v a l u a t i n g  Urban T r a f f i c  Energy Consumption an& 
Emiss ions" ,  by Edward K. Lieberman of  KLD Assoc ia tes  and Stephen. , 

Cohen o f  FHWA. - 
"Energy Conserva t ion  P o t e n t i a l  o f  Urban Pub1 i c  T r a n s i t " ,  by Mayo S.  
S tun tz ,  Jr. o f  Harvard  Business School and E r i c  H i r s t  o f  Oak Ridge 
N a t i o n a l  Labora to ry .  

- - 
o " R e l a t i o n s h i p s  Between T r a n s p o r t a t i o n  ~ n e r ~ i  Consumption and Urban 

S t r u c t u r e :  Resu l t s  o f  S i m u l a t i o n  S tud ies " ,  by J e r r y  L. Edwards o f  . 



the University of Minnesota and  Joseph L .  Schofer of Northwestern 
University. 

.. . . . 

"Energy in the Automobile", Doran K. Samples in Energy: The Impact of Availa- 

bi 1 i ty and Prices on Future Business Prospects, David M. Peel e ,  ed. , 1975, 

I n s t i t u t e  of Science and Technology, The University of Michigan, Ann Arbor, 

Michigan. 

This paper i s  in teres t ing i n  t h a t  i t  focuses on the energy required t o  produce 

an automobile ra ther  tha t  the energy required t o  operate an automobile. The 

concluding section of the paper does provide estimates of to ta l  energy con- - 
sumption fo r  automobiles, including energy used in producing, operating, and 

maintaining an automobile, and  the energy consumed in ref in ing,  d r i l l i n g ,  and 

transportation of auto fuels .  The author concludes t h a t  21% of to ta l  U.S. 

energy consumption was -devoted d i rec t ly  and'indi rec t iy  t o  the automobi 1 e in 

"Energy Ui t i l iza t ion by Various Modes of Transportation", Address by R. Eugene 

Goodson of Purdue University before the Society of Automotive Engineers Auto-  

mobile and Manufacturing -Meeting, October 15, 1976. 

- .  

This address summarizes the transprotation energy consumption for  a variety of . . 

modes. Goodson also proposes conservation measures and estimates the energy 
- 

savings from these measures. (See Attachment D )  . 
I 

"Transportation Energy Conservation: Opportunities a n d  Pol icy Issues, Eric 

Hirs t ,  Transportation Journal Vol. 13, No. 3, Spring 1974, p p .  43-52. - 
- 

The basic thrus t  of t h i s  a r t i c l e  i s  tha t  transportation entrgy conservation i s  

desirable and  technological ly feas ible .  Hirst includes the caveat tha4 when 

transportation energy pol i c ies  are  devised, consideratidn must be given t o  i,m- 

pacts on the economy, employment, foreign t rade ,  and The environment. Energy 

consumption patterns fo r  transportation and savings from energy conservation 

s t ra teg ies  are  included. (See Attachment E ) .  
- - A 



The Production and Consumption of Automobiles R .  Stephen Berry and Margaret Fulton 

Fels ,  A Report t o  the I l l i n o i s  I n s t i t u t e  f o r  Environmental Quali ty,  J u l y ,  1972.  

As w i t h  the paper by Samples discussed above, t h i s  paper analyzes the amount-af- - 
energy used in the manufacture of automobiles. I t  goes fu ther  than the Samples 
paper in tha t  i t  a l so  analyzes the energy t h a t  could be saved through the  re- - 
cycl ing o f  automobiles. 

. - 



. . .  . . 

TRANSPORTATION MODES - 

Fuel or Fuel or , . . 
- Equivalent Equivalent 

. Intercity Bus (d) , 2 .  

' _ . . . . .  * 

.,'; . ' 
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Non-Vehicular  Energy  Requi rements  of t h e  
B u s  Alterna t ives  

-ALTERNATIVE I Bi\SELI(.IE I EXPRESS BUS 

N1J':IBER 02 ESCALATORS -- 
NU;,i?ER OF ELEVATOFS 56 . 

(TIIOLISAPIDS OF K K H I Y E A R )  19,832 . 

(TtiGJSAVCiS OF CUClC FEETIYEIZR 

~.:AI:JTENAP!CE Af iEA 
(i;riO3S+lF:DS Oi: SQUARE FEET) 82.8- 

GUS STOiiAGE k3EA 
ITtiOUSfl:,!DS OF SOUARE FEET 

/ ELECTRICAL CO?ISUbiP rlON 
(TttOUCAF!I)S OF Kl', 't l/YEARl 

I - .  

2 GAS CONSU?.lfJTION - 
(TtlOUSAFlD: O f  CU3lC FEETIYEAR 



Summary of t h e  E n e r g y  Requ i  r e n r e n t s  for  A l t e r n a t i v e s  
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Harold L. Michael  

HIGHLIGHT SLT'I.Et-\RY 

A .  P e t r o l e u m  s u p p l y  f o r  t h e  n e a r  f u t u r e  a s  w e l i  as l o n g  tern:  
v e r y  l i k e l y  w i l l  n o t  b e  s u f f i c i e n t  t o  meet denand .  The 
need f o r  f u e l  c o n s e r v a t i o n  i n  t r a n s p o r t a t i o n  i s  h i g h l y  
d e s i r s b l e .  T r a f f i c  management o f f e r s  many o p p o r t u n i t i e s  
f o r  f u e l  c o n s e r v a t i o n .  - 

B. Eighway f a c t o r s  a f f e c t i n g  f u e l  consumption of motor  
v e h i c l e s  

1. D i s t a n c e ,  v e r t i c a l  g r a d e ,  h o r i z o n t a l  , c u r v e s ,  and : 

roadway s u r f a c e  f a c t o r s  a r e  n o t  p r i m a r i l y  c o r r e c t i b l e  
by t r a f f i c  o p e r a t i o n s .  2 

2 .  Speed and s p e e d  change f a c t o r s  a r e  g r e a t l y  a f f e c t e d  
by t r a f f i c  o p e r a t i o n s .  

C, V e h i c l e  s p e e d  
M 

1. 55 rnphzn&.nur; speed  a l r e a d y  s a v i n g  a b o u t  4 m i l l i o n  
g a l l o n s  o f  g a s o l i n e  'pe'r day .  

2 .  35 mph s p e e d  n n s t  c o n s e r v a t i v e  o f  f u e l  consurr!ption. 
'.-. 
L. 

3. Under 20 mph s p e e d  very w a s t e f u l  - under  1 5  more 
w a s t e f u l  than 70 mph. 

4 .  Sane c l a s s e s  of r o a d s  and s t r e e t s  s h o t ~ l d  be  o p e r a t e d  
a t  s p e e d s  a round  35 mph f o r  s a f e t y  and f u e l  c o n s e r v a t i o n .  

:. 5 .  Maximum s p e e d  s h o u l d  b e  f u n c t i o n  o f  d e s i g n ,  f u n c t i o n a l  
u s e  and f u e l  consumpt ion .  I!igh t y p e  r o a d s  migh t  be  
60 mph, low t y p e  a r t e r i a l  r o a d s  35 mph. Lo t  a l l  
s h o u l d  be 55 mph. 
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E N E K t i Y  CUNSERVATION RELATED TO TRAFFIC OPERATIONS 

D .  Changes i n  speed ,  i n c l u d i n g  s t o p  min imiza t i on  
- - - 

1. From 30 mph, 100 l e s s  s t o p s  each  day s a v e s  one g a l l o n  
of g a s o l i n e  and 150 l e s s  speed  changes of 20 nph 
s a v e s  a n o t h e r  g a l l o n .  

# 

2 .  Goal  of t r a f f i c  e n g i n e e r  shou ld  be t o  keep t r a f f i c  
f l owing  s a f e l y  a t  a  s t e a d y  35 mph w i t h  as few s t o p s  
and speed  changes as a b s o l u t e l y  n e c e s s a r j ,  - 

E. T r a f f i - g  e n g i n e e r i n g  management f o r  speed  change m i n i n i z a t i o n  
- 

1. Some t r a f f i c  e n g i n e e r i n g  t o o l s  which improve f u n c t i o n a l  
u s e  of r oads  and s t r e e t s  

a.  One-way s t r e e t s  
- .  R e v e r s i b l e  l a n e s  .: 

. - c .  P a r k i n g  p r o h i b i t i o n  

2. Some t r a f f i c  e n g i n e e r i n g  t o o l s  which i np rove  l o c a l  - - 
c o n d i t i o n s  - - 
a .  C h a n n e l i z a t i o n  
b. Pa rk ing  p r o h i b i t i o n  
c. . Turning  l a n e s  
d .  Lane s t r i p i n g  

- .  e .  S ign ing  and marking 
f .  Loading c o n t r o l s  
g. P-roper i n t e r s e c t i o n  c o n t r o l  

- d 

(1) - Right-of-way c o n t r o l  on ly  f o r  rlow v o l u r e s  
- 

( 2 )  ~ 3 e l d  and s t o p  s i g n  c o n t r o l s  and p rope r  
. I use  

- ( 3 )  S i g n a l  c o n t r o l  and a p p l i c a t i o n  
L 

( a )  Phasing impor t an t ,  minimum number - - - 
d e s i r e d  

(b )  Greer t i n e  of each  p h a s e - p r o p o r t i o n a l  - 

t o  vc Lume 
( c )  F l a s h i n g  o p e r a t i o n  d u r i n g  low v o l u m e  

hours  

3. Development of p r o g r e s s i v e  f low - 
4 .  Enforcement  i s  impor t an t  
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Harold 1. illichael 

F. T r a f f i c  management can save f u e l  

1: I f  j u s t  one l e s s  s top and one l e s s  speed change of ' 

20 mph or  more v e r c  made f o r  each t r i p  mnade i n  the  
U .  S .  over 5 n i l l i o n  gal lons  of f u e l  vould be saved 
each day. .. 

. -. . ?  

2 .  Three a d d i t i o n a l  reasons why b e t t e r  t r a f f i c  manage- 
ment i s  very important - and would have high payoff ..- 
a.  Motorists  w i l l  accept new condit ions eager ly  
b. Safety w i l l  a l s o  be improved 
c.  I t  i s  p r a c t i c a l  a s  i t  i s  complementary t o  

present  system. . 
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- 
U n i t e d s t a t e s  t o t a l  g ross  consumption of energy resources  by major sources  and consuming s e c t o r s '  

- - 
( i n  t r i l l i o n s  of t t u ' s )  

Geo- To ta l  To ta l  Total  
To ta l  hydro- g ross  four  U t l l i t y  th ree  

Pe t ro -  Na tura l  f o s s ~ l  Nuclear s o l a r  energy s e c t o r  e l e c t r i c  s e c t o r  
- C o a l  leun gas f u e l  power poser  i n p u t s  inpu ts  consumed inpu ts  

Household and comnercial 309 6061 7518 13888 138SS l3SSS 3363 17276 
Industrial 4356 5 1 5 3  10314 20823 37 20960 20960 2425- 23285 
Transpor ta t ipn  2 17720 685 18407 18407 18407 17 18424 
E l e c t r i c a l g e n e r a t i o n  8540 3480 3512 15532 1202 3253 19987 19987 5830- - 
S y n t h e t i c s  - - - - - - - - - -  
Tota l  13207 33414 22028 68650 1202 3290 73142 73142 58985 

1990 - - - - 
Household and conmerclal 156 6403 6137 12696 - 12696 -12596 4662 17358 
Industrial 4054 6769 12315 23129 3 1  23129 3155 26252 
Tr3nspor ta t ron  3 19413 681 20096 20096 20096 15 20111 
E l e c t r l c a l g e n e r a t i o n  11486 3017 3611 18117 3876 3704 25696 25696 7810- - 
S y n t n e t l c s  - - - - - - - - - -  
Tota l  15690 35601 2274b 74037 3876 3704 81617 81617 63751 

Household and commercial 114 
I n d u s t r i a l  4817 
Transpor ta t ion  2 
E l e c t r i c a l  genera t ion  15331 
S y n t h e t i c s  ' . 261 - 
Tota l  20575 

Household and commercial 84 
Industrial ' 5803 
Transpor ta t ion  2 
Electrical genera t ion  19569 
S y n t h e t i c s  ..- 391 - 

' ~ h e s e  f i g u r e s  correspond t o  t h e  P r o j e c t  Independencr Evaluat ion System (PIES)i[Teference Case with - 

imported o i l  p r i c e  s e t  a t  $13. 

Source: Federal  Energy Admin is t ra t ion ,  Nat ional  Energy Outlook, pp, G-2, C-22, and G-24, Wash ing top  D . C . ,  
. February 1976. 
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Amount o f  f u e l  const~med by t y p e  o f  llighway motor  v c l ~ i c l e .  1!1d3-1974~ 
(mi I l i o n s  o f  g i ~ l l o n s )  

.' 
I t I I 

I P a s s e n g e r  V e h i c l e s  Cargo vet1 j c l e s  
I I 

I 11 
l ~ o r  t h e  50 s t a t e s  and D i s t r i c t  o f  C o l u ~ n b i a .  

I 

Year 

20n ly  t o t a l s  a r e  p r e s e n t e d  f o r  1963 and 196-1 a s  m o t o r c y c l e s  account  f o r  l e s s  t l~zin 1 p e r c e n t  of  a l l  t r a v e l .  
1 I 1 ' 

Source :  U.S.  Departrncnt of  T r a n s p o r t a t i o n ,  F e d e r a l  Ilighway A d m i n i s t r a t i o n ,  Ilighway S t : ~ t i s t i c s ,  T a b l e  V h I - 1 ,  a n n u a l .  
I 

1 1 
L ( I  I 

I 
I 

P e r s o n a l  p a s s e n g e r  v e l ~ i c l e s  

A1 1  
p e r s o n a l  , 

Passenger  Motor- p a s s e n g e r  
c a r s  c y c l e s  v e l ~ i c l e s  

I Buses 

A1 1  
Cornrnercial S c l ~ o o l  Buses 

I 
I' 

A l l  
p a s s e n g e r  
v e h i c l e s  

~ i n g d e -  
u n i t  1 Combi- A1 1  

t r u c A s  n a t i o n s  t r u c k s  

A 1  1  
motor  

v e h i c l e s  
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P a s s e n g e r  T r a n s p o r t a t i o n  - - - 

Mode - 
B i c y c l e  

Speed  
- 

1 0 - 3 0 .  MPH 

P a s s e n g e r  Miles per Gallon 

Walking - 3-7 
'- -- 

B U S  - 30-60 

T r a i n  50-150 

Au tomob i l e  - - 30-60 
- 

A i r p l a n e  150-600 

Luxury  L i n e r  
\ 

H e l i c o p t e r  

SST 

Mode - Ton-bl i les  Per Gallon 

- - Truck  
a - 

30-60 MPH 

R a i l '  

P i p e l i n e  

A i r  





Attachment E 

I I i a t o r i c o l  Elicrgy C o n y o n ~ l ~ t i o t l  P n t t c r r ~ u  for T r a n ~ ~ o r t n ~ i o r t  - 

Per  cent of Total Trat t ic  
Tota l  

Total  Waterwnv Encrpv Avcrorc 
Year Traiiic Ai r  T r u c k  n a i l  8 lli[~ciirre Auto B u s  . I  (101': Ilru) El 

-Inter-City Freight Traffic - - - 
: A 1950 1330 " 0.02 13. 47 41 - - 2700 SGOOI' 

1960 1600 0.03 IS 3s-  44 - - IS00 1100 
1970 2210 0.13 19 33 16 - - 2400 1100 

> 

Inter-City Passenger Tr,~ffic 

1930 500' 2 - 7 - 66 5 1700 3 0 0  " 
I 1960 SO0 4 - 3 - 9 1 ., o 2700 3400 

1970 1126 10 - 1 - 87 2 4300 3800 
- 

Urban Passenger T raEc  

1950 310' - - - - 85 13 2190 7 0 o 1  
1960 430 - - - - 91 6 3300 7 x 0  
1970 710 - - - - 97 3 5700 SO00 

Inter-crty bus or r ~ r l ~ n n  mass transrt. 
1' B1111o? ton-nliies. 

B~lllon passenger-in~lcc. 
'1 Btu/ton-rmie 

Bhdpassenger-111iIe. 
I 

T r a n s p o r t a t i o n  Encr,?r C o n s e r v a t i o n  S t r a t e g i e ~  -* 

FROJI , T O  ENERGY S,\\'ISGS 
energy-eflicicr~t ( p c r  c e n t  of rotai 

1970 S i t u a ~ i o n  allernalive transporlntion cncrg?.) 

pasle.ngci traffic: modal shifts 

Inter-ci tp - auto Inter-city bus 
Airplane - 2 -- Inter-city bus 
Urban auto 1 1 ~ s ~  transit 
Urban auto Bicycle 

t-I. Passenger traffic: lo;d factor iilcrcascs 

Urban auto (2%) Urban auto (357) 
Mass transit (207) \lass transit (30:) 
Inter-city train (375) ' Intcr-city tr;lin (47;) 

Inter-city auto (300)  Inter-city auto (?:loo) 
Urban auto (5100) Urbnn auto (5400) 
Airplnnc (S.100) Airplane (3600) 
Train (2900) ' Train (1900) 

Freight tmfiic:  nodal shifts 

I Truck Train 0.06 
Airplific ' Train -- 5.01 

I Energy savincr are comput_cd on the Insis u l  n '0 l~illion p.ls\enger-rmle (or ton-nlilr) eiiect. about 
-1% of 1970 passenper k a t k  (or inter-city frciglrt trailic). Total transport~tron encrfiy use in l97'p was 
16.5CO trillion Utu. W, . 

b Energy savings arc for 3 10-percentage-point increase in Iond factor; nun_ll,cn in _parentheses are 
load factors. C . 

c In 1950 trains carried only 11 Lillion passen~er-~nilcs. 
d Energy savlnjis are for a 33"0!eduction in vehicle El;  nunhers in parentllnes are EI ,v;llues in Btu/ 

passenner,niile. - 
c I n  1970 airl,13nr.c mrrird nnlr 7 .I h i11;~~ t v n - i i i i 1 ~ ~ c  r ~ f ' ; ' - l l '  


