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PREFACE 

The Energy Research and Development Administration (ERDA), * 
recognizing the need for an assessment of energy usage by railroad 
freight and.passenger services and by rail transit systems, has 
sponsored the Energy Scudy of Rail Transportation as part of a compre- 
.hensive energy conservation program. The objectives of the study were: 

To describe rail transportation systems in terms of physical, 
operating, and economic characteristics; and to relate 
energy usage, services rendered, and costs. 

To describe the roles of private and public institutions in 
ownership, operation, regulation, tariff, and fare determination, 
and subsidization of rail transportation. 

To describe possible ways to improve efficiency. 

To provide data that the Government may use to determine its 
future role 

.. 
Work was organized in four tasks: 

Descriptions of r.ail transportation industries 

Regulation, tariff, and institutional relations 

Efficiency improvements 

Industry future and federal role 

Results of the study are published in two report series of four 
volumes each, as follows: 

ENERGY STUDY OF RAILROAD FREIGHT TRANSPORTATION: 

Executive Summary, Volume I 
Industry Description, Volume I1 
Regulation and Tariff, Volume I11 
Efficiency Improvements and Industry Future, Volume IV 

ENERGY STUDY OF RAIL PASSENGER TRANSPORTATION 

Executive Summary, Volume I 
Description of operating Systems, Volume I1 
Institutions, Volume I11 
Efficiency Improvements and Industry Future, Volume IV 

* The functions of ERDA were transferred. to the Department of Energy. 



The Energy Study of Rail Transportation was performed by SRI 
International, Menlo Park, California, under Contract EY-76-C-03-1176. 
Ms. Estella Romo and Mr. Richard Alpaugh of ERDA were the contract . 
monitors. Dr. Robert S. Ratner was the project supervisor. Mr. AlbrrL 
E. Moon was project leader and task leader for freight railroad studies. 
Mr. Clark Henderson was task leader for passenger rail studies. 

This report is Volume IV of the Rail Passenger Transportation series. 
Mr. Clark Henderson was principal author. Mr. James P. Wilhelm con- 
tributed material on technical innovations. 



CONTENTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PREFACE iii 

LISTOFTABLES . . . . . . . . . . . . . . . . . . . . . . . . . .  v i  

I INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  
Purposes . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
D e f i n i t i o n  of C la s ses  of Energy Demand . . . . . . . . . . .  1 
Methods f o r  Energy Economic Stud.ies ; . . . . . . . . . . . .  2 
Conservat ion Measures . . . . . . . . . . . . . . . . . . . .  4 
Indus t ry  Fu tu re  . . . . . . . . . . . . . . . . . . . . . . . .  5 
F e d e r a l R o l e  . . . . . . . . . . . . . . . . . . . . . . . .  5 

11 ENERGY ECONOMY I N  OPERATIONS . . . . . . . . . . . . . . . .  7 

Nonproductive A c t i v i t y  . . . . . . . . . . . . . . . . . . . .  7 
Nonproductive A c t i v i t y  t o  Turn T r a i n s  a t  the Ends 

. . . . . . . . . . . . . . . . . . . . . . . .  . . . .  of Routes : 11 
F r e q u e n t s t o p s  . . . . . . . . . . . . . . . . . . . . . . .  11 

. . . . . . . . . . . . . . . . .  High Acce le ra t ion  and Speed 12  
. . . . . . . . . . . . . . . . .  I d l e  Vehic les  and F a c i l i t i e s  1 3  

111 ENERGY ECONOMY I N  SYSTEM DESIGN . . . . . . . . . . . . . . . .  1 5  

. . . . . . . . . . . . . . . . . . . . . . . . .  Background 1 5  
. . . . . . . . . . . . . . .  Energy Economy Study P r i o r i t i e s  16  . . . . . . . . . . . . . . . . . . . . . . .  Candidates  17 

. . . . . . . . . . . . . .  Serv ices  and Energy Demands 17 

. . . . . . . . . . . . . .  D i e s e l - E l e c t r i c  Locomotives 1 7  
. . . . . . . . . . . . . . . . . .  E l e c t r i f i e d  Systems 1 9  

Ou t l ine  of Conservat ive Design C h a r a c t e r i s t i c s  . . . . . . .  1 9  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Vehic les  2n . . . . . . . . . . . . . . . . . . . . .  T r a n s p o r t a t i o n  20 

. . . . . . . . . . . . . .  Matching Horsepower t o  Load 20 
. . . . . . . . . . . . . . . . . . . .  R a i l  D i e s e l  Cars 21 

. . . . . . . . . . . . . . . . .  Dual-Powered Vehic les  22 
. . . . . . . . . . . . . . . .  Turbine-Elec t r ic  T ra ins  23 

. . . . . . . . . . .  Single-End vs  Double-End Cont ro ls  23 
. . . . . . . . . . . . . . . . . . .  Power Condi t ion ing  24 

. . . . . . . . . . . . . . . . .  Contro l  of Propuls ion  25 
. . . . . . . . . . . .  Cam-Controlled R e s i s t o r  Banks 25 

. . . . . . . . . . . . .  Other  Cont ro l  Technologies  26 
. . . . . . . . . . . . . . . . . . .  Contro l  of Braking 27 

. . . . . . . . . . . . . . . . . . . . . . . .  Sto rage  29 
. . . . . . . . . . . . . . . . . .  V e h i c l e A c c e s s o r i e s  3 1  

. . . . . . . . . . . . . . . . . . . . . . .  Car Weight 32 
Tmpac.t nf V ~ h i - c l e  Design on T r a i n  Formations . . . . . .  33 



F a c i l i t i e s  . . . . . . . . . . . . . . . . . . . . . . . . .  35 
General . . . . . . . . . . . . . . . . . . . . . . . .  35 

. . . . . . . . . . . . . . . . . . . .  Turning Tra ins  35 
A d j u s t i n g T r a i n L e n g t h  . . . . . . . . . . . . . . . .  36 
E l e c t r i f i c a t i o n  . . . . . . . . . . . . . . . . . . . . .  37 
S t a t i o n  Heating. Ven t i l a t ing .  and A i r  Conditioning 

(HVAC) . . . . . . . . . . . . . . . . . . . . . . . . .  37 
S t a t i o n  Light ing . . . . . . . . . . . . . . . . . . .  38 
T u n n e l L i g h t i n g  . . . . . . . . . . . . . . . . . . . . .  38 
Heating Rai ls .  Switches. and E l e c t r i c a l  F a c i l i t i e s  . . 38 

I V  ENERGY ECONOMY I N  ELECTRICAL POWER SUPPLY SYSTEM . . . . . .  41 

Petroleum Fuel a s  a Measure of Energy Usage . . . . . . . .  41 
Classes of Energy Losses . . . . . . . . . . . . . . . . . .  41 
Energy Losses i n  Generation and D i s t r i b u t i o n  . . . . . . . . .  42 
Losses i n  Conversi0.n and Delivery . . . . . . . . . . . . .  43 

V ENERGY ECONOMY I N  MODEL CHOICE DECISIONS . . . . . . . . . .  45 

. . . . . . . . . . . . . . . . . .  A v a i l a b i l i t y o f  Service  45 
ChoiceRiders  . . . . . . . . . . . . . . . . . . . . . . .  45 

. . . . . . . . . . . . . . . . . .  Limi tedMobi l i ty  Riders 45 
.Marketing . . . . . . . . . . . . . . . . . . . . . . . . .  46 
Service  and Cost Eff .ect iveness . . . . . . . . . . . . . . .  46 
Round-the-clock Service  . . . . . . . . . . . . . . . . . . .  47 

. . . . .  impact' of Change on Energy Demands and I n t e n s i t i e s  48 
. . . . . . . . . . . . .  Evaluation of Prospect ive  Changes 49 

V I  INDUSTRY FUTURE . . . . . . . . . . . . . . . . . . . . . .  
Continuation s f  Old System3 . . . . . . . : . . . . . . . .  51  

. . . . . . . . . .  New Construction i n  Progress o r  Planned 51 
Limita t ions  on Major Regrowth . . . . . . . . . . . . . . .  53 

V I I  FEDERAL ROLE . . . . . . . . . . . . . . . . . . . . . . . . .  55 

Local I n i t i a t i v e  . . . . . . . . . . . . . . . . . . . . . .  55 
Energy Economy.Studies . . . . . . . . . . . . . . . . . . .  55 
F u l l  C a p i t a l  Subsidy . . . . . . . . . . . . . . . . . . . . .  55 
Emphasis . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . .  37 

TABLES 

1 Summary of Passenger-Miles and Direct  Energy Demands 
. . . . . . . . . . . . . . . . . . . . . . . . . .  byMode 18 

. . . . . . .  2 Means t o  Achieve P o s i t i v e  and Negative E f f e c t s  47 



I INTRODUCTION 

Volume IV identifies and briefly describes measures that offer, 
promise of efficiency improvements or economy in energy usage in rail 
passenger transportation; comments on the future of rail passenger 
transportation in the United States; and discusses possible future roles 
of federal agencies. 

Definition of Classes of Energy Demand 

Energy demands generated by rail passenger transportation systems 
are grouped in three classes: direct,. indirect, and capital. Demands 
are generated in many different.ways; consequently, innovations in 
efficiency improvement can take many forms. Classes of demand are 
defined and illustrated here: 

Direct Demands: the petroleum fuel (or petroleum fuel equivalent 
of other energy sources) used day-by-day to supply electrical 
power and fuel for the operation of rail passenger transporta- 
tion equipment and facilities. The following outline is a break- 
down of the major elements of direct demand. 
Operation of vehicles (by type of operation and type of 
consumption) 
Type of operation 
Passenger vehicles 
Revenue service 
Passenger transportation 
Nonproductive travel 

Nonrevenue movements and other 
Deadhead mileage--between storage and revenue service 
Live or "hot" storage--with auxiliaries operating 

Maintenance and service vehicles 
Types of consumption 
Propulsion--acceleration and motoring (less braking energy 
if recycled) 
Empty vehicles 
Payload--weight of passengers 

Mechanical and aerodynamic friction 
Power conversion and regulation on board vehicles 
Auxiliaries 
Heating, ventilating and air conditioning 
Lighting 
Compressors for brakes 



Controls 
Communication 

Fixed facilities 
Power conversion and distribution 
Signals and communications 
Shops 
Yards 
Stat ions 
Heating, ventilating and air conditioning 
Lighting 
Elevators and escalators 
Communications , . 

Fare collection 
Parking lots 

Suppliers of energy 
Production and distribution of fuel 
Losses of heat in electrical power plants 
Losses of electrical energy in distribution and conversion 
Energy consumed by suppliers 

Indirect Demands: the energy content of goods, labor and ser- 
vices consumed in current operations of rail passenger systems 

Capital Demands: the energy embodied in newly acquired capital 
assets including replacements, improvements, extensions, expan- 
sions, and new construction in the rail passenger systems and 
in the industries engaged in supplying energy and other goods 
and services. 

Methods for Energy Economic Studies 

New analytical methods are req~lired tn plan and manage an energy 
conservation program in rail passenger transportation. The methods 
should allow evaluation of the net, long-term changes in energy demand 
that will result from any significant change in an existing rail passen- 
ger system or from the development of a new system. The methods now 
available are not sufficient for this purpose. 

The term "energy economy study" has been adopted here as a name 
for the needed methods. The term is borrowed from "engineering economy," 
a long-established discipline for economic evaluations and comparisons 
of engineering and other alternatives. This analytical method uses 
reasoning substantially parallel to that needed for the energy economy 
studies. Another term that might be suitable is "energy impact assess- 
ment," which is suggested by the commonly used term "environmental impact 
assessment." 

One definition of economy is "management without loss or waste." 
In this report, "economy" means the e x e r c i s e  o f  c a r e  i n  p l a n n i n g ,  
d e s i g n i n g ,  c o n s t r u c t i n g ,  o p e r a t i n g ,  r e n e w i n g  or d i s c o n t i n u i n g  r a i l  
p a s s e n g e r  t r a n s p o r t a t i o n  s y s t e m s  t o  a v o i d  loss or w a s t e  o f  e n e r g y .  



Impact,  o r  energy impact ,  r e f e r s  t o  any change ( e i t h e r  an  i n c r e a s e  o r  
dec rease )  i n  energy demand r e s u l t i n g  from a measure under c o n s i d e r a t i o n .  

Conservat ion of d i r e c t  energy ( t h a t  i s ,  energy t h a t  i s  consumed 
day-by-day t o  o p e r a t e  r a i l  equipment and f a c i l i t i e s )  i s  u s u a l l y  t h e  
focus  of a t t e n t i o n  i n  conse rva t ion  programs, b u t  d i r e c t  energy demand 
i s  on ly  one of t h e  t h r e e  c l a s s e s  of energy demand t h a t  can be a f f e c t e d  
by a d e c i s i o n  r ega rd ing  changes i n  r a i l  systems. A l l  t h r e e  c l a s s e s  must 
be s t u d i e d .  The second c l a s s ,  i n d i r e c t  energy,  is consumed i n  f a c t o r i e s ,  
homes, and o t h e r  p l a c e s  t o  supply  l a b o r ,  s e r v i c e s ,  and m a t e r i a l  f o r  
day-by-day o p e r a t i o n s .  The t h i r d  c l a s s ,  c a p i t a l  energy ,  i s  used t o  
c o n s t r u c t ,  equ ip ,  renew, and suppor t  a  r a i l  passenger  system. T o t a l  
energy demand i s  t h e  sum of d i r e c t ,  i n d i r e c t ,  and c a p i t a l  demands. 

From t h e  viewpoint  of energy conse rva t ion ,  t h e  worth of any proposed 
change i n  a  r a i l  passenger  ' t r a n s p o r t a t i o n  system should be measured i n  
terms of t h e  n e t  e f f e c t  of t h e  change upon t o t a l  energy demand. Compar- 
i s o n s  should r e v e a l  t h e  d i f f e r e n c e s  between a l t e r n a t i v e s  i n  t o ' t a l  
demand and should a l s o  b reak  down t h e  t o t a l  by components of energy 
demand i n  each c l a s s .  The net changes or the di f ferences between the 
total demands o f  pairs o f  al ternat ives  are used t o  evaluate the worth 
o f  spec i f i c  energy conservation measures. 

The e s t i m a t e s  and comparisons of energy demands produced by energy 
economy s t u d i e s  can be used t o  answer q u e s t i o n s  o r  make d e c i s i o n s  such 
a s  t h e  fo l lowing:  

Why change an exis t ing ra i l  system t o  something d i f f e r e n t ?  
This  ques t ion  r e q u i r e s  comparison of energy demands under e x i s t -  
i n g  and p r o s p e c t i v e  changed c o n d i t i o n s .  

Why follow one system design and set  o f  operating practices 
rather than another? This  q u e s t i o n  r e q u i r e s  t he  fo rmula t ion  of 
two o r  more a l t e r n a t i v e  p l a n s  f o r  r o u t e s ,  f a c i l i t i e s ,  equipment,  
and o p e r a t i o n ;  and t h e  comparison of energy demands f o r  p a i r s  
of a l t e r n a t i v e s .  

Why develop a new ra i l  system or continue t o  operate one presently 
i n  existence7 Th.i.s q u e s t i o n  r e q u i r e s  t h e  comparison of demands 
f o r  t h e  e n t i r e  r e g i o n  served  under two a l t e r n a t i v e s :  w i t h  and 
wi thout  r a i l  t r a n s p o r t a t i o n  s e r v i c e .  T o t a l  energy demands f o r  
a u t o  and bus must be  inc luded .  Th i s  q u e s t i o n  may a r i s e  when t h e  
c o n s t r u c t i o n  of a  new system i s  under c o n s i d e r a t i o n ,  when exten- 
s i o n s  a r e  proposed, o r  when abandonment of a  l i n e  o r  an  e x i s t i n g  
system i s  under c o n s i d e r a t i o n .  

Why follow one staging plan for system development rather t l l a ~ l  
another? This  ques t ion  r e q u i r e s  t h e  formula t ion  of a l t e r n a t i v e s  
having d i f f e r e n t  schedules  f o r  developmerlc o r  cllaage and t h e  
comparison of demands among a l t e r n a t i v e  schedules .  



Many of t h e  energy e f f e c t s  of a change i n  r a i l  t r a n s p o r t a t i o n  w i l l  
occu r  o u t s i d e  t h e  r a i l  system and beyond i t s  s u p p l i e r s  of energy,  goods, 
and s e r v i c e s .  For example, changes i n  r a i l  t r a n s p o r t a t i o n  w i l l  a f f e c t  
t r a v e l  v i a  a u t o  and bus ,  t h e  t o t a l  amount of t r a v e l  i n  a r eg ion ,  and t h e  
p a t t e r n  of l a n d  development and use  i n  a r eg ion .  A l l  of t hose  e f f e c t s  
should  e n t e r  i n t o  energy  economy s t u d i e s  t o  t h e  e x t e n t  they can  be 
q u a n t i f i e d .  

N a t u r a l l y ,  energy economy i s  n o t  t h e  s o l e  c r i t e r i o n  i n  making 
d e c i s i o n s  abou t  changes i n  r a i l  systems.  Other  impor tan t  c o n s i d e r a t i o n s  
a r e  t h e  e f f e c t s  on c a p i t a l  and o p e r a t i n g  c o s t s ;  consumption of s c a r c e  
re , sources  such  a s  l a n d ;  a v a i l a b i l i t y  and q u a l i t y  of s e r v i c e s  t o  u s e r s ;  
and s o c i a l ,  economic and environmental  c o n d i t i o n s .  However, assessment  
of energy e f f e c t s  i s  a t  l e a s t  as impor tan t  as  asseGGment of effects of 
o t h e r  k inds .  The p r e s e n t  l a c k  of methods f o r  energy economy s t u d i e s  o r  
energy  e f f e c t  assessments  i s  a s e r i o u s  d e f i c i e n c y .  W e  s t r o n g l y  recom- 
mend t h a t  ERDA develop a p p r o p r i a t e  methods f o r  energy esonomy s t u d i e s  
a s  p a r t  of t h e  energy  conse rva t ion  program. 

Conserva t ion  Measures 

Measures t h a t  o f f e r  promise of improvements i n  endrgy e f f i c i e n c y  
have been i d e n t i f i e d  from t h r e e  sou rces :  i n  t h e  cou r se  of s i t e  v i s i t s  
and i n t e r v i e w s  conducted b y . t h e  p r o j e c t  team; by a n a l y s i s  of unpublished 
d a t a  f u r n i s h e d  by o p e r a t o r s ;  and by l i t e r a t u r e  s ea rch .  Concepts .for 
o t h e r  measures have been developed by t h e  p r o j e c t  s t a f f  whi le  conduct ing 
some 30 c a s e  s t u d i e s  and a r e  p re sen ted  he re .  

Energy conserarat ion can be sul.lg11~ Ly s i n g l e  measures o r  groups of 
measures used i n  combinat ions.  E x i s t i n g  systems,  i n c l u d i n g  some t h a t  
have been b u i l t  o r  modernized r e c e n t l y ,  do n o t  i n c o r p o r a r e  many of t h e  
conse rva t ion  measures t h a t  a r e  n o w  a v a i l a b l e .  Te r . hn i c81   advance^ w i 1 . l  
p r o v i d e  additional o p p o r t u n i t i e s  i n  t h e  f u t u r e .  

Measures t h a t  o f f e r  a t  l e a s t  t h e  promise of n e t  energy sav ings  a r e  
o u t l i n a d  he rc  : 

Economy i n  o p e r a t i o n s  

Economy i n  system des ign  

F a c i l i t i e s  
Equipment 

Economy i n  energy supply  systems 

Economy i n  modal cho ice  

While energy can b e  c o n ~ e r v c d  by e x p l o i t i n g  e x i s t i n g  technology and 
des ign  c a p a b i l i t i e s ,  some measures must awa i t  t h e  development and eva l -  
u a t i o n  of  new components and subsystems;  some measures can be achieved 
o n l y  by changes i n  l e g i s l a t i o n ,  i n s t i t u t i o n s ,  f i n a n c i n g ,  and p u b l i c  
p o l i c y .  



No standard reference works or texts treat energy conservation 
measures as related to the design and operation of rail passenger system, 
nor is there a comprehensive list of wasteful system characteristics. 
However; in our research on existing systems, we noted many examples of 
both wasteful and too conservative economical conditions in operations 
and system design. Further, in interviews and literature search, we 
identified concepts and proposals for measures that depend on technical 
advances. In conducting the research, we envisioned measures that 
would depend on legislation, institutional changes, new financing pro- 
grams, shifts in modes of travel, and changes in public policy that 
would encourage energy conservation. These measures are discussed (and 
illustrated in examples where possible) in the sections that follow. 

Some energy demands are interrelated and involve tradeoffs--that 
is, changes of several kinds may be combined in a single project or . 

program. The following hypothetical case ihdicates how a technical 
innovation could be combined with other changes. The case assumes that 
a transit property purchases a fleet of small, energy-efficient, and 
economical railcars--a technical innovation. The cars are acquired to 
supplement cars of standard size. The new cars provide 24-hr service 
with frequent schedules on lines that would otherwise be closed at 
night--an operational innovation. The improvement in rail service 
availability causes some travelers to depend entirely on rail transpor- 
tation for trips to work and central city activities rather than to 
use autos or bus--a modal shift. However, the improvement (that is, 
the 24-hr availability of rail service) encourages some workers to 
move to residences further from their jobs--a change in trip length. 

The sections that follow treat operations, systems design, energy 
supply systems, and modal choice. Examples are presented as early in 
the text as appropriate. However, readers are asked to keep in mind 
that specific characteristics have multiple effects in several subject 
areas. Consequently, the examples in one section are often relevant to 
others. Cross-references are made where appropriate. 

Industry Future 

Rail passenger transportation in the U.S. is dominated mainly by 
policy decisions of public agencies and its future cannot be forecast 
on the basis of historical experience, future economic trends in related 
fields, or technical advances. Conventional methods of forecasting are 
not applicable. However,' "boundary" conditions can be identified and 
are discussed in Section VI. 

Federal Role 

The federal government now provides major subsidies for technical 
planning studies, capital investments, and operating support of rail 
passenger transportation but has little or no direct influence on local 



decisions affecting energy economy. Energy saving projects must compete 
with all other proposals when plans are developed at the local level. 
Energy economy receives no special weight or priority when grant appli- 
cations are reviewed at the federal level. Under these conditions, 
energy conservation programs will make slow progress. Section VII out- 
lines changes in legislation and in procedures that appear likely to 
accelerate implementation of cost-effective energy measures. 



TI ENERGY ECONOMY IN OPERATIONS, 

Measures for energy economy or conservation in operation of rail 
passenger systems are described in terms of avoidance of wasteful prac- 
tices. High productivity in the usage of equipment and energy is the 
objective. 

Nonproductive Activity 

Rail passenger vehicles are considered nonproductive (either 
totally or significantly) in the following situations: 

Moving empty trains. 

Moving trains in scheduled passenger service on established routes 
I1 (in revenue service") to the extent that the number of cars in 

a train is greater than is needed to accommodate the load. 

Moving trains when the horsepower of the locomotive is signifi- 
cantly greater than needed to draw the loads. 

Passenger equipment (the entire train or individual locomotives and 
cars) is.nonproductive while in the following "nonrevenue" operations: 

Moving between storage facilities and passenger route's at the 
start and end of periods of revenue service (usually called 
"deadhead1' travel) . 
Moving within yards and shops. 

Making up and separating trains. 

Turning trains at the ends of revenue routes. 

Removing "in bad order" or malfunctioning passenger equipment 
from passenger routes to repair facilities. 

Nonproductive activity wastes energy.in all three classes of demand: 
(1) the-movement of vehicles generates direct energy demands; (2) the 
use of labor, goods, and services for operations and maintenance gene- 
rates indirect energy demands; and (3) the wearout of capital assets 
and, in some cases, requirements for larger vehicle inventories to cover 
nonproducrive activfeies, generates capital energy demands. Avoiding 
nonproductive operation of equipment is.of special interest as an energy 
conservation measure since the equipment movements and the associated 
energy usage do not directly produce passenger service. Of course, 
some nonproductive operations are needed under all but perfect-conditions. 
However, much of the nonproductive operation of vehicles results from 



fundamental  d e s i g n  c h a r a c t e r i s t i c s  of equipment and f a c i l i t i e s  s e l e c t e d  
long  ago,  and t h e r e f o r e  i s  not  s u b j e c t  t o  t h e  c o n t r o l  of persons  p r e s e n t l y  
r e s p o n s i b l e  f o r  o p e r a t i o n s .  Improvements must awa i t  c o r r e c t i o n s  of t h e  
d e s i g n  d e f e c t s .  

Examples are used t o  i l l u s t r a t e  ,both d e s i r a b l e  and w a s t e f u l  p r a c t i c e s .  

Example: P r o d u c t i v i t y .  PATCO's Lindenwold heavy-ra i l  t r a n s i t  
l i n e  connec t s  downtown P h i l a d e l p h i a  and Camden wi th  numerous 
suburban s t a t i o n s  i n  New J e r s e y .  It i l l u s t r a t e s  s e v e r a l  a s p e c t s  
of p r o d u c t i v i t y .  

Deadhead t r a v e l  i s  low because of good l a y o u t  of t r a c k  and 
s t o r a g e .  The s t o r a g e  yard i s  l o c a t e d  a s h o r t  d i s t a n c e  beyond 
t h e  l a s t  s t a t i o n  a t  t h e  r e s i d e n t i a l  end of t h e  l i n e .  Con-sp- 
quenrly, r.ars have a short run t n  r n e c r  rev+ilutl ~ ; ~ L V I C C  uf CBT 
l e a ~ r i n g  t h e  yard onah morning and anoel~er  sllurr: run ra e d f e r  
s t o r a g e  i n  t h e  evening.  

T r a i n  l e n g t h s  are v a r i e d  and excess  c a p a c i t y  i s  l a r g e l y  avoided 
by f a v o r a b l e  d e s i g n  c h a r a c t e r i s t i c s  i n  c a r s ,  t r a c k  l a y o u t ,  
and s t o r a g e .  The Lindenwold l i n e  has  a n  except ional .  a b i l i t y  
t o  vary  t r a i n  l e n g t h s .  Throughout t h e  day,  t r a i n  c o n s i s t s  are 
changed from one t o  s i x  c a r s  t o  match changes i n  passenger  
l oad .  A s  a r e s u l t ,  15% of t h e  t r a i n s  o p e r a t e  w i th  a  s i n g l e  
c a r ,  which, i n  s l a c k  p e r i o d s ,  o f t e n  provides  more s e a t s  than  
needed. Two-car t r a i n s ,  t h e  most common, make up 38% of t h e  
t o t a l ;  s i x - c a r  t r a i n s ,  which a r e  on ly  r equ i r ed  i n  peak p e r i o d s ,  
make up 202. 

Even wi th  t h e s e  advantages ,  t h e  Lindenwold l i n e  has  some des ign  
I r a t u r e s  and pa t ronage  c h a r a c t e r i s t i c s  t h a t  f o r c e  i t  t o  provide  capaci. ty 
t h a t  cannot  b e  used. For i n s t a n c e ,  t h e r e  i s  1 - i t t l a  if any cnp qtorage 
a t  t h e  downtown end of  t h e  l i n e ,  which means t h a t  t r a i n s  must always 
t u r n  back grnmptly and r e t u r n  w h ~ t h a r  o r  n o t  t h e r e  i s  d passenger  load .  

In  p e r i o d s  of peak t r a f f i c ,  t r a i n s  u s u a l l y  have c o n s i d e r a b l e  excess  
c a p a c i t y  dur ing  major p a r t s  of each  r o u n d t r i p .  For example, dur ing  t h c  
morning peak, Lindenwold t r a i n s  l e a v e  t h e  o u t e r  end of t h e  l i n e  empty. 
The load  i n c r e a s e s  a t  each s t a t i n n .  s t o p  and t h e  t r a i n  i s  u s u a l l y  f u l l y  
loaded  o r  crowded a s  i t  approaches downtown; on t h e  ave rage ,  such a  t r a i n  
is about  one-half f u l l .  On t h e  r e t u r n  t r i p ,  t h e  t r a i n s  a r e  u s u a l l y  very  
l i g h t l y  loaded.  Thus, a  load factor nf shou t  252 i s  t h e  n o r m 1  e q e c t a -  
t i o n  ( ioad  f a c t o r  i s  t h e  r a t i o  of  passenger-miles  t o  s e a t - m i i e s ) .  

To avoid some of t h i s  unproduct ive  a c t i v i t y ,  Lindenwold can lower 
c a p a c i t y  on p a r t  of t h e  l i n e  by us ing  t h e  s t o r a g e  t r a c k s  and swi t ches  a t  
a n  i n t e r m e d i a t e  s t a t i o n .  Thi-s f l e x i b i l i t y  a l l ows  some t r a i n s  t o  nuke 
s h o r t  r o u n d t r i p s ,  t he reby  avoid ing  nonproduct ive t r a v e l  on t h e  o u t e r  
p a r t s  of t he  l i n e .  



. One r e s u l t  of PATCO1s p r a c t i c e s  i s  t h e  a t t a inmen t  of a l oad  f a c t o r  
of 29% which i s  r e l a t i v e l y  h igh  when i t  i s  recognized t h a t  t h e  system 
expe r i ences  s e v e r e l y  unbalanced f lows  i n  t h e  morning and evening peaks,  
y e t  avo ids  extreme crowding i n  ru sh  hour s ,  and provides  24-hr s e r v i c e  
every  day of t h e  yea r .  

These q u a l i t i e s  a r e  n o t  p e c u l i a r  t o  Lindenwold. For example, t h e  
Cleveland RTA v a r i e s  t r a i n  l e n g t h s  dur ing  s l a c k  t imes  apd t u r n s  back 
t r a i n s  a t  i n t e r m e d i a t e  s t a t i o n s .  NYCTA a l s o  t u r n s  t r a i n s  back a t  i n t e r -  
mediate  s t a t i o n s .  

1 

Example: Product ive  Cars  and Excessive Power. The Southern 
P a c i f i c  (SP) suburban r a i l  s e r v i c e  between San J o s e  and 
San F ranc i sco ,  C a i i f o r n i a ,  o p e r a t e s  on a double- t rack  l i n e  
about  47 mi l e s  i n  l e n g t h ;  bo th  ends of t h e  l i n e  have s t o r a g e  
f a c i l i t i e s .  Peak t r a f f i c  i s  toward San Franc isco  i n  t h e  morn- 
i n g  and toward San J o s e  i n  t h e  evening.  T r a f f i c  i s  l i g h t  i n  
t h e  non-peak d i r e c t i o n s ,  bo th  morning and evening,  and l i g h t  
i n  both  d i r e c t i o n s  a t  o t h e r  t imes.  

Deadhead travel i s  low. T r a i n s  t r a v e l  o n l y  s h o r t  d i s t a n c e s  
from s t o r a g e  t r a c k s  t o  t h e  s t a r t  of t h e  revenue l i n e .  Excess 
passenger  c a p a c i t y  i s  avoided ,  t o  a g r e a t  degree ,  except  i n  
p e r i o d s  when passenger  l o a d s  a r e  i n s u f f i c i e n t  t o  f i l l  t r a i n s  
of t h e  minimum l e n g t h  commonly employed, i . e . ,  two c a r s .  Th i s  
t a i l o r i n g  of passenger  c a p a c i t y  is  made p o s s i b l e  by t h e  a v a i l -  
a b i l i t y  of s t o r a g e  t r a c k s  a t  both ends of t h e  l i n e .  Cars 
s t o r e d  ove rn igh t  i n  San J o s e  t r a v e l  i n  t h e  morning t o  San Fran- 
c i s c o ,  where a l l  c a r s  b u t  t hose  needed f o r  midday t r a i n s  a r e  
s t o r e d .  A s  t h e  evening peak approaches,  c a r s  a r e  reconnected 
t o  form longe r  t r a i n s ,  t h e  l e n g t h  vary ing  from two t o  e i g h t  
c a r s  t o  match passenger  l oads .  

Excess c a p a c i t y  would be avoided i f  t r a i n s  could be turned  
a t  i n t e r m e d i a t e  s t a t i o n s :  a l l  t r a i n s  make f u l l  r o u n d t r i p s .  

E x c e s s  passenger  c a p a c i t y  i s  provided du r ing  s l a c k  pe r iods .  
Th i s  cannot  be avoided ,  bu t  might be reduced. When t r a f f i c  
i s  l i g h t ,  t r a i n  c o n s i s t s  ( locomotives and c a r s  making up a 
t r a i n )  a r e  s t anda rd ized  t o  avo id  t h e  need f o r  workers i n  t h e  
ya rds .  Although one c a r  would o f t e n  provide  more s e a t s  than  
r e q u i r e d ,  t h e  s t anda rd  s h o r t  t r a i n  i n c l u d e s  two c a r s  and a 
locomotive.  One r eason  f o r  n o t  us ing  one-car t r a i n s  i s  s a i d  
t o  be t h e  need t o  provide  s e p a r a t e  c a r s  f o r  smokers and non- 
smokers. I f  t h i s  were t h e  on ly  r eason ,  t h e  d i r e c t  energy 
demand genera ted  by t h e  second c a r  would be about  22 g a l  of 
f u e l  o r  3 m i l l i o n  Btu f o r  each t r a i n  making t h e  47-mile run.  
(See Volume 11. ) 

E x c e s s  l o c o m o t i v e  power i s  unavoidable i n  SP o p e r a t i o n ,  a s  i n  
o t h e r  systems us ing  d i e s e l - e l e c t r i c  locomotives.  Locomotives 



of t h r e e  s i z e s  (1500 hp, 3000 hp, and 3600 hp) a r e  used t o  draw 
t r a i n s  o f  seven  d i f f e r e n t  l e n g t h s  (two t o  e i g h t  c a r s ) .  Conse- 
q u e n t l y ,  t r a i n s  a r e  o f t e n  drawn by locomotives having excess  
horsepower, t h e r e b y  was t ing  energy. S ince  locomotives of seven 
s i z e s  a r e  n o t  economical ly o r  t e c h n i c a l l y  f e a s i b l e ,  exces s  
horsepower and t h e  a s s o c i a t e d  was te  of  energy a r e  neces sa ry  a t  
p r e s e n t .  
Rail diesel c a r s  (RDC) might be s u b s t i t u t e d  f o r  locomotive and 
coaches.  (See R a i l  D iese l  c a r s ,  Sec t ion  111, below.) 

Example: High Deadhead Mileage. Deadhead mileage adds s i g n i f -  
i c a n t l y  t o  d i r e c t ,  i n d i r e c t ,  and c a p i t a l  energy demands. The 
Muni s t r e e t c a r  system i n . S a n  F ranc i sco ,  which has one t runk  
l l n e  and f i v e  bitanc'hes, has  deadhead t r a v e l  t h a t  i s  unusual ly  
h igh  (12 .4%) ,  abou t  1 mile  f o r  each  7 m i l e s  of revenue s e r v i c e .  

The i n a b i l i t y  of  Muni t o  avo id  deadhead t r a v e l  is  expla ined  
by t h e  l a y o u t  of  t h e  system, s p e c i f i c a l l y  by t h e  locac ion  of 
t h e  p r i n c i p a l  s t o r a g e  f a c i l i t y  and shop i n  r e l a t i o n  t o  t h e  
revenue routes . ,  The Muni system has  a, downtom, temj.rral, a 
main o r  " t runk" l i n e ,  f i v e  branch  l i n e s  d i s t r i b u t e d  through 
predominant ly r e s i d e n t i a l  neighborhoods, and f i v e  revenue 
r o u t e s ,  one on each  branch l i n e ,  b u t  a l l  concen t r a t ed  on t h e  
t runk  l i n e .  The p r i n c i p a l  c a r  s t o r a g e  f a c i l i t y  i s  a t  t h e  end 
of t h e  K l i n e  branch. 

I n  t he  e a r l y  morning, most of t h e  f l e e t  of c a r s  must he depl.nyerl 
from t h e  yard t o  t h e  r e s i d e n t i a l  ends of each branch l i n e  t o  
p repa re  f o r  revenue s e r v i c e  during t h e  morning peaks.  Cars 
as s igned  t o  t h e  K l i n e  e n t e r  revenue s e r v i c e  near  t h e  yard 
p o r t a l ,  t hc rcby  expe r i enc ing  l i t t l e  deadhead L-ravel, However, 
cars as s igned  t o  t h e  ot1ie-r- l u u r  1 . L n . e ~  musc c rave1  empty t o  t h e  
r e s i d e n t i a l  e~lr ls  uT ~ h r l r  revenue r auees .  F i r s t ,  each c a r  
t r a v e l s  toward t h e  downtown t e r m i n a l  on t h e  K l i n e ,  then ontn 
t h e  t runk  l i n e .  Cars then  t u r n  back a t  a s u i t a b l e  p o i n t  and 
t r a v e l  outbound t o  t h e ' e n d  of  t h e  a p p r o p r i a t e  hranrh 1,i.n.e. 
A similar procedure  a f t e r  t h e  evening peak r e t u r n s  t h e  c a r s  
L U  s t o r a g e .  Ocher deadhead movements occur  du r ing  t h e  day t o  
a d j u s t  t h e  number of c a r s  i n  s e r v i c e .  

One measure h a s  been planned t o  reduce  deadhead t r a v e l ,  and 
s e v e r a l  o t h e r s  have been cons idered .  A second b r a n c h l i n e ,  
t h e  L l i n e ,  w i l l  be sxteurled abuul: 0.7 mi l e  t o  t e rmina te  i n  
t h e  yard ,  p e r m i t t i n g  L c a r s  t o  e n t e r  revenue s e r v i c e  near  t h e  
yard p o r t a l  and thus  caus ing  l i t t l e  deadhead t r a v e l .  The 
c o n s t r u c t i o n  of a new t r a c k  to l i n k  t h e  yard t o  t h e  res iden-  
t i a l  t e r m i n a l s  of J and N l i n e s  has  a l s o  been cons idered .  
However, bo th  p r o j e c t s  would be c o s t l y  i n  money and i n  c a p i t a l  
r e s o u r c e s ,  and any sav ings  i n  d i r e c t  and i n d i r e c t  energy 
demands would be  p a r t l y  o f f s e t  by i n c r e a s e s  i n  c a p i t a l  de- 
mands. Also,  when t h e  p l a n  reached a n  advanced s t a g e  of 



development and w a s  p u b l i c i z e d ,  t h e  N l i n e  connec t ion  was m e t  
by v igorous  o p p o s i t i o n  from r e s i d e n t s  n e a r  t h e  proposed r i g h t s -  
of-way and t h e  p l a n  w a s  de fea t ed .  

A more ambi t ious  s o l u t i o n  t o  t h e  problem, one n o t  under cons ider -  
a t i o n ,  would r e q u i r e  c o n s t r u c t i o n  of connec t ing  t r a c k s  and a 
yard on a s i t e  nea r  t h e  downtown t e rmina l .  A l l  c a r s  could then  
be deployed each  morning over  t h e  t runk  and a p p r o p r i a t e  branch 
l i n e s  t o  begin  revenue s e r v i c e .  Th i s  scheme would reduce  dead- 
head t r a v e l ,  b u t  i t  should be noted t h a t  t h e  outbound passenger  
t r a f f i c  i n  t h e  e a r l y  morning i s  u s u a l l y  v e r y  l i g h t .  A few out -  
bound c a r s  can be used f o r  revenue s e r v i c e ,  b u t  most a r e  empty 
and nonproduct ive.  Excess c a p a c i t y  would a l s o  be exper ienced  i n  
t h e  evening.  

To minimize deadhead mileage,  s t o r a g e  ya rds  must be  provided a t  
bo th  ends of each  revenue l i n e .  Th i s  s o l u t i o n  would be c o s t l y  
and d i f f i c u l t  f o r  systems,  such a s  Muni, having numerous branches ;  
i t  i s  l e s s  d i f f i c u l t  f o r  systems having a s i n g l e  revenue rou te .  

Nonproductive A c t i v i t y  t o  Turn T r a i n s  a t  t h e  Ends of Routes 

Readying t r a i n s  f o r  r e t u r n  t r i p s  a t  t h e  ends of revenue r o u t e s  o f t e n  
r e q u i r e s  nonproduct ive a c t i v i t y ,  i nc lud ing  c a r  movements, l a b o r  and o t h e r  
o p e r a t i n g  expenses,  and s u b s t a n t i a l  inves tments  i n  c a r s ,  locomotives,  t r a c k s ,  
and swi tches .  A l l  of t h e s e  requi rements  can be  t r a n s l a t e d  i n t o  d i r e c t ,  
i n d i r e c t ,  and c a p i t a l  energy demands. 

Nonproductive a c t i v i t y  i n  t u r n i n g  t r a i n s  i s  p r i n c i p a l l y  caused by poor 
system des igns ,  s p e c i f i c a l l y  i n  t h e  c h a r a c t e r i s t i c s  of locomot ives ,  c a r s ,  
t r a c k  a l ignments ,  and s t a t i o n s .  Therefore ,  measures t o  avoid  nonproduct ive  
a c t i v i t y  i n  t u r n i n g  t r a i n s  a r e  d i scussed  i n  t h e  s e c t i o n  111, Economy i n  
System Design. 

Frequent  S tops  

I n  t r a n s i t  systems,  a l a r g e  f r a c t i o n  of t h e  d i r e c t  energy f o r  propul- 
s i o n  is  used du r ing  a c c e l e r a t i o n  r a t h e r  t han  i n  t r a v e l i n g  a t  normal speed. 
Consequently,  i f  t h e  number of starts and s t o p s  pe r  t r i p  can be reduced,  
d i r e c t  energy should be  saved and t r a v e l  should be f a s t e r .  

Example: Express and Skip Stop Opera t ions .  NYCTA has 4- t rack  
l i n e s  t o  supply  both  l o c a l  and expres s  s e r v i c e  on heav i ly  t r av -  
e l e d  rou te s .  Local t r a i n s  s t o p  a t  each s t a t i o n ,  whereas exp res s  
t r a i n s  s k i p  s e v e r a l  l o c a l  s t a t i o n s  between each s t o p .  Although 
express  t r a i n s  reach  h ighe r  speeds ,  energy is  conserved by t h e  
l e s s  f r equen t  s t o p s .  Since cons ide rab le  c a p i t a l  investment  and 
energy demand,are  needed t o  b u i l d  e x t r a  t r a c k ,  express  s t a t i o n s ,  
and swi t ches ,  any sav ings  i n  d i r e c t  and i n d i r e c t  energy a r e  
o f f s e t ,  t o  some degree,  by h ighe r  c a p i t a l  energy demands. 



The CTA normally operates A and B seryices over most lines. 
Except for several commori stations, the A trains serve'one-half 
of the stations and the B trains serve the other. This opera-. 
tion not only reduces the frequency of stops and reduces energy 
consumption, but it also provides faster travel time for pas- 
sengers who do not have to change trains and avoids the need 
for a second pair of tracks for express trains. 

High Acceleration and Speed 

Changes in the speed profiles of trains--the pattern of accelerations 
and speeds during station-to-station travel--will change passenger travel 
times, productivity of train crews and cars, operating costs, and long- 
term capital costs, as well as direct, indirect, and capital energy 
demands. S p e e d  profiles for existing rail systems .should' be changed as 
part of an energy conservation program. 

For rail systems now under development, energy economy studies 
should formulate, compare, and evaluate alternative speed profiles. 

Care in the selection of speed profiles for systems now in design 
will be even more rewarding in energy economics than changes in existing 
systems. Automatic controls appear superior to manual controls in 
managing speed-distance profiles and in coasting to achieve energy 
savings. Although avoidance of excessive acceleration and speed is a 
measure having significant potential for energy savings, readers should 
remember that the potential saving is only a fraction of propulsion 
energy demands and that propulsion energy demands are a surprisingly 
small part of the total energy demands of rail passenger transportation 
systems. 

Example: Speed Reductions. In recent months, both BART and 
the Lindenwold lines have reduced top speeds. The change 
conserves direct energy and indirect energy as well, by re- 
ducing maintenance. 

Example: Speed Profile Changes. NYCTA has tested and eval- 
uated the effects of coasting on energy usage. Trains were 
accelerated to top operating speed and then allowed to coast 
until the beginning of braking for the next station stop. 
M T A  estluCes that coasting increases running time by less 
than 5%. 

Example: Models. Carnegie Mellon has developed models and 
computer programs to evaluate the energy and travel time 
effects of alternative speed profiles. To aid in the design 
of the new heavy-rail system being built in Baltimore, the 
Mass Transit Administration is developing a computer program 
to predict the tradeoff between the energy saved by reducing 
the peak operating speed as opposed to the added cost of 



purchas ing  more c a r s  t o  p rov ide  adequate  s e r v i c e  du r ing  peak 
pa t ronage  hours  (due t o  t h e  s lower t r a i n  speeds) .  

I d l e  Vehic les  and F a c i l i t i e s  I 

Modem r a i l  passenger  c a r s  a r e  o f t e n  s t o r e d  "hot"--that is ,  connected 
t o  t h e  t h i r d - r a i l  power supply  and w i t h  a u x i l i a r y  equipment o p e r a t i n g  
( h e a t i n g ,  v e n t i l a t i n g ,  a i r  c o n d i t i o n i n g ,  l i g h t i n g ,  b rakes  communications 
and c o n t r o l s ) .  Th i s  p r a c t i c e  i s  o f t e n  adopted because some equipment i s  
s o  complex t h a t  a cons ide rab le  amount of t i m e  and l a b o r  i s  r e q u i r e d  t o  
ready  a "cold" c a r  f o r  revenue s e r v i c e .  Savings of d i r e c t  energy  from 
a change i n  s t o r a g e  p r a c t i c e s  would be  p a r t l y  o f f s e t  by i n c r e a s e s  i n  
i n d i r e c t  energy demands. A second f a c t o r  f avo r ing  h o t  s t o r a g e  i s  t h a t  
some subsystems are less l i k e l y  t o  f a i l  i f  kep t  OQ t han  i f  t u rned  o f f  and 
on. Redesign and r e t r o f i t t i n g  of t h e  c a r s  would b e  needed t o  e l i m i n a t e  
most of t h e  t i m e ,  l a b o r ,  and ma l func t ions  now a s s o c i a t e d  w i t h  t u r n i n g  
power o f f  and on aga in .  An energy economy s t u d y  could  be  made t o  compare 
t o t a l  energy demands under p r e s e n t  and p o s s i b l e  a l t e r n a t i v e  cond i t i ons .  

Example: Hot S torage .  BART'S p r a c t i c e  i s  t o  s t o r e  c a r s  ho t .  
It has  been e s t ima ted  t h a t  an average  demand of 20 kW/car i s  
genera ted  by o p e r a t i o n  of t h e  a u x i l i a r y  equipment. Operat ion 
of t h e  a u x i l i a r i e s  on a 400-car a c t i v e  f l e e t  (whi le  i n  s e r v i c e  
and wh i l e  i n  s t o r a g e )  was e s t ima ted  i n  1975-76 t o  r e q u i r e  about  
70 m i l l i o n  kWh, o r  about  30% of t h e  e l e c t r i c a l  energy purchased. 
The p o t e n t i a l  sav ing  from d i s c o n t i n u a t i o n  of h o t  s t o r a g e  would 
be about  50 m i l l i o n  kWh. The BART system o p e r a t e s  only  about  
60% of t h e  hours  each week. The average  number of c a r s  i n  u s e  
dur ing  revenue s e r v i c e  probably does no t  exceed 200, o r  50% of 
t h e  a c t i v e  inventory .  These rough e s t i m a t e s  sugges t  t h a t  i n d i -  
v i d u a l  BART c a r s  a r e  i n  ho t  s t o r a g e  about  70% of t h e  t ime.  I f  . , 
s o ,  avoid ing  ho t  s t o r a g e  would save  about  50 m i l l i o n  kWh/year, 
o r  about  22% of t h e  e l e c t r i c a l  energy purchased by BART. 

A n  unknown amount of energy i s  wasted becatiae el.artri.ra3, 
equipment is  n o t  t u rned  o f f  i n  i d l e  f a c i l i t i e s - - m a i n l y  s t a t i o n s ,  
park ing  l o t s ,  ya rds ,  shops,  o f f i c e s ,  and tunne l s .  C e r t a i n l y ,  
t h e  t o t a l  energy consumption i n  f a c i l i t i e s  i s  s i g n i f i c a n t .  
For example, a t  BART t h e s e  f a c i l i t i e s  used a lmost  64 m i l l i o n  
kwh i n  1975-76, o r  28% of t h e  e l e c t r i c a l  energy purchased. 
While a s u b s t a n t i a l  amount of t h i s  energy usage i s  neces sa ry ,  
BART does have a program t o  reduce  energy u s e  a t  i d l e  f a c i l i -  
t i e s .  No e s t i m a t e  of  p o t e n t i a l  s av ings  i s  a v a i l a b l e  f o r  BART 
o r  f o r  any o t h e r  system s t u d i e d .  

Example: Cold Storage.  I n  an e f f o r t  t o  reduce  energy con- 
sumption, NYCTA i s  developing s t anda rd  o p e r a t i n g  procedures  
t o  t u r n  o f f  l i g h t s ,  a i r  cond i t i on ing ,  and h e a t e r s  of c a r s  
s t o r e d  i n  yards.  The New York Long I s l a n d  R a i l  Road has 
j u s t i f i a d  us ing  t h r e e  men t o  change t h e  hea te r  thermnstat. 



s e t t i n g s  on c a r s  t o  55OF f o r  yard layup and back t o  6 8 ' ~  f o r  
revenue s e r v i c e .  Energy s a v i n g s  a r e  expected t o  be s i g n i f i -  
c a n t .  A n  energy economy s t u d y  could  be made t o  compare t h e  
d i r e c t  energy  s a v i n g  from t h i s  program w i t h  t h e  i n d i r e c t  
energy demands gene ra t ed  by t h e  t h r e e  employees. 



I11 ENERGY ECONOMY I N  SYSTEM DESIGN 

System des ign  c h a r a c t e r i s t i c s  s t r o n g l y  i n f l u e n c e  energy demands 
i n  a l l  t h r e e  c l a s s e s :  d i r e c t ,  i n d i r e c t ,  and c a p i t a l .  I n  p lanning  and 
managing an  energy conse rva t ion  program i t  is  impor tan t  t o  understand 
t h e  numerous e f f e c t s  of system d e s i g n  on energy economy. Th i s  s e c t i o n  
d i s c u s s e s  some important  des ign  c o n s i d e r a t i o n s  and provides  examples 
of economical and w a s t e f u l  des igns .  

Background 

O f  t h e  r a i l  passenger  f a c i l i t i e s  now i n  e x i s t e n c e ,  some d e s i g n s  
make w a s t e f u l ,  nonproduct ive u s e  of energy unavoidable ,  w h i l e  o t h e r s  
i n c l u d e  f e a t u r e s  t h a t  avoid the same was tes .  I f  a l l  e x i s t i n g  r a i l  
passenger  systems could be redeveloped t o  i nc lude  t h e  b e s t  p r a c t i c e s  
now observed i n  o t h e r  e x i s t i n g  systems,  d i r e c t  and i n d i r e c t  energy 
demands would be lowered cons ide rab ly .  However, t h e  s av ings  would be 
p a r t l y  o f f s e t  by inc reased  c a p i t a l  energy demands. Economical measures 
can be  inco rpora t ed  o r  avoided on ly  by des ign ing  new systems. 

Some of t h e  des ign  f e a t u r e s  in t roduced  i n  r e c e n t  y e a r s  have undoubt- 
ed ly  added increments  of d i r e c t ,  i n d i r e c t ,  and c a p i t a l  energy demands. 
Among such des igns  a r e  a i r  cond i t i on ing  of c a r s  and s t a t i o n s ;  improved 
s t a t i o n  l i g h t i n g ;  u se  of e s c a l a t o r s  and e l e v a t o r s ;  i l l umina ted  park ing  
l o t s ;  and des ign ,  rea l ignment ,  and maintenance of t r a c k  f o r  high-speed 
t r a v e l .  However, t h e s e  i n c r e a s e s  can be defended.  R a i l  t r a n s i t  systems 
a r e  i n  compet i t ion  wi th  buses  and a u t o s ,  which have a l s o  added comfort ,  
s a f e t y ,  and environmental  c o n t r o l  f e a t u r e s ,  a l l  w i t h  major e f f e c t s  on 
energy. Such energy consumption f o r  r a i l  t r a n s i t  is probably no l e s s  
a p p r o p r i a t e  than  f o r  o t h e r  modes. 

Many of t h e  r a i l  passenger  systems i n  o p e r a t i o n  today were designed 
and b u i l t  between 1900 and 1925, long  b e f o r e  conse rva t ion  of nonrenewable - 
energy was an  important  i s s u e .  Then a s  now, t h e  key o b j e c t i v e s  i n  
des ign ing  equipment were s a f e t y ,  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y  and cos t -  
e f f e c t i v e n e s s ;  energy c o s t  was simply not  a  l a r g e  concern.  Consequently,  
some w a s t e f u l  c o n d i t i o n s  i n  e x i s t i n g  systems a r e  so deeply  imbedded i n  
t h e  b a s i c  system d e s i g n  t h a t  c o r r e c t i o n  r e q u i r e s  e x t e n s i v e  r edes ign ,  
r e c o n s t r u c t i o n ,  and r e t r o f i t t i n g .  

Some of t h i s  des ign -de f i c i en t  equipment is  remarkably d u r a b l e .  
Many i tems 20 t o  50 y e a r s  o ld  a r e  s t i l l  i n  s e r v i c e .  While more energy- 
e f f i c i e n t  equipment is  on t h e  market today ,  t he  c o s t - e f f e c t i v e n e s s  of 
r e p l a c i n g  t h e  o l d e r  equipment must be determined c a s e  by c a s e .  Also,  



l a c k  of c a p i t a l  t o  purchase  and i n s t a l l  t h e  new equipment o f t e n  p reven t s  
o r  d e l a y s  d e s i r a b l e  change. 

Energy c o n s e r v a t i o n  is  more impor tan t  t o  t h e  r a i l  passenger  t r a n s -  
p o r t a t i o n  i n d u s t r y  than  former ly ,  b u t  s a f e t y ,  s e r v i c e ,  and c o s t  a r e  s t i l l  
s e e n  a s  more p r e s s i n g  concerns.  Energy conse rva t ion  is .viewed more a s  a 
means t o  reduce  c o s t s  t h a n  a s  a means t o  conserve  i r r e p l a c e a b l e  
r e s o u r c e s .  Also,  t h e  common view is  t h a t  p u b l i c  t r a n s p o r t a t i o n  is l e s s  
energy i n t e n s i v e  t h a n  p r i v a t e  t r a n s p o r t a t i o n ,  and t h a t  t h e  primary 
e f f o r t s  t o  conse rve  energy .should  focus  on  inc reased  pa t ronage ,  

Although l e a d e r s  i n  t h e  t r a n s i t  i n d u s t r y  r ecogn ize  t h e  need t o  
d e s i g n  systems f o r  a f u t u r e  i n  which energy w i l l  b e  s c a r c e  and expens ive ,  
t h e s e  o f f i c i a l s  a r e  none the l e s s  c a u t i o u s  i n  purchasing advanced t e c h n i c a l  
equipment.  To q u a l i f y  f o r  adopt ion ,  such equipment m l . l s t  h e  viewed as 
s a f e ,  r e l i a b l e ,  and c o s t - e f f e c t i v e .  

T r a n o i t  ppopc r t i eo  have t r a d i t i o n a l l y  cuopcraLal. wiL11 mwnuIac turers - 
i n  t e s t i n g  new equipment. Also, UMTA provides  f a c i l i t i e s  and funds  f o r  
t e s t s  a t  t h e  T r a n s p o r t a t i o n  T e s t  Center .  

industry c o o p e r a t i o n  i s  f u r t h e r  i l l u s t r a t e d  by sponsorsh ip  of t h e  
Assured Energy R e c e p t i v i t y  Study, which aims t o  r ecove r  and r e u s e  the 
energy normally wasted i n  b rak ing  e l e c t r i c  t r a n s i t  cars. '  The i n i t i a l  
s t u d y  w a s  funded and sponsored by 11 t r a n s i t  p r o p e r t i e s  i n  t h e  U.S. and 
Canada. APTA i s  c u r r e n t l y '  seeking  funds f o r  a d d i t i o n a l  work on s p e c i f i c  
t echn iques ,  i n c l u d i n g  t h e  fo l lowing  : 

Low-resistance t h i r d  rai ls  

Connections between p a r a l l e l  t r a c k s  midway between s u b s t a t i o n s  

Improved c a b l e s  

Wayside energy conocrving a p p a r a t u s ,  such as f lywheels ,  i n v e r t e r  
c u b o t a t i o n s ,  b a t t e r i e s  a n d / o ~  capaciCuis 

Hardware devel-opment programc. 

Enerpy Economy Study P r i o r  i t  i e s  
i 

Two major conc lus ions  were reached i n  t h e  Energy Study of R a i l  
Passenger  T r a n s p o r t a t i o n :  (1) t h e r e  is a need f o r  energy economy 
s t u d i e s  of e x i s t i n g  r a i l  passenger  system d e s i g n s  and'  a l t e r n a t i v e s ;  and 
( 2 )  p r i o r i t y  should be g iven  t o  the l a r g e r  r a i l  systems, and t o  systems 
t h a t  would p rov ide  knowledge of gene ra l  va lue .  Energy economy s t u d i e s  
would i d e n t i f y  and d e s c r i b e  wastef u l  d e s i g n  f e a t u r e s ,  and e v a l u a t e  
a l t e r n a t i v e  c o n s e r v a t i o n  programs i n  terms of t h e i r  e f f e c t s  on t o t a l  
energy demands . 



Equal c a r e  and a t t e n t i o n  should be  g iven  t o  t h e  d e s i g n  c h a r a c t e r -  
i s t i c s  of r a i l  systems now i n  t h e  p l ann ing  and d e s i g n  s t a g e s  and t o  t h e  
e f f e c t s  of t h e i r  energy usage. With new systems,  t h e r e  is  y e t  t ime t o  
i d e n t i f y  and avoid  w a s t e f u l  p r a c t i c e s .  

Candidates  

The d e s i g n  c h a r a c t e r  i s  t i c s  and energy usage  of c e r t a i n  i n d i v i d u a l  
systems o r  groups a r e  recommended f o r  p r i o r i t y  a t t e n t i o n  because of 
t h e i r  s f z e  o r  because  t h e i r  c i rcumstances  a r e  such t h a t  r e s u l t s  ar .e  
l i k e l y  t o  be a p p l i c a b l e  elsewhere.  Among t h e s e  a r e  s e l e c t e d  Amtrak 
r o u t e s  and Auto-Train, i n  t h e  n a t i o n a l  r a i l  passenger  t r a n s p o r t a t i o n  
systems; s e l e c t e d  suburban r a i l r o a d s  i n  t h e  New York, P h i l a d e l p h i a  
and Chicago r e g i o n s ,  and t h e  all-RDC Boston and Maine i n  t h e  Boston 
region; and aLl of t h e  heavy- ra i l  and l i g h t  r a i l  t r a n s i t  systems.  

Se rv i ces  and Energy Demands 

Table 1 c o n t a i n s  d a t a  on passenger  s e r v i c e s  rendered and d i r e c t  
energy demands made by each  of f o u r  system types .  These d a t a  sugges t  
t h a t  p r i o r i t y  a t t e n t i o n  should be g iven  i n  t h i s  o r d e r :  

Heavy-rai l  

0.  Nat iona l  network 

Suburban r a i l  

L i g h t - r a i l .  

D i e s e l - E l e c t r i c  Locomotives 

D i e s e l - e l e c t r i c  locomotive technology was t r e a t e d  i n  t h e  companion 
s e r i e s  (Energy Study of Rai l road  F r e i g h t  T r a n s p o r t a t i o n )  because t h e  
g r e a t  m a j o r i t y  of locomotives a r e  used f o r  f r e i g h t .  However, t h e  f a c t  
t h a t  d i e s e l - e l e c t r i c  locomotives used i n  t h e  n a t i o n a l  network and 
suburban systems account  f o r  30% o £ - t h e  energy used f o r  r a i l  passenger  
t r a n s p o r t a t i o n  i n d i c a t e s  t h a t  d i e s e l - e l e c  tr i c  locomotives have a sub- 
s t a n t i a l  c l a im  f o r  a t t e n t i o n  i n  a program f o r  energy conse rva t ion  i n  
r a i l  passenger  t r a n s p o r t a t i o n .  

Three t echno log ica l  f e a t u r e s  i n  d i e s e l - e l e c t r i c  locomotives a r e  of 
p a r t i c u l a r  i n t e r e s t  f o r  energy conse rva t ion  i n  r a i l  passenger  s e r v i c e :  

Design engines  t o  u se  turbosuperchargers  d r i v e n  by exhaus t  
gas .  t h e s e  superchargers  a r e  s a i d  t o  promise 5 t o  10Z sav ings  
of f u e l .  

Design locomotive engines t o  s i m p l i f y  s t a r t i n g .  A t  p r e s e n t ,  
locomotives s t and ing  f o r  long pe r iods  of t e n  i d l e  t h e i r  engines  



Table 1 

SU?MRY OF PASSENGER-MIL3 AND DIRECT ENERGY DEWADS BY MODE 

Moie 

Nat iona l  Network 

Suburban R a i l  

Heavy-Ra il 

Ligh t-Ka il 

T o t a l  

I 

2assenger-m iles 

Gal Gal Gal 

x l o b  CI ,3 x 10 % X 1 0  X x 10 
6 6 

% 

4,309.9 23 21.23 4 91.98 1 1 7  113.21 21 

3,866.9 2 1 62.13 12  68.07 13 130.20 2 5 

10,295.8 5 5 278.45 52 - - -- 278.45 5 2 

315.9 2 3 .55  2 -- - - 8.55 2 

18,78t. .5 POI.  370.36 70 160.05 30 530.46 100 

D i r e c t  Demard- 
Petroleum Fuel  Eequired 

E l e c t r i c  
Systems 

Diese l -e lec  tr  i c  
Systems 

T o t a l  of Both 
E l e c t r i c  and 

Diese l  Systems 



t o  avoid  t h e  complex i t i e s  and r i s k s  of damage a s s o c i a t e d  
w i t h  r e s t a r t i n g .  This  is e s p e c i a l l y  common i n  co ld  weather .  

Design a u x i l i a r y  power u n i t s  o r  wayside power sou rces  t o  
o p e r a t e  t h e  "hote l"  s e r v i c e s  f o r  passenger  c a r s  ( h e a t i n g ,  
v e n t i l a t i n g ,  a i r  c o n d i t i o n i n g  and l i g h t i n g )  f o r  s tanding ,  
t r a i n s ,  and t o  w a r m  engines .  These f a c i l i t i e s  would e l i m i n a t e  
t h e  need t o  o p e r a t e  t h e  locomotive engine.  

Example: Wayside Power. I n  Chicago, t h e  Regional  Trans- 
p o r t a t i o n  Au thor i ty  r e p o r t s  t h a t  one  coinmuter r a i l  l i n e  
u s e s  a "hote l"  power u n i t  and power c a b l e s  i n  t h e  t e r m i n a l  
t o  supply  power f o r  s t a n d i n g  passenger  c a r s .  Wayside 
power is used t o  o p e r a t e  d i e s e l  engine  warmers, t hus  
avoid ing  t h e  need t o  i d l e  engines  f o r  long pe r iods  i n  
co ld  weather .  These f e a t u r e s  a l l ow engines  t o  be  s h u t  
down f o r  s t and ing  i n t e r v a l s  l onge r  t h a n  15 min. 

E l e c t r i f i e d .  Sys tems 

Among e l e c t r i c  systems,  heavy- ra i l  ' t r a n s i t ,  which accounts  f o r  
52% of a l l  d i r e c t  energy demands and 55% of a l l  passenger  m i l e s ,  c e r t a i n l y  
war ran t s  p r i o r i t y  a t t e n t i o n .  Lower p r i o r i t i e s ,  i n  o r d e r  of 'descending 
d i r e c t  energy demands, a r e '  e l e c t r i f i e d  suburban r a i l r o a d s  .(12%), l i g h t -  
r a i l  t r a n s i t  (2%) and e l e c t r i f i e d  Amtrak l i n e s  i n  t h e  n a t i o n a l  r a i l  
passenger  network (4%) . 

O u t l i n e  of Conservat ive Design C h a r a c t e r i s t i c s  

* 
The p r i n c i p a l  system elements  o r  subsystems t o  be addressed  h e r e  

a r e  : 

Vehic les  

R a i l  l i n e s  and s t o r a g e  f a c i l i t i e s  

S t a t i o n s  and p3rk.i.ng 1.0 ts 

Shops, o f f i c e s ,  and o t h e r  suppor t  f a c i l i t i e s .  

The d i s c u s s i o n  of o p e r a t i o n s  i n  t h e .  p rev ious  s e c t i o n  r e f  e r r e d  t o  
c e r t a i n  nonproduct ive and w a s t e f u l  u ses  of energy t h a t  r e s u l t e d  from 
system d e s i g n  c h a r a c t e r i s t i c s ,  bu t  d id  no t  d e s c r i b e  t h e  d e s i g n s .  . The 
p re sen t  d i s c u s s i o n  b r i e f l y  d e s c r i b e s  some of t hose  d e s i g n s  a s  w e l l  a s  
t e c h n i c a l  innovat ions  t o  conserve energy. The d i s c u s s i o n  of e l e c t r i c a l  
supply systems i n  S e c t i o n  I V  encompasses supply elements  w i t h i n  r a i l  
systems a s  w e l l  a s  gene ra t ion  and d i s t r i b u t i o n  t o  t h e  r a i l  sysrem.. 
Readers i n t e r e s t e d  i n  locomotive technology a r e  r e f e r r e d  t o  t h e  com- 
panion r e p o r t  s e r i e s ,  Energy Study' of Rai l road  F r e i g h t  T ranspor t a t ion .  

- - * 
E l e c t r i c a l  supply subsystems a r e  d i scussed  i n  Sec t ion  I V ,  Energy Economy 
i n  E l e c t r i c a l  Power Supply Systems, 



V e h i c l e s  

R a i l  passenger  v e h i c l e s  g e n e r a t e  d i r e c t  energy demands a s  fo l lows :  

T r a n s p o r t a t i o n  
Power c o n d i t i o n i n g  
P ropu l s ion  of t h e  v e h i c l e  p l u s  i t s  passenger  load  
Opera t ion  of brak ing  systems 

Passenger  environment - h e a t i n g ,  v e n t i l a t i n g ,  and a i r  condi t ion-  
ing ,  and l i g h t i n g  

A u x i l i a r y  machinery 

Movements t o  form t r a i n s  

T r a n s p o r t a t i o n  

T r a n s p o r t a t i o n  energy demands i n c l u d e  power c o n d i t i o n i n g  o r  regula-  
t i o n  onboard t h e  v e h i c l e ,  a c c e l e r a t i o n ,  motoring ( o p e r a t i o n  a t  normal 
s p e e d ) ,  and t h e  o p e r a t i o n  of compressors and r e l a t e d  equipment t o  keep 
t h e  b rakes  i n  a  s t a t e  of r e a d i n e s s  and t o  a c t u a t e  t h e  b rakes ,  Energy 
consumption i n  power c o n d i t i o n i n g  v a r i e s  wide ly ,  depending on t h e  
technology used; however, t h e  amount can  be  s i g n i f i c a n t .  Energy con- 
sumed i n  a c c e l e r a t i o n  and motoring is t h e  major element of t r a n s p o r t a t i o n  
demand, t h e  e x a c t  amount depending on t h e  fo l lowing:  empty weight  of 
t h e  v e h i c l e ;  passenger  l oad ;  grades ;  c u r v a t u r e  of t r a c k ;  mechanical  and 
aerodynamic f r i c t i o n ;  "speed p r o f i l e "  ; and e f f i c i e n c y  of e l e c t r i c a l  
equipment,  g e a r s ,  and o t h e r  p ropu l s ion  components. Energy r equ i r ed  f o r  
t h e  b rak ing  subsystem is  s m a l l .  A complete review of t h i s  f i e l d  i s  f a r  
beyond t h e  scope of t h i s  s tudy;  however, c e r t a i n  important  i s s u e s  have 
ruerged  i n  t h i s  f e s e a r c h  and will b e  t r e a t e d .  

D i e s e l - e l e c t r i c  locomotives r e a l i z e  t h e i r  b e s t  f u e l  economy 
when t h e  horsepower is p rope r ly  matched t o  t h e  load  drawn. Passenger  
t r a i n s  v a r y  i n  l e n g t h  from 1 c a r  t o  a  maximum of 1 8  c a r s ,  a  l i m i t  
e s t a b l i s h e d  by s a f e t y  r e g u l a t i o n s .  Therefore ,   locomotive^ of o c v e r a l  
d i f f e r e n t  horsepower r a t i n g s  would be r e q u i r e d  t o  match horsepower t o  
l oads .  The needed v a r i e t y  of locomotive s i z e s  is  n o t  a v a i l a b l e  from 
s u p p l i e r s  and would n o t  be economical ly feasible. Consequently,  d i e o c l  
e l e c t r i c  passenger  t r a i n s  o f t e n  was te  energy because of t h e  mismatches. 

Example: Excess Horsepower. Amtrak has  d i f f i c u l t y  i n  match- 
i n g  locomotive h n r s ~ p ~ w e r  t o  Loads. hmtralc's new d i e s c l -  
e l e c t r i c  locomotives were i n i t i a l l y  des igned  f o r  f r e i g h t  
s e r v i c e ,  t hen  modified t o  i n c l u d e  passenger  t r a i n  f e a t u r e s ,  
such a s  a power supply  and a h e a t i n g  system f o r  cars. Thi s  



expedient  measure w a s  necessary  because United S t a t e s  S u p p l i e r s  
no . longer  d e s i g n  locomotives . f o r  passenger  s e r v i c e .  

Some Amtrak t r a i n s  have excess  power, bu t  o t h e r s  a r e  long 
enough t o  f u l l y  load  one o r  more locomotive u n i t s .  The was te  
of energy on some t r a i n s  is  p a r t l y  o f f s e t  by Amtrak's h i g h  
load  f a c t o r ,  54%. Overa l l ,  Amtrak has  a r e l a t i v e l y  good 
d i r e c t  energy i n t e n s i t y  of 4200 Btu lpassenger  m i l e .  

R a i l  D i e s e l  Cars 

R a i l  d i e s e l  c a r s  ( i n d i v i d u a l  passenger  c a r s ,  each w i t h  i t s  own 
d i e s e l  p ropu l s ion  systems) may b e  an  a t t r a c t i v e  a l t e r n a t i v e  t o  drawing 
s h o r t  t r a i n s  by locomotives.  

Example: S u b s t i t u t i o n  of R a i l  ' ~ i e s e l  Cars f o r  Locomotives 
and Coaches. I t  appea r s  t h a t  u s ing  RDCs t o  form s h o r t  t r a i n s  
would conserve  energy,  compared w i t h  d i e s e l - e l e c t r i c  locomo- 
t i v e s  and coaches.  A rough comparison can  be  made by u s i n g  . . 

. . 
d a t a  from t h e  .Southern P a c i f i c  (SP) and t h e  Boston and Maine 
(B&M) c a s e  s t u d i e s  i n  Volume 2 ,  D e s c r i p t i o n  of Opera t ing  
~ y s  tems . 
I n  normal 'opera t ions , .  t h e  SP's  s h o r t e s t  t r a i n  is a 1500-hp 
locomotive and two coaches. T r a i n s  of t h i s  t ype  a r e  e s t i -  
mated t o  consume 89 g a l  of d i e s e l  f u e l  i n  a 47-mile revenue 
t r i p  o r  1 .9  g a l l m i l e .  I f  SP t r a i n s  were shor tened  t o  one 
c a r ,  energy consumption would be. about  67 g a l  o r  1 . 4  g a l /  
mi le .  The B&M suburban r a i l  system, which uses  only  RDCs, 
averaged 0 . 7 . g a l l c a r  m i l e  over  t h e  e n t i r e  system i n  1975. 

Fuel  consumption r a t e s  f o r  t h e  two systems r e f l e c t  f a c t o r s  
.other. ' . ' than 'p ropuls ion  technology--for example, d i f f e r e n c e s  
i n  c l i w l e  arid r a q u i x m e a t s  f o r  h e a t .  Iiowevcr, most of t h e  
d i f f e r e n c e  is  be l i eved  to.  be  due t o  t h e  p ropu l s ion  equipment. 
The d a t a  are compared i n  t h i s  t a b u l a t i o n :  

One Car Two Cars 

SP - locomotive and coaches 

B&M - r a i l  d i e s e l  c a r s  

D i f f e rence :  SP - B&M 



- 

Data a r e  n o t  a v a i l a b l e  f o r  l onge r  t r a i n s .  However, t h e  advan- 
t a g e  would appear  t o  s h i f t  t o  locomotive-drawn t r a i n s  a t  t h r e e  
o r  f o u r  cars. P a r t i a l  convers ion  of t h e  SP t o  KDCs would prob- 
a b l y  conserve  energy ,  bu t  complete  convers ion  would probably 
no t .  

E n e r g y - i n t e n s i t y  on  t h e  e n t i r e  B&M w a s  about  3800 Btulpassenger  
m i l e ,  w h i l e  t h e  sys tem average  f o r  t h e  SP w a s  about  2800 Btu/ 
passenger  m i l e .  P a r t  of t h e  d i f f e r e n c e  i s  expla ined  by t h e  
a d d i t i o n a l  energy used f o r  h e a t i n g  by t h e  B&M. On t h e  o t h e r  . 

hand, 27% of t h e  SP ' s  t r a i n s  have one o r  two c a r s  and t h e i r  
replacement  by RDCs should be  cons idered .  

Most RDC c a r s  now i n  s e r v i c e  a r e  o l d .  Budd has  r e c e n t l y  begun 
p roduc t ion  of a new RDC model, t h e  SPV-2000, and c l a ims  i t  has  
6% b e t t e r  fuel economy than  t h e  o l d e r  modelc. RDC c a r s  a r e  
also a v a i l a b l e  from f o r e l g n  s u p p l i e r s .  N a t u r a l l y ,  energy 
economy s t u d i e s  of  p o s s i b l e  rep lacements  should cons ider -  t h e  
energy c h a r a c t e r i s t i c s  of new RDC models r a t h e r  t han  t h e  o l d .  1 

~ual -Powered  Vehic les  

Both locomot ives  and mul t ip l e -un i t  r a i l  c a r s  have been 
des igned  t o  u s e  two power sou rces :  e l e c t r i c  power drawn from wayside 
conduc to r s ,  and power s u p p l i e d  by i n t e r n a l  combustion engines  onboard . 

t h e  locomotive o r  c a r s .  

Example: Diesel-Electric/Electric. Dual-powered d i e s e l -  
e l e c t r i c / e l e c t r i c  locomotives a r e  pr ' esen t ly  used on t h e  Hudson 
and H a r l e m  suburban r a i l  l i n e s  from Grand Cen t r a l  Terminal i n  
mnhaeran t o  Suburban communities i n  Westchester  and Putnam 
c o u n t i e s .  Electric propu l s ion  i s  neaes sa ry  i n  t h c  t c r m i n a l  
and i n  t h e  underground l i n e s  t o  t h e  n o r t h  under Pa rk  Avenue. 
However, e l e c r r l f i c a t i o n  ends a t  N o r t h  White P l a i n s  and 
Croton-Harmon. T r a i n s  t r a v e l i n g  beyond those  s t a t i o n s  depend 
on d i e s e l - e l e c t r i c  propuis ion .  

Example: Gas T u r b i n e I E l e c t r i c .  The New York Met ropo l i t an  
T r a n s p o r t a t i o n  Au thor i ty  ( M T A ~ ,  t h e  Urban Mass T r a n s p o r t a t i o n  
Admin i s t r a t j on ,  and two manufac turers  (General  E l e c t r i c  and 
Gatrett j have des igned  two dual-powered MU c a r  models u s i n g  
gas  t u r b i n e - e l e c t r i c  and a l l - e l e c t r i c  p ropu l s ion  c a l l e d  GTE 
c a r s .  L ike  diesel-electr ic/electr ic  c a r s ,  t h e s e  c a r s  would 
a l low t r a i n s  t o  u s e  bo th  e l e c t r i f i e d  and n o n e l e c t r i f i e d  l i n e s ,  
would c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  comfort  and convenience 
of t r a v e l e r s  and would reduce  t r a v e l  t ime. The e i g h t  GTE 
c a r s  t h a t  have been produced ( fou r  of each type)  have been 
demonstrated i n  s e r v i c e ,  b u t  i n fo rma t ion  on energy demands 
is  no t a v a i l a b l e .  



Turb ine -E lec t r i c  T r a i n s  

Amtrak has  13' t r a i n s  p rope l l ed  by t u r b i n e - e l e c t r i c  locomotives.  
These t ? a i n s  o f f e r  a  l i g h t w e i g h t  des ign ,  s o p h i s t i c a t e d -  suspensio.ns,  and 
high-speed ope ra t ion .  Although d a t a  on d i r e c t  energy demands a r e  n o t  
a v a i l a b l e ,  it i s  d o u b t f u l ' t h a t  t h i s  d e s i g n  saves  energy,  compared w i t h  
convent iona l  t r a i n s .  There a r e  two r easons  f o r  t h i s :  f i r s t ,  t h e  therm- 
a l  e f f i c i e n c y  of t u r b i n e  engines  i s  g e n e r a l l y  lower than  d i e s e l  engines.; 
second, t h e  c o n s i s t  (number of c a r s )  of A m t r a k f s , t u r b i n e  t r a i n s  is  n o t  
e a s i l y  a d j u s t e d  t o  match v a r i a t i o n s  i n  passenger  l o a d s .  

Single-End v s  Double-End Cont ro ls  

Single-end c o n t r o l  means t h a t  a v e h i c l e  has  a c o n t r o l  cab  i n  one 
end only  and t h a t  it must f a c e  t h e  "forward" d i r e c . t i o n  i n  normal opera- 
t i o n .  Double-end con t ro l .means  t h a t  a v e h i c l e  o r  t r a i n  has c o n t r o l  cabs  
a t  bo th  ends and can  o p e r a t e  normally i n  bo th  d i r e c t i o n s  of t r a v e l .  

Most PCC s t r e e t c a r s  remaining i n  s e r v i c e  i n  t h e  United S t a t e s  have 
s ingle-end c o n t r o l s  and, consequent ly ,  must make 180' t u r n s  t o  change 
d i r e c t i o n s  of t r a v e l  a t  t h e  ends of revenue r o u t e s .  Although PCC c a r s  
have s h o r t  t u r n i n g  r a d i i ,  t h e  need t o  make 130" t u r n s  r e q u i r e s  more 
time, t r a c k ,  and l and  than  is  normally needed f o r  double-end c o n t r o l s .  

The 1 i g h . t - r a i l  v e h i c l e s  now be ing  manufactured t o  r e p l a c e  PCC c a r s  
have double-end c o n t r o l s  a n d . a r e  a b l e  t o  t u r n  back a t  t h e  ends of 
revenue r o u t e s  by means of swi tches  and p a r a l l e l  t r a c k s .  Double-end 
c o n t r o l  is  g e n e r a l l y  a v a i l a b l e  f o r  heavy-ra i l  and o t h e r  r a i l  passenger  . 

v e h i c l e s ,  b u t  is sometimes obta ined  by c o n s i d e r a b l e  expend i tu re  of t i m e  
and e f f o r t .  

- 
Example: A and B Cars. BART t r a i n s  c o n s i s t  of two A c a r s ,  
.each con ta in ing  one c o n t r o l  cab and 1 t o  8  B c a r s  wi thout  
c o n t r o l  cabs.  The A c a r s  have s ingle-end c o n t r o l s ,  and double- 
end c o n t r o l  of t r a i n s  mbst b e  achieved by p l a c i n g  a n  A c a r  a t  
each end of t h e  t r a i n ,  f a c i n g  o p p o s i t e  d i r e c t i o n s .  

Locomotive-drawn t r a i n s  a r e  g iven  double-end c o n t r o l  c a p a b i l i t i e s  
by p l a c i n g  a  c o n t r o l  cab i n  t h e  passenger  coach a t  t h e  r e a r  of t h e  t r a i n .  
The cab c o n t a i n s  c o n t r o l s  f o r  t h e  locomotive,  b rakes ,  e t c . ,  making 
p o s s i b l e  what i s  c a l l e d  push-pul l  c o n t r o l .  

Locomotives have double-end c o n t r o l s ,  b u t  o r d i n a r y  coaches have no 
c o n t r o l s .  Therefore ,  i n  convent iona l  o p e r a t i o n s ,  t r a i n s  a r e  turned  by 
a  l eng thy  sequence of s t e p s :  uncoupling t h e  locomotive,  swi t ch ing  t o  
a  p a r a l l e l  t r a c k ,  t r a v e l i n g  p a s t  t h e  coaches,  swi tch ing  t o  t h e  f i r s t  
t r a c k ,  and r ecoup l ing  t h e  locomotive. 



This process,  which r e q u i r e s  a considerable  expenditure of time, 
l a b o r ,  and equipment, is  avoided by push-pull con t ro l s .  

Example: Push-Pull Tra ins .  The Bur-lington Northern (BN) sub7 
urban r a i l  s e r v i c e  i n  t h e  Chicago reg ion  opera tes  a l l .  t r a i n s  
i n  t h e  push-pull mode, thereby avoiding wasce of energy i n  , 

tu rn ing  t r a i n s  a t  t h e  ends of revenue routes.  I n  1975, BN 
had 98 p l a i n  coaches i n  s e r v i c e  and 26 coaches with c o n t r o l  
cabs. I n  t h e  push-pull mode, t h e  locomotive pushes i n  t h e  
inbound (downtown) d i r e c t i o n  and p u l l s  i n  t h e  outbound d i rec -  
t ion .  Tra ins  used i n  t h e  morning rush  can be shortened t o  an  
a p p r o p r i a t e  length  f o r  midday s e r v i c e  simply by uncoupling t h e  
unwanted c a r s  and l eav ing  them a t  t h e  platform of t h e  downtown 
s t a t i o n  u n t i l  needed f o r  t h e  evening rush. This assumes, of 
course ,  t h a t  t h e  t r a i n  has a t  l e a s t  two c a r s  equipped with.  
c o n t r o l  cabo. It a100 aooumco o u f f i c i c n t  oaoragc t r a c k  i n  
t h e  s t a t i o n  f o r  t h e  i d l e  ca r s .  I f  no t ,  t h e  changes i n  t r a i n  
l e n g t h  a t e  accomplished i n  a yard. .Turning t r a i n s  a t  t h e  
o u t e r  ends of r o u t e s  is equal ly  simple. 

Energy i n t e n s i t y  f o r  t h e  BN is 1900 Btulpassenger m i l e ,  which 
is  q u i t e  low. The Southern P a c i f i c ,  f o r  example, has an  energy 
i n t e n s i t y  of 2300 Btulpassenger mile. There is no way t o  de te r -  
mine how much of t h e  apparent  favorable  energy i n t e n s i t y  r e s u l t s  
from push-pull opera t ion.  

Power Condit ioning 

E l e c t r i c  passenger c a r s  and locomotives must be equipped t o  condi t ion  
power, t h a t  is, change t h e  e l e c t r i c a l  c h a r a c t e r i s t i c s  of power received 
from wayside conductors be fore  d e l i v e r y  t o  t r a c t i o n  motors and a u x i l i a r y  
equipment. Power condi t ioning always involves some energy l o s s .  There 
a r e  major d i f f e r e n c e s  among systems with respec t  t o  power condi t ioning 
requirements,  technologies used, and energy l o s s e s  incurred.  

I n t e r c i t y  t r a i n s  and some suburban t r a i n s  r e c e i v e  ac  power from 
overhead conductors a t  25 o r  60 Hz and a t  11,000 t o  25,000 V.  This power 
is  condit ioned by transformer,  r e c t i f i e r s ,  smoothing r e a c t o r s ,  and 
r e s i s t o r s  t o  produce dc  power a t  t h e  va r ious  vo l t ages  needed by t r a c t i o n  
motors. Modern locomotives and c a r s  use s o l i d - s t a t e  power condi t ioning 
t o  provide smooth, gradual .changes  of vo l t age  needed t o  c o n t r o l  acce le r -  
at, i.nn and speee . 

E l e c t r i c  locomotives have up t o  s i x  a x l e s ,  each wi th  a t r a c t i o n  
motor and a r e  up t o  6,000 hp. I n  add i t ion ,  Amtrak's mul t ip le-uni t  elec-  
t r i c  coaches between Washington and New York share  t r a c k  serviced by 
e l e c t r i c  locomotives. 



Heavy-rai l ,  l i g h t - r a i l ,  and somi suburban r a i l  passenger  t r a i n s  
r e c e i v e  d c  power from overhead o r  t h i r d - r a i l  conductors .  Nominal 
v o l t a g e s  vary  between sys tems; ,600  V is common, b u t  1000 V is used by 
BART. Within systems,  v o l t a g e s  a l s o  v a r y  g r e a t l y  from time t o  t ime and 
p l a c e  t o  p lace .  Minimum l e v e l s  a r e  as low a s  350 t o  750 V ;  maximum 
l e v e l s  a r e  a s  h igh  a s  650 t o  1200 V . 2  These v a r i a t i o n s  add t o  t h e  
complexi ty of power c o n d i t i o n i n g  (and t o  t h e  r e c y c l i n g  of energy. f o r  
brak ing ,  a s  w e l l ) .  

T r a c t i o n  motors cannot  o p e r a t e  on  a  c o n s t a n t  v o l t a g e  d u r i n g  acce l -  
e r a t i o n  o r  w h i l e  motoring a t  v a r i o u s  speeds.  Condi t ion ing  i s  r e q u i r e d  
t o  change v o l t a g e  i n  s t e p s  o r ,  i d e a l l y ,  by cont inuous  v a r i a t i o n .  
A u x i l i a r i e s  on some c a r s  a l s o  r e q u i r e  power i n  a  form o t h e r  t h a n  t h a t  
d e l i v e r e d  t o . t h e  c a r .  That problem, which is r e l a t i v e l y  s imple  and 
small, is  n o t  t r e a t e d  here .  

Cont ro l  of Propuls ion  

A l a r g e  f r a c t i o n  of t h e  eriergy d e l i v e r e d  t o  c a r s  (e .g . ,  approxi-  
mately 80%) is used i n  a c c e l e r a t i o n  and motoring; t h e  remainder is used 
f o r  a u x i l i a r i e s .  Consequently,  t h e  e f f i c i e n c y  of power c o n d i t i o n i n g  - 
f o r  p ropu l s ion  is a matter o f .  c o n s i d e r a b l e  t e c h n i c a l  i n t e r e s t  and is 
q u i t e  impor tan t  from t h e  viewpoint  of energy conse rva t ion .  

The subsystems used t o  r e g u l a t e  v o l t a g e  d e l i v e r e d  t o  t r a c t i o n  
motors a r e  c a l l e d  c o n t r o l l e r s .  Two types  of c o n t r o l l e r s  a r e  used:  
cam c o n t r o l l e r s  and s o l i d - s t a t e  c o n t r o l l e r s .  

Cam-Controlled R e s i s t o r  Banks 

Cam c o n t r o l ,  t h e  o l d e r  technology,  is  used on most e x i s t i n g  
r a i l  passenger  systems. The c o n t r o l l e r  u s e s  a  bank of r e s i s t o r s  and 
a set of swi t ches ,  which a r e  opened and c losed  by cams, t o  ach ieve  t h e  
neces sa ry  v o l t a g e  r e g u l a t i o n .  The c o n t r o l l e r  d e l i v e r s  low v o l t a g e  t o  
t r a c t i o n  motors a t  t h e  start  of a c c e l e r a t i o n ,  i n c r e a s e s  v o l t a g e  d u r i n g  
a c c e l e r a t i o n ,  and d e l i v e r s  t h e  a p p r o p r i a t e  v o l t a g e  w h i l e  motoring. The 
u s e  of  r e s i s t o r s  t o  r e g u l a t e  v o l t a g e  d u r i n g  a c c e l e r a t i o n  is w a s t e f u l ,  
and is s a i d  t o  u s e  8 t o  10% of a l l  energy consumed d u r i n g  a c c e l e r a t i o n .  

Techniques a r e  a v a i l a b l e  t o  r educe  waste  of p ropu l s ion  energy 
wh i l e  u s ing  cam c o n t r o l l e r s .  For example, i f  speeds a r e  l i m i t e d  t o  
about  20 mph, t r a c t i o n  motors can  be  opera ted  i n  s e r i e s ,  a t  one-half 
t h e  nominal vo l t age .  It is s a i d  t h a t  t h i s  technique  w i l l  s ave  about  
40% of t h e  power normally used f o r  propuls ion .  A t  p r e s e n t ,  t h e  slow 
speed of 20 mph p rec ludes  u s e  of t h e  technique;  however, a  v a r i a t i o n  of 
t h e  technique  a l lows  somewhat h ighe r  speeds ,  w h i l e  s t i l l  r e a l i z i n g  a  
s i g n i f i c a n t  s av ing  i n  energy. 



Example: S e r i e s  Opera t ion  w i t h  Reduced F i e l d .  NYCTA has  
proposed m o d i f i c a t i o n s  t o  t h e  cam c o n t r o l l e r  t h a t  would 
a l l o w  a t r a i n  t o  o p e r a t e  a t  speeds  t o  35 mph w i t h  motors i n  
s e r i e s . '  That speed r e q u i r e s  l i t t l e  sacrifice. of t r m r ~ l  t i m e  
f o r  l o c a l  s e r v i c e ,  where s t a t i o n  spac ings  a r e  about  one-half 
m i l e  a p a r t .  The change would produce about  a 20% energy 
sav ings .  The technology r e q u i r e s  a c o n t r o l l e r  change t o  add 
a s t e p  between t h e  s e r i e s . n o t c h  and t h e  p a r a l l e l  no tch  of the .  
c o n t r o l l e r .  The c o s t  of c a r  mod i f i ca t ion  i s  s a i d  t o  be $4,000 
p e r  c a r .  5 

The key element  of . t h e  second technology is  a n  i tem of  s o l i d - s t a t e  
equipment c a l l e d  a t h y r i s t o r  o r  chopper.  S o l i d - s t a t e  c o n t r o l ,  a r e l a -  
t i v e l y  new t e c h n i c a l  advance, is used on a s m a l l  f r a c t i o n  of t h e  t r a n s i t  
f l e e t .  

The chopper r a p i d l y  swi tches  power on and off tn r ~ r l u c e  avorage v o l e  
age, and v a r i e s  t h e  on-off r a t i o  t o  r e g u l a t e  v o l t a g e .  Some energy i s  
l o s t  i n  t h i s  p r o c e s s ,  b u t  much l e s s  than  i n  r e s i s t a n c e - h e a t i n g  w i t h  cam 
c o n t r o l l e r s .  S o l i d - s t a t e  c o n t r o l  is s a i d  t o  s ave  about  10% of t h e  
energy r e q u i r e d  f o r  a c c e l e r a t i o n  w i t h  c a m  c o n t r o l l e r s .  

Example: S o l i d - S t a t e  C o n t r o l l e r .  Choppers a r e  p r e s e n t l y  used 
by BART, by t h e  new l i g h t - r a i l  v e h i c l e s  i n  Boston, by UMTA1s 
p ro to type  s t a t e -o f - the -a r t  and ACT c a r ,  i n  South America, and 
i n  Japan. T e s t s  have  been conducted i n  Toronto and i n  Stock- 
holm. Chicago T r a n s i t  Au tho r i ty  i s  purchas ing  s e v e r a l  c a r s  
w i t h  s o l i d - s t a t e  c o n t r o l l e r s  f o r  i n - se rv i ce  evaluat i .nn.  However, 
solid-state c o n t r o l l e r s  a r e  s a i d  t o  have exper ienced  some 
r e l i a b i l i t y  problems. Consequently,  the  technol.ngy is not 
y e t  f u l l y  accepted  by t h e  i n d u s t r y .  

Other Cont ro l  Technologies  

Two o t h e r  p ropu l s ion  systems a r e  c u r r e n t l y  be ing  developed,  and 
a r e  expected t o  be v e r y  s i m i l a r  t o  a chopper c o n t r o l l e d  dc motor system 
i n  energy e f f i c i e n c y .  General  E l e c t r i c  has an  a c  p ropu l s ion  system 
c a l l e d  P u l s e  Width Modulation (PWM). In t h i s  system, t h e  dc  power is 
conve r t ed  t o  a form of a l t e r n a t i n g  c u r r e n t  which is  used t o  o p e r a t e  
I I squ i r r e l - cage"  i n d u c t i o n  t r a c t i o n  motors.  Motor speed is  c o n t r o l l e d  
by v a r y i n g  t h e  a c  frequency f e d  t o  i t .  

T l l l s  sysrem has b a s i c a l l y  t h e  same advantages a s  t h e  chopper con- 
trolled d c  motor and also promises reduced motor maintenance 
problems a s s o c i a t e d  w i t h  dc  motors,  such a s  f l a s h o v e r ,  because commu- 
t a t o r s  and carbon b rushes  a r e  e l imina ted .  The PWM r e q u i r e s  more complex 
c o n t r o l s  and a new motor,  a s  compared t o  a chopper system, and w i l l  have 
a s l i g h t l y  h i g h e r  a c q u i ' s i t i o n  c o s t .  Genera l  E l e c t r i c  h a s  done cons ider -  
a b l e  desfgn  development and t e s t  work on p ro to types  f o r  t r a n s i t  c a r s .  
C u r r e n t l y  i n  p r o t o t y p e  s t a t u s ,  t h e  PWM w i l l  r e q u i r e  a minimum of about  
4 y e a r s  f o r  development, t e s t i n g ,  and demonstration. be fo re  an o r d e r  
i s  expec ted  by A P T A ~  e s t i m a t e s .  



Delco E l e c t r o n i c s  i s ' d e v e l o p i n g  a cyc loconve r t e r  c o n t r o l l e d  s e l f -  
synchronous motor. This  motor is expected t o  r e q u i r e  l e s s  maintenance 
than  d c  motors due t o  i t s  a c  c o n f i g u r a t i o n .  Compared' t o  a chopper 
system, however, t h e  self-synchronous motor h a s  more components and 
r e q u i r e s  a c i r c u l a t i n g  o i l  coo l ing  system, more complex c o n t r o l  and a 
new motor des ign , .  a l l  of which r e s u l t  i n  a n  expected g r e a t e r  a c q u i s i t i o n  
c o s t .  

The self-synchronous motor is i n  t h e  developmental  s t a g e  w i t h  hard- 
ware i n s t a l l a t i o n  and t e s t  planned a s  p a r t  of UMTA's Advanced Subsystem 
Development Program. APTA expec t s  s u b s t a n t i a l  technology development 
f o r  a t  l e a s t  s i x  y e a r s  b e f o r e  a n  o rde r  is  placed.  

Both t h e  PWM and self-synchronous motors a r e  similar t o  one 
ano the r  w i t h  r e s p e c t  t o  energy usage and a l l  a r e  s u p e r i o r  t o  t h e  cam 
c o n t r o l l e r s .  Each of t h e s e  motors have t h e  c a p a c i t y  f o r  r e g e n e r a t i o n  
braking  w i t h  energy sav ings  performance very  similar t o  d c  chopper 
c o n t r o l .  

Cont ro l  of Braking 

Most cam-controlled c a r s  are equipped f o r  dynamic braking .  During 
braking ,  t h e  t r a c t i o n  motors a r e  conver ted  t o  o p e r a t e  a s  g e n e r a t o r s .  
With cam c o n t r o l ,  r e s i s t o r s  a r e  used t o  va ry  t h e  load  on t h e  g e n e r a t o r s  
and t o  r e g u l a t e  t h e  braking  r a t e .  E l e c t r i c a l  power produced by t h e  
r e c a p t u r e  of k i n e t i c  energy is converted t o  h e a t  i n  t h e  r e s i s . t o r  banks 
and d i s s i p a t e d  t o  t h e  atmosphere.  I n  t h i s  low technology system, 
recovery  of t h e  b rak ing  energy f o r  - r e u s e  as e l e c t r i c a l  power is n o t  
p o s s i b l e .  

Braking by t r a c t i o n  motors is  a l s o  p o s s i b l e  when s o l i d - s t a t e  
r e g u l a t i o n  is u s e d , . a s  i t  is  wi th  cam c o n t r o l s .  However, s o l i d - s t a t e  
r e g u l a t i o n  has  a n  impor tan t  a d d i t i o n a l  c a p a b i l i t y :  t h e  power genera ted  
du r ing  b rak ing  can  be r econd i t i oned  t o  a s t anda rd ,  p o t e n t i a l l y  u s a b l e  
form. This  technique ,  . c a l l e d  r e g e n e r a t i v e  b rak ing ,  is  a f a r  more 
complex and t e c h n i c a l l y  s o p h i s t i c a t e d  p roces s  t han  t h a t  used i n  dynamic 
b rak ing ,  where t h e  c h a r a c t e r i s t i c  o r  q u a l i t y  of t h e  e l e c t r i c a l  power 
genera ted  is  of l i r r l e  concern. Regenerative brak ing  is  a l ~ o  one of 
t h e  most s i g n i f i c a n t  p o t e n t i a l  sou rces  of energy sav ing  i n  e l e c t r i c a l  
systems. Up t o  30% of t h e  p ropu l s ion  energy of a t r a i n  may be recovered  
through r e g e n e r a t i v e  b rak ing  ( o r  up t o  65% of t h e  k i n e t i c  energy of t h e  
t r a i n s  a t  t h e  s tar t  of b rak ing ) .  The a d d i t i o n a l  c o s t  of s o l i d - s t a t e  
c o n t r o l  vs .  cam c o n t r o l  is s a i d  t o  be about  $28,000 per  c a r . 6  

A t  p r e s e n t ,  few systems u s e  r e g e n e r a t i v e  braking .  Neve r the l e s s ,  
t h e  power ou tpu t  from r e g e n e r a t i v e  braking  can b e  made a v a i l a b l e  f o r  
r e u s e  when one of two c o n d i t i o n s  i s  met: t h e  energy must either be 
d e l i v e r e d  t o  t h e  t h i r d  r a i l  and t r a n s m i t t e d  i n s t a n t l y  t o  ano the r  u s e r ,  
o r  i t  must be  converted t o  a n o n e l e c t r i c a l  form and s t o r e d  f o r  l a t e r  
use.  If n e i t h e r  c o n d i t i o n  is  met, t h e  e l e c t r i c a l  energy produced by 
r e g e n e r a t i v e  b rak ing  is  simply d e l i v e r e d  t o  r e s i s t o r s ,  conver ted  t o  
h e a t ,  and d i s s i p a t e d  i n  t h e  atmosphere,  as wi th  dynamic braking .  



Although t h e  c o n d i t i o n s  r e q u i r e d  f o r  r e c y c l i n g  o r  r e u s e  of energy have 
proven d i f f i c u l t  t o  meet, s e v e r a l  p o s s i b i l i t i e s  s t i l l  war ran t  cons ider -  
a t i o n .  

Energy can  be  r e d e l i v e r e d  t o  t h e  t h i r d  r a i l  f o r  t r ansmis s ion  and 
u s e  by o t h e r  t r a i n s  o r  some o t h e r  " r ece ive r "  of d c  power w i t h i n  t h e  
r a i l  system d c  network. However, f o r  t h e  t h i r d  r a i l  t o  be " r ecep t ive"  
a t  t h e  moment of r e g e n e r a t i o n ,  ano the r  l a r g e  demand f o r  power must 
e x i s t  nearby,  s i n c e  low-voltage d i r e c t  c u r r e n t  cannot  b e  t r a n s m i t t e d  
l o n g  d i s t a n c e s  w i thou t  l a r g e  l o s s e s  by r e s i s t a n c e  h e a t i n g .  

The n a t u r a l  r e c e p t i v i t y  of a system is t h e  f r a c t i o n  of k i n e t i c  
energy t h a t  can  be  t ransformed i n t o  e l e c t r i c i t y  du r ing  braking  and t h a t  
can  b e  e f f e c t i v e l y  used by nearby loads .  Recep t iv i ty  is g r e a t e s t  when 
nearby  t r a i n s  a r e  a c c e l e r a t i n g  .or motoring; i t  d e c l i n e s  w i th  i .ncreasi.ng 
d i s t a n c e  between t h e  t r a i n s  and w i t h  mismatching of brak ing  and a c c e l e r a -  
t i n g .  It is  most e f f e c t i v e  dur ing  r u s h  hours ,  when many t r a i n s  a r e  
running.  O v e ~  507: UP a day's to ta l  t r a i n  o p e r a t i n g  energy consumption 
commonly occu r s  d u r i n g  sGch pe r iods .  

+ L 

Energy from r e g e n e r a t i v e  b rak ing  can  a l s o  be  d e l i v e r e d  t o  t h e  
n e a r e s t  s u b s t a t i o n ,  r econve r t ed  t o  a c  a t  commercial s t a n d a r d s  and 
r e s o l d  t o  t h e  p u b l i c  u t i l i t y  company. Equipment is  r equ i r ed  f o r  t h e  
r econve r s ion ,  b u t  e f f i c i e n c y  a s  h igh  a s  95% may be achieved.  I n  t h e  
p a s t ,  u t i l i t y  companies have shown r e l u c t a n c e  t o  p a r t i c i p a t e  i n  t h i s  
p roces s ,  c i t i n g  d i f f i c u l t y  i n  ach iev ing  necessary  commercial s t a n d a r d s ,  
d i f f i c u l t y  i n  a c c e p t i n g  power i n  s h o r t  b u r s t s  w i thou t  d i s t u r b i n g  t h e i r  
own r e g u l a t i o n  s t a b i l i t y ,  and r e c o r d i n g  and b i l l i n g  procedures .  However, 
because  of r i s i n g  c o s t s  of  f u e l ,  some u t i l i t i e s  a r e  now expres s ing  
i n t e r e s t  i n  t h e  concept .  

i 

Example: I n t e r n a l  a c  D i s t r i b u t i o n  Network. A l l  s u b s t a t i o n s  
of t h e  new heavy-ra i l  r a p i d  t r a n s i t  system i n  Sao Paulo,  B r a z i l  
can i n v e r t  r egene ra t ed  d c  t o  a c  power. The a c  power network 
of the t r a n s i t  propeP.ty r e d l s t r l b u t e s  t h e  a c  energy.  An a c  
power network t h a t  connec ts  t h e  s u b s t a t i o n s  of a t r a n s i t  
system is no t  commonly a v a i l a b l e .  However, where ava.j . lable,  
t h e  r egene ra t ed  power can be  d i s t r i b u t e d  from any slapplying 
s u b s t a t i o n  t o  any demanding s u b s t a t i o n .  The p r o b a b i l i t y  of 
ach iev ing  r e c e p t i v i t y  i s  g r e a t l y  improved by having an  a c  
network w i t h i n  t h e  t r a n s i t  system; a l s o ,  t h e  problems of 
r e d e l i v e r y  t o  t h e  p u b l i c  u t i l i t y  a r e  avoided.  

I n  Montrea l ,  Canada, one i n v e r t e r  s u b s t a t i o n  f e e d s  regen- 
e r a t e d  a c  power i n t o  t h a t  p r o p e r t y ' s  a c  power network f o r  
d i s t r i b u t i o n  t o  a power-demanding s u b s t a t i o n .  MBTA is  t h e  
only  US r a p i d  t r a n s i t  system having a n  i n t e g r a t e d  a c  network. 
However, as MBTA beg ins  t o  purchase power from t h e  l o c a l  
u t i l i t y ,  r a t h e r  t han  supply ing  i t s  own, t h i s  a c  network may 
be  abandoned. I r o n i c a l l y ,  such a change would occur  s h o r t l y  
a f t e r  t h e  i n t r o d u c t i o n  of new l i g h t - r a i l  v e h i c l e s  t h a t  have 
r e g e n e r a t i n g  c a p a b i l i t i e s .  



A 25-Hz a c  network l i n k s  r o t a r y  c o n v e r t e r  s u b s t a t i o n s  ' t h a t  
comprised about  one-half of MBTA's t o t a l  convers ion  a p p a r a t u s  
i n  1976. MBTA is  r e p l a c i n g  t h e  r o t a r y  c o n v e r t e r s  w i t h  60-Hz 
s i l i c o n  r e c t i f i e r s .  The c o s t  of r e t a i n i n g  t h e  e x i s t i n g  a c  
network is s i g n i f i c a n t  and may be  g r e a t e r  t han  t h e  b e n e f i t s  
expected from r e c y c l i n g  energy. 

:I 

Sto rage  

Energy r e c e p t i v i t y  could  be  achieved by i n c o r p o r a t i n g  energy 
s t o r a g e  d e v i c e s  a t  f r e q u e n t  i n t e r v a l s  a long  t h e  wayside ( e .g . ,  i n  
s t a t i o n s  o r  a t  e l e c t r i c a l  s u b s t a t i o n s ) .  

Wayside s t o r a g e  c a p a c i t y  could be  t a i l o r e d  t o  ensu re  r e c e p t i v i t y  
and the reby  maximize r e c y l c i n g  of energy.  A s  a  s . ide  b e n e f i t ,  subway 
passenger  s t a t i o n  a i r  cond i t i on ing  and v e n t i l a t i o n  would be  reduced 
by l e s s e n i n g  t h e  h e a t  d i s s i p a t i o n  t h a t  occu r s  i n  conven t iona l  b rak ing .  
A wayside energy s t o r a g e  system would r e q u i r e '  low maintenance because  
of more p ro t ec t ed  environment.  Use of wayside s t o r a g e ,  coupled w i t h  
an  in-system d i s t r i b u t i o n  network, might a l l ow c o s t  s av ings .  APTA 
e s t i m a t e s  t h a t  t o  absorb t h e  f u l l  b rak ing  energy of a  t r a i n  b rak ing  
from 50 mph, a  75-V d i f f e r e n t i a l  i s  r e q u i r e d  between t h e  maximum c a r  
r e g e n e r a t i v e  v o l t a g e  and t h e  wayside s t o r a g e  dev ice  v o l t a g e .  A 50-V, 
d i f f e r e n t i a l  would permit  no more than  50% r e c e p t i v i t y .  4 

Although no wayside energy s t o r a g e  systems have been b u i l t ,  s e v e r a l  
c0ncept.s a r e  be ing  cons idered .  Among t h e s e ,  t h e  wayside f lywhee l  has  
rece ived  g r e a t e s t  a t t e n t i o n .  I n  t h i s  concept ,  each f a c i l i t y  would 
c o n t a i n  a f lywheel ,  a  dc  motor-generator ,  power c o n d i t i o n i n g  equipment,  
and c o n t r o l s  t o  permit  t r a n s f e r s  of energy t o  t h e  f lywheel  f o r  s t o r a g e  
o r  from t h e  f lywheel  f o r  u s e  by a c c e l e r a t i n g  t r a i n s .  S t o r a g e  u n i t s  
might b e  l o c a t e d  i n  s t a t i o n s  o r  a t  e l e c t r i c a l  s u b s t a t i o n s .  

APTA e s t i m a t e s  f lywheel  motor e f f i c i e n c y  of 89% and a gearbox 
e f f i c i e n c y  of 98%. A f lywheel  system would r e t u r n  a  maximum of 76% 
of t h e  energy r e ~ e i v e d . ~  Since power i s  r equ i r ed  t o  keep t h e  f lywheel  
a t  a minimum speed i n  t h e  absense  o t  braking trains, e f f l c i e u c y  i s  
h i g h e s t  when t h e  system i s  h e a v i l y  used.  APTA es t ima ted  t h a t  a  wayside 
f lywheel  of one type  would c o s t  $1.4 m i l l i o n .  While t h e  f lywheel  w a s  
es t imated  t o  reduce  energy consumption by a s i g n i f i c a n t  amount--perhaps 
20% of t h e  energy used f o r  propuls ion ,  i t  w a s  judged no t  c o s t - e f f e c t i v e  
i n  t h e  system s t u d i e s  because of t h e  h igh  c a p i t a l  c o s t .  An energy 
economy s tudy  was not  made, and i t  i s  n o t  known whether o r  n o t  a  long- 
term energy sav ing  would r e s u l t .  

Research and development e f f o r t s  a r e  devoted t o  reducing  t h e  c o s t ,  
as w e l l  a s  t h e  s i z e ,  of f lywheel  energy s t o r a g e  des igns .  P r e s e n t  
f lywheels  can  s t o r e  on ly  a  few k i lowat t -hours  of energy,  and t h e  c o s t  
per  ki lowatt-hour  of s t o r a g e  c a p a c i t y  is excess ive .  Development of a 
s u p e r i o r  f lywheel  h inges  on t h e  use  of low-cost m a t e r i a l s ,  such a s  



h i g h - t e n s i l e  s t r e n g t h  f iber -composi te  materials t h a t  have a h i g h  
s t r eng th - to -dens i ty  r a t i o .  

Advanced m a t e r i a l s  have n o t  y e t  been t r i e d  i n  f l ywhee l s  of l a r g e  
s i z e ,  b u t  r e s e a r c h  is proceeding because  i t  g i v e s  promise of r educ ing  
t h e  c o s t s  of energy s t o r a g e .  A ' c o s t  of $4O/kWh is  t h e  g o a l , . w h i c h  would 
make economical t h e  s t o r a g e  of s e v e r a l  megawatt-hours per  u n i t . .  I f  
low-cost s t o r a g e  is achieved ,  f l ywhee l s  w i l l  b e  used t o  r educe  peak 
demands on p u b l i c  u t i l i t i e s ,  as w e l l  as t o  s t o r e  r e g e n e r a t i v e  b rak ing  
energy .  

B a t t e r i e s  a r e  a l s o  t e c h n i c a l l y  f e a s i b l e  a s  wayside s t o r a g e  d e v i c e s  
and they  can  s t o r e  energy f o r  l onge r  p e r i o d s  than  t h e  f lywheel .  
C u r r e n t l y ,  however, b a t t e r i e s  are n o t  economical ly f e a s i b l e ,  even w i t h  
low-cost l e a d  a c i d  b a t t e r y  technology.  

., 
L 

Thc c a s t  per kiluwatt-hour  s t o r a g e  c a p a c i t y  would have t o  b e  
reduced t o  abou t  o n e - f i f t h  t h e  c o s t  of l e a d  a c i d  b a t t e r i e s  before '  b a t t e r y  
s t o r a g e  would b e  f e a s i b l e .  Candidate  m a t e r i a l s  f o r  meet ing t h i s  g o a l  
are molten sodium c h l o r i d e ,  l i t h i u m - s u l f u r ,  and sodium-sulfur b a t t e r i e s - -  
a l l  under  development fo ' r  e l e c t r i c  u t i l i t y  and e l e c t r i c  c a r  a p p l i c a t i o n s .  

.Onboard energy s t o r a g e  subsystems can  a l s o  be i n s t a l l e d .  Two 
onboard ' s t o r a g e .  u n i t s  a r e  be ing  cons idered  : t h e .  onboard f lywheel  
sys tem and t h e  onboard h y d r a u l i c . e n e r g y  s t o r a g e  subsystem. 

The most promising of  t h e  two t echno log ie s  is an onboard flywheel 
system, i n c l u d i n g  f lywheel ,  motor g e n e r a t o r ,  and power cond i t i on ing  
equipment. The power genera ted  d u r i n g  b rak ing  is used t o  a c c e l e r a t e  
t h e  f lywheel .  The s t o r e d  k i n e t i c  energy is reconver ted  and used when 
t h e  v e h i c l e  n e x t  a c c e l e r a t e s .  Es t ima te s  of b rak ing  energy r ecyc led  
a x e  as h i g h  as 35 t o  38%. 

Onboard f lywhee l s ,  i f  s u i t a b l e  s i z e d ,  have t h e  advantage of always 
b e i n g  a b l e  t o  a c c e p t  and r e u s e  genera ted  braking  energy. Unl ike  wayside 
s t o r a g e ,  t h e  f lywheel  system is as f u l l y  e f f e c t i v e  i n  nonrush hours  
as i n  r u s h  hours .  I n  a d d i t i o n ,  t h e  f lywheel  r e q u i r e s  no s p e c i a l  alter- 
a t i o n s  of  t h e  power d i s t r i k u t i o n  systcm, as dn m s ~  rugene rn r ive  systems. 
However, t o  m a i n t a i n  i t s  speed of r o t a t i o n ,  t h e  f lywheel  r e q u i r e s  a 
power i n p u t  when t h e  t r a i n  is  i d l e .  

The main b a r r i e r  t o  onboard f lywhee l s  i s  c o s t .  NYCTA estimates 
a c o s t  of about  $180,000 t o  r e t r o f i t  one car. Onc manufacturer  e s t i -  
mates an incrementa l  c o s t  of about  $30,000 pe r  new c a r  f o r  f lywheel  
s t o r a g e  and s o l i d - s t a t e   control^.^ The s a v i n g s  i n  power c o s t  i s  s a i d  
t o  b e  about  $6,000 per  c a r  per  y e a r .  The incrementa l  weight i s  about  
6900 l b / c a r .  Reduced r e l i a b i l i ' t y  and g r e a t e r  maintenance c o s t s  a r e  
expected because of t h e  added mechanical  components, t h e  complexi ty 
of i t s  e l e c t r o n i c  c o n t r o l  u n i t ,  and t h e  problems of ma in t a in ing  a vacuum 
on t h e  system. 



A f t e r  cons ide r ing  a l l  f a c t o r s ,  APTA r e p o r t s  t h a t  e x i s t i n g  f lywhee l  
technology i s  unacceptable  and p r e d i c t s  a d e l a y  of a t  l e a s t  6  y e a r s  
b e f o r e  product ion  o r d e r s  a r e  l e t .  

Example :. , Onboard Flywheels.  Pro t o  type  systems have been b u i l t  
by G a r r e t t  AiResearch. I n  1976, two modif ied NYCTA c a r s  were 
equipped w i t h  two f lywheels  and one chopper c o n t r o l l e r  per  c a r .  
Each f lywheel  could , f u r n i s h  1..6 kWh of energy t o  a c c e l e r a t e  
t h e  c a r .  The c a r s  were t e s t e d  .at t h e  DOT T r a n s p o r t a t i o n  T e s t  
Center  and on t h e  NYCTA system. MTA r e p o r t s  t h a t  19% energy 
sav ings  w a s  measured ( a t  t h e  c a r s )  d u r i n g  t e s t i n g  on t h e  
NYCTA system. 

The Advanced Concept Train-1 (ACT-1) c a r s ,  a l s o  b u i l t  by 
G a r r e t t  AiResearch, have two f lywheel  energy s t o r a g e  u n i t s  
per  e a r .  ACT-1 c a r  a c c e l e r a t i o n  i s  c o n t r o l l e d  by swi t ch ing  
from f lywheel  power t o  t h i r d - r a i l  power a t  speeds  above 
20 mph. 

Onboard h y d r a u l i c  energy s t o r a g e  subsystems and h y d r a u l i c a l l y  
p rope l l ed  c a r s  may prove f e a s i b l e .  I n  t h e s e  sys tems,  t h e  c a r  is 
d r i v e n  by h y d r a u l i c  motors l o c a t e d  on t h e  a x l e s .  Energy i s  s t o r e d  
by pumping f l u i d  i n t o  a h igh-pressure  t a n k  and compres s ing ' a  .gas .  
Energy is r e l e a s e d  by ' a l lowing  h y d r a u l i c  f l u i d  t o  l e a v e  t h e  tank ,  
t he reby  lowering compression. Th i s  system u s e s  on ly  one e l e c t r i c  motor;  
ope ra t ed  from t r a c k  power and s i z e d  on ly  l a r g e  enough t o  m a i n t a i n  
p r e s s u r e  i n  ' t h e  accumulator  and o f f  s.et l o s s e s  from t r a i n  f r i c t i o n  and 
o p e r a t i o n  of a u x i l i a r y  equipment. Regenera t ive  braking  is accomplished 
e i t h e r  by us ing  t h e  h y d r a u l i c  d r i v e  motor o r  a s e p a r a t e  s h a f t - d r i v e n  
u n i t  as a  pump. F l u i d  from t h e  b rak ing  pump charges  t h e  a c ~ u m u l a t o r . ~  
Hydraul ic  s t o r a g e  systems have a t t r a c t e d  some i n t e r e s t ,  b u t  they  a r e  
no t  used. 

Compressed a i r  s t o r a g e  systems have a l s o  r ece ived  a t t e n t i o n ,  b u t  
no development work h a s  b e e n d o n e .  Major development programs would 
be r equ i r ed  t o  u s e  h y d r a u l i c  o r  compression a i r . s t o r a g e .  

,Vehic le  Accessor ies  

The environment- i n s i d e  v e h i c l e s  i s  a  m a t t e r  of concern i n  a l l  
t r a n s p o r t a t i o n  modes. To improve t h e  q u a l i t y  of t h e  i n t e r i o r  environ- 
ment, t h e  measures now be ing  taken  by d e s i g n e r s  of r a i l  v e h i c l e s  w i l l  
i n c r e a s e  d i r e c t ,  i n d i r e c t ,  and c a p i t a l  energy demands. These measures 
i n c l u d e  a i r  c o n d i t i o n i n g  of c a r s ,  improved h e a t i n g  and v e n t i l a t i o n ,  
b e t t e r  i l l u m i n a t i o n ,  and reduced no i se .  Energy s t u d i e s  a r e  needed t o  
e v a l u a t e  t he .  energy c o s t s  and b e n e f i t s  of t h e s e  measures.  



Some c a r s  cannot  be  s t o r e d  with a u x i l i a r i e s  turned o f f  o r  thermo- 
stats turned down. Operat ion of v e h i c l e  a c c e s s o r i e s  genera tes  demands 
f o r  cons ide rab le  amounts of d i r e c t  energy ( see  t h e  Hot Storage  examples 
above). 

I n  o t h e r  cases ,  i t  has been est imated t h a t  a i r  condi t ioning,  
h e a t i n g ,  l i g h t s ,  automat ic  doors,  brakes and t r a i n  c o n t r o l  equipment 
u s e  about  15% of t h e  t o t a l  energy consumed by c a r s  i n  s e r v i c e .  A i r  
cond i t ion ing  and h e a t i n g  a r e  t h e  most s i g n i f i c a n t  demands. ~ i s t e  
h e a t  from t r a c t i o n  motors and r e s i s t o r s  could be exp lo i t ed  f o r  heat ing .  

Example: Passenger Comfort. Heating and a i r  condi t ioning f o r  
c a r s  i n  revenue s e r v i c e  add s i g n i f i c a n t l y  t o  energy demands. 
I n  t e s t s  conducted by Chicago Travel  Authori ty i n  1964, i n s t r u -  
mented c a r s  were opera ted  and t h e  r e s u l t s  were used t o  estimate 
cncrgy c o n b u p l i u n  under va r ious  condi t ions .  Without any 
hea t  i n  t h e  passenger space, energy consumption was 4.5 kWh/ 
car-mile. With maximum hea t ,  a s  would be  used i n  winter  
months, energy consumption f o r  c a r  opera t ion  w a s  5.2 kWh/ 
car-mile, an  i n c r e a s e  of about 16%. Air condi t ioning an n e w  
c a r s  was s a i d  t o  add about t h e  same demand i n  energy. 

Car Weight 

Power consumption is d i r e c t l y  r e l a t e d  t o  t h e  weight of empty c a r s  
and t h e  payload weight of passengers.  Lightweight m a t e r i a l s ,  shared 
equipment between married-pair  c a r s ,  and longer  c a r s  a r e  a l l  s t e p s  
L l l a L  cuuld b e  used t o  reduce weight.  According t o  a computer simul at.i.nn 
s tudy ,  the  r a t i o  of energy inpu t  does not  go up i n  propor t ion  t o  t h e  
increase i n  c a r  weightas Rather, t r a n s p o r t a t i o n  of each poutxi of weight 
becomes more e f f i c i e n t  f o r  t h e  heavier  c a r s .  Consequently, s e v e r a l  
la rge-capaci ty ,  heavy c a r s  a r e  more e f f i c i e n t  per  passenger than many 
s m a l l ,  l i gh twe igh t  c a r s .  

Exaniple: Car Weight. The l igh twe igh t  BART c a r s  weigh 59,flQO lb 
empty f o r  A c a r s  and. 56,000 l b  f o r  B c a r s .  NYCTA c a r s  of 
r ecen t  des ign  have about the  same l eng th  and s i z e ,  but  weigh 
83,000 t o  86,000 ,1b. The lower weight of t h e  BART c a r s ,  a 
d i f f e r e n c e  o r  about 27,000 lb, allows a considerable  saving 
of energy. However, t h i s  saving is l a r g e l y  o f f s e t  by BART'S 
high a c c e l e r a t i o n  and high top speed. 

The weight of t h e  passengers is  small compared wi th  t h e  empty 
weight of the  c a r .  Increas ing the  payload in 'creases the  
demand i n  energy by only a small amount. BART was designed 
t o  c a r r y  a l l  passengers i n  s e a t s .  A f u l l  load  (72 passen- 
gers) weighs about 10,800 l b ,  an inc rease  i n  the  gross  
weight of t h e  v e h i c l e  of about 19%. The increased weight 
has  l i t t l e  e f f e c t  on mechanical f r i c t i o n  and opera t ion .  of 
a u x i l i a r i e s  and no e f f e c t  on aerodynamic f r i c t i o n .  Most of 



t h e  energy demands a r e  a s s o c i a t e d  with,moving t h e  c a r  and 
t h e  c a r r i a g e  of t h e  passengers  themselves is  accomplished 
w i t h  a  small i n c r e a s e  i n  energy demand. Thus, i n c r e a s i n g  
t h e  passenger  l o a d s  of under u t i l i z e d  c a r s  is  one of t h e  
most e f f e c t i v e  measures a v a i l a b l e  f o r  energy economy. 

Impact of Vehic le  Design on T r a i n  Formations 

The des ign  of v e h i c l e s  s t r o n g l y  i n f l u e n c e s  t h e  process  of t r a i n  
format ion  and t h e  hand l ing  of t r a i n s  a t  t h e  ends of revenue r o u t e s .  
The des lgn  f e a t u r e s  of i n t e r e s t  a r e :  

Ease of coupl ing  and uncoupling c a r s  

Loca t ion  of  c o n t r o l  cabs  

F l e x i b i l i t y  i n  t h e  arrangement of c a r s  w i t h i n  t r a i n s  
1 

Double-end v s  s ingle-end o p e r a t i o n s  

Ease of coupl ing  and uncoupling cars is an  impor tan t  d e s i g n  goa l .  
The des igns  of e x i s t i n g  v e h i c l e s  (and f a c i l i t i e s )  o f t e n  make it 
necessary  t o  o p e r a t e  t r a i n s  w i th  more c a r s  and g r e a t e r  passenger  capa- 
c i t i e s  t han  is  needed. S ince  passenger  l o a d s  vary  g r e a t l y  w i t h  t h e  
t i m e  of day and n i g h t ,  from day t o  day d u r i n g  t h e  week, and w i t h  t h e  
d i r e c t i o n  of t r a v e l ,  a d j u s t i n g  t r a i n  l e n g t h s  t o  match t h e  l o a d s  
g e n e r a l l y  reduces  d i r e c t  energy demand f o r  o p e r a t i o n  of c a r s  and 
reduces  i n d i r e c t  energy demands a s  w e l l .  

Systems d i f f e r  g r e a t l y  i n  t h e i r  a b i l i t i e s  t o  a d j u s t  t r a i n  l e n g t h s .  
One system appea r s  t o  make few, i f  any, ad jus tmen t s  i n  t r a i n  l e n g t h s .  
Some f i n d  i t  d i f f i c u l t  t o  va ry  t r a i n  l e n g t h  except  between two leve ls - -  
s ay ,  e i g h t  c a r s  and fou r  cars--and tend t o  make i n f r e q u e n t  changes. 
Some cannot  o p e r a t e  t r a i n s  s h o r t e r  than  some g iven  m i n i a m ,  such as 
two o r  t h r e e .  c a r s ,  because of t h e  d e s i g n  c h a r a c t e r i s t i c s  of t h e  c a r s ,  
power pickups,  t r a c k  l a y o u t ,  swi t ch  l o c a t i o n s ,  and t h i r d - r a i l  l ayou t .  
Some have complete fryedum t o  o p e r a t e  t r a i n s  r a n g i n g . i n  l e n g t h  from 
one t o  t h e  maximum number accommodated by s t a t i o n s  and can  a d j u s t  t r a i n  
l e n g t h s  a t  each end of each run. 

Example: Complex Process  f o r  Forming Tra ins .  BART'S use  of 
A and B c a r s ,  desc r ibed  above, makes i t  r e l a t i v e l y  burdensome 
and c o s t l y  t o  makeup and s e p a r a t e  t r a i n s .  T r a i n s  a r e  formed 
by b r ing ing  toge the r  t h e  d e s i r e d  number of B c a r s  and two A 
c a r s ,  p rope r ly  o r i e n t e d  t o  f a c e  away from one ano the r .  T r a i n s  
a r e  iengthened o r  shor tened  by c u t t i n g  the train, s e p a r a t i n g  
t h e  two p a r t s ,  i n s e r t i n g  o r  e x t r a c t i n g  B c a r s ,  and r ecoup l ing .  

d 

From t h e  energy v iewpoin t ,  t h i s  d e s i g n  f o r c e s  BART t o  choose 
between two wasteful p r a c t i c e s :  i f  t r a i n s  a r e  n o t  sho r t ened ,  
both d i r e c t  and i n d i r e c t  energy a r e  wasted by t r a i n s  i n  
revenue s e r v i c e ;  i f  t r a i n s  are sho r t ened ,  d i r acC ,  i n d i r e c t ,  



and c a p i t a l  energy are wasted i n  yards .  A comparison of t h e  
a l t e r n a t i v e s  h a s  n o t  been made. 

A l l  systems have v e r y  l i g h t  passenger  l o a d s  on some t r a i n s ;  BART 
must always o p e r a t e  w i t h  a t  l e a s t  two A c a r s  (144 s e a t s ) ,  r e g a r d l e s s  
of t h e  passenger  load .  and o t h e r  systems have s i m i l a r  c o n s t r a i n t s .  From 
t h e  energy v iewpoin t ,  i t  would be d e s i r a b l e  t o  d e s i g n  small double- 
end c a r s  w i t h  c o n t r o l s  a t  bo th  ends (what might be c a l l e d  a n  A-A c a r ) .  
I f  a l l  o t h e r  e lements  were des igned  t o  be  compatible ,  any system could  
o p e r a t e  s i n g l e - c a r  t r a i n s  w i th ,  s ay ,  40 s e a t s .  The p o s s i b i l i t y  of 
adding  such a c a r  t o  t h e  BART f l e e t  is  worth exp lo r ing .  

Example: Ease i n  T r a i n  Formation. The Lindenwold system 
d e s i g n  p rov ides  e x c e p t i o n a l  a b i l i t y  t o  makeup and s e p a r a t e  
t r a i n s ,  t he reby  matching t r a i n  l e n g t h s  t o  passenger  l o a d s .  
T h i s  a b i l i t y  is e x p l o i t e d  t o  s ave  d i r e c t  and i n d i r e c t  energy 
( s e e  Energy Economy i n  Opera t ions ) .  The Lindenwold system 
h a s  f o u r  system d e s i g n  f e a t u r e s  n o t  found i n  most o t h e r  
s y s  tems : 

I 
The s t o r a g e  yard  i s  a t  t h e  end of t h e  revenue r o u t e .  
The l a y o u t  of t h e  ya rd  a l lows  t r a i n s  t o  bypass  the 
yard and t o  e n t e r  and e x i t  t h e  s t o r a g e  a r e a  wi thou t  
changing d i r e c t i o n s .  Numerous p a r a l l e l  t r a c k s  a l low 
f l e x i b i l i t y  i n  t h e  s t o r a g e  of  c a r s ,  thereby  f a c i l i t a t i n g  
t h e  makeup and s e p a r a t i o n  of t r a i n s  accord ing  t o  a  p l a n  
prepared  b.efore each d a y ' s  o p e r a t i o n s .  

The ciirrent-collectors on c a t s ,  t h i r d - r a i l  e l e c t r i c a l  
powar Lines on t h e  wayoidc, swi t ches ,  aid c u l ~ L r u l s  
were a l l  des igned  t o  a l l ow one-car t r a i n  o p e r a t i o n .  

The 75-car f l s e t  i n c l u d e s  25 cars with opexacor's c a b s  
at; b o t h  endc anel 50 cars i n  marr ied pairs wlth  o p e r a r o r s  
a t  bo th  ends of  t h e  p a i r .  Cars can  be  assembled i n  any 
o r d e r .  T r a i n  c o n s i s t s  can v a r y  from one c a r  t o  t h e  
maximum number al lowed by p l a t f o r m  lengths- -s ix  c a r s  
a t  p r e s e n t .  

The mechanical  and e l e c t r i c a l  c o u p l e r s  between c a r s  
are r e l i a b l e  and easily ope ra t ed .  Tho ooupler  dcoign  
makes f r e q u e n t  changes i n  t r a i n  l e n g t h  p o s s i b l e  w i thou t  
t a k i n g  e x c e s s i v e  time and e f f o r t  and wi thou t  i n t r o d u c i n g  
r e l i a b i l i t y  problems. 

Example: Limited A b i l i t y  t o  Shor ten  Tra ins .  Three r a i l  
systems i n  t h e  New York r e g i o n  appear  no t  t o  have t h e  
a b i l i t y  t o  a d j u s t  t r a i n  l e n g t h s  t o  match loads .  , This  is 
brought  o u t  by a  survey  conducted by T r i - S t a t e  Regional 
Planning Commission. (See Volume 11.) 



One New York C i t y  T r a n s i t  Au tho r i ty  (NYCTA) l i n e  o p e r a t e s  
four -car  t r a i n s  a t  3:00 am, a l t hough  t h e  average  l o a d s  
observed by a  survey team a t  60th S t r e e t  w a s  on ly  
4 . 2  pe r sons l ca r .  Energy i n t e n s i t y  w a s  about  15,000 Btu l  
passenger  mi les .  I f  s i n g l e  c a r s  had been s u b s t i t u t e d ,  
energy i n t e n s i t y  would have been about  3800 Btu lpassenger  
mi l e  ( s e e  Volume 1 1 ) .  

The P o r t  Author i ty  Trans-Hud.son (PATH) system runs  f u l l -  
l e n g t h  t r a i n s  dur ing  peak hours  and h a l f - l e n g t h  t r a i n s  
i n  s l a c k  pe r iods .  

The Long I s l a n d  R a i l  Road (LIRR) appea r s  t o  do l i t t l e  
t o  a d j u s t  t r a i n  l e n g t h s .  According t o  t h e  same survey ,  
t r a i n s  e n t e r i n g  Manhattan between midnight and 5 :00 am 
had average  l e n g t h s  of 7 .5 c a r s  and c a r r i e d  an  average  
of 1 . 5  pas senge r s l ca r .  One e x p l a n a t i o n  o f f e r e d  f o r  
t h i s  p r a c t i c e  was t h e  l a c k  of r e l i a b l e  e l e c t r i c a l  connec- 
t i o n s  i n  t h e  coup le r s  between c a r s .  Presumably, t h e  
connec t ions  a r e  s a t i s f a c t o r y  when und i s tu rbed ,  b u t  o f t e n  
f a i l  t o  make proper  c o n t a c t  when reconnected .  I f  t h i s  
were t h e  only  reason  f o r  nonproduct ive o p e r a t i o n s ,  one  
could say  t h a t  a  very h igh  energy demand w a s  being 
accepted  t o  avoid s o l v i n g  a  t e c h n i c a l  problem f o r  which 
s o l u t i o n s  have been made elsewhere.  

F a c i l i t i e s  

General  

The d e s i g n  of s t a t i o n s ,  park ing  l o t s ,  ya rds ,  shops ,  and o f f i c e s  
s t r o n g l y  i n f l u e n c e s  energy demands i n  a l l  c l a s s e s ,  b u t  energy usage  
by t h e s e  f a c i l i t i e s  is o f t e n  neg lec t ed  e n t i r e l y  i n  d i s c u s s i n g  and 
comparing energy i n t e n s i t i e s  of a l t e r n a t i v e  modes. This  omiss ion  i s  
p a r t l y  expla ined  by t h e  l a c k  of a  formal  methodology f o r  energy 
economy s t u d i e s  and p a r t l y  by t h e  p r a c t i c a l  d i f f i c u l t i e s  i n  o b t a i n i n g  
d a t a  on t h e  energy demands of f a c i l i e i e s .  

Turning Tra ins  

The des ign  o f .  f a c i l i t i e s  f o r  t u r n i n g  t r a i n s  a t  t h e  ends of revenue 
r o u t e s ,  t oge the r  w i t h  t h e  des ign  of v e h i c l e s ,  s t r o n g l y  i n f l u e n c e s  
requirements  f o r  nonproduct ive t r a v e l  by revenue v e h i c l e s ;  l a b o r ,  
goods and s e r v i c e s  f o r  o p e r a t i o n s  and maintenance; land o r  r i gh t s -o f -  
way; and c a p i t a l  inves tments  i n  t r a c k ,  swi tches  and revenue v e h i c l e s .  
These requi rements ,  i n  t u r n ,  g e n e r a t e  d i r e c t ,  i n d i r e c t ,  and c a p i t a l  
energy deniands. 

Two b a s i c  methods a r e  used t o  turn t r a i n s .  One method swi t ches  
t h e  t r a i n  from one t r a c k  t o  ano the r  and r e v e r s e s  t h e  t r a c t i o n  motors .  



The o t h e r  method moves t h e  t r a i n  through a 180' t u r n ,  e i t h e r  by us ing  
a loop  t r a c k  of a Y-pa t te rn  of t r a c k s  and swi t ches .  

Double-end v e h i c l e s  can  r e v e r s e  d i r e c t i o n s  o r  make 180" t u r n s ;  
s e v e r a l  systems do both .  Examples a r e  PATH, NYCTA, and t h e  Lindenwold 
l i n e .  Single-end PCC street c a r s  make 180" t u r n s ,  b u t  s e v e r a l  l a r g e  
systems (San F r a n c i s c o  Muni and MBTA, f o r  example) w i l l  soon r e p l a c e  
PCC c a r s  w i t h  double-end l i g h t - r a i l  v e h i c l e s .  

D i e s e l - e l e c t r i c  locomotives a r e  double-ended and can t h e r e f o r e  
u s e  e i t h e r  of  t h e  two methods f o r  t u rn ing .  Reversing d i r e c t i o n  is  
u s u a l l y  t h e  p r e f e r r e d  method, s i n c e  180" t u r n s  r e q u i r e  l a r g e  amounts 
of right-of-way, t r a c k ,  and swi t ches .  When convent iona l  c o n t r o l s  
are used t o  make t h e  t u r n ,  t h e  locomot ives  a r e  uncollpled, s h i f t e d  tn  
t h e  head of t h e  t r a i n ,  and recoupled .  Th i s  method r e q u i r e s  swi t ches ,  
a p a r a l l e l  t r a c k .  and, yard l a b o r  t o  ~mcor lp le  and r ~ . c o ~ ~ p l e .  When push- 
p u l l  c o n t r o l s  a r e  used ( s e e  Veh ic l e s  above) ,  t u r n i n g  is  g r e a t l y  
s i m p l i f i e d ,  s i n c e  t h e  locomotive need n o t  be  moved t o  t h e  head of  t h e  
t r a i n s  and swi t ches  and yard l a b o r  a r e  n o t  needed. 

The ends of revenue r o u t e s  (where t r a i n s  a r e  t u rned )  can  be  a t  
i n t e r m e d i a t e  p o i n t s  r a t h e r  than  a t  t h e  ends of r a i l  l i n e s .  Th i s  
arrangement  accommodates t h e  h e a v i e r  pa t ronage  nea r  t h e  c e n t r a l  b u s i n e s s  
d i s t r i c t  and avo ids  nonproduct ive mileage by t u r n i n g  some t r a i n s  a t  
i n t e r m e d i a t e  s t a a i 5 n s  used i n  t h i s  way, and work schedu le s  must be 
a d j u s t e d  f o r  t h e  t r a i n  crews. Savings i n  d i r e c t  and i n d i r e c t  energy 
would b e  expected from t h i s  p r a c t i c e .  C a p i t a l  energy would d e c l i n e  i f  
t h e  v e h i c l e  f l e e t  s i z e  were reduced,  b u t  would i n c r e a s e  f o r  c o n s t r u c t i o n  
of t r a c k s  and swi t ches .  

Example: Turning T r a i n s  a t  I n t e r m e d i a t e  S t a t i o n s .  The 
Lindenwold l i n e  can  t u r n  t r a i n s  a t  bo th  ends of t h e  l i n e  and 
a t  one i n t e r m e d i a t e  s t a t i o n .  Th i s  a l l ows  o p e r a t i o n  of revenue 
r o u t e s  of two I e n g t h s :  river t h e  f u l l  l e n g t h  of t h e  l i n e  and 
from t h e  i n t e r m e d i a t e  s t a t i o n  t o  downtown. T ra ins  on t h e  
s h o r t  revenue r o u t e  h e l p  meet peak demands b u t  do no t  have 
t o  t r a v e l  t h e  f u l l  l e n g t h  of t h e  line, S i m i l a r  p r a c t i c e s  
a r e  fol lowed by CTA, NYCTA, and PATH, b u t  n o t  by BART, SP, 
WNI , and MBTA. 

Adjus t ing  T r a i n  Length 

The l o c a t i o n  and l a y o u t  of f a c i l i t i e s  used t o  a d j u s t  t r a i n  l e n g t h s  
can  s t r o n g l y  i n f l u e n c e  nonproduct ive t r a v e l .  I t  is  d e s i r a b l e  t o  a d j u s t  
t r a i n  l e n g t h s  a t  o r  near  t h e  ends of revenue r o u t e s ,  i . e . ,  a t  t h e  ends 
of l i n e s  and a t  i n t e r m e d i a t e  s t a t i o n s  where t r a i n s  a r e  turned .  However, 
l and  is o f t e n  d i f f i c u l t  and c o s t l y  t o  o b t a i n  i n  t h e  a p p r o p r i a t e  p l a c e s ,  
and,  a s  a consequence., many yards  and s t o r a g e  t r a c k s  a r e  poor ly  l o c a t e d ,  
making nonproduct ive t r a v e l  unavoidable.  



Example: Conceptual System. A system h a s  been conceived,  
b u t  n o t  y e t  implemented i n  ra i l  t r a n s p o r t a t i o n ,  t h a t  would 
lower nonproduct ive  mileage t o  a  t h e o r e t i c a l  minimum. The 
.concept  c a l l s  f o r  t h e  adding o r  s e p a r a t i n g  of c a r s  a t  every 
s t a t i o n  a long  t h e  r o u t e .  Th i s  scheme would keep t r a i n  
c a p a c i t i e s  i n ' c l o s e  correspondence w i t h  loads .  S to rage  would 
be r equ i r ed  a t ' e a c h  s t a t i o n .  Also, advances i n  r a i l  technology 
would be r equ i r ed  t o  couple  and uncouple c a r s  and t o  move 
empty c a r s  by au tomat ic  c o n t r o l .  A t  p r e s e n t ,  t h i s  scheme 
would d e l a y  t r a i n s  e x c e s s i v e l y ,  r e q u i r e  yard l a b o r  a t . e a c h  
s t a t i o n ,  and cause  hazardous c o n d i t i o n s .  

One automated guideway t r a n s i t  system, t h e  Westinghouse 
T r a n s i t  Expressway, w a s  o r i g i n a l l y  des igned  t o  a l l ow t r a i n  
l e n g t h s  t o  be  changed a t  s i a t i o n s  and t o  permi t  s t o r a g e  o r  
d e l i v e r y  of empty c a r s  au toma t i ca l ly .  The b a s i c  hardware and 
c o n t r o l s  f o r  t h i s  s y s  tem a r e  now i n  revenue s e r v i c e  a t  t h e '  
Seattle-Tacoma I n t e r n a t i o n a l  A i rpo r t .  That i n s t a l l a t i o n  demon- 
s t r a t e s  t h e  techniques  i n  i ts  d a i l y  o p e r a t i o n s  and proves  t h e  
concept  is t e c h n i c a l l y  and o p e r a t i o n a l l y  f e a s i b l e .  

' 

E l e c t r i f i c a t i o n  

Most i n t e r c i t y  and suburban r a i l  passenger  l i n e s  a r e  n o n e l e c t r i c ,  ' 

a few a r e  f u l l y  e l e c t r i c ,  and some a r e  p a r t l y  e l e c t r i c ,  p a r t l y  non- 
e l e c t r i c .  iqo c a s e s  ,were  found where e l e c t r i f i c a t i o n  of n o n e l e c t r i c  
systems was a n ' i s s u e .  However, ex t ens ion  of e l e c t r i f i c a t i o n  on p a r t l y  
e l e c t r i f i e d  l i n e s  is  a n  important  i s s u e  on t h e  Long I s l a n d  R a i l  Road, 
on t h e  Hudson-Harlem and New Haven Div i s ions  of C o n r a i l  n o r t h  of New 
York C i ty ,  and probably on o t h e r  l i n e s  n o t  noted i n  t h e  r e s e a r c h .  . 

E l e c t r i f i c a t i o n  r e q u i r e s  l a r g e  c a p i t a l  inves tments  i n  wayside sub- 
s t a t i o n s ,  t h i r d - r a i l  o r  overhead conductors  and o t h e r  equipment, and 
l a r g e .  c a p i t a l  energy demands; e l e c t r i c  t r a i n s  a r e  l i g h t e r  t han  locomotive- 
drawn t r a i n s  and sav ings  i n  d i r e c t  energy a r e  claimed f o r  e l e c t r i c  
systems. An energy economy s tudy  would be r equ i r ed  t o  s u b s t a n t i a t e  
o r  counter  t h e  claim.  

S t a t i o n  Heat ing,  V e n t i l a t i n g ,  and A i r  Condi t ion ing  (HVAC) 

Making r a i l  passenger  s t a t i o n s  comfor tab le  i n  a l l  c l i m a t e s  and 
seasons  i s  a cha l l enge  t h a t  has  nowhere been met. I f  h igh  s t a n d a r d s  
of comfort a r e  t o  be  achieved ,  l a r g e  demands f o r  d i r e c t ,  i n d i r e c t ,  
and c a p i t a l  energy must be accepted .  Old s t a t i o n s  were designed w i t h  
few concess ions  t o  passenger  comfort ; consequent ly ,  energy demands 
f o r  t h i s  purpose a r e  low. S t a t i o n s  r e c e n t l y  cons t ruc t ed  o r  designed 
f o r  f u t u r e  systems i n c l u d e  HVAC systems t h a t ' a r e  c o s t l y  i n  terms of 
energy and money. UMTA has  sponsored a  major s tudy  by Kaiser  Engineers ,  
PBQD, and DeLeuw Cather  t o  i d e n t i f y  c o s t - e f f e c t i v e  concepts .  Treatment 
of t h e  e n t i r e '  s u b j e c t  is  n o t  p o s s i b l e  i n  t h i s  r e p o r t ,  b u t  a few 
examples fo l low.  



Example: Timed Hea te r s .  About 15% of Chicago T r a n s i t  Au tho r i ty  
s t a t i o n s  p rov ide  timed i n f r a r e d  h e a t e r s  f o r  passengers  wa i t i ng  
on t h e  p l a t fo rms .  T y p i c a l l y ,  t h r e e  overhead i n f r a r e d  h e a t e r s  
beam h e a t  i n t o  a  sma l l  p l a t fo rm a r e a  equipped wi th  wind s c r e e n s .  
To ge t  5  min of h e a t ,  t h e  awa i t i ng  passenger pushes a  bu t ton .  
Hea te r s  a r e  d isconnected  i n  warm weather .  This  demand-response 
tjmed h e a t e r  c o n t r o l  has  a  secondary b e n e f i t :  i t  avo ids  t h e  
a t t r a c t i o n  a  w a r m  s t a t i o n  would have f o r  l o i t e r i n g  persons 
d u r i n g  co ld  months. 

Example: T r a i n  Screen.  A t r a i n  s c r e e n  i s  a  w a l l  used t o  
i s o l a t e  t h e  passenger  p l a t fo rm from t h e  right-of-way and t o  
provide  a c c e s s  t o  t r a i n s  chrougll elevatnr-type doors .  T h e  
Leningrad cubvay and a t  l e a s e  d cluzell aucuma~ed guideway 
t r a m i t  systems $11 Ll i e  UnLKrd Scares u s e  t r a i n  s c reens .  One 
of these ' ,  a t  t h e  Seattle-Tacoma I n t e r n a t i o n a l  A i r p o r t ,  j s  

.A0 ,. 

des igned  f o r  100-passenger c a r s  and 4-car t r a i n s .  

S t a t  i on  L i g h t i n g  

While o l d  r a i l  passenger  s t a t i o n s  f r e q u e n t l y  had poor l i g h t i n g ,  
some new s t a t i o n s  appear  t o  have moved t o  the  o p p o s i t e  extreme. Ca re fu l  
c o n s i d e r a t i o n  should be g iven  t o  t h e  l e v e l  of l i g h t i n g  a c t u a l l y  r equ i r ed  
under a l l  c o n d i t i o n s  of weather ,  season ,  s t a t i o n  t r a f f i c ,  t ime of day ,  
and hours  of o p e r a t i o n .  L igh t ing  c i r c u i t s  should a l low a l t e r a t i o n  
of  l i g h t i n g  l e v e l s  acco rd ing  t o  a c t u a l  needs; c o n t r o l  should be auto-  
ma t i c  o r  by remote means from c e n t r a l  l o c a t i o n s .  

Tunnel Ligklring 

Tunnel l i g h t i n g  i o  a r e l a t i v e l y  s111al1 p r u p o ~ K i 0 n  6B t h e  t o t a l  
energy used i n  t h e  t r a n s p o r t a t i o n  system, b u t  energy can  be  saved.  
Tunnel l l 'ght ing i s  needed f o r  s a f e t y  i n  t r a i n  o p e r a t i o n ,  f o r  workmen 
i n  t h e  tunne l ,  and on t a r e  occas ions ,  f o r  evacuat ion  of trains. MBTA 
u s e s  f l o r e s c e n t  l i g h t s  r a t h e r  than  incandescent  l i g h t s  t o  conserve  
energy .  CTA, f i n d i n g  t h a t  low-pressure sodium l i g h t s  a r e  twice  a s  
e f f i c i e n t  a s  f l o r e s c e n t  l i g h t s ,  p l ans  t o  i n s t a l l  t h e s e  ye l low- t in ted  
l i g h t s  on t h e  o u t e r  p o r t i o n s  of s t a t i o n  p l a t fo rms .  

Heat ing R a i l s ,  Switches,  and E l e c t r i c a l  F a c i l i t i e s  

R a i l  s e r v i c e  on s u r f a c e  and e l e v a t e d  l i n e s  can be i n t e r r u p t e d  by 
snow and i c e  d e p o s i t s  on r a i l s ,  sw i t ches ,  power conductors ,  and insu- 
l a t o r s .  I t  is  probably no t  f e a s i b l e  t o  des ign  systems t o  avoid t h e s e  
problems du r ing  s e v e r e  w in te r  s torms ,  bu t  on such occas ions  much of 
t h e  a c t i v i t y  i n  t h e  a f f e c t e d  c i t y  is  temporar i ly  suspended. Under 
l e s s  s e v e r e  weather  c o n d i t i o n s ,  t h e  r a i l  system is u s u a l l y  kep t  



o p e r a t i n g ,  which u s u a l l y  means t h a t  i c e  d e p o s i t s  on r a i l s  and swi t ches  
a r e  avoided by fue l -burn ing  h e a t e r s  and i c i n g  of wayside power supply  
elements  is  c o n t r o l l e d  by e l e c t r i c a l  h e a t i n g .  ( I r o n i c a l l y ,  conven- 
t i o n a l  e l e c t r i c  t r a i n s  d i s s i p a t e  l a r g e  amounts of h e a t  i n  r e s i s t o r  
banks, bu t  no way has been found t o  apply  t h e  h e a t  t o  wayside components 
s u b j e c t  t o  i c i n g . )  

Example: Third-Rai l  Heaters .  MBTA has  e s t ima ted  t h a t  t h i r d -  
r a i l  h e a t e r s  r a t e d  a t  70 Wlfoot ( i n c l u d i n g  a 2 0 4  margin of 
s a f e t y )  a r e  needed t o  avoid i c i n g  on exposed t r a c k .  When 
o p e r a t i n g ,  t h i s  system imposes a 10,000 kW d i r e c t  energy 
demand. Opera t ion  i s  r equ i r ed  only  b r i e f l y  each y e a r ,  I f  
o p e r a t i o n  t o t a l e d  100 hr--an assumption--direc t demand would 
t o t a l  1,000,000 kWh. That f i g u r e  i s  no t  a larming f o r  a system 
now us ing  204 m i l l i o n  kWh per  year ;  however, t h e  p u b l i c  u t i l i t y  
must have s u f f i c i e n t  r e s e r v e  c a p a c i t y  t o  s a t i s f y  t h e s e  
o c c a s i o n a l ,  shor t - te rm demands f o r  e l e c t r i c a l  energy.  The 
c a p i t a l  c o s t s  borne by the  u t i l i t y  f o r  gene ra t ing  c a p a c i t y  
(and t h e  a s s o c i a t e d  c a p i t a l  energy demand) a r e  f a r  more 
s i g n i f i c a n t  than  t h e  d i r e c t  energy demand f o r  h e a t i n g  
p e r  se. 

Example: S e l e c t i v e  Heat ing and Other Methods. CTA uses  
t h r e e  methods t o  combat i c i n g .  T h i r d - r a i l  h e a t e r s  a r e  used 
on i n c l i n e s .  A m a t e r i a l  c a l l e d  " s l e e t  g rease"  is used a s  
a t h i r d - r a i l  c o a t i n g  i n  s e l e c t e d  a r e a s ;  it tends  t o  prevent  
bonding of i c e  t o  t h e  t h i r d - r a i l  s u r f a c e .  Mechanical d e v i c e s  
c a l l e d  " s l e e t  s c rape r s "  a r e  mounted on c a r s ,  ahead of t h e  
c u r r e n t  c o l l e c t o r s .  Sc rape r s  a r e  engaged by t h e  o p e r a t o r ,  
when needed, t o  remove t h e  i c e  mechanical ly .  
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I V  ENERGY ECONOMY I N  ELECTRICAL POWER SUPPLY SYSTEM 

Th i s  s e c t i o n  d e a l s  w i t h  t h e  supply  of f u e l  and e l e c t r i c a l  power 
t o  r a i l  passenger  v e h i c l e s  and f a c i l i t i e s .  

Petroleum Fuel  a s  a  Measure of Energy Usage 

The energy f o r  diesel-powered r a i l  passenger  t r a n s p o r t a t i o n  comes 
from crude  o i l .  Energy f o r  e l e c t r i c a l  systems comes from o i l ,  ga s ,  
and c o a l  products  and from h y d r o e l e c t r i c ,  n u c l e a r ,  and geothermal  
sources .  Because of our  a b i l i t y  t o  t r a n s f e r  e l e c t r i c a l  energy from 
r e g i o n  t o  r eg ion ,  we have assumed t h a t  s u b s t a n t i a l l y  a l l  of t h e  energy 
saved i n  r a i l  passenger  t r anspor t a t ion - - r ega rd l e s s  of source--can be  
used elsewhere by customers  who now burn  o i l  t o  g e n e r a t e  e l e c t r i c a l  
power. We have assumed t h a t  s u b s t a n t i a l l y  a l l  of t h e  energy sav ings  
from a r a i l  energy conse rva t ion  program can  be  used t o  reduce  t h e  demand 
f o r  c rude  o i l .  Some e l e c t r i c a l  supply systems can  meet off-peak r a i l  
energy demands from n u c l e a r ,  h y d r o e l e c t r i c ,  o r  geothermal  p l a n t s  when 
t h e r e  a r e  no demands from oi l -dependent  customers  i n  o t h e r  a r e a s  b u t  
t h i s  i s  be l i eved  t o  i nvo lve  only  a  s m a l l  q u a n t i t y  of energy used by r a i l  
systems. 

I n  t h i s  r e s e a r c h ,  t h e  energy supply "p ipe l ine"  h a s  been  t r aced  
back only  a s  f a r  a s  t h e  d i e s e l  f u e l  and f u e l  o i l  s t a g e s .  Energy used 
t o  e x t r a c t ,  t r a n s p o r t ,  and r e f i n e  t h e  o i l  has  n o t  been s t u d i e d .  Demands 
f o r  d i r e c t  energy have been expressed i n  terms of g a l l o n s  of f u e l ,  
by type ,  and t o t a l  thermal  energy of t h e  f u e l  i n  Btu. D i f f e rences  i n  
h e a t i n g  v a l u e s  among f u e l s  have been recognized i n  e s t i m a t i n g  Btu, 
b u t  g r o s s  measures of f u e l  consumption add g a l l o n s  of f u e l  o i l  and 
g a l l o n s  of d i e s e l  f u e l  wi thout  r ecogn iz ing  d i f f e r e n c e s  i n  h e a t i n g  
va lues .  L 

Classes  of Energy Losses 

A l a r g e  amount of energy is  l o s t  o r  consumed between t h e  t ime t h e  
f u e l  is  removed. from s t o r a g e  t anks  a t  t h e  e l e c t r i c a l  gene ra t ing  p l a n t  
and t h e  t ime i t  i s  d e l i v e r e d  as e l e c t r i c a l  energy t o  t h e  r a i l  v e h i c l e *  
o r  f a c i l i t y .  Also,  t h e  e f f ' i c i ency  of gene ra t ing  p l a n t s  and d i s t r i b u t i n g  
p roces ses  d i f f e r s  g r e a t l y  among s u p p l i e r s ,  a s  does t h e  e f f i c i e n c y  of 
i n t e r n a l  convers ions  and d i s t r i b u t i o n  f u n c t i o n s  among r a i l  systems.  

The fo l lowing  gene ra l  obse rva t ions  a r e  worthy of spe'cia.l:notice: 



o The energy l o s s e s  o r  e f f i c i e n c i e s  of e l e c t r i c a l  power systems 
d i f f e r  s u b s t a n t i a l l y  from p l a n t  t o  p l a n t  w i t h i n  s u p p l i e r  
systems and among s u p p l i e r s .  E f f i c i e n c i e s  i n  g e n e r a t i n g  
p l a n t s  have inc reased  g r e a t l y  over  t h e  p a s t  decades ,  bu t  
some of t h e  o l d e r  g e n e r a t i n g  p l a n t s  used t o  supply  r a i l  
passenger  systems a r e  g r o s s l y  i n e f f i c i e n t  i n  comparison 
t o  t h e  n a t i o n a l  ave rages .  

The q u a n t i t i e s  of energy used by t h e  power companies, and 
t h e  l o s s e s  of energy i n  d e l i v e r y  t o  t h e  r a i l  passenger  
systems,  d i f f e r  among s u p p l i e r s ,  bu t  on ly  t o  a r e l a t i v e l y  
small degree .  Nat iona l  average  l o s s e s  between g e n e r a t i n g  
p l a n t s  and customers  averaged about  9 .3% i n  1974. 

e Energy is  l o s t  i n  conve r t ing  from a c  t o  d c  a t  t h e  r a i l  
sy s t em ' s  s u b s t a t i o n s .  The e f f i c i e n c y  of convers ion  equip- 
ment h a s  been tw ice  improved i n  t h e  p a s t  few decades w i t h  
t h e  i n t r o d u c t i o n  of advanced equipment. Again some o l d ,  
energy-wasteful  conve r s ion  equipment remains i n  s e r v i c e ,  
awa i t i ng  a v a i l a b i l i t y  of  funds f o r  modern rep lacements .  

Energy is l o s t  between s u b s t a t i o n s  and t r a i n s  by r e s i s t a n c e  
h e a t i n g  i n  conductors .  S i g n i f i c a n t  r e s i s t a n c e  h e a t  l o s s e s  
occur  when t r ansmis s ion  d i s t a n c e s  a r e  exces s ive ,  when 
t r ansmis s ion  l i n e s  o r  t h i r d - r a i l  t r a c k s  have excess ive  
r e s i s t a n c e ,  and when i n s u l a t o r s  a r e  poor ly  maintained.  

Energy Losses i n  Genera t ion  and D i s t r i b u t i o n  

I n  1 9 7 4 ,  p u b l i c  u t i l i t i e s  i n  t h e  United S t a t e s  consumed 1 g a l l o n  
of f u e l ,  having an  ave rage  h e a t i n g  va lue  of 145,719 Btu, t o  produce 
13.90 kWh of e l e c t r i c a l  energy,  of which 12 .92  kWh were d e l i v e r e d  t o  

,consumers.  On t h e  average ,  each k i lowat t -hour  purchased by a r a i l  
' system r e p r e s e n t s  0.077 ga l  of f u e l  u l l ,  l l av iug  cl Iloating va lue  of 

11,278 Btu ( 1  kWh of e l e c t r i c a l  energy is  e q u i v a l e n t  t o  3415 Dtu of 
thermal  energy a t  100% e f f i c i e n c y  i n  conve r s ion ) .  Thus, t h e  e n t i r e  
prnr.ess,  from f u e l  t o  e l e c t r i c a l  energy purchased,  has  an e f f i c i e n c y  
of 30%. E l e c t r i c a l l y  powered r a i l  systems a r e  found i n  only  e i g h t  
r eg ions ;  i n  two o i  t hose  r e g i o n s ,  ehe e f f i c i e n c i e s  uf puwer supply  
systems a r e  s i g n i f i c a n t l y  lower than  t h e  n a t i o n a l  average .  

Example: I n e f f i c i e n t  Steam P l a n t s .  During 1975 ,  MBTA 
o b t a i n e d a b o u c o f l e - c h l r d t r l c a l  power f rom n 
pub l i c  u t i l i t y  and generated abour two-thirds  uE i t s  power 
i n  two o l d  and i n e f f i c i e n t  steam g e n e r a t i n g  p l a n t s  t h a t  used 
23,970 BruIkWh, a f i g u r e  113% above t h e  n a t i o n a l  average .  
The need t o  r e t i r e  t h e  p l a n t s  has  long  been e v i d e n t ,  and 
p r e s e n t  p l a n s  c a l l  f o r  re f inement  by 1981. Reduced energy 
consumption is  a n  impor tan t  c o n s i d e r a t i o n  a s  is  a  dependable 
power supply  t o  avoid t r a i n  s e r v i c e  i n t e r r u p t i o n s .  



Example : Low Thermal E f f i c i e n c y  . C o n s o l i d a t e d  Edison (Con Ed) 
h a s  s u p p l i e d  e l e c t r i c a l  power t o  NYCTA i n  r e c e n t  y e a r s .  Energy 
u s e  by Con Ed is h i g h e r  t h a n  t h e  n a t i o n a l  a v e r a g e ,  b o t h  i n  
g e n e r a t i o n  and i n  d i s t r i b u t i o n .  F u e l  hav ing  a h e a t i n g  v a l u e  
of 1 3 , 6 8 0  BtuIkWh is  consumed t o  s u p p l y  NYCTA--2l%,above t h e  

' n a t i o n a l  a v e r a g e .  NYCTA is,  by f a r ,  t h e  l a r g e s t  h e a v y - r a i l  
t r a n s i t  s y s t e m  i n  t h e  Uni ted S t a t e s .  I n  t h e  y e a r  e n d i n g  
J u n e  3 0 , , 1 9 7 5 ,  NYCTA purchased 2 .05  b i l l i o n  kWh of e l e c t r i c a l  
energy .  About 192 m i l l i o n  g a l  of o i l  were  consumed t o  p roduce  
t h a t  energy .  The o i l  consumed would have  been reduced t o  a b o u t  
159 m i l l i o n  g a l  i f  Con Ed had been a s  e f f i c i e n t  a s  t h e  n a t i o n a l  
e l e c t r i c a l  i n d u s t r y  a v e r a g e .  The d i f f e r e n c e ,  33 m i l l i o n  g a l ,  
would r e d u c e  NYCTA's energy  i n t e n s i t y  from 3700 B t u l p a s s e n g e r -  
m i l e  t o  3200 Btu lpassenger -mi le  ( o r  i t  would s u p p l y  BART'S 
d i r e c t  energy  needs  f o r  1 8  months ) .  

The S t a t e  o f  New York r e c e n t l y  purchased  a  f o s s i l  f u e l  power 
p l a n t  now under  c o n s t r u c t i o n .  When comple ted ,  t h e  p l a n t  
w i l l  s u p p l y  power t o  NYCTA. New p l a n t s  u s u a l l y  a r e  more 
e f f i c i e n t  t h a n  t h e  n a t i o n a l  a v e r a g e  f o r  t h e  i n d u s t r y .  If  t h e  
new p l a n t  were  10% above t h e  n a t i o n a l  a v e r a g e ,  NYCTA's demand 
f o r  e n e r g y ,  e x p r e s s e d  i n  terms o f  f u e l  o i l ,  would d r o p  a b o u t  
30% below p r e s e n t  l e v e l s - - t o  t h e  o r d e r  of 134 m i l l i o n  g a l l o n s - -  
p e r h a p s  t h e  l a r g e s t  s i n g l e  energy  c o n s e r v a t i o n  g a i n  o b t a i n a b l e  
f o r  r a i l  p a s s e n g e r s  t r a n s p o r t a t i o n .  

Losses  i n  Convers ion and D e l i v e r y  

1 A s i g n i f i c a n t  f r a c t i o n  of t h e  e l e c t r i c a l  energy  purchased  f o r  
o p e r a t i o n  of c a r s  is  l o s t  i n  t h e  p r o c e s s  of c o n v e r s i o n  and  d e l i v e r y  
t o  c a r s .  Equipment now used f o r  ac-dc power c o n v e r s i o n  a r e  of t h r e e  . 
t e c h n i c a l  t y p e s :  

R o t a r y  c o n v e r t e r s  (motor -genera to r  s e t s )  a r e  t h e  o l d e s t  
and have t h e  l e a s t  e f f i c i e n c y  ( a b o u t  9 0 % ) .  Rota ry  equip-  
mrnr: t l uw iu service is L e i i ~ g  phased o u t  as f u n d s  become 
a v a i l a b l e .  

~Yercury rectif iers,  a v a i l a b l e  f o r  many y e a r s ,  a r e  a b o u t  
95% e f f i c i e n t  and have been used  a s  r e p l a c e m e n t s  f o r  r o t a r y  
equipment .  

S i l i c o n - c o n t r o l l e d  rectifiers, t h e  most modern t e c h n o l o g y ,  
have 98% e f f i c i e n c y ,  and a r e  now b e i n g  i n s t a l l e d  i n  most 
s y s t e m s  as f u n d s  become a v a i l a b l e .  

Example: High Losses  i n  Convers ion  and D i s t r i b u t i o n .  I n  San 
F r a n c i s c o ,  Muni l o s e s  s i g n i f i c a n t  amounts of energy  i n  ac-dc 
c o n v e r s i o n  and d i s t r i b u t i o n  of e l e c t r i c a l  power t o  t r a i n s .  
A s t u d y  of t h e  sys tem showed a dead l o s s  of 11 ,163 ,723 'kWhlyr  



i n  t h e  system. Th i s  l o s s  ranged from 9 t o  15% of t h e  annual  
t o t a l  over a 6 yea r  pe r iod .  The l o s s e s  appeared t o  occur  
mainly i n  ac-dc r o t a r y  c o n v e r t e r s  and through i n s u l a t o r s  on 
the t r o l l e y  l i n e s .  

The Chicago T r a n s i t  Au tho r i ty  r e p o r t e d  a  7% l o s s  of energy i n  
convers ion  i n  1975 but  s a i d  l o s s e s  i n  d i s t r i b u t i o n  were 
n e g l i g i b l e .  The CTA i s  reequipping  16 s u b s t a t i o n s  wi th  
s i l i c o n  . r e c t i f i e r s .  Four teen  s u b s t a t i o n s  now have r o t a r y  
c o n v e r t e r s  and two have mercury r e c t i f i e r s .  

Power from t h e  s u b s t a t i o n  t o  t h e  v e h i c l e  is  commonly d i s t r i b u t e d  
by copper  a l l o y  c a t e n a r i e s  f o r  e l e c t r i c  i n t e r c i t y  r a i l ,  suburban r a i l ,  
and l i g h t  r a i l  t r a n s i t .  No improvement over  copper is a n t i c i p , a t e d .  
A l l  h eavy- ra i l  t r a n s i t  systems and some suburban r a i l  systems,  w i t h  
t r a c k  p r o t e c t e d  f r o m ' t h e  p u b l i c ,  u s e  s t e e l  t h i r d  rsi ls  f o r  power 
d i s t r i b u r i o n .  The t h i r d  r a i l  has a l a r g e r  c r o s s  s e c t i o n  than  t h e  
copper  ca t ena ry  b u t  h ighe r  r e s i s t a n c e  per  u n i t  of c r o s s  s e c t i o n .  Both 
conduc to r s  l o s e  about  t h e  same amount of energy ,  s a i d  t o  be 'about 5% i n  
t y p i c a l  c a s e s .  

A composi te  aluminum and s t e e l  t h i r d  rail, is c u r r e n t l y  used i n  
s e v e r a l  heavy- ra i l  systems.  It  c o n s i s t s  of a  s t e e l  r a i l  w i th  two 
aluminum e x t r u s i o n s  o r  c a s t i n g s  s e c u r e l y  f a s t ened  t o  t h e  r a i l  web t o  
form a composi te  conductor .  Aluminum i s  t h e  primary cu r ren t - ca r ry ing  
component; t h e  s t e e l  p rov ides  t h e  wearing s u r f a c e  f o r  t h e  c o l l e c t o r  
shoes .  Composite r a i l s  have over twice  t h e  e l e c t r i c a l  c o n d u c t i v i t y  
of a l l - s t e e l  t h i r d  r a i l s .  

The power d i s t r i b u t i o n  system i n c l u d e s  both the  t h i r d  r a i l  and 
t h e  two running  r a i l s .  The combined r e s i s t a n c e  m l l s t  b e  low enough t o  
avoid  e x c e s s i v e  power l o s s .  Use of t h e  composite t h i r d  r a i l  add res ses  
on ly  h a l f  of t h e  problem and promises t o  produce something l e s s  t han  
che f u l l  5% sav ings .  Low-resistance grounds o r  r e t u r n  conductors  a r e  
needed t o  ach ieve  t h e  f u l l  savings. 

Reduct ion of d i s t r i b u t i o n  l o s s e s  i s  on ly  one a t t r a c t i o n  of t h e  
composi te  t h i r d - r a i l .  Another is  t h a t  s u b s t a t i o n s  can  be  spaced f u r t h e r  
a p a r t  and some can  be e l imina ted ,  a t  a  c o s t  s av ings  of around $1 m i l l i o n  
per  s u b s t a t i o n  and cor responding  sav ings  i n  c a p i t a l  energy d emand s . 

The t e c h n i c a l  and economic benef i t s  of t h e  ~ . n m p n s i t ~  t h i r d  r a i l  
appear  t o  b e  widely accepted ;  over 160 m i l e s  of r a i l  have been i n s t a l l e d  
In f l v e  syseems. However, t h e  nex t  p rope r ty  scheduled t o  s t a r t  o p e r a t i o n ,  
MARTA, has  decided t o  u s e  a n  a l l - s t e e l  t h i r d  r a i l  because i t  has a  
lower c a p i t a l  c o s t  than  composite r a i l .  



V ENERGY ECONOMY I N  MODAL CHOICE DECISIONS 

E s t i m a t e s  o f  modal s p l i t  ( t h e  d i v i s i o n  of t r a v e l  among r a i l  and . 

o t h e r  a v a i l a b l e  modes) r e q u i r e  d e t a i l e d  knowledge o f  t h e  c h a r a c t e r i s t i c s  
o f  t r a v e l  demand a s  w e l l  as t h e  c h a r a c t e r i s t i c s  of r a i l  and compet ing 
modes. T h i s  r e s e a r c h  d e a l s  w i t h  r a i l  p a s s e n g e r  t r a n s p o r t a t i o n  o n l y  
and ,  t h e r e f o r e ,  h a s  n o t  e s t i m a t e d  modal s p l i t s .  I n s t e a d ,  t h e  r e s e a r c h  
and t h e  d i s c u s s i o n  t h a t  f o l l o w s  t r e a t s  g e n e r a l  f a c t o r s  t h a t  i n f l u e n c e  
modal c h o i c e  and t h a t  might  i n c r e a s e  ( o r . d e c r e a s e )  t r a v e l  by r a i l .  

A v a i l a b i l i t y  of S e r v i c e  

By and l a r g e ,  r a i l  p a s s e n g e r  t r a n s p o r t a t i o n  i s  o n l y  a v a i l a b l e  
i n  p a r t s  of e i g h t  m e t r o p o l i t a n  r e g i o n s  and on a  s p a r s e  n a t i o n a l  r a i l  
p a s s e n g e r  t r a n s p o r t a t i o n  network;  i t  i s  n o t  a v a i l a b l e  f o r  t h e  v a s t  
m a j o r i t y  o f  t r a v e l e r s  and t r i p s .  For  example,  i n  1975 r a i l  p a s s e n g e r  
t r a n s p o r t a t i o n  accounted  f o r  o n l y  2% of t h e  passenger -mi les  i n  i n t e r -  
c i t y  and u rban  t r a v e l .  

Choice R i d e r s  

I n  t h e  U.S. a b o u t  55% of t h e  p o p u l a t i o n  o l d  enough t o  need inde-  
penden t  m o b i l i t y  (assumed t o  b e  a g e  1 0  and o l d e r ) ,  have  d r i v e r s  l i c e n s e s  
and f i r s t  c l a i m  t o  a p r i v a t e  au tomobi le .  These  p e o p l e  c a n  be  s a i d  t o  
e n j o y  f u l l  "au to -mobi l i ty . "  Most o f  t h e s e  i n d i v i d u a l s  t end  t o  a d o p t  
l i f e  s t y l e s  based on  a u t o - m o b i l i t y :  t h e  p l a c e s  t h e y  choose  t o  l i v e ,  
work, and shop a r e  t h o s e  t h a t  can  be  reached  by a u t o .  However, some 
members of t h i s  g roup  u s e  r a i l  t r a n s p o r t a t i o n  by c h o i c e .  Some l i v e  
i n  s u b u r b s  and work downtwon; and u s e  r a i l  t r a n s p o r t a t i o n  t o  a v o i d  
t r a v e l  on c o n g e s t e d  r o a d s ,  payment of b r i d g e  t o l l s ,  and c o s t l y  p a r k i n g .  
Many commuting t r i p s  made by t h e s e  p e r s o n s  a r e  e x c e p t i o n a l l y  l o n g .  For  
example,  a v e r a g e  t r i p s  on  suburban  r a i l r o a d s  a r e  a b o u t  25 m i l e s  l o n g ,  
which is n e a r l y  t h r e e  t i m e s  t h e  l e n g t h  of t h e  a v e r a g e  a u t o  t r i p  t o  work. 
From t h e  v i e w p o i n t  of energy  c o n s e r v a t i o n ,  v e r y  l o n g  commuting t r i p s  
v i a  r a i l  c o u l d  w e l l  b e  r e g a r d e d  a s  w a s t e f u l ,  even when t h e  energy  
i n t e n s i t y  p e r  passenger -mi le  i s  low f o r  suburban  r a i l r o a d s .  

Other  c h o i c e  r i d e r s  u s e  subways, l i g h t - r a i l ,  and i n t e r c i t y  s e r v i c e .  

L imi ted  M o b i l i t y  R i d e r s  

A t  l e a s t  41% of t h e  p o p u l a t i o n  t h a t  i s  age  1 0  o r  o l d e r  do n o t  
en joy  a u t o - m o b i l i t y  o r  are auto-mobi le  t o  a l i m i t e d  d e g r e e .  These  a r e  



t h e  persons  who do n o t  d r i v e  o r  who do no t  have f i r s t  c l a im  t o  a  p r i v a t e  
a u t o .  They a r e  l a r g e  u s e r s  of r a i l  and o t h e r  modes of p u b l i c  t r anspor -  
t a t i o n  where good s e r v i c e  is a v a i l a b l e .  They tend t o  congrega te  i n  
a r e a s  where t r a n s i t  s e r v i c e  i s  ava i l ab l e - - fo r  example, i n  Manhat t a n  
where 78% of t h e  households do n o t  have c a r s  and subway t r a v e l  i s  heavy. 
o the rwi se ;  they a r e  chauffeured  by r e l a t i v e s  and f r i e n d s ,  u se  t a x i s  
and o t h e r  p a r a t r a n s i t  modes, r i d e  b i c y c l e s ,  and walk. Unfo r tuna te ly ,  
many l i m i t e d  m o b i l i t y  persons  forego  some o p p o r t u n i t i e s  enjoyed by 
t h e  auto-mobile popu la t ion .  

Market ing 

The amount of r a i l  passenger  t r a n s p o r t a t i o n  supp l i ed  and used is 
v e r y  s m a l l  i n  comparison w i t h  t h e  popu la t ion  of p o t e n t i a l  r i d e r s .  This  
is i n  s h a r p  c o n t r a s t  t o  t h e  c o n d i t i o n s  i n  t h e  e a r l y  20th cen.tury when 
r a i l  t r a n s p o r t a t i o n  systems were t h e  dominant s u p p l i e r s  of i n t e r c i t y  
s e r v i c e  and suburban ,and urban  s e r v i c e  i n  l a r g e  c i t i e s .  : . 

The d e c l i n e  i n  r a i l  t r a n s p o r t a t i o n  market s h a r e  has r e s u l t e d  from 
compe t i t i on  form o t h e r  modes r a t h e r  than  a  breakdown i n  market ing.  

S u p p l i e r s  of r a i l  passenger  systems cannot  a f f o r d  t o  employ a  
s a l e s  f o r c e  t o  i n c r e a s e  r a i l  modal s p l i t  by s e l l i n g  s e r v i c e s  i n  face-  
t o - f ace  c o n t a c t  w i t h  r i d e r s .  Marketing programs and a d v e r t i s i n g  enjoy 
some succes s  when they  a c c u r a t e l y  p u b l i c i z e  s u b s t a n t i a l  improvements 
i n  s e r v i c e  and p rov ide  in fo rma t ion  t o  t h e  p u b l i c  on a r e a s  s e rved ,  s t a t i o n  
l o c a t i o n s ,  r o u t e s ,  s c h e d u l e s ,  hours  of s e r v i c e ,  and f a r e s .  The v a l u e  
of marke t ing  programs t h a t  a r e  based on broader a p p e a l s ,  such a s  r e l i e f  
of conges t ion  o r  c la ims  t h a t  u se  of r a i l  t r a n s p o r t a t i o n  saves  energy,  
i s  difficult t o  a s s e s s .  

S e r v i c e  and Cost E f f e c t i v e n e s s  

I f  r a i l  pa t ronage  i s  t o  be i n c r e a s e d ,  t h e  p r i n c i p a l  measures needed 
a r e  t o  improve and i n c r e a s e  s e r v i c e .  S u p p l i e r s  of r a i l  passenger  
t r a n s p o r t a t i o n  and agenc ie s  of l o c a l ,  r e g i o n a l ,  s t a t e ,  and f e d e r a l  
government need t o  focus  a t t e n t i o n  on t h r e e  f a c t o r s :  t he  cos t -  
e f f e c t i v e n e s s  of e x i s t i n g  systems;  t h e  means t o  improve o r  extend 
s e r v i c e ;  and t h e  e f f e c t s  of p o s s i b l e  changes o r  a l t e r n a t i v e  programs 
on pa t ronage ,  c o s t s ,  and energy usage.  

Changes can be of l i m i t l e s s  v a r i e t y .  Table 2 l i s t s  types  of 
changes and c l a s s  i f  i e s  a c t i o n s  under two headings : t hose  t h a t  would 
u s u a l l y  have p o s i t i v e  o r  n e g a t i v e  e f f e c t s  on q u a l i t y  and supply of 
s e r v i c e  : 



T a b l e  2  

PEANS TO ACHIEVE POSITIVE AND NEGATIVE EFFECTS 

Type of Change P o s i t i v e  N e g a t i v e  

Number o f  r a i l  s y s t e m s  New c o n s t r u c t i o n  Abandonment 

M i l e s  of l i n e  E x t e n s i o n s  S h o r t e n i n g  

Number o f  s t a t i o n s  Add i t  i o n s  

Hours of s e r v i c e  Longer hours--up t o  
24 h r  e v e r y  day  

Frequency of s e r v i c e  S h o r t  headways 

T r a v e l  t i m e  ( i n c l u d i n g  Higher  s p e e d s ,  
e n r o u t e  s t o p s )  fewer  s t o p s  

Access t o  r a i l  s e r v i c e  P a r k i n g ,  i n t e g r a t i o n  
of bus  s e r v i c e ,  
s p e c i a l  c o l l e c t o r  
and d i s t r i b u t o r  
sys tems  

C l o s u r e s  

Fewer h o u r s  and 
d a y s  of s e r v i c e  

Long headways 

Lower s p e e d s ,  
more s t o p s  

No a c c e s s  
programs 

Comfort , c o n v e n i e n c e ,  and s a f e t y  f e a t u r e s  a r e  p rov ided  i n  v a r y i n g  
d e g r e e s  and a r e  g e n e r a l 1 9  r e g a r d e d  a s  d e s i r a b l e  and e f f e c t i v e  i n  
i n c r e a s i n g  p a t r o n a g e .  Changes p romis ing  p o s i t i v e  r e s u l t s  a r e  o u t l i n e d  
h e r e :  

S h e l t e r  and s e a t s  f o r  w a i t i n g  p a s s e n g e r s  

H e a t i n g ,  a i r  c o n d i t i o n i n g ,  and v e n t i l a t i o n  
- 

L i g h t i n g  

T r a v e l e r  i n f o r m a t i o n  ( p o s t e d  r o u t e s ,  s c h e d u l e s ,  and f a r e s ;  
f i x e d  and c h a n g e a b l e  d i r e c t i o n  s i g n s ;  p u b l i c  a d d r e s s  sys tem;  
and t e l e p h o n e  i n q u i r y  sys tem)  

S e c u r i t y  measures  ( s t a t i o n  a t t e n d a n t s ,  mobi le  p o l i c e  and 
dogs ,  t r a v e l e r - a c t u a t e d  a l a r m s ,  TV m o n i t o r s ,  and s t a t i o n  
l a y o u t s  t o  f a c i l i t a t e  o b s e r v a t i o n  o f  a l l  a r e a s ) .  

Round- the-Clock s e r v i c e  

Some suburban  r a i l r o a d s  and r a i l  t r a n s i t  sys tems  p r o v i d e  24-hr 
s e r v i c e  e v e r y  day  of t h e  y e a r ,  w h i l e  o t h e r s  d i s c o n t i n u e  o p e r a t i o n s  
d u r i n g  p a r t s  o f  t h e  n i g h t s  and ,weekends. S h u r t i n g  down i n  s l a c k  p e r i o d s  



s a v e s  money and energy ,  bu t  i t  can be argued t h a t  t h e  p r a c t i c e  should  
n o t  be fo l lowed because  t h e  l a c k  of s e r v i c e  makes i t  imposs ib le  f o r  some 
t r a v e l e r s  t o  depend on r a i l  t r a n s p o r t a t i o n ,  and d i scourages  pa t ronage  
by o t h e r s  who t r a v e l  a t  i r r e g u l a r  t imes.  

Ca re fu l  c o n s i d e r a t i o n  should be g iven  t o  provid ing  round-the-clock 
s e r v i c e  on r a i l  r o u t e s  w i thou t  need le s s  expense and energy usage.  
S e v e r a l  schemes appear  worthy of c o n s i d e r a t i o n :  

S u b s t i t u t e  bus s e r v i c e  f o r  r a i l  s e r v i c e  i n  s l a c k  p e r i o d s ,  
a s  i s  done by t h e  San Franc isco  Muni. 

Operate  one-car t r a i n s  i n  s l a c k  pe r iods ,  a s  is  done by 
Lindenwold. 

Develop small t r a n s i t  c a r s  and s p e c i a l  o p e r a t i n g  procedures ,  
o x p l o i t  c a r s  having small capeci t y ,  l o w  a c ~ ~ l ~ r a t i n n  and lnw 
speed o p e r a t i o n ,  long headways, and wi th  f u l l y  auromared 
and s t a t i o n a r y  v e h i c l e  c o n t r o l s .  (This  mlght be poss ib le  
on BART.) 

Close s e l e c t e d  s t a t i o n s ,  o p e r a t e  t r a i n s  i n  a n  "express"  
mode, and provide  " l o c a l "  s e r v i c e  v i a  bus on p a r a l l e l  
s t r e e t s .  

Impact of Change on Energy Demands and I n t e n s i t i e s  

The p o s i t i v e  changes o u t l i n e d  above g e n e r a l l y  i n c r e a s e  c a p i t a l  
and o p e r a t i n g  c o s t s  and many w i l l  i n c r e a s e  d i r e c c ,  i n d i r e c t , ,  and 
c a p i t a l  energy demands a s  w e l l . '  The re to re ,  a l l  s i g n i t i c a n t  changes 
must be j u s t i f i e d  by energy economy s t u d i e s  i n ' w h i c h  energy demands, 
pa t ronage ,  and c o s t s  f o r  all aleernaeives--positive, negarive,  and 
no change--would be  eva lua t ed  and compared w i t h  one ano the r .  

Some spokesmen f o r  t a l i  passenger  eransporrarion v o i c e  a conven- 
t i o n a l  wisdom t h a t  r a i l  passenger  t r a n s p o r t a t i o n  is c l e a r l y  a t t r a c t i v e  
from t h e  viewpoint  of energy conse rva t ion ,  a s  w e l l  a s  o t h e r  r e s p e c t s ,  
and t h e r e f o r e  r e q u i r e  no f u r t h e r  eva lua t ion .  The evidence uncovered i n  
t h i s  r e s e a r c h  shows very  c l e a r l y  t h a t ' s u c h  a  g e n e r a l i z a t i o n  i s  n o t  
suppor t ab le .  There a r e  very  l a r g e  v a r i a t i o n s  i n  direct energy i n t e n s i -  
t i e s  among t r a i n s  w i t h i n  systems--a 5 0 : l  v a r i a t i o n  i n  one case--and t h e r e  
a r e  very  l a r g e  v a r i a t i o n s  among systems w i t h  r e s p e c t  t o  t h e  d i r e c t  energy 
i n t e n s i t i e s  averaged over  t h e  e n t i r e  system f o r  a  y e a r ' s  o p e r a t i o n .  Thus, 
any comparison of d i r e c t  energy i n t e n s i t i e s  among modes of t r a v e l  cannot 
be  based on i n d u s t r y  ave rages ,  b u t  must r ecogn ize  t h e  g r e a t  v a r i a t i o n s  
w i t h i n  and among systems.  

Furthermore,  l i t t l e  has  y e t  been accomplished t o  understand the 
e f f e c t  of changes i n  r a i l  passenger  t r a n s p o r t a t i o n  on i n d i r e c t  and 
c a p i t a l  energy demands. 



Eva lua t ion  of P r o s p e c t i v e  Changes 

Changes i n  r a i l  systems cannot  be eva lua ted  u n t i l  c o s t s ,  pa t ronage  
changes, and t o t a l  energy e f f e c t s  can  be a s ses sed .  Furthermore, adequate  
e v a l u a t i o n  is  n o t  p o s s i b l e  u n t i l  comparisons can  be made w i t h  changes 
i n  energy impacts i n  bus and a u t o  t r a n s p o r t a t i o n ,  i n  community usage  
of energy,  and i n  suppor t ing  i n d u s t r i e s .  

Great  improvements a r e  needed i n  d a t a  bases  and i n  methods of 
a n a l y s i s  b e f o r e  adequate  e v a l u a t i o n s  can  b e  made. 



THIS PAGE 

'WAS INTENTIONALLY 

LEFT BLANK 



VI INDUSTRY FUTURE 

The ou t look  £ o r  t h e  c o n t i n u a t i o n  of e x i s t i n g  r a i l  passenger  systems 
and f o r  n e w . c o n s t r u c t i o n  is  mixed. The f u t u r e ' d e p e n d s  upon s h i f t s  i n  
p u b l i c  p o l i c y  and a v a i l a b i l i t y  of funds ,  which can  change a b r u p t l y ,  
as w e l l  a s  upon economic f o r c e s  o r  energy c o n s i d e r a t i o n s .  However, 
c e r t a i n  upper and lower boundary c o n d i t i o n s  appear  reasonably  p r e d i c t a b l e .  

A t  one extreme, t h e  r a i l  systems s e r v i n g  "old", r a i l - o r i e n t e d  
c i t i e s  appear  c e r t a i n  t o  s u r v i v e .  A t  t h e  o t h e r  extreme, t o  a rgue  t h a t  
r a i l  systems w i l l  exper ience  regrowth t o  a  s i z e  doub le  t h a t  now i n  
e x i s t a n c e  i s  d i f f i c u l t  t o  suppor t .  Between t h e  extremes a r e  many 
u n c e r t a i n t i e s  r ega rd ing  t h e  f a t e s  of s p e c i f i c  programs now underway 
o r  planned. 

Cont inua t ion  of O l d '  Systems 

The land  u s e  p a t t e r n s  of  Boston, New York, P h i l a d e l p h i a ,  and Chicago 
(and, t o  a l e s s e r  degree ,  Cleveland) and t h e  p h y s i c a l  development of 
t h e i r  suburban r a i l r o a d s  and r a i l  t r a n s i t  systems a r e  thoroughly 
in te rdependent .  D i scon t inua t ion  of t h e  r a i l  s e r v i c e s  would reduce  g r e a t l y  
t h e  v a l u e  of t h e  land and b u i l d i n g s  throughout  t h o s e  c i t i e s  and would 
f o r c e  major r e l o c a t i o n s  and ad jus tments  of job s i t e s  and o t h e r  economic 
a c t i v i t i e s .  The same argument can be a p p l i e d ,  b u t  w i t h  l e s s  weight ,  t o  
d i s c o n t i n u a t i o n  of t h e  most h e a v i l y  t r a v e l e d  Arntrak r o u t e s ,  e s p e c i a l l y  
between Washington and Boston. 

H i s t o r i c a l  expe r i ence  sqp.por ts t h e  belie-£: t h a t  t h e s e  r a i l  systems 
a r e  g e n e r a l l y  regarded  a s  necessary .  Everytime one of '  t h e  major 
"old" systems has  experienced f i n a n c i a l  t r o u b l e s  s u f f i c i e n t  t o  t h rea t en -  
d i s c o n t i n u a t i o n  of .  s e r v i c e ,  an i n s t i t u t i o n a l  arrangement and f i n a n c i n g  
scheme has  been worked o u t  t o  prevent  d i s c o n t i n u a t i o n .  Unfo r tuna te ly ,  
many of t h e  schemes have had s h o r t  u s e f u l  l i v e s  and have had t o  be  
r e v i s e d  t o  meet new c r i s e s .  Only a  few, such a s  PATH and PATCO, 
have t h e  .appearance  of permanence. 

New Cons t ruc t ion  i n  P rog res s  o r  Planned 

A $1.7 b i l l i o n  improvement program i s  i n  p rog res s  on Amtrak's 
n o r t h e a s t e r n  c o r r i d o r  l . ine.  Numerous modern iza t ion  p r o j e c t s  a r e  i n  
p rog res s  on suburban r a i l r o a d s ,  heavy- ra i l  systems,  and l i g h t - r a i l  
systems. However, t h e  p r i n c i p a l  focus  of a t t e n t i o n  is  on t h e  e x t e n s i o n  
of e x i s t i n g  t r a n s i t  systems and t h e  b u i l d i n g  o f  new systems. I n  t h a t  
a r e a ,  t h e  ou t look  is n o t  encouraging. 



* 
A New York Times news s t o r y  dea l ing  with f e d e r a l  pol icy  i n  new 

investments i n  r a i l  t r a n s i t  summarized t h e  s t a t u s  of present  and planned 
t r a n s i t  systems a s  fol lows:  

Mileage 
Present  Planned 

At lan ta  
Balt imore 
Boston 
Buffalo 
Chicago 
Cleveland 
Miami 
New yorka - 
P h i l a d e l p h i a  
San Francisco b 

Washington 

- -  

a NYCTA only 

b~~~~ only 

The same news s t o r y  quoted f e d e r a l  o f f i c i a l s  i n  key p o s i t i o n s  t o  
t h e  e f f e c t  t h a t  completion of the  planned r a i l  addit ions.  and of new r a i l  
systems is  i n  no way guaranteed. M r .  s ,  Page, Administrator ,  
Urban Mass Transpor ta t ion ,  w a s  quoted a s  fol lows:  

Any recommendation to  UMTA for assistance i n  construction 
or extension of a s a i l  system w i l l  have- t o  dem~nstrate clear 
and convincing need for such a system in transit  terms--not 
just marqinal need based nn f ~ t r z r ~ !  and i~ncartain p ~ ~ s s i b i L i t i c ~ ~ .  

H e  was quoted fur ther . :  

W e  have probably seen the las t  of the big regional subway 
projects . . . 

.. ':. ' 

Atlan ta  may now complete only 1 3  miles of t h e  53 mi les  of l i n e  
planned. Also, t h e  8-mile s t a r t e r  l i n e  now i n  progress a t  Baltimore 
and t h e  i7-mile s t a r t e r  l i n e  being designed f o r  Miami, may i n  f a c t ,  be 
t h e  only l i n e s  const ructed  i n  those c i t i e s .  P a r t s  of t h e  45 m i l e s  of 
l i n e  p1anne.d f o r  New York have been under cons t ruc t ion  f o r  many years ;  
but  progress  has been slowed by l a c k  of funds and t h e r e  is doubt t h a t  
a l l  elements w i l l  b e  f in i shed .  Even por t ions  of t h e  83 miles 'of hcavy 
r a i l  remaining t o  be const ructed  i n  Washington may never be completed. 

* 
September 13,  1977. 



Limita t ions  on Major Regrowth 

, a  

Leaving a s i d e  changes . i n  pol icy  t h a t  occur wi th  changes i n  admini- 
s t r a t i o n ,  t h r e e  durable  and u n a l t e r a b l e  f a c t o r s  argue a g a i n s t  t h e  no t ion  
t h a t  t h e  r a i l  t r a n s i t  indus t ry  w i l l  grow very f a r  beyond i ts  present  
s i z e .  F i r s t ,  bu i ld ing  and opera t ing r a i l  passenger systems is c o s t l y  
i n  money and energy ( see  BART i n  Volume 11) .  Second, heavy patronage 
is necessary t o  lower t h e  c o s t  per  u n i t  of s e r v i c e  (or  system c o s t  
e f fec t iveness ) .  t o  an a t t r a c t i v e  l e v e l .  Third,  t h e  condi t ions  of high 
populat ion dens i ty  and 'high job d e n s i t y  needed t o  achieve heavy 
patronage a r e  found i n  few, i f  any c i t i e s ,  o the r  than the  "old" c i t i e s  
mentioned above. 

The t o t a l  energy i n t e n s i t y  f o r  new r a i l  t r a n s i t  systems i n  low- 
dens i ty  c i t i e s  is un l ike ly  t o  be competi t ive with e i t h e r  t h e  energy- 
e f f i c i e n t  p r i v a t e  au tos  05 t h e  1980s o r  with urban buses. (See BART 
i n  Volume 11).  These f a c t o r s  suggest t h a t  la rge-scale  development 
of r a i l  t r a n s i t  systems w i l l  not  occur (without corresponding major 
changes i n  dens i ty  of land-use p a t t e r n s )  r egard less  of t h e  c o s t  of '' 
energy . 

Conditions t h a t  would warrant  la rge-scale  inc reases  i n  Amtrak' s - 
r o u t e  s t r u c t u r e  o r . i n  t h e  amount of s e r v i c e  o f fe red  a r e  a l s o  un l ike ly .  
I n . f a c t ,  i t  can be argued t h a t  Amtrak c a r r i e s  a heavy burden of proof 
t h a t  i t s  present  r o u t e  s t r u c t u r e  is jus tLf iab le ,  i n  t h e  long run,. from 
t h e  viewpoints o'f energy conservat ion and economics. This view appears 
t o  b e . h e l d  i n  Congress. Funds appropr ia ted  f o r  N 1973 a r e  not s u f f i -  
c i e n t  to. maintain s e r v i c e s  offered i n  1977 and Amtrak has had t o  make 
pa in fu l  dec i s ions  regarding s e r v i c e  reduct ions .  
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VII FEDERAL ROLE 

Local  I n i t i a t i v e  

The i n s t i t u t i o n a l  s t r u c t u r e s  used t o  d e l i v e r  r a i l  passenger  
t r a n s p o r t a t i o n  s e r v i c e s  a r e  extremely complex and v a r i e d .  (See 
Volume 111.)  Although t h e  f e d e r a l  government has  assumed a  l a r g e  p a r t  
of t h e  f i n a n c i a l  r e s p o n s i b i l i t y  f o r . c o n t i n u a t i o n  and improvement of 
r a i l  passenger  t r a n s p o r t a t i o n ,  i t  has  no t  taken  d i r e c t  command. I n s t e a d ,  
t h e  power t o  i n i t i a t e  changes has  been l e f t  w i th  o p e r a t i n g  agenc ie s  
b u t  i s  l i m i t e d .  (Amtrak's p o s i t i o n  is somewhat d i f f e r e n t .  . The 
a p p r o p r i a t i o n  t o  cover  i t s  d e f i c i t  must be  passed each y e a r ,  and 
Congress can  t h e r e f o r e  mandate changes of c e r t a i n  k inds . )  , 

' " 

Energy Economy S  t u d i e s  

On t h e  o t h e r  hand, f e d e r a l  agenc ie s  can  e s t a b l i s h  procedures  and 
r u l e s  t h a t  must be  followed b e f o r e  o p e r a t i n g  agenc ie s  can  o b t a i n  
c a p i t a l  g r a n t s  and o p e r a t i n g  a s s i s t a n c e .  Thus, it appears  p o s s i b l e  
a t  p r e s e n t  t o  r e q u i r e  o p e r a t i n g  agenc ie s  t o  p repa re  energy economy 
s t u d i e s  ( o r  energy impact assessments )  as p a r t  of t h e i r  c a p i t a l  g r a n t  
a p p l i c a t i o n s  and t r a n s p o r t a t i o n  management p l ans .  I n  f a c t ,  t h i s  p l a n  
appears  t h e  s i m p l e s t ,  most d i r e c t ,  and most powerful way t o  promote 
energy conse rva t ion  i n  r a i l  passenger  t r a n s p o r t a t i o n  and t o  p reven t  
expend i tu re  of f e d e r a l  funds  on energy-wasteful  p r o j e c t s .  

Bef o r e  i n s t i t u t i n g  a requirement  f o r  energy economy s t u d i e s ,  t h e r e  
is a  need t o  develop and document methods f o r  t h e  conduct of such 
s t u d i e s .  Also, t h e r e  i s  a need t o  e s t a b l i s h  c r i t e r i a  t o  be  used i n  
judging t h e  adequacy of t h e  energy economy measure taken .  Sponsorship 
of methodological  work and de t e rmina t ion  of c r i t e r i a  a r e  app ropr i aee  
f e d e r a l  r o l e s .  

F u l l  C a p i t a l  Subsidy 

P r e s e n t  l e g i s l a t i o n  and p o l i c y  a l low UMTA t o  make g r a n t s  cover ing  
up t o  80% of t h e  unrecoverable  investment  i n  c a p i t a l  assets t h a t  
a r e  purchased by p u b l i c  agenc ie s  f o r  u s e  on suburban r a i l r o a d  and 
t r a n s i t  systems. The requirement  f o r  a  20% l ~ c a l  investment  i s  
in tended  t o  ensure  s e r i o u s  e v a l u a t i o n  of inves tments  a t  t h e  l o c a l  
l e v e l .  

We propose t h a t  c o n s i d e r a t i o n  be g,iven t o  a  change 'of  p o l i c y  t o  
a l l ow DOT and DOE,to provide  100% f e d e r a l  g r a n t s  f o r  t h o s e  energy 



economy measures t h a t  are supported by competent energy economy s t u d i e s  
and t h a t  measure up t o  c e r t a i n  c r i t e r i a .  L e g i s l a t i o n  would be needed 
t o  a u t h o r i z e  DOE t o  p a r t i c i p a t e  i n . t h e  program and t o  a p p r o p r i a t e  
funds  t o  DOE t o  cover  20% of t h e  c a p i t a l  c o s t s  of. approved p r o j e c t s .  
Th i s  p roposa l  assumes t h a t  energy conse rva t ion  i s  a ma t t e r  of n a t i o n a l  
concern,  and t h a t  f i n a n c i a l  suppor t  of worthy measures i s  a proper  
f u n c t i o n  of t h e  f e d e r a l  government. I t  a l s o  r ecogn izes  t h a t  l o c a l  
r a i l  t r a n s i t  a g e n c i e s  have many g o a l s  and l i m i t e d  funds.  They tend 
t o  have  a narrow, shor t - te rm view of energy conse rva t ion ,  and f i n d  
it d i f f i c u l t  t o  a l l o c a t e  l i m i t e d  l o c a l  r e s o u r c e s  t o  energy p r o j e c t s ,  
even t o  ach ieve  l a r g e  r e d u c t i o n s  i n  o p e r a t i n g  c o s t s .  

Emphasis 

The f i n d i n g s  of t h i s  r e s e a r c h  make i t  clear c h a t  exist lng t a l l  
passenger  systems was t e  l a r g e  amounts of energy because of d e s i g n  
f e a t u r e s  and o p e r a t i n g  p r a c t i c e s  t h a t  could be c o r r e c t e d .  Much of 
t h e  needed technology and h a r d w a r e - i s  commercially a v a i l a b l e ,  and 
o t h e r  t e c h n i c a l  e lements  would be developed hy p r i v a t e  f i rmc  i f  t h e r e  
w e r e  r ea sonab le  a s su rance  of  p r o f i t a b l e  markets .  We propose t h a t  t h e  
f e d e r a l  r o l e  i n  hardware development be  l i m i t e d  t o  h igh - r i sk  technol-  
o g i e s ,  system l e v e l  development p r o j e c t s  i nvo lv ing  s e v e r a l  sub-systems, 
and major demonst ra t ions .  

The Department of Energy should p l a c e  primary emphasis and suppor t  
on p roposa l s  t o  c o r r e c t  energy d e f i c i e n c i e s  i n  e x i s t i n g  systems b u t  
should suppor t  e f f o r t s  t o  avoid was te  of energy i n  t h e  d e s i g n  of new 
systems.  
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