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ABSTRACT 

vehi  c 

motor 

DECAT 

es. The o r i g i n a l  DOE program was reasonab 

v e h i c l e  f l e e t s ,  e s p e c i a l l y  i n  government. 

program inc lude  inc reas ing  i t s  outreach t o  

The idea o f  d r i v e r  energy conservat ion awareness was fo rma l i zed  as 

a t r a i n i n g  program (DECAT) by the  Department o f  Energy i n  t h e  l a t e  

1970's.  

i n  engineer ing t e s t s  and p r i n c i p l e s ,  i t s  pas t  a c t i v i t i e s  and achieve- 

ments, and i t s  p o t e n t i a l ,  and makes recommendations f o r  a renewed 

program. There i s  ample evidence t h a t  t y p i c a l  d r i v e r s  can reduce f u e l  

consumption by a t  l e a s t  10% by the  way they ma in ta in  and operate t h e i r  

Th i s  r e p o r t  reviews the c u r r i c u l u m  o f  t h a t  program, i t s  bas i s  

y successful  i n  reaching 

Challenges for  a new 

t h e  general motor ing 

p u b l i c ,  f o s t e r i n g  research and t r a n s f e r  t o  t he  marketplace o f  e f f e c t i v e  

d r i v e r  feedback devices, and i n c o r p o r a t i n g  DECAT t r a i n i n g  i n t o  the  

d r i v e r  educat ion and l i c e n s i n g  process, nat ionwide. Depending on the  

e f f e c t i v e n e s s  o f  DECAT, motor f u e l  savings cou ld  range up t o  10 b i l l i o n  

ga l  l ons  annual. 

x i  





DRIVER ENERGY CONSERVATION AWARENESS TRAINING: 
REVIEW AND RECOMMENDATIONS 

FOR A NATIONAL PROGRAM 

David L. Greene 

1. EXECUTIVE SUMMARY 

1.1 INTRODUCTION 

The idea that a formal curriculum could be developed to train motor 

vehicle operators to save fuel was seized upon by the U.S.  Department of 

Energy in the late 1970's and realized as the Driver Energy Conservation 

Awareness Training (DECAT) Program. A pioneering program was estab- 

lished in Mercury, Nevada which began training instructors and operators 

of government fleets in 1979. Since then, DECAT's influence has spread 

beyond the federal government to states, and to a lesser and largely 

unknown degree, t o  private fleets and the motoring public. 

o f  this report i s  to review that effort and to make recommendations 

The purpose 

about how to achieve the full potential of driver training for fuel 

efficiency. The report is not intended to be an evaluation o f  the DOE 

OECAT program, nor a detailed program plan. It i s  intended as a master 

plan which: (i) reviews the content o f  DECAT, (ii) estimates its poten- 

tial based on engineering evidence and limited experience, and (ii i )  

describes the elements o f  a possible new program to r e a l i z e  DECAT's full 

potential. 

Everything a driver does affects fuel economy. Whether he speeds 

or observes posted limits, changes speeds abruptly or smoothly, antici- 

pates traffic situations or doesn't, keeps his tires properly inflated, 

1-1 
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even how the driver plans his trawel can have a profound influence on 

miles per gallon. Unfortunately, the connections between his actions 

and their effect on energy efficiency are invisible to the driver. 

result, fuel efficient driving techniques are generally not well under- 

stood and, being out o f  sight, they are usually out o f  mind. 

As a 

In fact, most actions, taken individually, have very small effects 

(one half to ten percent) so that an -individual would have a difficult 

time measuring their impact, even if he tried. Yet there is over- 

whelming evidence from tests conducted by the government, autamobile 

manufacturers, the transportation industry, and consuiner groups that the 

vehicle operator can and does have a profound influence on MPG through 

his driving behavior, vehicle maintenance, patterns o f  vehicle use, and 

choice of vehicle. While the degree o f  improvement possible is a 

function o f  current practice, fuel savings in excess o f  19 percent are 

readily achievable by the average motorist. 

1.2 DECAT PROGRAM OBJECTIVES 

The objectives o f  Driver Energy Conservation Awareness Training 

(DECAP) are: 

ES, by making known to the :  motoring 

public driving techniques and information on vehicle ownership and use 

which can save the average driver a t  least 10% in normal driving, will 

enhance highway safety, and will increase the public's preparedness for 

possible energy emergencies. 

2. I 

through research. 



1-3 

3. INSURE DEVELQPMfNT OF APPROPRIATE DRIVER FEEDBACK DEVICES, 

through research, and promote the  t r a n s f e r  o f  t h i s  technology t o  t h e  

marketplace a 

DECAT's o b j e c t i v e  i s  t o  educate motor v e h i c l e  operators  i n  tech- 

niques which can save t h e  average d r i v e r  a t  l e a s t  10% i n  normal d r i v i n g .  

DEGAT's t a r g e t s  are profess iona 

managers, government as w e l l  as 

p r i v a t e  i n d i v i d u a l s  l i c e n s e d  t o  

I n  t h e  past ,  DECAT has focused 

v e h i c l e  operators,  f l e e t  owners and 

p r i v a t e  f l e e t s ,  and the  over 150 m i l l i o n  

operate v e h i c l e s  i n  t h e  Un i ted  States.  

t s  t r a i n i n g  on f l e e t s ,  both governmental 

and p r i v a t e .  

themselves has proven t o  be a ve ry  e f f i c i e n t  way t o  reach a g r e a t  many 

d r i v e r s  w i t h i n  the  r e s t r i c t i o n s  o f  a small  budget. Attempts were a l s o  

made t o  reach the  general p u b l i c  through an award-winning f i l m  "Running 

on Empty" and through o the r  p u b l i c  i n fo rma t ion  m a t e r i a l s .  

T r a i n i n g  a few key i n d i v i d u a l s  i n  a f l e e t  as t r a i n e r s  

An expanded e f f o r t  would be necessary, however, t o  reach a l l  150 

m i l l i o n  d r i v e r s  i n  the  U . S .  

e x i s t i n g  d r i v e r s ,  and n e a r l y  a l l  new d r i v e r s  who take formal d r i v e r  

t r a i n i n g ,  i n  e f f i c i e n t  v e h i c l e  use and ownership techniques. Chapter 4 

presents  the key elements of such a p lan,  i n c l u d i n g  c o l l a b o r a t i o n  w i t h  

t h e  d r i v e r  t r a i n i n g  community, development o f  a formal cu r r i cu lum and 

teaching m a t e r i a l s ,  updat ing the  t r a i n i n g  f i l m  and o the r  p u b l i c  

i n f o r m a t i o n  m a t e r i a l s ,  and e x p l o r i n g  new low-cost  methods o f  g e t t i n g  

DECAT i n f o r m a t i o n  and t r a i n i n g  t o  t he  p u b l i c .  

DECAT i s  a technology educat ion program. 

It i s  f e a s i b l e  t o  educate t h e  m a j o r i t y  o f  

I t s  purpose i s  t o  educate 

and t r a i n  the  p u b l i c  i n  the  e f f i c i e n t  and sa fe  ope ra t i on  o f  complex 

technology: motor veh ic les .  As such, i t  i s  o f  utmost importance t h a t  
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to use), and must be cheap. 

sors, devices approaching these requirements have been developed. 

major objective of the DECAT program should be to work with vehicle and 

component manufacturers t o  conduct research leading to the development 

o f  appropriate fuel economy feedback devices, and to encourage the 

transfer o f  this technology to the marketplace. 

With the arrival o f  low-cost microproces- 

A 

1.3 DECAT PROGRAM ELEMENTS 

A complete DECAT program would include five major elements: 

1. Instructor Training Program 

2.  Public Information Program 

3 .  

4. 

5. 

Driver Feedback Device Research Program 

Energy Efficient Vehicle Operation Research Program 

Driver Education and Licensing Program 

1.3.1 Train DECAT Instructors 

First and most important i s  to continue and expand the existing 

national DECAT training center. Over the past 7 years, the Department 

o f  Energy DECAT Center operated by the Reynolds Electrical and Engi- 

neering Co. (REECO), Inc. for the DOE Nevada Operations Office has 

trained over 8,000 drivers and driver instructors in fuel efficient 

driving techniques. 

because of major reductions in financial support. Continuation and 

expansion o f  this activity should be the cornerstone o f  a revitalized 

DECAT program. The Nevada DECAT Center can serve as the primary center 

for carrying out training of instructors, and for coordinating 'informa- 

tion dissemination efforts, as well as research on driving techniques 

and feedback devices. 

Since 1980, activities have been greatly reduced 

In the future, funds permitting, the establish- 
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ment of one new regional DECAT center, strategically located in another 

part o f  the U.S., should be evaluated. The Nevada center could concen- 

trate on reaching auto and truck fleets, both public and private, while 

the second center focuses on developing a curriculum for driver 

education for licensing, in a way which establishes the connection 

between DECAT and safe driving techniques. It is essential to have an 

active center o f  expertise where instructors can be trained, new teaching 

methods and new devices tried, and supporting 

the teaching and information transfer activit 

1.3.2 Get DECAT Information to Motorists 

l h e  second critical program effort is to 

behavior common knowledge i n  the W.S. The pr 

behavior developed and taught at the  National 

communicated t o  the over 150 million licensed 

research coordinated with 

es. 

make fuel effic ent driver 

nciples o f  fuel efficient 

DECAT Center need to be 

drivers in the U.S.  This 

must be done in a cost-effective manner, probably without expensive 

advertising. 

circulation, (e .g . ,  state driver manuals) can be encouraged to include 

the principles o f  fuel efficient vehicle operation and ownership. Like- 

Existing DOE or other government publications with wide 

wise, organizations and publications concerned with other aspects of 

driver behavior and vehicles could be encouraged t o  disseminate DECAT 

information as a benefit t o  their constituencies. 

The DOE Gas Mileage Guide offers an excellent opportunity t o  

provide DECAT information t o  hundreds o f  thousands of new car buyers at 

next to no cost. In fact, most countries which provide nely car fue l  

economy information to the public also include fuel-efficient driving 
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t i p s ,  according t o  a recen t  s tudy by the  I n t e r n a t i o n a l  Energy Agency 

(OECO/lEA, 1984). 

Another element of t h i s  e f f o r t  which can be accomplished almost 

immediately a t  very  low c o s t  i s  the p roduc t i on  o f  an updated OECAT f i l m .  

The e x i s t i n g  DECAT f i l m  "Running On Emptya1 was a tremendous success, 

having been seen by perhaps 3-5 m i l l i o n  i n d i v i d u a l s .  Th is  f i l m  needs t o  

be brought up t o  date as soan as poss ib le .  DECAT f i l m s  should serve 

o n l y  as a means t o  disseminate DECAT in format ion t o  t h e  general pub1 

b u t  a l s o  as a teaching a i d  f o r  d r i v e r  educat ion courses. 

reason i t  would be d e s i r a b l e  t o  i n v o l v e  the  d r i v e r  educat ion communi 

Fo r  t h i s  

n o t  

c ,  

Y 

i n  the  p roduc t i on  o f  a f i l m  s p e c i f i c a l l y  designed i n  cooperat ion w i t h  

them and bear ing t h e i r  stamp o f  approval .  

1.3.3 Develop Feedback Devices 

The t h i r d  key program element i s  research and development of 

devices t o  p rov ide  fue l  e f f i c i e n c y  feedback t o  t he  m o t o r i s t .  Numerous 

s t u d i e s  have shown t h a t  feedback leads t o  improved conservat ion behavior 

o n l y  when i t  i s  prov ided s 

app rop r ia te  feedback t o  d r  

way t h a t  i s  both e f f e c t i v e  

A law-cost s tep  which 

multaneously w i t h  performance. P rov id ing  

ve rs  i s  d i f f i c u l t  s i nce  i t  must be done i n  a 

and safe.  

can be taken immediately, i s  t o  e s t a b l i s h  an 

industry-government adv i so ry  committee t o  i d e n t i f y  t he  key research 

areas and e s t a b l i s h  a research agenda. One o f  t he  f i r s t  a c t i o n s  o f  t h i s  

committee would be t o  organize a spec ia l  conference on devices t o  a i d  

f u e l - e f f i c i e n t  v e h i c l e  ope ra t i on ,  focuss ing p r i m a r i l y  on l i g h t  du ty  

veh ic les .  The proceedings of t h i s  conference cou ld  serve as a summary 

o f  t he  s t a t e - o f - t h e - a r t  and i n d i c a t e  t h e  c r i t i c a l  areas f o r  research and 

development. 
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1.3.4 Conduct Efficient-Driving Research 

' The fourth element i s  a research effort to support the driver 

training and education programs. Research will be directed at the 

verification of any aspects o f  the present curriculum a b o u t  whSch there 

is some question or need for quantification, and the development o f  new 

information about optimal driving strategies. This component of the 

program is important t o  maintaining the credibility o f  the program by 

insuring the accuracy o f  DECAT information and keeping up with advances 

in automotive engineering- 

As part of previous DOE BECAT research, Oak Ridge National babsra- 

tory developed computer programs for analyzing optimally fuel efficient 

driving strategies using computerized simulators o f  specific automo- 

biles' fuel consumption. 'These techniques were applied to a simulator 

developed for a single vehicle. 

cost-effectively to analyze optimal driving strategies using up t o  15 

vehicle simulators developed by ORNL for the Department of Transporta- 

tion. Such research could contribute greatly t o  resolving questions 

which now exist about o p t i m a l  acceleration and hill climbing. 

1.3.5 

This software can now be used very 

E m o t e  OECAT for Driver Education 

The fifth program element would be a continuing effort t o  insure 

that drivers taking formal driver training receive behind-the-wheel 

training ivr DECAT techniques. The majority of new drivers, approxi- 

mately 3 million each year., receive formal driver training. Getting 

DECAT nto the driver instruction curriculum could be t h e  most effective 

way to reach drivers at a time when they are forming their driving 

habits Accomplishing t h i s  will require formal coordination with those 
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organizations representing and serving the driver education community to 

develop a consensus on a formal curriculum. It will probably also 

require some research on how to teach DECAT to novice drivers, since 

questions about the ability o f  novice drivers to learn DECAT skills 

effectively have been raised in the past (McKnight et al., 1981). 

long-run value of including fuel-efficient driving i n  the driver 

instruction and licensing process is tremendous. 

The 

1.4 DECAT PROGRAM BENEFITS 

1.4.1 Potential Petroleum Savings 

The total petroleum consumption to which Driver Energy Conservation 

Awareness Training (DECAT) techniques can be applied i s  so enormous that 

even if only one one-hundredth of the 10% MPG improvement potential 

could be achieved, a modest $1 million per year program would pay for 

itself every three days, at today’s (1985) fuel prices. Highway vehi- 

cles consumed 14.5 quads o f  petroleum in 1981, 45% o f  total domestic 

consumption of petroleum products (Holcomb and Koshy, 1984). That share 

has increased in recent years. In 1984, gasoline alone accounted for 

43% of consumption of petroleum products, 6.7 out of 15.7  million 

barrels per day (DOE/EIA PSM, 12/84). 

The Federal Highway Administration reported 100 billion gallons o f  

gasoline and 16 billion gallons o f  diesel fuel were consumed by highway 

vehicles in 1983, and total 1984 motor fuel consumption will be 119 

billion. If the  full 10% fuel savings potential o f  DECAT could be 

achieved, it would be worth $13.9 billion annually, at $1.20 per gallon. 

Even if only 1% of the DECAT potential could be realized, the savings to 

consumers would amount t o  $380,000 per day. In achieving this conser- 
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v a t i o n  o f  n a t i o n a l  resources and reduc t i on  i n  o i l  imports,  OECAT does 

not r e s t r i c t  d r i v e r s '  freedom, or ask them t o  make s a c r i f i c e s .  Instead, 

i t  o f f e r s  d r i v e r s  the  know-how t o  c o n t r o l  t h e i r  v e h i c l e s  and save 

themselves money. Even i f  m o t o r i s t s  do n o t  f u l l y  u t i l i z e  DECAT tech- 

niques i n  t h e i r  d a i l y  d r i v i n g ,  t he  knowledge o f  how t o  maximize e f f i -  

c iency will make them b e t t e r  ab le t o  cope w i t h  p o s s i b l e  f u t u r e  energy 

emergencies. 

1 . 4 . 2  Safety 

Poss ib l y  even more impor tant  than energy e f f i c i e n c y  and conserva- 

t i o n  o f  resources a re  the  i n d i r e c t  s a f e t y  b e n e f i t s  o f  f o l l o w i n g  DECAT 

d r i v i n g  p r i n c i p l e s ,  Many o f  the  p r i n c i p l e s  o f  f u e l  e f f i c i e n t  d r i v i n g  

a re  a l s o  key p r i n c i p l e s  o f  safe d r i v i n g :  1) awareness, 2 )  a n t i c i p a t i o n ,  

3 )  observing speed l i m i t s ,  and 4 )  proper v e h i c l e  maintenance. Rather 

than asking m o t o r i s t s  t o  s a c r i f i c e  s a f e t y  f o r  e f f i c i e n c y ,  DECAT shows 

t h e m  how t o  enhance both.  Indeed, the e n t i r e  thrust. o f  DECAT t r a i n i n g  

i s  t o  increase the  d r i v e r ' s  c o n t r o l  over h i s  v e h i c l e  through knowledge 

(gained by demonstrat ion) of how h i s  a c t i o n s  determine i t s  energy use, 

and through t r a i n i n g  i n  how t o  exerc ise c o n t r o l .  



2. DECAT: PRESENT STATUS AND PAST ACCOMPLISHMENTS 

2.1 THE DECAT PROGRAM 

DECAT uses i n fo rma t ion  and t r a i n i n g  t o  show i n d i v i d u a l  operators  and 

managers o f  l a r g e  f l e e t s  what they can do t o  save maney by conserving 

f u e l .  Through a v a r i e t y  o f  means, i n c l u d i n g  i n t e n s i v e  i n s t r u c t o r  

t r a i n i n g  courses, publ ished in fo rma t ion ,  e x i s t i n g  educat ional  d e l i v e r y  

systems, reg iona l  seminars, workshops, and o the r  c o s t - e f f e c t i v e  media, 

t h e  DECAT program's goal i s  t o  make the  d r i v i n g  popu la t i on  more aware o f  

how they themselves can improve t r a n s p o r t a t i o n  e f f i c i e n c y ,  conserve 

petroleum, and save money. The program emphasizes f o u r  p r i n c i p a l  rou tes  

t o  improved f u e l  economy: 

Behind-the-wheel techniques - how t o  d r i v e  s a f e l y  and save gas, 

C a r  care and maintenance - how the  consumer can p r o t e c t  h i s  

1. 

2 .  

investment i n  an automobile by maximizing MPG, 

3. T r i p  p lanning and a l t e r n a t i v e s  - how t o  t r a v e l  e f f i c i e n t l y  by 

p lann ing  t r i p s ,  

4 .  The purchase dec i s ion  - how t o  use a v a i l a b l e  e f f i c i e n c y  

i n f o r m a t i o n  i n  choosing the  bes t  v e h i c l e  for you. 

The average d r i v e r  i s  u s u a l l y  su rp r i sed  t o  f i n d  t h a t  he can improve 

h i s  MPG by over 10% us ing  f u e l  e f f i c i e n t  d r i v i n g  techniques. DECAT 

t r a i n i n g  proves these savings t o  d r i v e r s  i n  instrumented v e h i c l e s  they 

d r i v e  themselves. V i a  i n -ca r  i n s t r u c t i o n ,  t r a i n e e s  a r e  ab le  t o  see the  

gaso l i ne  saved by techniques such as: 

- conserving momentum by a n t i c i p a t i n g  manoevres and t r a f f i c  s i t u a -  

t i o n s .  Avoid ing unnecessary b rak ing  and a c c e l e r a t i o n  i s  

p a r t i c u l a r l y  e f f e c t i v e  i n  urban t r a f f i c .  

2- 1 
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- accelerating briskly and steadily. Too rapid or too slow a rate 

wastes gas. 

- avoiding unnecessary idling. Restarting a warmed-up engine casts 

very little fuel. If you have t o  think about it, shut it off. 

- observing speed limits. Keeping within legal limits i s  not only 

safer, it saves money too. 

By learning t o  d r i v e  intelligently, but not being afraid ta accelerate 

and go the legal speed limit, drivers can learn to save fuel without 

wasting time. 

Praper car care and maintenance n ~ t  only contribute t o  efficiency, 

but may lead to a longer life for both car and driver. 

which help efficiency cost; little or nothing. For example, 

Most  actions 

- maintain maximum rated tire pressure. Soft tires can reduce MPG 

by 5%. 

- use fuel saver grade lubricating oil. Improvements o f  2-6% over 

standard grades are likely. 

- use radial, not bias p l y  tires. Radia ls  give 3-5% better gas 

mileage, and their longer life inore than offsets the higher sales 

price. 

- maintain proper wheel alignment and brake adjustment. Both 

reduce rolling resistance and make equipment last longer. 

- tune-ups, when needed, can also save gas. 

- use gasoline with the octane rating recommended by the 

manufacturer; t o o  l i t t l e  can damage the engine, too much is a 

pure waste of money. 
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Any individual car care action, by itself, makes a small contribution to 

MPG. 

fuel economy and makes for a safer, longer-lasting vehicle, as well. 

A program o f  proper maintenance can have a substantial impact on 

Several short trips use more fuel than one long trip covering the 

same distance. Combining trips, or trip chaining, can accomplish the 

same result with less traveling and in less time. These are the two 

fundamental principles o f  trip planning t o  save fuel. Since vehicle 

energy use is invisible t o  the driver, most people don't realize that 

short trips taken from a cold start can use twice as much fuel as the 

same trip taken when the engine is warm. Planning trips so that many 

errands can be accomplished at once not only saves time and travel, but 

insures that most of the distance i s  covered while the engine is in 

fully warmed-up, efficient operating condition. Research on travel 

behavior has shown that typically about 60% o f  nonwork trips are single- 

destination round trips (Southworth, 1985). By combining some o f  these 

trips distance traveled could be reduced and efficiency increased, 

Furthermore, roughly half of all multidestination trips are not traveled 

by the most efficient route (O'Kelly and Miller, 1984). There i s  

clearly substantial scope for saving fuel by trip planning. 

Choosing which vehicle to buy can be the most important fuel 

economy decision. 

to improve fuel efficiency. Making the best use of available fuel 

economy information, such as published in DOE'S Gas Mileage Guide, can 

save more fuel without sacrificing s i r e .  Even within vehicle size 

classes there is a tremendous range o f  MPG's to choose from. 

to the 1985 Gas Mileage Guide, the least efficient subcompacts get 16 

Buying a smaller car i s  n o t  necessarily the best way 

According 
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MPG and lower on the city test, and 24 and lower on the highway cycle 

(discounted to reflect actual driving conditions). The most efficient 

large cars (American made) achieve 20 MPG or better city, and 30 MPG, o r  

higher, on the highway. Popular models o f  compact cars range from 18 or  

less in the city, and 23 or less on the highway, to twice that effi- 

ciency. With such a range among cars of the same class, there is 

probably no reason for the consumer t o  feel he must trade-off size for 

fuel economy, if only he makes use of available information. 

A fuel savings of 10% i s  possible by following DECAT suggestions in 

any one o f  these four areas, as evidence presented in the appendix 

shows. Wow much savings can be realized depends on what a vehicle 

operator i s  doing now and how assiduously he employs his OECAT program 

know-how. The primary purpose o f  the proposed DECAT program is to 

educate as many operators as possible, as effectively as possible. 

is also important that the program conduct enough research to insure 

that the information it provides is up-to-date and accurate, and try t o  

identify or discover better methods o f  providing fuel economy feedback 

to t h e  driver. The latter is key to maintaining fuel efficient driving 

behavior - 

It 

2.2 DECAT INSTRUCTOR T R A I N I N G  

The DECAT Instructor Training Program was established in May 1979 

by the then Office of Transportation Programs, O f f i c e  o f  Conservation 

and Renewable Energy, U.S. Department of Energy. The program was 

specifically targeted at fleets and motor paals, within both the govern- 

ment and business sectors " However, materi a1 s were a1 so devel oped and 

distributed to reach the general driving public. The program's objec- 
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t i v e  was t o  p rov ide  these o rgan iza t i ons  w i t h  the  i n f o r m a t i o n  they needed 

t o  improve t h e i r  f u e l  economy by a t  l e a s t  10%. 

The DECAT i n s t r u c t o r  t r a i n i n g  courses, DECAT f o r  automobiles and 

DECAT-T f o r  t rucks ,  c o n s i s t  o f  two-and-a-half day t r a i n i n g  sessions 

which a r e  o f f e r e d  t w i c e  monthly a t  DOE'S Nevada Test  S i t e  near Las 

Vegas. The courses' c u r r i c u l a  i nc lude  classroom t r a i n i n g  sessions and, 

most impor tan t l y ,  behind-the-wheel t r a i n i n g  i n  instrumented veh ic les .  

Classroom t r a i n i n g  i nc ludes  l e c t u r e s ,  a 35mm s l i d e  show (graduates are 

given copies o f  the s l i d e s  t o  use i n  t h e i r  own courses), a showing o f  

t h e  f i l m  "Running on Empty", and s t r u c t u r e d  d iscuss ions.  Student 

i n s t r u c t o r s  a re  taught  procedures f o r  e s t a b l i s h i n g ,  admin is ter ing,  and 

teaching a 3-4 hour t r a i n i n g  course, adapted t o  the  spec ia l  needs o f  

t h e i r  o rgan iza t i on .  

Through a combination o f  classroom exerc ises and f i e l d  experience 

they l e a r n  how t o  s e t  up a d r i v i n g  course, t o  take s tudents through t h a t  

course, and t o  reco rd  and evaluate t h e i r  performance. One s e c t i o n  o f  

t he  course i s  devoted t o  v e h i c l e  inst rumentat ion.  Var ious types o f  

ins t ruments are explained, t h e i r  pros and cons discussed, and t r a i n e e s  

are prov ided a l l  the i n fo rma t ion  needed t o  order  the  equipment they w i l l  

need from manufacturers. 

I n -ca r  experience i s  emphasized. Trainees a re  g iven the opportu- 

n i t y  t o  prove ( o r  d isprove)  t o  themselves, w i t h o u t  superv is ion,  t h a t  

DECAT techniques r e a l l y  work. The f i n a l  achievement o f  each t r a i n e e  i s  

t o  l a y  ou t  h i s  own road course a t  the t e s t  s i t e ,  and show o the rs  how 

they can save fue l  by us ing  DECAT techniques on h i s  course. 
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The instructor training course proved to be remarkably effective. 

734 automobile and 121 heavy truck instructors have been trained at the 

Nevada Test Site DECAP facility since May 1979. These instructors have 

trained an unknown amount of instructors and students. A follow-up 

study on the DECAT program was conducted by Orkand Corp. under contract 

to the Department o f  Energy, and published in September 1982. The study 

surveyed 75 individuals out of a total of 155 graduates who attended the 

DECAT course during the one-year period, May 1979 to June 1980. The 

interview questions attempted to determine: 

1. the characteristics of indiwiduals taking the course, 

2. 

3 .  the extent to which trainees trained others, and 

4. 

the effectiveness of the DECAT training, 

the cost effectiveness of the DECAT prograins established by the 

trainees in their own organizations. 

In brief, the study found that DECAT's strategy of targeting its 

Graduates were well 

Sixty-nine percent of those surveyed rated 

efforts on fleets and motor pools was effective. 

impressed by the program. 

the program "highly effective", 25% "moderately effective", and 6% 

"marginally effective". 

said they used the DECAT training materials they were prov ded at the 

Test Site, and 81% had already s e t  up courses in their own organizations 

or had made plans to do S O .  At the t i m e  o f  the study, at east 1,161 

instructors and 483,670 drivers had been trained by the DECAT graduates, 

most o f  these in a f e w  very large fleets. An additional quarter-million 

drivers were expected t o  be trained. Surprisingly, 60% o f  those sur- 

veyed were providing training to individuals outside their own organiza- 

Ninety-four percent of the graduates surveyed 
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t i o n .  The importance o f  these r e s u l t s  i s  t h a t  t hey  i n d i c a t e  t h a t  even a 

smal l ,  one-center DECAT program can be tremendously e f f e c t i v e  i n  

reaching motor v e h i c l e  operators .  

As a r u l e ,  t h e  t r a i n e e s  found t h e  DECAT program t o  be cos t -  

e f f e c t i v e  i n  t h e i r  agencies. 

average savings o f  10.6%. 

The o rgan iza t i ons  r e p o r t e d  achiev ing 

The median c o s t  per  d r i v e r  t r a i n e d  was $50. 

Whi le o n l y  s i x  o f  t h e  75 graduates surveyed had s u f f i c i e n t  i n fo rma t ion  

f o r  a cos t -e f fec t i veness  ana lys i s ,  f i v e  o f  these showed DECAT t o  be 

c o s t - e f f e c t i v e  even though t h e  t r a i n i n g  programs had o n l y  j u s t  begun. 

o f  The average payback p e r i o d  repo r ted  was 4.4 months, w i t h  a maximum 

8.5 months. 

The Orkand study i d e n t i f i e d  a few key b a r r i e r s  which a r e v i t a  

T h i r t y - e i g h t  percent  o f  the graduat DECAT program should address. 

i zed 

S 

repo r ted  problems i n  e s t a b l i s h i n g  t h e i r  DECAT programs, even d u r i n g  t h i s  

p e r i o d  o f  r a p i d l y  r i s i n g  f u e l  p r i c e s .  B a r r i e r s  most f r e q u e n t l y  c i t e d  

were l a c k  o f  management support  and funding l i m i t a t i o n s .  

i n d i c a t i o n s  o f  a l a c k  of confidence on the p a r t  o f  management t h a t  a 

DECAT program w i l l  be an e f f e c t i v e  investment. 

address t h i s  through such means as developing "market ing packages" 

c o n t a i n i n g  case s tud ies  and o the r  p r o o f  t h a t  DECAT i s  a low-cost, 

l ow- r i sk ,  short-payback investment w i t h  s i g n i f i c a n t  i n d i r e c t  b e n e f i t s  

such as improved sa fe ty .  

Both are 

The DECAT program can 

2.3 STATE AND LOCAL DECAT PROGRAMS 

DOE's DECAT program has served as a model f o r  s t a t e s  and l o c a l i -  

I n s t r u c t o r s  t r a i n e d  by DOE's Nevada Center have i n i t i a t e d  p r o -  t i e s .  

grams across the country,  us ing  pamphlets, s l i d e s ,  movies, and o the r  
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aids directly provided by or derived f r o m  the DOE program. 

program plays a key role for these state! efforts not only as a national 

resource (providing information, research, and teaching materials) but 

also in stimulating states, localities, agencies, and private fleets to 

initiate and continue DECAT programs. 

The national 

State Energy Offices are not the only agencies interested in driver 

energy conservation. In many states local  governmeats or private fleets 

take the lead. SEO's are important to DOE, nonetheless, and since they 

may be representative o f  what is go ing  on around t h e  country, we con- 

tacted each SEO and inquired about the current status o f  driver energy 

conservation programs. Thirteen state energy offices reported having 

active driver energy Conservation programs. 

they had had such programs in the past. 

Eight others indicated that 

Every state energy office which had or did have a driver energy 

conservation program stated that their programs had been inspired by 

D O E ' S  DECAT program (Table 2.12. 

training center for instructor t r a i n i n g ,  others used printed material, 

or audio-visual materials developed by the DOE DECAT program. Most 

adapted these materials and the DECAT course to s u i t  their local condi- 

Most had sent personnel to the Nevada 

tions. Few had estimates of actual energy savings, but those that d i d  

were the most enthusiastic about the usefulness o f  their programs. 

Mississippi, for example, reported savings averaging 1Q-15% for DECAT- 

trained school bus drivers, and i s  in the process o f  providing training 

for all 5000 school bus drivers in the state. 

Most state DECAT programs were aimed at a specific group of drivers, 

usually state or local government. employees. Few attempted t o  reach the 
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Table 2.1. Sta tus  o f  d r i v e r  energy conservat ion a c t i v i t i e s  
STATE ENERGY OFFICES 

Energy OEC4T Proyrain DOE DtCAT 
A c t i v e  past Inspired SdVinyS Std te  Comen t s 

Al a b m a  

A1 a5ka 

Ar izona 

Arkansas 

C a l i f o r n i a  

Colorado 

Connect icut  

Delaware 

n i s t .  o f  Cal. 

F l o r i d a  

Georyia 

Hawaii 

Idaho 

I 1  I i n o i s  

lnd iand 

lowa 

Kansas 

Kentucky 

Lou is iana 

Maine 

Mary1 and 

Massachusetts 

N ich igan 

Minnesota 

M i s s i s s i p p i  

M i s s o u r l  

Montana 

Nebraska 

Nevada 

Yes 

NO 

Yes 

No 

Yes 

no 

No 

No 

No 

Yes 

No 

Yes 

Nv 

Nv 

Yes 

No 

No 

Yes 

Nu 

No 

Yes 

No 

Yes 

No 

Yes 

NO 

No 

no 

No 

No 

Yes 

Yes 

Ye5 

No 

Yes 

No 

Yes 

Yes 

Yes 

tb3 

Yes 

* 

Yes 

Yes 

Yes 

Ye5 

Yes 

Yes 

Yes 

. 
Yes 

1 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Ye5 

t 

t 

* 

Ye5 

NR 

3-102 

HA 

15'1 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

10% 

NR 

1&15% 

PIA 

NA 

Modi f ied  DLCAT adding sa fe ty  
and car  care. 

P i m a  Co. t r a i n e d  1600 d r i v e r s ,  
160Dufyr. savings. Ylrana 
School bus d r i v e r s  save 10%. f l 7 K / y r .  

Lack o f  funds. Transfered t o  
Dept. o f  Fduc. f o r  school bus 
d r i v e r s .  

"GASCAP" program run  h y  MT/ 
Cal t rans .  ( C a l i f .  F w r g y  Corn., 
19A4, p. e l . )  

Trained s t a t e  v e h i c l e  d r i v e r s .  

Perhaps i n  o t h e r  agencies. 

S t i l l  do ing  some a c t i v i t i e s .  
Some l o c a l i t i e s .  e.q. Tampa, 
very  a c t i v e .  

Pruv ided s o w  m a t e r i a l s  t o  High 
School d r i v e r  educat ion  pro- 
grams i n  p a s t .  

Combiqe w i t h  c a r  care  c l i n i c s .  
Ggt  s t a t e  p o l i c e  t o  add DFCAT 
ques t ions  t o  l i c e n s e  t e s t .  

Consider ing OECAT proyrsm. 

Chicago Area Transpor ta t ion  
Study now do ing  samething i n  
t h e i r  area. 

J u s t  s t a t e  d r i v e r s  (hade w a i t i n g  
l i s t )  c o n s i d e r i n g  expansion t o  p r i  
va te  f l e e t s .  

Have an energy e f f i c i e n c y  resource 
guide fo r  d r i v e r  educat ion courses. 

Consider ing s t a r t i n g  a DECRT program. 

Jus t  heg inn ing  a roneued program, 
Combine M C A T  and car  care c l i n i c .  

Previous prugram Mas aimed a t  High 
School $ r i v e r  educnt ian.  

R i d c r n a r i n g  program orily. 

Prpsent p r v g r m  c o n s i s t s  o f  D E C A T  
t r a i n i n g  f o r  h igh  school d r i v e r  
educat ion  students,  Wave developed 
c u r r i c u l u m  and i n s t r u c t i o n a l  a ids.  

Oryarr iz ing a f l e e t  management 
program o f  which DECAT i s  p a r t  

T r a i n i n g  a l l  5000 school ~ I J S  d r i -  
vers,  w i l l  expand t o  a l l  s t a t e  
upera tors .  Consider DFCAT 
SKcess fuI .  

D i s t r i b u t e  s o w  pamphlets which are 
apparent ly  not DECAT m a t e r i a l .  

Past " e f f i c i e n c y  van" proyratn very 
successful .  

Trained s t a t e  employees, Fchool bus 
d r i v e r s .  



Table 2.1. (Cont ' cl) 

Energy 
savings 

OECPT Program 

A c t i v e  Past Inspired 
l.l_l-̂ Sta te  L o m e n t s  

New Hampshire 

Yew Jersey 

New Mexico 

New York 

N. Caro l ina  

N. Dakota 

Ohio 

Okl dhoma 

Oregon 

Pennsylvania 

Ahodr I s l a n d  

S .  Caro l ina  

5 .  nakota 

Tennessee 

Texas 

Utah 

Vor)nont 

V i r g i n i a  

Washington 

W. V i r g i n i a  

Wisconsin 

Wyom i n g 

No 

No 

N O  

Yes 

;yo 

NO 

NO 

NO 

NO 

No 

No 

No 

YO 

Nu 

NO 

Yes 

NU 

Yes 

No 

No 

NO 

No 

Yes 

Yes 
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NA 
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Have had successful  car  care 
program I 

Concent ra t ing  on vanpool ing and 
r i d e s h a r i n g  . 
Incorpora ted  i n  de fens ive  d r i v i n g  
course f o r  s t a t e  employees. 

Low level of e f f o r t  now. Mod i f ied  
DECAT t o  M.Y. purposes. 

Car care  and yan care  c l i n i c s .  

Priinary t a r g e t  was s t a t e  pal  i c e  and 
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In tend t o  r t a r t  a program f o r  f l e e t  
owner:. t o  i n c l u d e  DECAT. 

l r i te res ted  i n  DECAT t r a i n i n g .  

1973-81 
1.15 T Y T U  

1982 3.4  TYTU 
1943 0.7 TdTU 
1984 1.4 TBT'J 

6.7-8.70. 

NR 

Planning n 9ECAT-type course f o r  
vanpool opera tors  us ing  o i l  
overcharge money. 

Eneryy savings c a l c u l a t e d  by 
assumption. Have had t r o u h l e  
g e t t i n g  DFCAT i n t o  safe d r i v i n g  
courses. 

S ta te  p o l i c e  had program some years 
ago I 

Jus t  complet ing l a s t  group, w i l l  
ter in inate.  hiy 200 l o c a l  g a v ' t ,  
and school board personnel t ra ined.  
Less than 10% ah le  t o  s t a r t  own 
proyrdm 

Only have f i l m  and p r i n t e d  mater ia l .  

i l n l j  inc ludes  f i l m  and p r i n t e a  
m a t e r i a l .  No t r a i n i n g .  

l__l_l .... _ x _ _ _ ~  ~__..I_.___ ____.- 

'2erson now i n  charge qf t r a n s p o r t a t i o n  energy conserva t ion  programs d i d  not know whether t h e r e  
had been a previous DECAT p r o g r m  o r  dhether the OECAT program had been i n s p i r e d  by DOE'S DECAT 
p r o g r m .  

- Yot a v a i l a h l e .  

NA - Eneryy savings est imates were not a v a i l a h l e .  
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general motoring public and those that did, did not attempt to train 

drivers but only to get information to them. 

some success in getting DECAT materials into driver education and 

licensing programs. 

driving curriculum for state employees. 

many variations o f  DECAT as there are agencies which implemented DECAT 

programs. 

Hawaii and Georgia reported 

New Mexico incorporated DECAT into the defensive 

I n  brief, there are about as 

States which discontinued DECAT programs most often cited as 

reasons lack o f  funds and waning interest due to reduced fuel prices and 

plentiful supply. Several states, however, are considering restarting 

DECAT programs using oil overcharge payments. These settlements for o i l  

company overcharges during periods when o i l  price controls were in 

effect are returning tens of thousands of dollars to state energy 

offices, earmarked for transportation. Based on our conversations with 

them, it i s  clear that the states will once again turn t o  DOE for  

training of personnel and information on DECAT. This renewed interest 

will provide bo th  an opportunity and a challenge to the DOE DECAT 

program. 

...... 





3. DECAT'S ENERGY SAVING POETENTIAL 

The s c i e n t i f i c  evidence presented i n  the  appendix, and the  ac tua l  

achievements o f  DECAT graduates show t h a t  DECAT techniques can indeed 

improve the  average d r i v e r ' s  f u e l  economy by a t  l e a s t  10% i n  normal 

d r i v i n g .  Because DECAT know-how a p p l i e s  t o  every aspect o f  highway 

t r a n s p o r t a t i o n ,  t he  t o t a l  energy demand t o  which these savings can be 

a p p l i e d  i s  reasanably w e l l  known. There  i s  g r e a t  unce r ta in t y ,  however, 

about t h e  c u r r e n t  prevalence o f  e f f i c i e n t  d r i v i n g  techniques, t he  e x t e n t  

t o  which DECAT d r i v i n g  w i l l  be adopted, and the  a b i l i t y  and w i l l i n g n e s s  

o f  d r i v e r s  t o  cont inue d r i v i n g  e f f i c i e n t l y .  Nonetheless, one t h i n g  i s  

c e r t a i n :  t he  energy and petroleum sav ing p o t e n t i a l  i s  enormous. 

a 

The highway t r a n s p o r t a t i o n  sec to r  consumed 119 b i l l i o n  g a l l o n s  o f  

gaso l i ne  and d i e s e l  f u e l  i n  1984 accord ing t o  the  Federal Highway 

Admin i s t ra t i on  (FHWA). Thus, desp i te  dramat ic increases i n  the  techn i -  

c a l  e f f i c i e n c i e s  o f  cars  and t r u c k s  so ld,  energy use i n  highway t ranspor-  

t a t i o n  cont inues t o  increase. 

Ten percent  o f  highway energy use would be more than 11.9 b i l l i o n  

g a l l o n s  per year .  The enormi ty  o f  t h i s  p o t e n t i a l  can be apprec iated by 

comparing i t  t o  t h e  t o t a l  petroleum use o f  o the r  sectors .  Ten percent  

o f  highway petroleum use i s  more than the  t o t a l  petroleum consumption o f  

t h e  e l e c t r i c  u t i l i t i e s  and n e a r l y  as much as the r e s i d e n t i a l  and commer- 

c i a l  sec to rs  combined (F igu re  3.1).  

A t  March 1985 p r i c e s  (114.5 cents /ga l .  f o r  gaso l i ne  and 129.1 f o r  

d i e s e l ) ,  t he  va lue t o  consumers o f  a t e n  percent  sav ing i n  a l l  highway 

petroleum use would be approximately $13.8 b i l l i o n  annual ly .  Only one 

percent  of $13.9 b i l l i o n  would pay fo r  a $1 m i l l i o n - p e r - y e a r  program i n  

3-1 
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three days. 

OECAT could actually stimulate. 

this number since it depends entirely on how successfully the program i s  

carried out, and on the success of research on driver feedback devices, 

improved training techniques, and better information about fuel effi- 

cient driving strategies. 

The question is how much of this enormous potential saving 

There is no way to accurately estimate 

3.1  ENERGY USE BY VEHICLE FLEETS 

It is useful to break down the total target energy use by vehicle 

type, and by fleet versus household use (Figure 3.2) ,  to help in 

deciding what DECAT priorities should be and what might be achieved by 

various strategies (e-g., focussing on fleets to maximize impact of 

instructor training versus focussing on households to attack the area of 

largest potential). 

gallons of fuel annually. Automobiles in fleets of ten o r  more used an 

estimated 11.1 billion gallons of motor fuel in 1982. 

Fleet vehicles consume on the order o f  27 billion 

There were an estimated 6.9 million automobiles in the United 

States in fleets of 10 or more vehicles in 1982. 

bly accounted for almost 1 . 4  quads of energy use (Table 3.1) .  

police vehicles, civilian government vehicles accounted for about 0.15 

quads of energy in 1982, or just over 1 billion gallons of fuel. A 

DECAT program which successfully reached only 10% of these vehicles 

could save about $12 million annually. 

These vehicles proba- 

Including 

Trucks in fleets accounted for 15.6 billion gallons of fuel use in 

1977 (Table 3.2). 

fleets o f  2 to 5, 6 to 19, and 20 or more vehicles in size. 

from published articles and papers, and on participation in the Joint 

Consumption was roughly equally divided between 

Judging 
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F i g .  3.2. DECAT's t o t a l  energy saving potential compares t o  t o t a l  
petroleum use i n  other sectors. 
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Table 3.1. F l e e t  automobile s tocks and usage p a t t e r n s  by sec to r  
( f l e e t s  o f  10 o r  more) 

Average annual Number of Average Energy use, 
trave’ per veh ic les ,  s i z e  o f  1982 

1982 f 1 e e t  
M i  1 es (thousands) 1977 T r i l l i o n  Btu 

Sector veh ic le ,  1977 

P o l  i c e  
Government 
U t i  1 i t i e s  
Taxi  
Auto r e n t a l  
Business (25+)‘ 
Business (10-24) 
Other sec to rs  

A l l  sec to rs  

33,000, 
17,000 
12; 000 
43,460 
18,000 
27,000 
26,000 
24,000 

e 

223b 
603 
530 
141 
457 

2,548 

1,663 
738 

6,903 

506, 
1,428 
137 
31 

1,040 
205 
e 
e 

230 

60. 5b 
84.3 
52.3 
66.6 
67.6 

157.8 
328.2 

565. a 

1,383.1 

aState and 1 oca1 nonpol i c e .  

b Inc ludes fede ra l  government veh ic les .  

‘Fleets c o n s i s t i n g  o f  25 o r  more automobiles. 

dFleets  c o n s i s t i n g  o f  10 t o  24 automobiles. 

eMot a v a i l a b l e .  

Source: Holcomb and Koshy, 1984, Transpor ta t i cn  Energy Data Book, 
E d i t i o n  7, p. 2-38. 

Table 3.2. Truck f l e e t s  and energy use, 1977 

Fuel use 
(109 gal . )  

Number To ta l  annual Average 
F l e e t  s i z e  of t r u c k s  m i  1 es 

mpg ( lo6) ( IO9) 

2 t o  5 4.27 51.70 9.3 5.6 
6 t o  19 1.74 30.78 7.1 4.3 
20 o r  more 1.44 34.49 6.1 5.7 

Source: C a l c u l a t i o n s  based on 1977 Truck Inven to ry  and 
Use Survey. 
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Industry-Government Truck and BUS Fuel Economy Program, it appears that 

a great many of the larger truck fleets have already adapted DECAT 

techniques. Most success stories it1 the literature describe fleets of 

tens, and more frequently hundreds of vehicles. However, even if one 

targeted only fleets of less than 20 trucks,,two-thirds of truck fleet 

energy use would be addressed. Ten percent of the energy use of these 

trucks is approximately one billion gallons per year, worth over a 

billion dollars a year. 

Trucks in smaller fleets t e n d  to be smaller and lighter, as Table 

3.3 shows. Gasoline engines are more prevalent, and fuel efficiency 

equipment is less common. As Table 3.4 illustrates, there i s  a consis- 

tent tendency for the adoption o f  fuel economy options to decrease with 

decreasing truck GVW. While 81.7% o f  new trucks over 33,000 lbs. GVW 

are ordered with radial tires, o n l y  14.9% o f  trucks between 10,001- 

26,000 lbs. GVW are so equipped. The  smaller trucks tend t o  be driven 

fewer miles per year, and have higher MPG, t h u s  increasing the payback 

period for fuel economy options. In most cases, however, these options 

are still highly cost-effective. Information and training cou ld  speed 

their adoption on smaller trucks as it did on larger trucks. 

Because fleet size is smaller, these trucks will be more difficult 

to reach via employer-based marketing and instructor training. 

same time the potential returns t o  a DECAT program are larger, both 

because o f  the greater number of trucks and the greater potential to 

introduce fuel saving equipment. 

At the 

Other vehicle fleets (e.g., taxis, school buses, utilities, etc., 

see Table 3 . 1 ,  above) a l s o  consume significant amounts of fuel. It is 
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Table 3.3. Trucks (thousands) by fleet size ,  1977 

Medi um Light-heavy Heavy 
tight (10,000- (26,000- 

33 000) (>33,000) size (<10,000) 26,000) 

2 t o  5 3,068 520 323 356 
6 t o  19 93 1 240 173 397 
20 or more 676 197 126 446 

Source: 1977 Truck Inventory and Use Survey. 

Table 3 . 4 .  Use o f  fuel economy options by 
1 arger trucks 

Option 
10,001- 26 , 001- Over 33,000 

33’000 l b s .  GVW 26,000 
l b s .  GVW l b s .  GVW 

Diesel  engine 38.1% 61.7% 99.3% 
Radial t i r e s  14.9% 19.5% 81.7% 
Variable fan 67.9% 71.4% 96.0% 
Speed governor 4.0% - 3.5% 

- 33.4% Aerodynamic dev. - 
Fuel econ. diesel - 68.7% - 
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estimated that all automobile fleets of 10 or more vehicles consumed 

11.1 billion gallons o f  gasoline in 1982 (Holcomb and Koshy, 1984). If 

we add to this the 9.9 billion gallons consumed by truck fleets of less 

than 20 vehicles, the total target amounts to 21 billion gallons, about 

18% o f  total highway energy use. Clearly, fleets are an important 

target for DECAP, and one which the program has considerable experience 

addressing. To realize its full potential, however, the DECAT program 

must broaden its scope and attempt to reach the general driving public, 

and independent truckers. 

3.2 HOUSEHOLD VEHICLES AND INDEPENDENT TRUCKS 

Individual households consume most highway motor fuel. The Energy 

Information Administration (1985) estimates that in 1983 households 

consumed 78.4 billion gallons of gasoline, 1.1 billion gallons o f  diesel 

fuel, and 0.7 billion gallons of gasohol. Total household motor fuel 

consumption amounted to 10 quads, more than half of all energy consumed 

in the entire transportation sector (19 quads), and one third of the 

nation's total petroleum consumption. Automobiles accounted for 60.5 

billion gallons, pick-up trucks for 13.3 billion gallons, and other 

vehicle types for the remaining 14.6 billion gallons. 

this energy use demands that DECAT address itself to the household 

sector. 

The sheer size o f  

According to the EIA (1985), the average efficiency o f  automobiles 

was 16.0 MPG. Pick-up trucks were even l ess  efficient ( 1 3 . 3  MPG). The 

fact that light duty vehicles in the U.S. achieve in actual use 10-20% 

lower fuel economy than they are theoretically capable o f  achieving, as 
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i n d i c a t e d  by dynamometer t e s t s ,  i s  w e l l  known and has been e x t e n s i v e l y  

s t u d i e d  (e.g., McMutt e t  a l . ,  1982; Hellman and P lur re l l ,  1982; McKenna 

and South, 1982; Schneider e t  a l . ,  1982). The €PA has a t t r i b u t e d  the  

s h o r t f a l l  t o  a v a r i e t y  of f a c t o r s  (EPA, 1980). A l a r g e  number o f  these 

f a c t o r s  have t o  do w i t h  d r i v e r  behavior,  v e h i c l e  maintenance ( i n c l u d i n g  

types o f  l u b r i c a n t s  and t i r e s ) ,  and usage p a t t e r n s  ( i n c l u d i n g  s h o r t  

t r i p s  f rom a c o l d  s t a r t ) :  

improvement by f o l l o w i n g  DECAT techniques. 

f a c t o r s  addressed by DECAT and amenable t o  

According t o  t h e  1977 Truck Inven to ry  and Use Survey, t he re  were 

n e a r l y  a qua r te r  m i l l i o n  heavy t r u c k s  (over  33,000 l b s .  GVW) i n  use i n  

the  U.S. which were n o t  i n  f l e e t s  (operated independent ly,  which i s  n o t  

e x a c t l y  equ iva len t  t o  an independent owner-operated heavy t r u c k ) .  These 

t r u c k s  t r a v e l e d  8.4 b i l l i o n  m i l e s  and, assuming an average e f f i c i e n c y  o f  

4.8 MPG ( t h e  average f o r  a l l  heavy t r u c k s ) ,  consumed approximately 1.7 

b i l l i o n  g a l l o n s  o f  f u e l .  U n l i k e  heavy t r u c k  f l e e t  operators ,  t he re  i s  

l i t t l e  evidence t h a t  independent operators  have s u c c e s s f u l l y  implemented 

DECAT techniques. 

operators  can d e r i v e  f r o m  DECAT methods, they w i l l  be a major t a r g e t  o f  

t h e  DECAT program. 

Because o f  t h e  s i g n i f i c a n t  c o s t  savings which these 

3.3 SUMMARY: ENERGY SAVINGS POTENTIAL 

The eventual  energy savings o f  the DECAT program w i l l  depend on a 

number o f  f a c t o r s :  

1. how many o f  each t a r g e t  group can be reached by the  DECAT 

program, 
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2. how successful the program i s  in convincing drivers and 

operators to adopt DECAT methods, 

how effectively these rnethads are implemented by individuals, 

and 

how persistently and rigorously the DECAT techniques are used 

3 .  

4.  

over time. 

DECAT i s  not a magical quick-fix which instantly returns fuel savings 

which persist forever. Instead t i s  a collection o f  techniques which 

must be learned and applied. 

small percentage in savings. Taken together, the savings are substan- 

tial. Thus, results depend an the effectiveness of the teaching, and on 

reinforcement o f  the learned behavior. The BECAT program plan recognizes 

that improvements are needed in b o t h  of these areas, most especially in 

the  area of driver feedback. 

Each technique individually returns only a 



4. OUTLINE OF A COMPLETE DECAT PROGRAM 

4 .1  PROGRAM SCOPE 

A complete DECAT program would c o n s i s t  o f  f i v e  major elements. The 

f i r s t ,  and most impor tant  o f  these i s  t he  expanded DECAT I n s t r u c t o r  and 

D r i v e r  t r a i n i n g  course, a l ready i n  operat ion,  a t  DOE'S Nevada Test  S i t e .  

T h i s  program, w i t h  i t s  l ong  experience i n  d r i v e r  energy conservat ion,  i s  

t h e  core o f  the DECAT e f f o r t .  I t  w i l l  serve as the center  f o r  t r a n s f e r -  

r i n g  DECAT techniques t o  f l e e t s  and p r i v a t e  i n d i v i d u a l s ,  and as a prov ing  

ground f o r  new techniques, new feedback devices,  and new teaching cu r -  

r i c u l a .  It w i l l  be the  f o c a l  p o i n t  of t h e  DECAT program. Four o the r  

program elements would be necessary t o  address impor tant  research 

problems and e f f e c t i v e l y  reach t h e  maximum number o f  d r i v e r s .  

program elements are: 

The f i v e  

1. I n s t r u c t o r  T ra in ing ,  

2. P u b l i c  I n fo rma t ion ,  

3, D r i v e r  Feedback Device Research, 

4. 

5. D r i v e r  (Sa fe ty )  Educat ion and L icensing.  

The r e l a t i o n s h i p  between program elements i s  depic ted i n  F igu re  

Energy E f f i c i e n t  Vehic le  Operat ion Research, 

4.1, which i l l u s t r a t e s  the  c e n t r a l  r o l e  of t h e  Nevada t r a i n i n g  center .  

The t h r e e  research a c t i v i t i e s  (feedback device,  e f f i c i e n t  v e h i c l e  

operat ion,  d r i v e r  educat ion and s a f e t y  cu r r i cu lum development) n o t  only 

generate new i n f o r m a t i o n  and techniques f o r  t he  t r a i n i n g  center ,  but 

rece ive  i n p u t  and feedback from the  t r a i n i n g  center  concerning what  i s  

needed and what works i n  p r a c t i c e .  Other elements p rov ide  i n f o r m a t i o n  

about sa fe  and f u e l  e f f i c i e n t  v e h i c l e  ope ra t i on  which may be va luab le  t o  

4- 1 
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t he  p u b l i c  i n f o r m a t i o n  program. The p u b l i c  i n f o r m a t i o n  program educates 

t h e  general d r i v i n g  about sa fe  and e f f i c i e n t  v e h i c l e  operat ion.  

A complete DECAT program should i n c l u d e  research e f f o r t s  i n  two key 

areas: 1) v e r i f i c a t i o n  of aspects of t he  c u r r e n t  cu r r i cu lum about which 

t h e r e  i s  some quest ion of f a c t  o r  need f o r  q u a n t i f i c a t i o n ,  together  w i t h  

development o f  new i n f o r m a t i o n  about opt imal  v e h i c l e  ope ra t i ng  s t r a t e -  

g ies ,  2)  research d e a l i n g  w i t h  the  s e l e c t i o n  o r  design o f  app rop r ia te  

d r i v e r  feedback devices. 

t a i n i n g  t h e  c r e d i b i l i t y  o f  t h e  DECAT program, keeping up w i t h  advances 

i n  automotive engineer ing,  and s o l v i n g  a key problem: how t o  increase 

the  l i k e l i h o o d  t h a t  d r i v e r s  w i l l  cont inue t o  d r i v e  e f f i c i e n t l y  as t i m e  

goes on. 

Both o f  these areas a re  impor tant  t o  main- 

The DECAT program a l s o  inc ludes two elements whose purpose i s  t o  

make fuel e f f i c i e n t  d r i v e r  behavior common knowledge i n  the  Un i ted  

States.  The p r i n c i p l e s  o f  f u e l  e f f i c i e n t  d r i v i n g  need t o  be communi- 

cated t o  the  over 150 m i l l i o n  l i censed  d r i v e r s  i n  the  U.S. T h i s  w i l l  

have t o  be done i n  a c o s t - e f f e c t i v e  manner, probably w i t h o u t  t he  b e n e f i t  

o f  expensive a d v e r t i s i n g .  A two-pronged a t t a c k  i s  proposed. The f i r s t  

p a r t  i s  a p u b l i c  i n fo rma t ion  e f f o r t ,  making t h e  g r e a t e s t  poss ib le  use o f  

e s s e n t i a l l y  f r e e  p u b l i c i t y .  E x i s t i n g  DOE o r  o the r  government pub l i ca -  

t i o n s  w i t h  wide c i r c u l a t i o n  (e.g., t he  annual Gas Mi leage Guide, s t a t e  

d r i v e r  manuals, e t c . )  would be encouraged t o  i n c l u d e  the  p r i n c i p l e s  o f  

e f f i c i e n t  d r i v i n g .  Press re leases could be used, where appropr ia te,  and 

events dramat iz ing the  energy and cos t  savings c a r r i e d  ou t  t o  a t t r a c t  

t he  a t t e n t i o n  of t he  news media. Organizat ions and p u b l i c a t i o n s  con- 

cerned w i t h  o the r  f a c e t s  o f  d r i v e r  behavior (e.g., sa fe ty ,  environmental 
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q u a l i t y ,  e t c . )  would be encouraged t o  disseminate DECAT in fo rma t ion  as a 

b e n e f i t  t o  t h e i r  cons t i tuenc ies .  DECAT t r a i n i n g  s t a f f  w i l l  conduct 

seminars and workshops a t  appropr ia te  forums around the  count ry  t o  

p u b l i c i z e  DECAT and t h e  Nevada-based t r a i n i n g  program. F i n a l l y ,  an 

updated DECAT f i l m ,  s i m i l a r  t o  o r  der ived  from the  successful  p rev ious  

DECAT f i l m  "Running on Empty" w i l l  be produced and made a v a i l a b l e  t o  

i n t e r e s t e d  groups. 

The second, and i n  the  l ong  run  perhaps the  most impor tan t  p a r t  o f  

an i n fo rma t ion  campaign, would be a con t inu ing  e f f o r t  t o  i nsu re  t h a t  new 

d r i v e r s  r e c e i v i n g  formal t r a i n i n g  are g iven behind-the-wheel i n s t r u c t i o n  

i n  f u e l  e f f i c i e n t  d r i v i n g .  Th is  w i l l  r e q u i r e  working coopera t i ve l y  w i t h  

the  appropr ia te  p ro fess iona l  d r i v e r  t r a i n i n g  organ iza t ions  t o  incorpo-  

r a t e  DECAT i n t o  the  standard cur r i cu lum.  

4 .2  PROGRAM ELEMENT DESCRIPTIONS 

The hear t  o f  an energy e f f i c i e n t  d r i v e r  program i s  the  combination 

of f a c t s  t o  be taught ,  methods f o r  teaching them, and means f o r  i n s u r i n g  

r e t e n t i o n  o f  l ea rn ing .  It i s  abso lu te l y  c r u c i a l ,  there fore ,  t o  have an 

opera t ing  t r a i n i n g  center  where i n d i v i d u a l s  can be t ra ined ,  cu r r i cu lum 

can be developed and tes ted ,  and new methods, techniques and devices can 

be proven. To e s t a b l i s h  t h i s  foundat ion,  a r e v i t a l i z e d  DECAT program 

should be b u i l t  upon the  a l ready  e x i s t i n g  program a t  t h e  Nevada Tes t  

S i t e .  I n  order t o  meet program ob jec t i ves ,  the  Nevada center  w i l l  need 

t o  expand i t s  a c t i v i t i e s  i n  c e r t a i n  areas and have access t o  research 

suppart  i n  o thers .  The cu r ren t  e f f o r t  a t  Nevada i s  aimed p r i m a r i l y  a t  

t r a i n i n g  i n s t r u c t o r s  from commercial o r  governmental v e h i c l e  f l e e t s .  

While t h i s  i s  a l a r g e  and impor tan t  pool  o f  d r i v e r s ,  t he  vas t  m a j o r i t y  
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of energy used in highway transportation is accounted for by households 

and individual owner-operators. These individuals must be reached. The 

program elements described below are designed to reach all drivers, to 

provide accurate and useful information, to insure that DECAT principles 

will become a basic part of learning to drive, and to make the benefits 

o f  efficient driving visible to the driver. 

4.2.1 Instructor Training 

Instructor training activities should be continued and expanded. 

Instructor training at DOE'S Nevada lest Site has been the most effec- 

tive means of disseminating fuel efficient driving techniques to date. 

A large part of the effectiveness of this effort derives from the 

hands-on, in-vehicle experience which i s  the central part of the training. 

Trainees are encouraged to see for themselves how the DECAT techniques 

can save fuel. 

skeptics to believers. 

Many believe that this i s  the only way to convert 

Training representatives from commercial and governmental vehicle 

fleets has proven to be a very effective method o f  multiplying the 

efforts of DECAT instructors. The DECAT program should expand its 

efforts to reach vehicle fleets through seminars and workshops at trade 

shows and conventions, articles in trade magazines, direct mailing, and 

through a DECAT newsletter. 

message has already been produced to be sent to fleets requesting more 

information about the program, so far with good results. 

newsletter provides a forum for DECAT graduates t o  communicate their 

experiences and for disseminating new information. 

A ten-minute videotape containing the DECAT 

The DECAT 
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A key element i n  the  campaign t o  reach commercial f l e e t s  should be 

the  development o f  a market ing package con ta in ing  case-study examples o f  

successful  commercial DECAT programs. Many such cases r e p o r t e d l y  e x i s t  

b u t  t he  documentation i s  l ack ing .  

secure the cooperat ion o f  a few f l e e t s  as soon as poss ib le ,  t o  o b t a i n  

documented success s t o r i e s .  Documentation o f  new success s t o r i e s  should 

be a con t inu ing  e f f o r t  o f  t he  i n s t r u c t o r  t r a i n i n g  program. 

The Nevada Center should at tempt t o  

The t r a i n i n g  program should a l s o  address s t a t e  and l o c a l  government 

f l e e t s ,  an area i n  which DECAT has had pas t  successes. Once again, 

these successes should be documented on a con t inu ing  basis.  I n  t h i s  

e f f o r t ,  DECAT should coord inate w i t h  D O E ' S  State and Local Assistance 

Program (SLAP). 

t o  magnify the  impact o f  the DECAT program. 

mined t h a t  t h i r t e e n  s t a t e s  i nc lude  DECAT as a l i n e  i t e m  i n  t h e i r  s t a t e  

energy conserwati on plans. No doubt, these programs coul d be a s s i s t e d  

by the  I n s t r u c t o r  T r a i n i n g  program i n  Nevada, and o the r  s t a t e s  cauld be 

encouraged t o  c a r r y  o u t  DECAT programs. 

p l a n  t o  begin DECAT programs us ing o i l  overcharge payments. These 

s t a t e s  can b e n e f i t  g r e a t l y  from the  Nevada I n s t r u c t o r  t r a i n i n g  course, 

and many are consider ing t a k i n g  it. The Nevada Center should d i r e c t l y  

contact  the State Energy O f f i c e s  t o  i nsu re  t h a t  a l l  s t a t e s  are aware o f  

t h e i r  resources. 

It i s  c r u c i a l  t o  work i n  cooperat ion w i t h  SLAP i n  order  

A t  present,  we have deter-  

Many o the r  s t a t e s  have begun o r  

The Nevada Test S i t e  DECAT program i s  capable o f  t r a i n i n g  a maximum 

o f  3,000 i n s t r u c t o r s  per year.  There a re  approximately 30,000 f l e e t s  i n  

the  U.S .  w i t h  more than 10 v e h i c l e s  (Halcomb and Koshy, 1984). Since 

n o t  a l l  f l e e t s  w i l l  want t r a i n i n g  i n  a given year,  and s ince there w i l l  
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be some turnover of fleets and need for retraining, the NTS center i s  

probably large enough to handle most, if not all, instructor training 

for fleets in the U.S. 

4.2.2 Public Information 

The purpose of this element i s  to inform as many of the 150 million 

drivers as possible about the principles o f  energy efficient vehicle 

operation. 

tion developed by the other program elements. 

1) continuation and expansion of the Nevada T e s t  Site DECAT program and 

It would draw on existing DECAT publications and new informa- 

It has two major parts: 

the future addition of one more regional center, and 2) the development 

o f  a low-cost public information program. 

The NTS instructor training program would not be able t o  reach all 

150 million licensed drivers in the U . S .  It i s  certain that a substan- 

tial amount of DECAT information would be transferred to the public by 

fleet drivers by word of mouth. However, a more direct approach i s  

needed. It would be useful to establish one additional regional center 

which would concentrate primarily on reaching the general public, in the 

same way that the Nevada center has concentrated on reaching fleets. 

Areas in which this second center, if established, would have a primary 

interest, are establishing DECAT as a part of the driver education 

curriculum in the U.S., the relationships between DECAT and safe driving, 

and the evaluation o f  driver feedback devices. 

The Nevada Center should share responsibility with DOE for imple- 

menting a low-cost public information program. This would involve 

printed matter, films, and innovative use of existing government publica- 

tions (such as the DOE Gas Mileage Guide, and state driver instruction 
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manuals), p u b l i c  se rv i ce  a d v e r t i s i n g  (such as p u b l i c  TV spots ) ,  and 

encouraging a r t i c l e s  about OECAT i n  t rade  and spec ia l  i n t e r e s t  per iod-  

i c a l s .  

I n c l u d i n g  DECAT p r i n c i p l e s  i n  t h e  DOE Gas Mi leage Guide i s  a step 

which can be taken immediately a t  very  low cos t .  A recent  study by the  

I n t e r n a t i o n a l  Energy Agency (IEA) showed t h a t  a l l  b u t  one member count ry  

which publ ished a f u e l  e f f i c i e n c y  guide a l so  inc luded in fo rma t ion  on 

fue l  e f f i c i e n t  d r i v i n g  o r  f a c t o r s  a f f e c t i n g  f u e l  e f f i c i e n c y  (Table 4 .1 ) .  

Such in fo rma t ion  i s  va luable no t  o n l y  because i t  in forms consumers about 

e f f i c i e n t  v e h i c l e  opera t ion  b u t  a l so  because i t  helps e x p l a i n  why ac tua l  

mi leage may d i f f e r  f rom the  o f f i c i a l  est imates.  I n  t h i s  way i t  improves 

consumer understanding and t r u s t  i n  the  o f f i c i a l  est imates.  

Table 4.1. I n fo rma t ion  presented i n  1983 f u e l  
e f f i c i e n c y  guides i n  I E A  member coun t r i es  

Gu ide l ines  f o r  
f u e l  e f f i c i e n t  

Agency respons ib le  d r i v i n g  o r  
f o r  pub1 i c a t i o n  f a c t o r s  

a f f e c t i n g  f u e l  
e f f i c i e n c y  

Country 

Aus t ra l  i a Dept. o f  Nat iona l  Devel .  Guidel ines 

Canada Transpor t  Canada Factors  
Denmark M i n i s t r y  of T ranspor ta t ion  Both 
Germany German Automobile Indus t r y  Noth ing 
Japan M i n i s t r y  o f  Transpor t  Guidel ines 
Nether lands M i n i s t r i e s  o f  A f f a i r s  and Guidel ines 

Transport ,  and o thers  
New Zealand M i n i s t r y  o f  Energy Gui del  i nes 
Sweden Nat iona l  Board f o r  Consumer Both 

U.K. Department o f  Transpor t  Guidel ines 
U.S. Dept. o f  Energy and EPA 1985 Nothing, 

and Energy 

P o l i c i e s  

1983 Guidel ines 
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4.2.3 D r i v e r  Feedback Device Research 

J u s t  as impor tant  as the problem o f  reaching a l l  150 m i l l i o n  

d r i v e r s  i n  the  U.S., i s  t he  problem of i n s u r i n g  t h a t  they r e t a i n  and 

p r a c t i c e  what they have learned. 

t i o n  Test P r o j e c t ,  F i n a l  Report," (00E/CS-004, J u l y  1978) noted t h a t  

w h i l e  the  immediate e f f e c t  o f  t he  DECAT t r a i n i n g  was much g rea te r  than 

o r i g i n a l l y  est imated, the degradat ion e f f e c t  over t ime was a l s o  much 

g rea te r .  

enthusiasm, energy savings f r o m  DECAT t r a i n i n g  apparent ly  do decrease 

over t ime. I d e a l l y ,  t he  money saved by us ing  OECAT techniques would be 

re in forcement  enough. This  might  be t r u e ,  were i t  n o t  f o r  t h e  f a c t  t h a t  

d r i v e r s  are n o t  l i k e l y  t o  no t i ce ,  and indeed would have d i f f i c u l t y  

measuring, the percentage saved on each t r i p .  There i s  general agree- 

ment t h a t  an immediate feedback device i s  needed t o  p rov ide  i n s t a n t a -  

neous, cont inu ing,  p o s i t i v e  re in forcement  t o  the  DECAT-trained d r i v e r .  

What type o f  feedback i s  needed and how it should be prov ided t o  t he  

d r i v e r  a re  impor tant  research quest ions.  

feedback devices may a l s o  be use fu l  t o  the average d r i v e r  f o r  

The DOE r e p o r t  "D r i ve r  Aid and Educa- 

Perhaps due t o  l o s s  o f  l ea rn ing ,  perhaps due t o  l o s s  o f  

t r a i n i n g  h i m s e l f  i n  h i s  own veh ic le ,  enabl ing him t o  see and b e l i e v e  as 

w e l l  as p r o v i d i n g  con t inu ing  re in forcement  f o r  f u e l  e f f i c i e n t  behavior ,  

To date, t h e  most e f f e c t i v e  device appears t o  be a simple vacuum gauge. 

U n l i k e  f u e l  f l o w  meters which have a damped response which l a g s  ac tua l  

f u e l  use by several  seconds (smoothing o u t  sudden a c t i o n s  which a re  

o f t e n  w a s t e f u l ) ,  a vacuum gauge responds immediately. Y e t  i t  has 

se r ious  drawbacks and could be improved considerably.  Although vacuum 

pressure i s  n e a r l y  p e r f e c t l y  ( n e g a t i v e l y )  c o r r e l a t e d  w i t h  f u e l  
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consumption f o r  a g iven engine rpm, r e q u i r i n g  the  average d r i v e r  t o  make 

t h i s  c a l c u l a t i o n  i n  h i s  head may n o t  be reasonable. Indeed, the  DOE 

r e p o r t  c i t e d  above concluded t h a t  w h i l e  vacuum gauges were usefu l  as an 

i n s t r u c t i o n a l  a i d ,  they d i d  n o t  seem t o  make a measurable improvement i n  

cont inued energy savings e i t h e r  by t r a i n e d  o r  un t ra ined  d r i v e r s .  

have a l s a  r a i s e d  quest ions about the safety  o f  dashboard-mounted vacuum 

gauges. Since DECAT t r a i n i n g  s t resses safe d r i v i n g  p r i n c i p l e s ,  i t  i s  

imperat ive t h a t  t he  feedback device n o t  impai r  sa fe  d r i v i n g  i n  any way. 

Some 

Vacuum-based devices which d i r e c t l y  c a l c u l a t e  f u e l  consumption have 

a l ready been developed i n  experimental designs ( I n t e r n a t i o n a l  Journal o f  

Vehic le  Design, 1984). 

proven t o  accu ra te l y  r e f l e c t  on-road f u e l  consumption (Rose e t  a l . ,  

1982). A computer "map" o f  f u e l  consumption versus engine rpm and 

man i fo ld  vacuum i s  contained i n  a micra-ch ip.  Rpm and vacuum are 

measured instantaneously ,  which permi ts  instantaneous, as w e l l  as 

cumulative, c a l c u l a t i o n s  o f  f u e l  use t o  be made and d isp layed f o r  t he  

d r i v e r ,  us ing  any type o f  d i s p l a y  des i red.  

The concepts on which they are based have been 

Exper imentat ion w i t h  instantaneous mpg and f u e l  f l o w  instrumenta- 

t i o n  should be c a r r i e d  ou t  a t  OECAT t r a i n i n g  centers .  

focus on how the  instruments a f f e c t  t h e  pe rs i s tence  o f  DECAT d r i v i n g  

techniques over t ime and how they a re  perceived by the d r i v e r .  I t  i s  

c r u c i a l  t h a t  the automotive i ndus t r y ,  as w e l l  as those concerned w i t h  

automotive s a f e t y  be i nvo l ved  i n  t h i s  research. B r i n g i n g  the  automotive 

i n d u s t r y  i n  a t  an e a r l y  stage i s  key t o  i n s r i n g  t h a t  successful  

technologies w i l l  a c t u a l l y  be adopted by manufacturers. An adv isory 

committee should be es tab l i shed  w i t h  members from the  automotive indus- 

The research w i l l  
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t r y  and s a f e t y  i n t e r e s t s .  The purpose o f  t h i s  committee would be t o  

guide t h e  research and t o  speed the  t r a n s f e r  of technology developed t o  

the  marketplace. 

An e f f e c t i v e  way t o  begin would be t o  h o l d  a conference on D r i v e r  

A ids f o r  Fuel E f f i c i e n c y .  

organized w i t h  the  ass is tance o f  t he  adv isory  committee, perhaps through 

The conference cou ld  be sponsored by DOE and 

t h e  auspices o f  a n o n - p r o f i t  s c i e n t i f i c  engineer ing o rgan iza t i on  such 

as the  Soc ie ty  o f  Automotive Engineers o r  t h e  Transpor ta t ion  Research 

Board. 

suggest ions f o r  a research agenda. 

Th is  conference wauld rev iew the  s t a t e  o f  t he  a r t  and generate 

4.2.4 D r i v e r  Educat ion and L i cens ing  

The m a j o r i t y  of new d r i v e r s ,  appraximat ley 3 m i l l i o n  each year ,  

rece ive  formal ,  behind-the-wheel t r a i n i n g .  G e t t i n g  DECAT i n t o  the  

d r i v e r  i n s t r u c t i o n  cu r r i cu lum cou ld  be t h e  most e f f e c t i v e  way t o  reach 

new d r i v e r s  a t  t he  t ime when they  are forming d r i v i n g  hab i t s ,  and t o  

i n s t i t u t i o n a l i z e  t r a i n i n g  i n  e f f i c i e n t  d r i v i n g  p rac t i ces .  Th is  can be 

promoted i n  two ways. The f i r s t  i s  t o  work w i t h  t h e  d r i v e r  educat ion 

community t o  develop a standard, formal ,  w r i t t e n  DECAT cu r r i cu lum f o r  

use i n  d r i v e r  educat ion courses. M a t e r i a l s  have been developed which 

can serve as a s t a r t i n g  p o i n t  f o r  t h i s  e f f o r t  ( " D r i v e r  E f f i c i e n c y  

Program Manual," DOE/CS/55957-1, May 1980; "Dr i ve r  Energy Conservat ion 

Awareness T ra in ing , "  D615C mimeo, U.S. DOE, Nevada Operat ions O f f i c e ,  

undated). I n  a d d i t i o n  the  program has developed a f i l m ,  a videotape, 

s l i d e  shows, and o ther  teaching m a t e r i a l s .  The Maryland Energy O f f i c e  

has a l ready  had some success i n  g e t t i n g  DECAT i n t o  h igh  school d r i v e r  

educat ion classrooms. They have developed i n s t r u c t o r  and s tudent  
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manuals, s l i d e  presentat ions,  and a f i l m  (MEETS, 1983). They have 

obta ined commitments f r o m  l o c a l  school boards t o  i nc lude  DECAT i n  t h e i r  

c u r r i c u l a ,  and have a l ready t r a i n e d  60 d r i v e r  educat ion teachers. 

B u i l d i n g  on these experiences and resources, and drawing upon the  

p r a c t i c a l  experience o f  DECAT i n s t r u c t o r s ,  a formal d r i v e r  t r a i n i n g  

cu r r i cu lum should be developed, w i t h  the a c t i v e  p a r t i c i p a t i o n  o f  t he  _I 

d r i v e r  educat ion community. 

t h e  adopt ion o f  DECAT techniques i n  h igh  school, co l lege,  and other  

d r i v e r  t r a i n i n g  courses, nat ionwide. 

The DECAT program cou ld  then work towards 

A t  t he  same t i m e ,  an e f f o r t  would be made t o  make DECAT i n fo rma t ion  

a v a i l a b l e  where new d r i v e r s  w i l l  see it. The program would encourage 

s t a t e  m o t o r  v e h i c l e  departments, o r  whichever agency i s  responsib le  f o r  

l i c e n s i n g  d r i v e r s ,  t o  i nc lude  DECAT d r i v i n g  t i p s  i n  t h e i r  i n s t r u c t i o n a l  

m a t e r i a l s  f o r  d r i v e r  c e r t i f i c a t i o n .  Some s t a t e s  ( e . g . ,  Hawai i )  have 

a l ready  had some success i n  doing t h i s .  

I n  order  f o r  these e f f o r t s  t o  be f u l l y  successful  , the s a f e t y  

b e n e f i t s  o f  DECAT techniques w i l l  have t o  be c l a r i f i e d  and emphasized. 

One may a n t i c i p a t e  some res i s tance  f r o m  the d r i v e r  educat ion and s a f e t y  

communities on the grounds t h a t  t he re  i s  a l ready a g rea t  deal t o  teach 

new d r i v e r s  and t h a t  s a f e t y  should be emphasized. 

i n g  the  l i n k a g e  between e f f i c i e n t  d r i v i n g  and safe d r i v i n g  would be very 

h e l p f u l .  Two key DECAT p r i n c i p l e s :  1. awareness o f  o ther  veh ic les  and 

the  environment ( "perceptual  scanning") ,  and 2. a n t i c i p a t i o n  o f  t r a f f i c  

cond i t i ons  ( " p r e d i c t i n g " ) ,  are w e l l  recognized, impor tant  psychologica l  

f u n c t i o n s  f o r  safe d r i v i n g  (OECD, 1976, pp. 22-23). Scat tered evidence 

t h a t  f l e e t s  implementing DECAT programs a l s o  reduce acc ident  r a t e s  a l s o  

Research demonstrat- 
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apparen t l y  e x i s t s  (personal  communication, M r .  B o r i s  Hubar, Reynolds 

E l e c t r i c a l  and Engineer ing Co., Las Vegas, NU) .  Th is  i n fo rma t ion  should 

be compiled and the  necessary research c a r r i e d  o u t  t o  demonstrate t h e  

l i n k  between DECAT and safe d r i v i n g .  

One study (McKnight e t  a l . ,  1981) questioned whether novice d r i v e r s  

were s u f f i c i e n t l y  s k i l l e d  t o  be ab le  t o  l e a r n  and c a r r y  ou t  DECAT 

techniques. While t h i s  s tudy based i t s  f i nd ings  on t e s t s  which d i d  n o t  

i nc lude  the  use o f  d r i v e r  feedback devices such as used i n  DECAT t r a i n -  

i n g  (e.g. ,  vacuum gauges, fue l  f l o w  meters) and i s  thus quest ionable,  

t he  i ssue  o f  when DECAT techniques can best  be learned i s  app rop r ia te  t o  

evaluate before beginning an a l l - o u t  push f o r  DECAT i n  d r i v e r  educat ion.  

I n  summary, some a d d i t i o n a l  research i s  needed a long w i t h  c u r r i c u -  

lum development before DECAT can be successfu l ly  incorporated i n  t h e  

d r i v e r  educat ion and l i c e n s i n g  process. 

t i a l  o f  t h i s  s t r a t e g y  f o r  reaching n e a r l y  a l l  d r i v e r s  w i t h  behind-the- 

wheel t r a i n i n g ,  however, t h i s  remains an impor tant  p r i o r i t y  f o r  an 

expanded DECAT e f f o r t .  

4.2.5 Energy E f f i c i e n t  Veh ic le  Operat ion Research 

Because of t h e  long-run poten- 

The purpose o f  t h i s  task  i s  t o  develop and v e r i f y  i n fo rma t ion  on 

f u e l  e f f i c i e n t  v e h i c l e  ope ra t i on  t o  support  DECAT cu r r i cu lum and informa- 

t i o n  program elements. Obviously, having accurate and up-to-date 

i n f o r m a t i o n  i s  e s s e n t i a l  t o  the program. There i s  no f i x e d  agenda f o r  

such a research e f f o r t ;  i t  should respond t o  the  needs o f  t he  program. 

The f i r s t  s tep should be a c r i t i c a l  rev iew o f  i n f o r m a t i o n  i n  the  

DECAT c u r r i c u l u m  t o  i nsu re  t h a t  i t  i s  supported by the  l i t e r a t u r e  on 
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v e h i c l e  e f f i c i e n c y .  

i n  t h e  process o f  p repar ing  t h i s  p l a n  (appendix) .  

Much o f  t h a t  l i t e r a t u r e  has a l ready  been reviewed 

From t ime t o  t ime i t  w i l l  be necessary t o  conduct s p e c i f i c  engi-  

neer ing  t e s t s  t o  answer quest ions about f u e l  economy e f f e c t s  o f  p a r t i c u -  

l a r  ac t i ons .  I n  t h e  past ,  t h e  DECAT program has i n v e s t i g a t e d  t h e  e f f e c t  

o f  runn ing  car  a i r  cond i t i one rs  versus opening windows on f u e l  economy 

a t  highway speeds, t o  reso lve  c o n f l i c t i n g  c la ims (Roberts and Rose, 

1982). 

analyses and c o n t r o l l e d  t e s t i n g .  

resources t o  reso lve  such issues.  

Other quest ions such as t h i s  can be reso lved through engineer ing 

The DECAT program should have the  

The problem o f  opt imal v e h i c l e  c o n t r o l  f o r  v e h i c l e  f u e l  economy i s  

p a r t i c u l a r l y  d i f f i c u l t  t o  so l ve  by exper imentat ion w i t h  an instrumented 

v e h i c l e .  Taking repeated measurements i s  c o s t l y  and t ime consuming, and 

i t  i s  d i f f i c u l t ,  i f  n o t  impossible,  t o  c o n t r o l  f o r  a l l  t h e  f a c t o r s  

(e.g., wind, s lope,  temperature, t r a f f i c  cond i t i ons )  which can s i g n i f i -  

c a n t l y  a f f e c t  f u e l  consumption. I n  the  end, t h e  bes t  t h a t  can be 

obtained are  r e s u l t s  v a l i d  f o r  t he  p a r t i c u l a r  v e h i c l e  tes ted .  Yet t h e r e  

a re  many impor tan t  quest ions which remain t o  be resolved, such as 

opt imal a c c e l e r a t i o n  r a t e s  and opt imal h i l l  c l imb ing  s t r a t e g i e s .  

An a l t e r n a t i v e  i s  t o  use v e h i c l e  s imu la to rs  and t o  c a r r y  ou t  t he  

a n a l y s i s  on a computer. 

t o r s  o f  on-road f u e l  economy. A s e t  o f  15 such s imu la to rs ,  rep resen t ing  

a cross s e c t i o n  o f  veh ic les  now on t h e  road has r e c e n t l y  been completed 

by Oak Ridge Nat iona l  Laboratory f o r  t h e  Department o f  T ranspor ta t ion .  

7he technique used was developed under t h e  sponsorship o f  DOE'S prev ious  

Th is  r e q u i r e s  a s e t  o f  accurate, f a s t  simula- 



4-15 

DECAT program (Rose e t  a l . ,  1982). 

f o r  t he  a n a l y s i s  o f  opt imal  d r i v i n g  s t r a t e g i e s .  

These s imu la to rs  a re  now a v a i l a b l e  

Th is  approach i s  now being used t o  i n v e s t i g a t e  opt imal  a c c e l e r a t i o n  

r a t e s  and p rov ide  up-to-date i n f o r m a t i o n  on t h e  e f f e c t  o f  highway speed 

on f u e l  consumption. Other d r i v i n g  tasks such as h i l l  climbing and 

stop-and-go d r i v i n g  a re  a l s o  being analyzed f o r  most o f  the 15 vehic les.  

The r e s u l t s  w i l l  p rov ide  impor tant ,  s c i e n t i f i c a l l y  supported, informa- 

t i o n  on opt imal d r i v i n g  which can be used i n  DECAT t r a i n i n g .  
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APPEND1 X 

DRIVER BEHAVIOR, MAINTENANCE AND FUEL ECONOMY 

A . l  AUTOMOBILES AND LIGHT ?RUCKS: DRIVER BEHAVIOR, MAINTENANCE, 
AND FUEL ECONOMY 

Everything a driver does affects h s vehicle's fuel economy. 

o f  us are not aware of  how much we inf uente MPG because we can't see 

the energy being consumed. Not knowin what actions to take to save 

fuel, together with the invisibility of fuel saved or wasted insures 

that drivers will use more fuel than they really want to. Research on 

building energy use has shown that making energy use visible by provid- 

ing direct feedback to consumers can make a difference o f  20% or more in 

total household energy use (Stern, 1984). DECAT i s  designed to give 

drivers control over the fuel they consume by educating them about how 

their actions determine fuel use, and by making fuel use directly and 

immediately observable. This  appendix reviews what is known about: 1) 

how driver behavior affects fuel consumption, 2) how vehicle maintenance 

affects fuel consumption, and 3) how successfully various driver feed- 

back devices help drivers conserve fuel. Since 1970, a considerable 

amount, o f  research has been conducted, especially on topics 1 and 2. 

Most 

Quantitative measurements o f  the effects of each on automotive MPG 

indicates that the program goal of providing information and training 

which can achieve a 10% efficiency improvement, i s  conservative. 

A . 2  THE INFLUENCE OF DRIVER BEHAVIOR ON FUEL ECONOMY 

Rigorous studies of the effects of driver behavior on fuel consump- 

tion date back to a t  least the 1950's and 1960's. A 1959 study in 

A- 1 
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London, England (Roth, 1959) based on repeated measurement of 5 drivers 

traveling the same urban route at the same average! speed in the same 

vehicle, found variations in fuel economy o f  20%. Another British study 

(Everall, 1968) found a range of variation of +/- 12% for drivers over a 

varied urban and rural route. A more recent study in Finland 

(Alppivouri et al., 1979) using a similar approach found a range of 

variation of +/- 15%. A major study, involving test trials, by the 

British Transport Road Research Laboratory (TRRL, 1981) looked at 

specific components o f  driving cycles. 

o f  up to 70% for acceleration strategies, 20% for braking strategies, 

and 36% for cornering strategies. An empirical test involving 418 

drivers tested the ability o f  drivers t o  improve fuel economy by changing 

their driving styles. Drivers instructed to drive efficiently as 

opposed t o  their normal style were able to improve their efficiency, on 

average, by 22%, over an urban, lightly trafficked road network. 

Average speed, however, fell by 15%. Without reducing speed it was 

found that an 18% reduction was achieved. This study concluded that 

reductions o f  15 to 30% in average fuel consumption could be achieved 

“...by developing programmes aimed at improving drivers‘ awareness o f  

the factors that influence fuel consumption as well as their perfor- 

mance. ‘I 

The TRRL study found variations 

Similar studies in the United States have demonstrated that fuel 

efficient driving strategies can improve average efficiencies by well 

over 10%. An early study by General Motors (Chang et a l . ,  1976, p ,  11) 

concluded that, “It is possible for individuals to reduce their fuel 

consumption in urban traffic by adopting effective driving patterns.“ 
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Drivers asked, without training, to "minimize fuel consumption'' achieved 

10.4% better fuel economy than those asked to "drive normally.'' 

requested to "use vigorous acceleration and deceleration," on the other 

hand, did 17.3% worse. 

compared "hard," "moderate," and "gent1 e" driving with respect to 

average speed and acceleration and deceleration. 

average driving time by 9% as compared with moderate but increased fuel 

consumption 29%. Gentle driving increased driving time 11% and reduced 

fuel consumption by an equal percentage. 

Those 

A later study by GM (Chang and Herman, 1980) 

Hard driving decreased 

In a major, early study for the U.S. Department of Transportation, 

Claffey (1976) conducted field tests in upstate New York with 24 cars 

and 93 drivers to determine how the way people drive and care for their 

cars affects passenger car fuel consumption. On an urban driving route, 

Claffey first asked all drivers to drive "normally" (no attempt was made 

to control for the Hawthorne effect, the tendency for subjects in a test 

to alter their behavior simply because they know they are being tested). 

He then asked 8 drivers to keep their acceleration rates at 3.5 m/h/s or 

less, and deceleration rates at a maximum o f  4 . 5  m/h/s. 

fuel economy improvement for these 8 drivers was 4.8%. 

Other studies have a l s o  documented the fuel costs of too rapid 

The average 

acceleration. The Southern California Auto Club  (1973) tested 20 

1969-73 model year cars on an auto raceway. 

to 40 mph from a stop, and then cruised a quarter mile at 40. 

results were interesting, in that they suggest a more severe penalty for 

"heavy" acceleration for small cars than for large cars (Table A . l ) .  

The cars were accelerated 

The 
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Table A . l .  Southern California Auto Club 
acceleration tests 

(change in MPG) 

Small cars Medium cars Large cars 
(3000 lbs. 3000-4000 lbs. >406Q Ibs. 

__ - 

Easy +7.8% +12.5% +16.1% 
Moderate - - - 
Heavy -15.4% -11.1% -9.4% 

Similar results were obtained by the Environmental Protection Agency in 

combinations of dynamometer, test track, and computer simulation studies. 

Increasing acceleration rates above those specified for the EPA test 

cycles reduced MPG by 16.8%-34.8% on the city cycle, and 6.6%-15.6% an 

the highway cycle. 

Test after test has clearly shown that excessive rates of accelera- 

tion reduce MPG. Unfortunately, there i s  no precise information about 

the "best" rate of acceleration. Studies have tended to characterize 

acceleration rates qualitatively, using such terms as hard, easy, brisk, 

or moderate. As a result, when it comes t o  teaching drivers how to 

drive efficiently, the instructions are equally vague. DECAT materials 

instruct drivers to accelerate "briskly and steadily." I n  his book 

Whole Truth About Fuel Economy Driving, the best Roe (1915) can offer is 

"Accelerate smoothly." Claffey (1976) advises that "reduced accelera- 

tion and deceleration rates" wi l l  conserve fuel. 

In a study sponsored by the DOE DECAT program, Hooker provided a 

definitive answer using advanced programming techniques and an empirically- 

based vehicle simulator - but for one car only: a 1979 Ford Fairmont. 

In two examples, accelerating to 55 km/h and 90 km/h, Hooker found that 



moderate acceleration gave the best fuel economy. 

about 50% of available power should be used until third gear was 

reached, at which point only 25% of available power should be used (the 

% o f  available power used corresponds roughly to throttle position). 

the 90 km/h case one needs to start at about 60% of available power and 

gradually taper off to about 40% at 90 km/h. In the respective cases a 

velocity of 48 km/h is reached in 10 and 8 seconds, respectively. More 

quantitative results like this are needed for different vehicle designs 

if we are to be able to make useful generalizations about the fuel 

efficient way to accelerate. Ultimately, what i s  needed i s  an i n -  

vehicle feedback device t o  inform the driver about what acceleration is 

costing him. 

In the 55 km/h case, 

In 

DECAT also stresses obeying the 55 mph speed limit. l o  the list of 

reasons for obeying the speed limit, OECAT adds direct fuel cost savings 

to the driver. A study of 350 1965-77 model-year automobiles (Greene, 

1981) showed an average decline in MPG of 10-13% with increased speed 

from 50 to 60 mph, and from 12-17% in going from 60 to 90 mph, depending 

on car size. A typical car probably consumes 10-15% more fuel at 65 

than at 55 mph. 

gallons per hour of additional travel time. A t  $1.25/gal. this i s  not a 

high rate o f  pay, but it should help to convince drivers to obey the 

law, save lives, and conserve fuel. 

For a 25 MPG car, this is a savings of about 2.5 

One of the first studies to use vacuum gauges as driver a i d s  was by 

General Motors (Chang et al., 1976). Like later studies, it found that 

simple gauges combined with very simple instructions on how to use them 

achieved perceptible, but very modest improvements in fuel economy. The 
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gauges were marked with green (high pressure), orange, and red regions. 

Drivers instructed to keep the gauge needle in the green region (this 

would require extremely slow acceleration) actually used 2% more fuel 

than drivers driving "normally with the traffic." Those told t o  keep 

the gauge in the green or orange region did 5.4% better than those 

driving normally. Claffey (1976) too, used simple vacuum gauges in fuel 

economy driving tests. 

instructed to keep the vacuum guage above 18 inches of mercury achieved 

slightly less than a 1% reduction in fuel use over their previous 

"normal driving" runs. 

Over h i s  urban field test route, 46 drivers 

Additional studies by the Department sf Transportation using 

miles-per-gallon meters, as opposed t o  vacuum gauges produced similar 

results (DOT, 1975). A 1977 DOT study (Banowetz. and Bin tz ,  1977) found 

that i n  a test of 140 drivers, all "motivated to save fuel," the 70 

drivers with meters achieved 3% better fuel economy than those without, 

but the results were n o t  statistically significant. 

D O E ' S  DECAT program also tested the effectiveness of vacuum gauges 

Indeed, it was through early tests of this as driver feedback devices. 

type that DOE became convinced of the effectiveness o f  driver training 

in improving MPG. The "Driver Aid and Education Test Project," (DOE, 

1975) combined training and two types of vacuum gauges i n  a field test 

involving 435 vehicles. The fleet was divided into four treatment 

groups and a control group (Table A.2) .  In a before and after test, 

only those groups using dial-type vacuum guages did better than the con- 

trol group. Phose receiving some training and using d i a l  gauges did 
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Table A.2. D r i v e r  A id  and Education Tes t  
P r o j e c t  r e s u t l s  

Be fo re -a f te r  % change 
i n  MPG 

1. Contro l  
2.  P is ton- type gauge 
3. T r a i n i n g  
4. D i a l  gauge 
5. D i a l  gauge and t r a i n i n g  

+I. 6% 
-0.2% 
+l. 1% 
+3.0% 
+5.5% 

5.5% b e t t e r ,  on average, than the  c o n t r o l ;  those us ing  gauges alone d i d  

3.0% b e t t e r .  

Although t h e r e  were some problems c a n t r a l l i n g  f o r  o the r  f a c t o r s ,  

such as temperature and seasonal d r i v i n g  pa t te rns ,  these r e s u l t s  are 

g e n e r a l l y  c o n s i s t e n t  w i t h  those o f  o the r  researchers. 

Probably t h e  most comprehensive study o f  f u e l  conservat ion feedback 

devices was c a r r i e d  a u t  by Bendix Corporat ion (1982) f o r  t h e  DOE DECAT 

program. Bendix t e s t e d  the  a b i l i t y  o f  several  combinations o f  feedback 

devices t o  improve MPG i n  combination w i t h  d r i v e r  t r a i n i n g .  A l l  devices 

improved e f f i c i e n c y ,  w i t h  a range o f  2.4 t o  8.8%. 

device combined instantaneous MPG d i s p l a y s  w i t h  some s o r t  o f  aud ib le  

alarm t o  a l e r t  t he  d r i v e r  when man i fo ld  vacuum dropped below a t h r e s h o l d  

(Table A . 3 ) .  

" i d e a l "  feedback device.  While t h i s  device needs t o  be reevaluated i n  

l i g h t  o f  con t i nu ing  advances i n  microcomputer technology, i t  prov ides a 

use fu l  s t a r t i n g  p o i n t  f a r  f u t u r e  research. 

The most e f f e c t i v e  

The Bendix study a l s o  produced a p ro to type  design o f  an 
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Table A.3.  E f f e c t  o f  feedback devices on f u e l  economy: 
Bendix s tudy  

Basel i ne A f t e r  t r a i n i n g  and w i t h  % 

ave. mpg ave. mpg change (no devices) feedback devices 

D i g i t a l  d i s p l a y s  - 
vacuum th resho ld  

a1 arm 26.14 

Instantaneous MPG 
analog - vacuum 

thresh01 d a1 arm 25.56 

Vacuum gauge - 
vo i ce  device 25.11  

Vacuum gauge - 
d i g i t a l  d i sp lays  24.97 

Instantaneous MPG 
analog - vo ice  

device 24.72 

28.06 7.3% 

26.17 2.4% 

26.25 4.5% 

26.27 5.2% 

26.90 8.8% 

Source: Bendix Corporat ion,  1982, p .  91. 

A.2.1 DECAT and Safe D r i v i n g  

The p r i n c i p l e s  o f  e f f i c i e n t  d r i v i n g  which DECAT espouses are  a l s o  

p r i n c i p l e s  o f  sa fe  d r i v i n g .  DECAP s t resses :  

s i t u a t i o n s  t o  be ab le  t o  avo id  sudden changes i n  momentum, 2)  a n t i c i p a t -  

i n g  manoevers such as t u r n s  and stops, 3 )  developing t h e  s k i l l s  needed 

t o  accu ra te l y  c o n t r o l  t h e  v e h i c l e ,  and 4 )  developing t h e  r i g h t  a t t i t u d e s  

f o r  f u e l  e f f i c i e n t  d r i v i n g .  D r i v e r  i n s t r u c t i o n  researchers have i d e n t i -  

f i e d  the  f o l l o w i n g  7 impor tan t  psychological  f u n c t i o n s  as impor tan t  f o r  

sa fe  d r i v i n g  (OECB, 1976):  

1) be ing  aware o f  t r a f f i c  

1. perceptual  scanning 

2. i d e n t i f i c a t i o n  
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3 .  predi cti ng 

4. deci s i  on-maki ng 

5. motor skills and control of vehicle 

6. knowledge 

7. attitudes 

Many of these are featured in DECAT training. 

report proposes ways that safe driving principles and training can be 

purposefully incorporated into DECAT training. 

A.2.2  Summary: Driver Behavior 

The main part of this 

Research to date has addressed primarily the effects o f  accelera- 

tion and deceleration on fue l  economy. Fuel economy improvements on the 

order of 5-10% are obtainable using "good" versus "normal acceleration 

habits. 

exactly constitutes optimal acceleration. At the present time we are 

limited to unclear, qualitative statements such as "brisk" or 

"moderate." Improving our understanding in this area i s  critical to 

developing a credible, scientific base for DECAT's curriculum. 

A key problem i s  the vagueness o f  our knowledge about what 

More importantly, DECAT's driver training includes far more than 

acceleration and deceleration. A key element i s  anticipation of manoe- 

vers and traffic situations, which allows the conservation of momentum, 

thus reducing the need for acceleration and contributing to safe driving. 

Other important areas include idling, cornering, cruising, and hill 

climbing. These areas are even less well understood than acceleration 

and represent important topics for further research. Finally, DECAT 

training stresses obeying posted speed limits, for safety and fuel 

economy. DECAT teaches that 55 mph not only saves lives but money too. 
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Table A.4 presents a range o f  estimates of the potential for 

improving vehicle fuel economy through improved driving techniques. 

Wherever possible, estimates have been chosen which maintain the same 

average speed or travel time. 

Table A.4. Estimates of fuel economy improvements 
possible via improved driving technique 

Source Potential improvement 

1. TRRL (England, 1979) +18. OXa 

3 .  Chang, et al. (1976) + l o .  4% 
4. Southern California Auto Club (1973) +7.8-16.1%: 
5. U.S. EPA (1980) +6.6-34.8% 

2. Claffey (1976) +4.8% 

aInclucies acceleration strategies only. 

In  several cases only acceleration strategies were considered, thus 

greatly 1 imiting the potential for improvement. Even so, available data 

suggest that 10% is probably a conservative estimate o f  the efficiency 

improvement achievable by a typical driver, in normal driving. Another 

significant element of the DECAT curriculum is vehicle maintenance, the 

subject o f  the following section. 

A.3 VEHICLE MAINTENANCE AND FUEL ECONOMY 

A.3.1 Vehicle Maintenance 

The potential for improving fuel economy through maintenance 

depends entirely on the current state o f  the vehicle. 

however, have demonstrated that fuel economy penalties f o r  improper or 

inadequate maintenance can be substantial. An important part o f  the 

Numerous studies, 

DECAT program i s  t o  inform operators about what aspects o f  car care are 

most important to maintaining optimal efficiency. 
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Perhaps t h e  eas ies t  s i n g l e  car  care a c t i o n  a d r i v e r  can take  t o  

improve h i s  v e h i c l e ' s  e f f i c i e n c y  i s  t o  keep i t s  t i r e s  p r o p e r l y  i n f l a t e d ,  

The EPA est imates the  s e n s i t i v i t y  o f  MPG t o  t i r e  pressures a t  0.55% per 

p s i ,  assuming a l l  t i r e s  equa l l y  i n f l a t e d  (EPA,  1980). Thus a v e h i c l e  

w i t h  a l l  f o u r  t i r e s  a t  20 p s i ,  which had a recommended maximum o f  30 

p s i ,  would s u f f e r  a l a s s  i n  MPG o f  5.5%. O f  course, the  p o t e n t i a l  f o r  

improvement depends an t h e  c u r r e n t  s t a t e  o f  u n d e r i n f l a t i o n  i n  the  ac tua l  

f l e e t .  Based on th ree  major surveys, i n c l u d i n g  a t o t a l  o f  16,000 

veh ic les ,  the  EPA concluded, 

" I f  the  u n d e r i n f l a t e d  t i r e s  were merely brought  up t o  recom- 
mended pressure, t h e i r  3.4% s h o r t f a l l  would be e l im ina ted ,  and 
f u e l  economy f o r  t he  o v e r a l l  f l e e t  would improve 2.3%." (EPA, 
1980, pp. 179-180.) 

S i m i l a r  est imates are found i n  o ther  sources. C la f fey ,  f o r  example, 

concluded t h a t  a 20% t i r e  pressure reduc t i on  would produce a 4% increase 

i n  f u e l  use a t  55  mph, and a 5.2% ncrease a t  30 mph. 

As i s  t y p i c a l  o f  car  care a c t  ons, ma in ta in ing  c o r r e c t  t i r e  pres- 

sures a l s o  saves money by reducing wear and t e a r  on veh ic le  components, 

and c o n t r i b u t e s  t o  sa fe  v e h i c l e  opera t ion .  The d r i v e r  thus t r i p l e s  h i s  

b e n e f i t s .  

Using the  r i g h t  k i n d  o f  t i r e s  i s  a l s o  impor tan t  t o  f u e l  economy. 

Radial  t i r e s  genera l l y  g i ve  b e t t e r  f u e l  economy than b i a s  p l y  t i r e s ,  

a l though the  s i z e  o f  t he  ga in  may vary  from car  t o  car  (Falcon, 1981). 

C l a f f e y  found t h a t  r a d i a l  versus b ias  p l y  t i r e s  saved 7% o f  f u e l  consump- 

t i o n  a t  30 mph. The EPA (1980), rev iewing  seven s tud ies ,  found the  

average s u p e r i o r i t y  o f  r a d i a l  t i r e s  t o  be n e a r l y  4% (Table A.5). I n  

a d d i t i o n ,  r a d i a l  t i r e s  pay f o r  t h e i r  e x t r a  cos t  because they l a s t  n e a r l y  

tw ice  as long.  
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Table A.5. Average MPG improvement 
for radial tires 

Cycle % MPG improvement 

EPA City 
EPA Highway 
30 mph cruise 
50 mph cruise 

+3 " 9% 
+3.4% 
+4.5% 
+4.1% 

Rolling resistance is not only increased by poor  tire design and 

underinflation, but also by misalignment and brake drag. There is very 

little data on the amount of excessive brake drag (OECD, 1981), however, 

the EPA has offered an estimate of the fuel economy penalty to the U . S .  

fleet o f  0.5% t o  1.0%. 

conservative. Several studies have indicated that front wheel misalign- 

ment can have very significant MPF effects (e.g., Yurko, 1978; MVMA, 

1973). An EPA study points t o  a DOT survey of 125,000 vehicles in five 

states, which found that 19% of all cars failed a front-end alignment 

test, and that 10% o f  all vehicles are probably operating under a 4% 

fuel economy penalty due to misaligned wheels (EPA,  1980). 

They add that they believe this figure to be 

All the factors mentioned which affect rolling resistance and MPG, 

are a l s o  important for safe operation o f  the vehicle. I n  general, they 

are also low-cost maintenance actions. 

In recent years "fuel saver" lubricants have been introduced which 

have been proven to increase MPG (Naman, 1981; Coordinating Research 

Council, 1978, e.y.1. An EPA study which surveyed the literature 

concluded that improvements ranged from 0 to IO%, but that an overall 

average o f  3.4% was reasonable. It i s  not known exactly what market 
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share f u e l  saver o i l s  c u r r e n t l y  have, b u t  t hey  are o n l y  a v a i l a b l e  i n  

mu l t i g rade  o i l s  which represented 40% o f  the market i n  1976-77. 

F i n a l l y ,  an improper ly  tuned v e h i c l e  wastes f u e l ,  t he  amount 

depending e n t i r e l y  on the  e x t e n t  and nature o f  t he  problem. Table A.6 

presents  a summary o f  i n t e r n a t i o n a l  s t u d i e s  c i t e d  by the OECD (1981). 

C l a f f e y ' s  (1976) s tudy p o i n t s  ou t  t h e  f a c t  t h a t  a tune-up i s  b e n e f i c i a l  

t o  f u e l  economy o n l y  when i t  i s  needed. Taking a random sample o f  22 

cars from t h e  t r a f f i c  stream, Claf fey gave each one a tune-up, whether 

i t  needed i t  or not.  The tune-up inc luded  plugs, p o i n t s ,  condenser 

( these a re  n o t  used on many new c a r s ) ,  a i r  f i l t e r ,  dwel l  t im ing ,  vacuum 

advances, compression t e s t ,  and, i f  needed, d i s t r i b u t o r  p a r t s  and f u e l  

system p a r t s .  As a r e su l t  o f  t h e  tune-up 8 v e h i c l e s '  MPG improved, 12 

remained the  same, and 2 a c t u a l l y  go t  worse. For those which improved, 

savings were as much as 16%. 

Table A.6. E f f e c t  o f  improper t un ing  on MPG 

Spark p lugs Carburetor Id1 e speed Fi ters 
Country 1 i n  4 miss. f u e l  m i x .  adjustment 

England 5-15% 7-20% 3-8% 1-15% 
U.S.A.  13-15% 11-20% 0-4% 

I ----- 7-8x - , . . , I  

Denmark 6% 
I ----- 4.3% - - - - I  

4.0% - - - - I  

France I 

Sweeden I I 

Fin1 and I I 
I --"-- 

A.3 .2  Summary: Vehic le  Maintenance and Fuel Economy 

Vehic le  maintenance can improve f u e l  economy s i g n i f i c a n t l y ,  t he  

s i z e  o f  t he  improvement depending on t h e  s i z e  o f  the maintenance problem. 

The general r u l e  t h a t  i f  i t ' s  working p r o p e r l y  d o n ' t  f i x  i t  c e r t a i n l y  



A- 14 

applies here. Yet there is considerable empirical evidence that 

problems such as tire underinflation, wheel misalignment, failure to use 

fire1 saving lubricants, and out-of-tune vehicles, are present in a large 

proportion of the vehicle fleet. 

sions of the OECD (1981) and €PA studies on automobile fuel consumption 

The following table summarizes conclu- 

with regard to the actual fuel savings potential o f  'improved vehicle 

maintenance. The total i n  Table A.7 is calculated using the lowest 

value when a range is specified. The values also take into account the 

prevalence of maintenance problems in the vehicle fleet, Although some 

of these data are rather old (5-10 yrs.) and probably not precise, still 

they do give a general idea o f  the magnitude of energy savings achiev- 

able by the average of consumers through improved maintenance: about 

10% 

Table A . 7 .  Potential fleet MPG gain from improved 
vehicle maintenance 

Problem Efficiency impact 
(X change in MPG) 

1. Correct tune 4.7% 
2 Wheel a1 i gnment 0.4% 
3. Brake drag 0.5- 1 I 0% 
4. Correct tire pressure 1.0% 
5. Better lubricants 2.0-4.O% 
6. Radial vs. bias tires 1.2% ( 3 . 7 %  per tire times 31% 

o f  ti res nonradi a1 s )  

TOTAL 10.1% 
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A.4 SUMMARY: THE EVIDENCE ON ENERGY SAVINGS FROM DRIVER ENERGY 
CONSERVATION 

The DECAT program inc ludes  a l l  f o u r  areas i n  which v e h i c l e  owners 

and operators  can improve f u e l  economy: 

1. energy e f f i c i e n t  d r i v i n g  techniques, 

2. maintenance f o r  energy e f f i c i e n c y ,  

3. e f f i c i e n t  v e h i c l e  usage ( t r i p  p lann ing ) ,  

4. s e l e c t i o n  o f  an e f f i c i e n t  v e h i c l e .  

A rev iew o f  t he  a v a i l a b l e  evidence i n d i c a t e s  t h a t  each o f  t h e  f i r s t  t w o  

ac t i ons ,  independently, has the p o t e n t i a l  t o  save t h e  average d r i v e r  a t  

l e a s t  10% o f  h i s  f u e l  b i l l .  

i n f o r m a t i o n  on the  average energy savings p o t e n t i a l  o f  t r i p  planning, 

b u t  what i s  known about the i n e f f i c i e n c y  o f  s h o r t  t r i p s  from a c o l d  

s t a r t  suggests t h a t  s i g n i f i c a n t  savings are poss ib le .  L ikewise, t he re  

are no known est imates o f  e f f i c i e n c y  improvements poss ib le  through 

consumers making b e t t e r  use o f  a v a i l a b l e  f u e l  economy in fo rma t ion  i n  

making v e h i c l e  choices. H y p o t h e t i c a l l y ,  t h e  p o t e n t i a l  e x i s t s  t o  

increase f u e l  economy by one h a l f .  

There appears t o  be no q u a n t i t a t i v e  

What the best  evidence on p o t e n t i a l  f u e l  economy improvements 

c l e a r l y  shows, i s  t h a t  t he  QECAT program goal o f  p r o v i d i n g  the  average 

d r i v e r  w i t h  i n f o r m a t i o n  and t r a i n i n g  which can save him a t  l e a s t  10% i n  

normal d r i v i n g  i s  r e a d i l y  achievable.  

8.1. TRUCKS: DRIVER TRAINING, MAINTENANCE, AND EQUIPMENT 

The DECAT-T course addresses the  problem o f  improving t r u c k  operat -  

i n g  e f f i c i e n c y .  The course covers th ree  bas i c  sub jec ts :  

1. f u e l  e f f i c i e n t  d r i v i n g  techniques, 
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2.  maintenance f o r  f u e l  e f f i c i e n c y ,  

3. s e l e c t i o n  o f  f u e l  e f f i c i e n t  equipment. 

The m a t e r i a l  taught  by DECAT-T i n  each o f  these areas has rece ived wide 

acceptance and been w ide ly  app l i ed  i n  t h e  t r u c k i n g  i ndus t r y .  The 

success o f  DECAT-T methods have been documented by f i r m s  and government 

s tud ies .  

Fuel e f f i c i e n t  d r i v i n g  techniques f o r  t r u c k s  s t r e s s  t h e  f o l  

1. keeping w i t h i n  the  l e g a l  speed l i m i t  ( 5 5  mph), 

2. conserving momentum by a n t i c i p a t i n g  manoevers and t r a f f  

s i t u a t i o n s ,  

3. r e t r a i n i n g  o f  d r i v e r s  

p rogress ive  s h i f t i n g  

d i e s e l  engines).  

t o  avo id  h igher  rpm's, and us ing  

e s p e c i a l l y  on veh ic les  w i t h  " f u e l  

owing: 

saver" 

Numerous f i e l d  t e s t s  and in-work experiences have shown t h a t  these 

techniques reduce t r u c k  f u e l  consumption s i g n i f i c a n t l y .  W i l t s h i r e  

(1981) r e p o r t s  t w o  experimental t e s t  programs i n  which d r i v e r  t r a i n i n g  

and m o t i v a t i o n  was successful i n  reducing f u e l  consumption i n  t r u c k  

f l e e t s  by 9-15%. 

1981), a 50% loaded d i e s e l  t r u c k  obtained 13.86 MPG us ing  a low rpm 

technique, b u t  o n l y  8,153 MPG us ing  a h igh  rpm d r i v e r  op t i on .  The 

r e s u l t s  were repeatable f o r  d i f f e r e n t  t rucks ,  gaso l ine  o r  d e i s e l .  

Hunter (1981) r e p o r t s  a c o n t r o l l e d  t e s t  o f  f o u r  t r u c k  p a i r s  f o r  more 

than one year .  Fue l  economy improvements o f  20-30% were demonstrated 

f o r  use o f  a lokr rpm versus moderate rpm s h i f t  schedule, and 40-48% f o r  

l o w  versus h igh  rpm s h i f t  schedule. I n  ac tua l  opera t ions ,  improvements 

a t t r i b u t e d  by t r u c k i n g  companies t o  d r i v e r  t r a i n i n g  on the  order o f  

I n  a t e s t  o f  t he  e f f e c t  o f  rpm on f u e l  economy (T rav i s ,  
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10-25%, or more, are common (e.g., Millan, 1981; Heavy Duty Trucking, 

June 1984, and June 1983; Commercial Car Journal, November 1979, and 

September 1981; Fleet Owner Magazine, December 1981). 

A study by Argonne National Laboratory (1982) concluded that 

improved driving practices could reduce truck fuel consumption by 12%. 

Significant savings were attributed t o :  

1. using progressive shifting, 

2. keeping within the 55 mph speed limit, 

3.  eliminating excessive idling, 

4. avoiding sudden stops and starts, by anticipating, 

5. monitoring fuel use to provide feedback to drivers. 

The same study estimated savings achievable by improved maintenance at 

1-8%. It pointed out that maintenance of correct coolant temperatures 

(about 185°F) can save fuel. 

fuel efficiency by 1%. Maintenance of fuel pumps and injectors i s  

critical to diesel engine fuel economy. Increasing fuel rail pressure 

(overfueling) and governor cut off speed (overspeeding) in order to 

obtain a 10% power increase can cost 15% in fuel use (DOT, 1981). Just 

as in automobiles, maintaining maximum fuel efficiency requires proper 

maintenance o f  tire pressures, use of radial rather than bias ply tires, 

proper brake adjustment, and wheel alignment (DOT and EPA, 1980). 

Each 9°F drop in coolant temperature cuts 

Selecting appropriate truck equipment is another key factor in 

maximizing MPG. Table A.8 summarizes estimates, taken from the litera- 

ture, of fuel economy improvements obtainable with equipment which is 

readily available and of proven effectiveness (Roberts and Greene, 

1983). Use of fuel saving equipment reduces the truck's power require- 
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Table A.8. Current heavy truck fuel economy 

estimates from the literature 
(Roberts and Greene, 1983) 

options with ranges of fuel savings 

Techno1 ogy 
Range of estimated 

fuel savings 
( % I  

Diesel engine 

Fan clutch 

Fuel saver diesels 

- direct injection 
- turbocharging 
- after cool i ng 
- low rpm 
- high torque rise 

Radial tires 

Aerodynamic add-ons 

- gap seals 
- side skirts 
- fairings 
- deflectors 
- air dams 
- boat tails 
- rounded corners 
- smooth skin 

Tag axle 

Improved lubricants 

30-55 

3-8 

5-20 

3-10 

3-10 

2-5  

1-2 

rnents, enabling additional savings to be realized by derating (reducing 

engine horsepower). 

acceptance by the industry, largely due ta t h e  efforts a f  the former 

Joint Industry-Government Voluntary Truck and Bus Fuel Economy Program. 

F o r  example, fuel economy diesel engines were installed an 69% of new 

Many o f  these devices have already received wide 
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t r u c k s  over 33,000 l b s .  gross v e h i c l e  weight  (GVW) i n  1983. Aerodynamic 

devices,  however, were i n s t a l l e d  on o n l y  33% o f  t h e  l a r g e r  t rucks .  

Radial  t i r e s  were s p e c i f i e d  f o r  82% o f  t he  81,000 new t rucks ,  o f  g rea te r  

than 33,000 l b .  GVW b u t  l e s s  than 20% o f  t he  77,000 new t r u c k s  between 

10,000 and 33,000 l b s .  GVW (Table A.9). 

Assoc. (1985) est imates t h a t  increased use o f  such equipment was responsi -  

b l e  f o r  sav ing 2.4 b i l l i o n  ga l l ons  o f  d i e s e l  f u e l  i n  the  U.S. i n  1983 

alone, and has saved a cumulat ive t o t a l  o f  13.8 b i l l i o n  ga l l ons  s ince  

1974. A g rea t  deal has been achieved b u t  a g rea t  deal remains t o  be 

done. 

The Motor Veh ic le  Manufacturers 

Voluntary  f u e l  economy programs, i n c l u d i n g  d r i v e r  t r a i n i n g ,  have 

been very  w e l l  rece ived by t h e  t r u c k i n g  i ndus t r y ,  e s p e c i a l l y  t he  l a r g e r  

t r u c k i n g  f i r m s  which have the  c a p a b i l i t y  t o  per form cos t -benef i t  analy-  

s i s ,  conduct t e s t s ,  ma in ta in  records,  and even i n s t i t u t e  t h e i r  own 

d r i v e r  t r a i n i n g  and mon i to r i ng  programs. On the  o the r  hand, independent 

t r u c k e r s  have been p a r t i c u l a r l y  hard t o  reach. A major chal lenge t o  the  

DECAT program l i e s  i n  adapt ing t h e i r  methods and dev i s ing  s t r a t e g i e s  t o  

reach independent t rucke rs ,  smal l  t r u c k  f l e e t s ,  and government f l e e t s .  
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T a b l e  A.9. H i s t o r i c a l  penet ra t ions  fo r  f u e l  economy opt ions  
a v a i l a b l e  on c lass  8 (over  33,000 l b s  GVWR) t r ucks  

(Roberts and Greene, 1983) 

Road 
Tag speed Economy Aerodynami c Radi a1 Fan 

devices ti res clutches axle governors Diesel 

1973 87.3 
1974 87.0 
1975 87.9 
1976 92.8 
1977 95.0 
1978 94.9 
1979 93.3 
1980 94.0 
1981 96.0 
1982 99.0 
1983 99.3 

15.4  
18.2 
28.6 
30.5 
50.1 
57.3 
59.6 
57.0 
56.6 
62.8 
68.7 

0.8 
1.1 
3.2 

13.0 
11.2 
11.9 
12.9 
15.2 
17.6 
24.4 
33.4 

3.2 
3.8 
7.8 

24.0 
23.2 
29.5 
34.2 
40.7 
62.1 
64.5 
81.7 

4.0 
3.8 

24.0 
39.1 
47.7 
75.1 
82.6 
84.8 
91.0 
96.5 0.7 2.5 
96.0 0.3 3.5 

Source: &el Economy News, Voluntary truck and bus fuel economy program, 
USDQT. 
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