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ABSTRACT 

To a s s e s s  t h e  p o t e n t i a l  market  p e n e t r a t i o n  of new v e h i c u l a r  con- 

c e p t s ,  i t  i s  f i r s t  necessa ry  t o  de te rmine  the  c u r r e n t  l e v e l  of demand i n  

terms of p h y s i c a l  c a p a b i l i t i e s  and economic c o n s t r a i n t s .  The su rvey  

d e s c r i b e d ,  i n  t h i s  r e p o r t  a t t e m p t s  t o  measure t h e s e  c h a r a c t e r i s t i c s  f o r  

t h e  f l e e t  market s e c t o r  i n  t h e  U.S. 

The d a t a  ana lyzed  come from a s u r v e y  t aken  i n  March 1979 of members 

of t h e  N a t i o n a l  A s s o c i a t i o n  of F l e e t  A d m i n i s t r a t o r s  (NAFA). Each r e s -  

pondent was asked t o  s p e c i f y  a  s e t  of c h a r a c t e r i s t i c s  f o r  e l e c t r i c  c a r s  

t h a t  would meet h i s  s p e c i f i c  f l e e t  demands and a s s i g n  t h e  maximum p r i c e  

he would be w i l l i n g  t o  pay f o r  each o p t i o n .  From t h e  139 r e s p o n s e s ,  i t  

i s  p o s s i b l e  t o  r e l a t e  t h e  p h y s i c a l  s p e c i f i c a t i o n s  of f l e e t  v e h i c l e s  to  

economic u t i l i t y .  

Two o t h e r  r e p o r t s  d e a l  w i t h  t h e  s i m u l a t o r  (CPEN) which was des igned 

by RNL t o  e s t i m a t e  market  p e n e t r a t i o n  r a t e s  of new t e c h n o l o g i e s  i n  t h e  

f l e e t  market ,  u s i n g  the  d a t a  base  d e s c r i b e d  w i t h i n  t h i s  r e p o r t :  Joseph  

R.  Wagner, A Method f o r  E s t i m a t i n g  T e c h n o l o g i c a l  P e n e t r a t i o n  R a t e s  i n  

Commercial Automobile F l e e t s ,  BNL 51312, May 1,980, and Richard  Weil ,  

F l e e t  Car Market P e n e t r a t i o n  S i m u l a t o r  (CPEN): A U s e r ' s  Guide. BNL 

51286, August 1980. 
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HIGHLIGHTS . 

I n  1979 a  survey was mailed t o  t h e  members of t h e  N a t i o n a l  Associa- 

t i o n  of F l e e t  A d m i n i s t r a t o r s  (NAFA). The fo l lowing  conc lus ions  a r e  based 

on t h e  response of 139 members, r e p r e s e n t i n g  8 4 , 5 5 9 . f l e e t  automobi les .  

T y p i c a l  e l e c t r i c  v e h i c l e  (EV) d e s i g n  r e q u i r e d  by t h e  f l e e t  opera- 

t o r s :  

4  s e a t s  

16 cub ic  f o o t l t r u n k  

4  hours  f o r  b a t t e r y  r e c h a r g e  

192-mile range 

H e a t e t ,  a i t  c o n d l t ~ o n ~ n g ,  power steering, and power brakes 

I n t e r s t a t e  highway c a p a b i l i t y  

?lax 13 unscheduled days i n  shop pcr ycar  

The o p e r a t i n g  demands and d e s i r e d  o p t i o n s  v a r i e d  by s e c t o r .  T h i s  

d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  t h e  s e a t ,  t runk ,  

range,  and r e l i a b i l i t y  o p t i o n s  bu t  not  f o r  the  recharge op t ion .  

Of t h e  f o u r  s e c t o r s  inc luded  i n  t h e  survey,  t h e  p o l i c e  s e c t o r  

demands a r e  s i g n i f . i c a n t l y  d i f f e r e n t  from those  of the  o t h e r  

three. sectacs (government, ' h ~ ~ s i . n e s s ,  ~ . ~ t i . ' l  i. ty). 

The f l e e t  o p e r a t o r s  were on average  w i l l i n g  t o  pay $52 f o r  a  

h e a t e r ,  $303 f o r  a i r  c o n d i t i o n i n g ,  $85 f o r  power s t e e r i n g ,  $70 

f o r  power hrak,es, and $278 f o r  i n t e r s t a t e  highway c a p a b i l i t y .  

The f l e e t  o p e r a t o r s  were on average  w i l l i n g  t o  pay $179 f o r  each 

a d d i t i o n a l  s e a t ,  $12 f o r  each a d d i t i o n a l  c u b i c  foot i n  t r u n k  

s p a c e ,  and ,$I. 03  f o r  each a d d i t i o n a l  mi le  of range. They would 

add t o  t h e  purchase  p r i c e  $13 f o r  each hour d e c r e a s e  of recharge  

t i m e  and $11.50 f o r  each day ' s  d e c r e a s e  i n  unscheduled t i m e  i n  

t h e  shop. 

There  is no s i n g l e  o v e r r i d i n g  f a c t o r  t h a t  i n f l u e n c e s  a p p l i c a -  

b i l i t y  r a t e s  of EVs. 

- v i i i  - 



1. INTRODUCTION 

To a s s e s s  t h e  p o t e n t i a l  market  p e n e t r a t i o n  of new v e h i c u l a r  con- 

c e p t s ,  i t  is  f i r s t  n e c e s s a r y  t o  de te rmine  the  c u r r e n t  l e v e l  of demand i n  

terms of p h y s i c a l  c a p a b i l i t i ' e s  and economic c o n s t r a i n t s .  The su rvey  

d e s c r i b e d  I n  t h i s  r e p o r t  a t t e m p t s  t o  measure t h e s e  c h a r a c t e r i s t i c s  f o r  

t h e  f l e e t  market i n  t h e  U.S. 

The f l e e t  market  is h e r e  d e f i n e d  a s  c o n s i s t i n g  of l i g h t - d u t y  highway 

v e h i c l e s  ( i . e . ,  passenger  c a r s  and t r u c k s )  o p e r a t e d  by c o r p o r a t i o n s  and 

government a g e n c i e s .  Two of t h e  most s i g n i f i c a n t  r e a s o n s  f o r  choos ing  

t h e  f l e e t  S e c t o r  f o r  t h i s  su rvey  a r e  t h a t  t h e  f l e e t  market  is r a t h e r  

l a r g e ,  a c c o u n t i n g  f o r  13.7% of new c a r  r e g i s t r a t i o n s  i n  1978,* and t h a t  

g i v e n  t h e i r  s p e c i f i c  o p e r a t i n g  demands, f l e e t s  o f f e r  some s p e c i a l  oppor- 

t u n i t i e s  f o r  v e h i c l e s  w i t h  unusua l  o r  l i m i t e d  performance c h a r a c t e r i s -  

t i c s .  ** 
I n  o r d e r  t o  e s t i m a t e  market  p e n e t r a t i o n  r a t e s  of new t e c h n o l o g i e s  i n  

t h e  f l e e t  market ,  Brookhaven N a t i o n a l  L a b o r a t o r y  (BNL) des igned  a  sirnula- 

t o r  (CPEN) u s i n g  t h e  d a t a  base  (NAFA d a t a  base )  d e s c r i b e d  i n  t h i s  r e -  

p o r t .  A d e s c r i p t i o n  of t h e  s i m u l a t o r  and a guide  t o  i t s  use  a r e  c o n t a i n -  

ed i n  t h e  f o l l o w i n g  two r e p o r t s :  Joseph  R. Wagner, A Method f o r  E s t i m a t -  

i n g  T e c h n o l o g i c a l  P e n e t r a t i o n  R a t e s  i n  Commercial Automobile F l e e t s ,  BNL 

51312 p repared  f o r  t h e  1J.S. Department of Energy (DOE), May 1980; and 

Richard  Wei l ,  ~ l e e t  Car Market P e n e t r a t i o n  S i m u l a t o r  (CPEN) : a  U s e r ' s  

Guide,  BNL 51286 p repared  f o r  t h e  U.S. Department of Energy,  (DOE), Au- 

g u s t  1980. 

-- 
"1,504,809 f l e e t  c a r s  r e g i s t e r e d  i n  1978 (Automotive F l e e t  F a c t  Book, 
A p r i l  1980,  p .  26)  and 10,946,104 passenger  c a r s  r e g i s t e r e d  i n  1978 (MVMA 
Motor V e h i c l e  F a c t s  & F i g u r e s  ' 7 9 ,  p. 24)  
**See t h e  f o l l o w i n g  r e p o r t s  f o r  a  more d e t a i l e d  d i s c u s s i o n :  D.B.  Shonka, 
C h a r a c t e r i s t i c s  of  Automotive F l e e t s  i n  t h e  Uni ted  S t a t e s  1966-1977, 
O R N L / T M - ~ ~ ~ ~ ,  September ,  1975. Joseph  R. Wagner, F l e e t  O p e r a t o r  Data 
Book (Summer 1977 D a t a ) .  'Jol. I: N a t i o n a l  Da ta ,  BNL 50904, September 
1979. 



2. DESCRIPTION OP SAMPLE AND QUESTIONNAIRE 

The N a t i o n a l  A s s o c i a t i o n  of F l e e t  A d m i n i s t r a t o r s  (NAFA) i s  a  profes-  

s i o n a l  o r g a n i z a t i o n  of f l e e t  a d m i n i s t r a t o r s ,  each o p e r a t i n g  a  f l e e t  of a t  

l e a s t  25 c a r s  o r  l i g h t  t r u c k s .  I n  March 1979, t h e  NAFA mai led  ques- 

t i o n n a i r e s  t o  i t s  1500 members." Response was s t r i c t l y  v o l u n t a r y  and no 

follow-up l e t t e r s  were s e n t  o u t .  139 u s a b l e  r esponses  were r e c e i v e d ,  

r e p r e s e n t i n g  abou t  12% of  t h e  t o t a l  au tomobi les  managed by t h e  NAFA mem- 

b e r s h i p  (84 ,559  c a r s ) .  Of t h e  t o t a l  c a r s  i n  market s e c t o r s  spanned by 

NAFA ( i . e . ,  b u s i n e s s ,  u t i l i t y ,  p o l i c e ,  and government) ,  a n  e s t i m a t e d  1.8% 

were  a c t u a l l y  r e p r e s e n t e d  by those  NAFA members responding t o  the  su rvey  

sample .  The NAFA sample i s  not a  s t a t i s t i c a l l y  des igned p r o b a b i l i t y  

sauiple. The Lypr uT f l e e L  ceusus rleeded t o  d e v i s e  such a sample 13 nor 

c u r r e n t l y  a v a i l a b l e .  

T'he m a j o r i t y  of t h e  NAFA mem'bers ( 7 6 . S X )  and the  cor respond ing  f l e e t  

s u r v e y  r e s p o n d e n t s  r e p r e s e n t  b u s i n e s s  f l e e t s  ( s e e  Tab le  1).  However, 

t h r e e  o t h e r  market  s e c t o r s  a r e  i n c l u d e d :  u t i l i t i e s  ( e l e c t r i c  and g a s ) ,  

1 . 2 % ;  p o l i c e ,  6%;  and government ( n o n - p o l i c e ) ,  1 6 . 3 2 .  Taxi  f l e e t s ,  

r e n t a l  f l e e t s ,  i n d i v i d u a l l y  l e a s e d  v e h i c l e s ,  and t h e  f e d e r a l  government 

f l e e t  a r e  not r e p r e s e n t e d  by the  NAFA membership and t h u s ,  corresponding-  

l y ,  by t h e  NAFA survey .  The d i s t r i b u t i o n  of t h e  NAFA d a t a  base  among t h e  

marke t  s e c t o r s  i s  compared i n  'l'able I w i t h  the  n a t i o n a l  d i s t r i b u t i o n  of 

f l e e t s  a s  p u b l i s h e d  i n  B o b i t ' s  Automotive F l e e t  Magazine.** The compari- 

son  i n d i c a t e s  t h a t  t h e  d i s t r i b u t i o n s  a r e  s i m i l a r ,  having a  c o r r e l a t i o n  

c o e f f i c i e n t  of .99. The u t i l i t y  s e c t o r  a p p e a r s  t o  be u n d e r r e p r e s e n t e d ,  

though.  The b u s i n e s s  s e c t o r ,  because  of i t s  s i z e ,  e x e r t s  c o n s i d e r a b l e  

i n f l u e n c e  over  t h e  a g g r e g a t e  measures.  

---- 
*The q u e s t i o n n a i r e  is g i v e n  i n  Appendix A. 
**The Bobi t  d a t a  a r e  by no means d e f i n i t i v e ,  b u t  they a r e  the  b e s t  s o u r c e  
a v a i l a b l e  f o r  comparison.  



Table  1 

.- 
DISTRIBUTION OF NAFA RESPONDENTS AND n E E T  CARS BY SECTOR - 

S e c t o r  

NAFA NAFA Bobi t 
NAFA c a r s  c a r s  c a r s a  

r e s p o n d e n t s  (No .) (% 1 ( %  1 

Government b 17 13,746 16.3 16.5 

Uti l i t i e s  6  1 ,028 1.2 13.5 

A l l  s e c t o r s  ----- 139 -- 84,559 - 100.0 100.0 

aAutomotive F l e e t  F a c t  Book, Bobi t  P u b l i s h i n g  Co., p. 3 0 ,  A p r i l  1980. 
b ~ t a t e  and L o c a l .  
CRus iness  f l e e t s ,  25 c a r s  or .more  

<. 

The i n t e n t  of t h e  su rvey  was twofold:  1) t o  make a  v e h i c l e  count  by 

t y p e  ( c a r  and l i g h t  t r u c k )  and by s t a t e ;  2 )  t o  de te rmine  t h e  p h y s i c a l  

demands and economic c o n s t r a i n t s  f o r  t e n  o p t i o n s  s e l e c t e d  a s  those  most 

l i k e l y  t o  a f f e c t  t h e  a c c e p t a n c e  of  a  new t r a n s p o r t a t i o n  t echno logy ,  

e . g . ,  e l e c t r i c  v e h i c l e s  ( E V s ) .  Op t ions  s p e c i f i e d  were a s  fo l lows :  

( 1 )  s e a t i n g  c a p a c i t y ,  ( 2 )  t r u n k  s p a c e ,  ( 3 )  performance c a p a b i l i t y ,  

such  a s  speed and a c c e l e r a t i o n  s u f f i c i e n t  t o  use l i m i t e d  a c c e s s  roads .  

l i k e  i n t e r s t a t e s ,  ( 4 )  r e c h a r g e  t i m e ,  ( 5 )  r ange  between r e f u e l i n g s ,  ( 6 )  

h e a t e r ,  ( 7 )  a i r  c o n d i t i o n e r ,  (8) power s t e e r i n g ,  ( 9 )  power b r a k e s ,  and 

( 1 0 )  r e l i a b i l i t y  ( a l l o w a b l e  annua l  number of  unscheduled days i n  shop) .  

The respondent  was asked t o  s p e c i f y  a  s e t  of c h a r a c t e r i s t i c s  f o r  

e l e c t r i c  c a r s  t h a t  would meet h i s  s p e c i f i c  f l e e t  demands and a s s i g n  t h e  

maximum pr ice  he would be w i l l i n g  t o  pay f o r  each o p t i o n .  He was a l lowed 

t o  s p e c i f y  up t o  t h r e e  d i f f e r e n t  v e h i c l e s  i n  a d d i t i o n  t o  t h e  base  



car .*  The base c a r  was g iven  t h e  f o l l o w i n g  o p t i o n s :  2  s e a t s ,  5 c u b i c  

f e e t  t r u n k  space ,  8-hour recharge  t ime ' f o r  a  range of 30 m i l e s ,  a .maximum 

of 20 unscheduled days i n  shop per  y e a r ,  and no a i r  c o n d i t i o n e r ,  h e a t e r ,  

power b rakes  o r  performance c a p a b i l i t y  ( s e e  Tab le  2 ) .  The f l e e t  managers 

i n d i c a t e d  t h a t  t h i s  base c a r  w a s  s u f f i c i e n t  f o r  7.2% of t h e i r  v e h i c l e  

s t o c k .  That i s ,  7.2% of t h e  t o t a l  sample could  be r e p l a c e d  w i t h  EVs 

h a v i n g .  t h e  base  c a r ' s  p h y s i c a l  c h a r a c t e r i s t i c s  (w/o p r i c e  cons idera -  

t i o n s ) .  A l l  139 responden ts  s p e c i f i e d  a t  l e a s t  one type of EV beyond t h e  

b a s e  c a r , ' 8 9  s p e c i f i e d  two EVs, and 49 s p e c i f i e d  t h r e e .  

T a b l e  2 ~ 

ELECTRIC CAR ATTRIBUTES 

Typica l  EV 
NAFA c h a r a c t e r i s -  

su rvey  t i c s  spec i -  1986 
base f i e d  NAFA Ta t ge t  
c a r  responden ts  EV 

S e a t s  2  4 4  

Trunk ( c u b i c  f e e t )  5 16 5 

Performance No Yes Yes 

Recharge time ( h r )  

Range ( m i l e s )  

He3 t o r  

A i r  c o n d i t i o n e r  

Power s t e e r i n g  

4  

19 2 

Yco 

No Yes 

No Yes 

8  

100 

Ycs 

Ycs 

Yes 

Power b rakes  No Yes Yes 

R e l i a b i l i t y  (days )  20 13 0  -.--- 

I n  most c a s e s ,  t h e  d e l i v e r e d  p r i c e  on t h e  base  c a r  ( n o t  i n c l u d i n g  

t h e  p r i c e  of t h e  o p t i o n s )  was f i x e d  a t  $2,000. However, t h e  b u s i n e s s  

s e c t o r  q u e s t i o n n a i r e  r e c i p i e n t s  were a r b i t r a r i l y  d i v i d e d  i n t o  t h i r d s .  

The base  p r i c e  f o r  t h e  f i r s t  t h i r d  was s e t  a t  $2,000; t h e  second t h i r d ,  

*The respondent  was a l s o  asked t o  d e s i g n  e l e c t r i c  t r u c k s .  T h i s  a n a l y s i s  
i s  r e s t r i c t e d  t o  a  d i s c u s s i o n  of the  e l e c t r i c  c a r  des igns .  



$4,000; and t h e  l a s t  t h i r d ,  $6,000. The f i n a l  purchase  p r i c e  was ca lcu-  

l a t e d  by add ing  t h e  a d d i t i o n a l  p r i c e s  s p e c i f i e d  f o r  each o p t i o n  t o  t h e  

base  p r i c e .  

A f t e r  t h e  responden t  had s p e c i f i e d  c h a r a c t e r i s t i c s  f o r  h i s  c a r ( s )  

and o p t i o n  p r i c e s ,  he was asked to  d e s i g n a t e  what pe rcen tage  of h i s  t o t a l  

f l e e t  cou ld  u s e  each type  of  c a r .  I n  o r d e r  t o  g e t  t h e  number of c a r s  

i n v o l v e d ,  t h e  responden t s '  t o t a l  number of c a r s  ( a s  i n d i c a t e d  i n  

t h e  v e h i c l e  census  s h e e t  f i l l e d  o u t  by t h e  responden t )  i s  then  m u l t i p l i e d  

by each pe rcen tage .  A s  noted above,  t h e r e  were 139 r e s p o n d e n t s  wi th  a  

combined f l e e t  of 84,559 au tomobi les .  

3 .  CHARACTERIZATION OF THE NAFA DATA BASE 

A s  i n d i c a t e d  i n  t h e  p r e v i o u s  s e c t i o n ,  each respondent  w a s  asked t o  

d e s i g n  e l e c t r i c  c a r s  t h a t  would s a t i s f y  h i s  p a r t i c u l a r  f l e e t ' s  demands. 

From t h e s e  i n d i v i d u a l  r e s p o n s e s ,  i t  is  p o s s i b l e  t o  d e v i s e  composi te  

demands ( s e e  Tab le  2 ) .  That  i s ,  on t h e  a v e r a g e ,  f l e e t  o p e r a t o r s  i n d i -  

c a t e d  t h a t  they  would need EVs w i t h  s e a t i n g  c a p a c i t y  f o r  4 people  and 

w i t h  1 5 - f t 3  s t o r a g e  space  i n  t h e  t r u n k .  The o p e r a t i n g  range shou ld  be 

a b o u t  200 m i l e s  w i t h  a  4-hr maximum r e c h a r g e  t ime and no more than  13 

unscheduled days i n  the  shop per  y e a r .  ~ l s o ,  a l l  of t h e  o p t i o n s  should  

be a v a i l a b l e :  h e a t e r ,  a i r  c o n d i t i o n e r ,  power s t e e r i n g ,  power b r a k e s ,  and 

s u f f i c i e n t  speed and a c c e l e r a t i o n  to  use  l i m i t e d  a c c e s s  roads  ( p e r f o r -  

mance o p t i o n ) .  For t h i s  E V  t h e  f l e e t  o p e r a t o r s  were w i l l i n g  t o  pay 

$5,700.  The e x t e n t  t o  which the  p r e f e r e n c e s  of i n d i v i d u a l  r e sponden t s  

d e v i a t e d  from t h i s  ave rage  v e h i c l e  i s  p a r t i a l l y  r e v e a l e d  by Tab le  3 ,  

which shows t h e  d i s t r i b u t i o n  of d e s i r e d  c a r  s i z e s  ( i . . ,  s e a t i n g  

c a p a c i t i e s ) .  

- .- - - - - .- - - - - - -. - - -- - - - - - - - - - -- 
Table 3 

BREAWOWN OF U E S l K E D  CAR SIZES 
-- - -- - - - -- 

Size of car % - - - -- - - - 

Small 
(< 5 seats)  68.9 

led ium 
(= 5 sea t s )  16 - 8  

Large ' 

(> 5 seats)  14.3 
- - -- - - -- - - - --- 

- 5  - 
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The o p e r a t i n g  demands and t h e  r e q u i r e d  o r  d e s i r e d  o p t i o n s  v a r i e d  by 

s e c t o r  ( s e e  Tab le  4 ) .  The averages  of t h e  a t t r i b u t e s  f o r  each of t h e  

f o u r  s e c t o r s  (government, p o l i c e ,  b u s i n e s s  and u t i l i t y )  were c l u s t e r e d .  

The r e s u l t s  i n d i c a t e  t h a t ,  o v e r a l l ,  t h e  p o l i c e  s e c t o r  is s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  o t h e r  3 s e c t o r s .  U t i l i t y ,  b u s i n e s s ,  and government 

s e c t o r s  t end  t o  e x h i b i t  s i m i l a r  c h a r a c t e r i s t i c s .  Of course ,  t h e s e  s i m -  

i l a r i t i e s  and d i f f e r e n c e s  v a r i e d  by op t ion .  

The number of s e a t s  r e q u i r e d  v a r i e d  from a  low of 3 f o r  t h e  u t i l i t y  

s e c t o r  t o  a high of , 4  f o r  t h e  o t h e r  3 s e c t o r s .  U t i l i z i n g  an  a n a l y s i s  of 

v a r i a n c e  t e s t , *  t h e  d i f f e r e n c e  among s e c t o r s  was cons idered  s t a t i s t i c a l l y  

o i g n i f i c a n t  a t  t h c  95% c o n f i d c n c c  i n t c r v a l  ((3.1.). 

There  was c o n s i d e r a b l e  v a r i a t i o n  i n  average  t runk  c a p a c i t y  needed. 

The d i f f e r e n c e s  among s e c ' t o r s  was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  99% 

C . I .  For example, t h e  u t i l i t y  s e c t o r  i n d i c a t e d  t h a t  they needed about  

7.5 c u b i c  f e e t  of t runk  space ,  whereas t h e  government s e c t o r  r e q u i r e d  

27.5 c u b i c  f e e t .  The d e s i g n  of t h e  1986 t a r g e t  EV a l lows  f o r  5 c u b i c  

f e e t .  

According t o  t h e  a n a l y s i s  of v a r i a n c e  t e s t ,  t h e r e  is  no s i g n i f i c a n t  

d i f f e r e n c e  among market s e c t o r s  i n  terms of d e s i r e d  recharge  time. I n  

terms of a b s o l u t e  numbers, t h e  p o l i c e  s e c t o r  p laced t h e  most emphasis 

on l i m i t e d  downtime due t o  recharge  requ i rements  (1.7 h r )  and t h e  u t i l i t y  

s e c t o r  t h e  l e a s t  (5 .6  h r ) .  The o t h e r  s e c t o r s  r e q u i r e d  4-hr recharge  

t imes .  The 1986 t a r g e t  b a t t e r i e s  r e q u i r e  about  8  h w r s  t o  recharge. 

'Shere was a  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  ( a t  t h e  99X C.I.) 

i n  range requirements  by s e c t o r .  The government s e c t o r  reques ted  a  range 

of a b o u t  100 m i l e s  w h i l e  t h e  p o l i c e  s e c t o r  r e q u i r e d  a  436-mile range. 

The range on premium E V s  i n  s e r v i c e  today i s  100 mi les .  

F i n a l l y ,  importance of the  r e l i a b i l i t y  of the  EV v a r i e d  s i g n i f i -  

c a n t l y  ( a t  the  99% C.I.)  among t h e  s e c t o r s .  The b u s i n e s s  s e c t o r  o b j e c t e d  

most t o  unscheduled days i n  t h e  shop (max=12 days) .  Th i s  is  high i n  com- 

p a r i s o n  t o  new ICE c a r s  which a r e  not expected t o  spend many days i n  t h e  

*The Ana lys i s  of Var iance (ANOVA) uses  a  F r a t i o  t e s t  t o  de te rmine  i f  
s t a t i s t i c a l  d i f f e r e n c e s  e x i s t .  



T a b l e  4  

NAFA FLEET OPERATOR DEMANDS RY SECTOR 
.- 

No. 

P. v Av t r u n k  Av r e c h a r g e  Av r ange  Av r e l i a b i l i t y  Av c a r  respon-  
S e c t o r  -- s e a t s a  -- -- - ( f t 3 )  - ( h r )  ( m i l e )  ( d a y s )  p r i c e  d e n t s  

P o l i c e  4 .1  16 .5  1.7 436 1 5  $6202 7  

Government 4.4 27.5 4 .1  101 15  3792 17 

U t i l i t i e s  3 .O 7 . 5  5.6 150 16  4128 6  

B u s i n e s s  4.9 12.6 4.2 156 1 2  6048 109 

A l l  s e c t o r s  4 .1  16 .2  -. 4 .O 192 1 3  5667 139 

a ~ n c l u d i n g  d r i v e r .  

AVERAGE PRICE OF SELECTED OPTIONS AS DETERMINED BY NAFA FLEET OPERATORS 
-- 

OPTION - - - - - - - - - - - - - - - - - - - - - - - 
A i r  Power Power No. 

S e c t o r  H e a t e r  c o n d i t i o n e r  s t e e r i n g  b r a k e s  Pe r fo rmance  r e s p o n d e n t s  - - 
P o l  i c e  $70 $231 $152 $111 $209 7  

Government 8 3  179 70 4  8  29 8  - 17 

u t i l i t i e s  3 2 238 60 3  6  249 6  

B u s i n e s s  

A l l  s e c t o r s  5  2  303 85 7  0  278 139 

ICE r e t a i l  l i s t  
p r i c e a  S t a n d a r d  5  00 150 6  5 S t a n d a r d  

a ~ a s e d  on o p t i o n  p r i c e s  g i v e n  i n  Automot ive  News 1979 Market  Da ta  book I s s u e ,  p .  78. These  v a r y  somewhat by s i z e  
of  c a r  and m a n u f a c t u r e r .  



shop f o r  r e p a i r s  excep t  f o r  r e g u l a r l y  scheduled maintenance. However, 

t h i s  seems t o  be a moot p o i n t  a s  t h e  s t a t e - o f - t h e - a r t  EVs a r e  expected t o  

be a t  least a s  r e l i a b l e  as ICES. 

' The r e s p 0 n d e n . t ~  were a l s o  asked t o  i n d i c a t e  t h e  maximum p r i c e  they  

would be w i l l i n g  t o  pay f o r  each op t ion .  The p r i c e s  f o r  f i v e  o p t i o n s  a r e  

g i v e n  by s e c t o r  i n  T a b l e  5. On t h e  average ,  t h e  f l e e t  o p e r a t o r s  were 

v i l l i n g  t o  pay $52 f o r  a  h e a t e r ,  which is u s u a l l y  s t a n d a r d  equipment 

( i . e . ,  inc luded  i n  t h e  base  p r i c e )  on ICE c a r s .  An a i r  c o n d i t i o n e r  (A/C) 

w a s  worth $303.. The power s t e e r i n g  o p t i o n  w a s  valued a t  $85 and power 

b rakes  a t  $70. The performance o p t i o n ,  d e f i n e d  as speed and a c c e l e r a t i o n  

s u f f i c i e n t  t o  use  l i m i t e d  a c c e s s  roads  such a s  i n t e r s t a t e s  and express-  

ways, was worth  $278 on t h e  average.  Th is  o p t i o n  i s  s t a n d a r d  on c u r r e n t  

ICE c a r s .  The f l e e t  o p e r a t o r s  valued t h e  A/C and power s t e e r i n g  o p t i o n s  

below sugges ted  r e t a i l  p r i c e s .  Th i s  can be exp la ined  from t h e  observa- 

t i o n  t h a t  f l e e t  o p e r a t o r s  f r e q u e n t l y  o b t a i n  s u b s t a n t i a l  d i s c o u n t s  from 

l i s t  p r i c e s .  

Using r e g r e s s i o n  a n a l y s i s ,  marg ina l  p r i c e s  were c a l c u l a t e d  f o r  t h e  

o t h e r  f i v e  o p t i o n s , *  and a r e  p r e s e n t e d  i n  T a b l e  6 .  On t h e  average ,  t h e  

E l e e t  o p e r a t o r s  were' w i l l i n g  t o  pay $179 f o r  each a d d i t i o n a l  s e a t  beyond 

t h e  two a v a i l a b l e  i n  t h e  base  c a r .  Th i s  v a r i e d  from a  low of  $150 i n d i -  

c a t e d  by p o l i c e  a d m i n i s t r a t o r s  t o  a  h igh  of $855 i n d i c a t e d  by u t i l i t i e s .  

On t h e  average ,  t r u n k  space  i s  va lued  a t  $12 per  c u b i c  f e e t  beyond t h e  5 

c u b i c  f e e t  a v a i l a b l e  i n  t h e  base ca r .  Once a g a i n  u t i l i t i e s  were w i l l i n g  
3  t o  pay a premium $ 5 7 / f t  , whereas t runk  space was va lued  a t  o n l y  $ l l / f t 3  

by t h e  b u s i n e s s  f l e e t  a d m i n i s t r a t o r s .  

The f l e e t  o p e r a t o r s  were w i l l i n g  t o  pay, on t h e  average ,  $13 f o r  

each  one hour r e d u c t i o n  i n  recharge  time from the  8-hour r e f u e l i n g  t i m e  

r e q u i r e d  by t h e  base  c a r .  The u t i l i t y  s e c t o r  was w i l l i n g  t o  pay t h e  

most f o r  r c d u c t i o n s  i n  t h e  8-hour r e c h a r g e  t i m e  of t h c  base  c a r ,  though 

they  r e q u i r e d  t h e  l e a s t  amount of a c t u a l  r echarge  t ime reduc t ion .  F l e e t  

o p e r a t o r s  were w i l l i n g  t o  pay about  $1.00 p e r  mi le  f o r  range g r e a t e r  t h a n  

t h e  30 m i l e s  o f f e r e d  by t h e  base  ca r .  Bus iness  f l e e t  o p e r a t o r s  would 

*These numbers a r e  based on the  p r i c e s  i n d i c a t e d  f o r  o p t i o n a l  c a r  1 only .  
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T a b l e  6  

MARGINAL PRICES FOR SELECTED.OPTIONSa 

Marginal  p r i c e s  ($1 per  u n i t  

No. Trunk Reduct ion i n  Improved 
s e a t s b  space  r e c h a r g e  t ime Range r e i i a b i l i t y  No. 

S e c t o r  ( $ / s e a t s  ( $ / f  t 3 )  ( $ h r ) )  ( $ / m i l e s )  ( $ / d a y s )  r e s p o n d e n t s  

P o l i c e  $150 $17 $15 $1.75 $18.24 7  

Government 207 2  0  8  1.31 7.30 17 

U t i l i t i e s  855 57 18 3.32 2.55 6  

Bus iness  156 11 14 .5  12.46 109 

A l l  s e c t o r s  179 12 13 1.03 11.50 139 

aBased on t h e  p r i c e s  i n d i c a t e d  f o r  o p t i o n a l  c a r  1  on ly .  
b l n c l u d i n g  d r i v e r .  

on ly  pay 50#/mile ;  u t i l i t i e s ,  $3.32/mile.  Improved r e l i a b i l i t y  was worth,  on 

t h e  a v e r a g e ,  $11.50 p e r  one day r e d u c t i o n  i n  number of unscheduled days i n  

r e p a i r  shop ( b a s e  c a r  e q u a l  t o  12 days ) .  R e l i a b i l i t y  was worth  most t o  p o l i c e  

($18/day)  and l e a s t  t o  u t i l i t i e s  ($2.55). From t h i s  a n a l y s i s ,  i t  appears  t h a t  

t h e  u t i l i t y  s e c t o r  i s  t h e  l e a s t  c o n s t r a i n e d  by economic c o n s i d e r a t i o n s .  

F u r t h e r  r e g r e s s i o n  a n a l y s i s  based on o p t i o n a l  c a r  1  o n l y  was done t o  d e t e r -  

mine t h e  e l a s t i c i t y  of f i v e  o p t i o n s :  s e a t i n g ,  t r u n k  space ,  r e c h a r g e  t ime,  r ange ,  

and r e l i a b i l i t y .  The r e s u l t s  i n d i c a t e d  t h a t  a l l  f i v e  o p t i o n s  were r e l a t i v e l y  

i n e l a s t i c .  That  is ,  t h e  p r i c e  d i d  not  ' n e c e s s a r i l y  a f f e c t  t h e  demand. 

T a b l e s  7  th rough  16 p r e s e n t  t h e  c r o s s  t a b u l a t i o n s  f o r  each of t h e  t e n  

o p t i o n s  v e r s u s  the  maximum p r i c e  f o r  each o p t i o n  ( a s  determined by the  respon- 

d e n t s ) .  The cumula t ive  f r e q u e n c i e s  c a l c u l a t e d  f o r  each o p t i o n  p rov ide  guide- 

l i n e s  f o r  de te rmin ing  t h e  e v e n t u a l  market  p e n e t r a t i o n .  For example, t o  pene- 

t r a t e  a t  l e a s t  50% of t h e  f l e e t  market ( a s  r e p r e s e n t e d  by NAFA) a  c a r  would need 

the f o l l o w i n g  a t t r i b u t e s :  



TABLE 7 :  S e a t i n g  Opt ion  v s  Maximunt P r i c e  Quuted hy 3espondenta  
P e r c e n t  of V e h i c l e s  (No. of V e h i c k s )  

No. of s e a t s  0  

- - --- 7 

R e l a t i v e  Cumulat ive  
$1 t o  $150 $ 1 5 1  t o  SL5O $251 t o  $400 $LO1 to $80C1 $800 p l u s  Erequer~cy f r equency  

7 plus 0.1 . 0.0 0.0 . 0.0 c,. 2  0.6 o. a 100.0 
( 5 4 )  (9 )  (9)  ( 9 )  (161)  (519)  . (741)  

Note: T o t a l s  may no t  a g r e e  due t o  r o ~ n 4 i q g .  

JForm oE Q u e s t i o n :  S e a t i n g  C a p a c i t y  j e s t r e d  ( i n c l u d i n g  d r i v e r )  -- . Yaximum p r i c e  t h a t   yo^. would be d i l l i n g  t o  pay f o r  t h i s  o p t i o n  . - 



--- -- -- 
TABLE 8: Trunk Opt ion  v s  Maximum ~ ; i c e  Quoted by Respondents 

P e r c e n t  of V e h i c l e s  (No. of V e h i c l e s )  - - -- - --- - --- - 
R e l a t  Lve C u m ~ l a t i v e  

f t 3  0  $ 1  r o  $75 $76 t o  $100 $101 t o  $200 $201 t o  $400 $401 p l u s  f r equency  f r equency  - -- ---A&------ 

0-5 18.1 11.8 0.4 0.0 0.2 0.0 19. & 19.4 
(15210! (663)  (298)  ( 0 )  (142)  ( 0 )  (16312)  

21 p l u s  0.3 0.0 0 .0  0.2 0.1 3.8 4.4 100.0 
(256)  ( 8 )  ( 0 )  (200)  (121)  (3182)  (3767)  

O v e r a l l  34.4 3.8 20.4 19.7'  9.2 12.5 100.0 
(28958) (3180)  (17136)  (16557)  (7772)  (10537) (84141)  

Note: T o t a l s  may not  a g r e e  due t o  rounding.  

aForm of  Ques t ion :  Trunk s p a c e  d e s i r e d  - . Maximum p r i c e  you would be w i l l i n g  t o  pay f o r  t h i s  o p t i o n  -. 

TARLE 7 :  Performance Opt ion v s  Maximum P r i c e  Quoted by Respondenta 
Pe rcen t  of V e h i c l e s  (No. of  V e h i c l e s )  

- - - - - 
R e l a t i v e  Cumulat Lve 

0  $1  t o  $150 $151  t o  $250 $251 t o  $400 $LO1 t o  $800 $801 p l u s  f r equency  f r equency  --- - -- - --- -- ---- --- - - ---- -- -- 
No 10 .8  0.0 0.0 0 . 0  0 . 0  0.0 10 .9  10.8 

i9058)  ( 0 )  ( 5 )  ( 5 )  ( 3 )  (9)  (9058)  

Yes 19.4  22.4 15 .1  11 .5  11.7 9 .1  59.2  100.0 
(16331)  (18868) (12721)  (9696)  (9849)  (7618)  (75083)  

O v e r a l l  30.2  22.4 15.1  11.5 11.7 9 .1  100.0 
(25390)  (18867)  (12721)  (9696)  (9849)  (7618)  (34141)  

-- - - - - - - - - - - -- - - - -- - -- - -- 
Note: T o t a l s  may not  a g r e e  due t o  rounding.  

a ~ o r m  o f  q u e s t i o n :  S?eed and a c c e l e r a t L o n  s u f f i c i e n t  t o  use  l i m i t e d - a c c e s s  roads  ( l . e . ,  i n t e r s t a t e s ,  expressways)  ( y e s  o r  no ) .  Maximum p r i c e  
you m u l d  >e w i l l i n g  t o  pay f o r  t h i s  o p t i o n  --. 

-- - -- -- -- 



TABLE 10: Recharge Option vs Maximum P r i c ~  Quoted by Respondenta 
Percent of Vehicles (No. of w h i c l e s )  

Relative Cumulative 
Hours 0 $1 to $50 $51 t o  $100 $101 t o  $250 $251 plus frequency frequency 

8 

7 

6 

5 

4 

3 

2 

1 

0 

Overall 

Note: Totals may not agree due to rounding. 

a:Form of Question: Time needed to 'refuel" - . Maximum price you would be willing to pay For t h i s  option -. 



TABLE 11: Range Op t ion  vs  Maximum P r i c e  Quo ted  by Respondenta  
P e r c e n t  of V e h i c l e s  (No. of v e h i c l e s )  

R e l a t i v e  Cumulat ive  
Y i l e s  0 $1  t o  $75 $76 t o  $150 $151 t o  $250 $251 t o  $600 $601 p11rs Frequency f r equency  

-- 
1 t o  30 8.5 0.0 0.0 0.0 0.0 0.0 8.5 8.5 

(7125) ( 9 )  ( 3 )  ( 9 )  (9)  ( 3 )  (7125) 

251 p l u s  5.9 0.4 1.2 8.3 1.1 3.9 20.7 
<493C.) (359)  (988)  (7025) (890) (3205) (17398) 

O v e r a l l  20.8 !1.4 18.9 20.5 12.5 15.9 100.0 
(17460) (9588) ( 15903) (17288) (10492) (13410) (84141) 

Note: T o t a l s  may no t  a g r e e  due t o  rounding.  - , 

"Form of Q u e s t i o n :  Range d e s i r e d  between " r e f u e l i n g "  . Maximum p r i c e  you would he w i l l i n g  t o ' p a y  f o r  t h i s  o p t i o n  ---. 
- 



T.4BLE 12: Hea t e r  Opt ion  v s  Maxinum P r i c e  Quoted by Respondenta 
Pe r cen t  of V e h i c l e s  (No. of v e h c i l e s )  

R e l a t i v e  Cumulat ive 
0 $1  t o  $40 $41 t o  $50 $51 t o  $100 $101 ?.Lus f requenc'y f requency  

Yes 22.4. 13.4 20.9 21.0 9. '3 
(18351) (11278) (17607) (17689) (8313)  

O v e r a l l  34.8 13.4 20.9 21.0 9:3 
(29248) (11278) (17607) (17689) (8319) 

Note: T o t a l s  may no t  a g r e e  due t o  rounding  

aFonn o f  Ques t i on :  Passenger  Compartment Hea t e r  ( y e s  o r  no). Maximum p r i c e  you w x l d  be w i l l i n g  t o  pay f o r  

I t h i s  o p t i o n  . 
P * 

TABLE 13:  A i r  Cond i t i on ing  Opt ion  v s  Kaximum P r i c e  Quoted by ~ e s p o n d e n t ~  
Pe rcen t  of V e h i c l e s  (No. of veh icLes)  

0 $1 t o  $300 $ M 1  t o  $400 . $401 t o  $4 i5  $476 p l u s  
R e l a t i v e  Cumulat ive 
f requency  f requency  

Yes 2.6 
(2148) 

O v e r a l l  26.3 0.0 37.5 16.5 1 3 .6  LOO. 0 
(22095) ( 0 )  (31594) (13918) (16534)  (84141) 

Note: T o t a l s  may no t  a g r e e  due t o  rounding 

a ~ o r m  o f  Ques t i on :  A i r  c o n d i t i o n i n g  ( y e s  o r  no ) .  Maximum p r i c e  you would be w i l l i n g  t o  pay f o r  t h i s  o p t i o n  . 



TABLE 14: Power S t e e r i n g  Option vs  Maximum P r i c e  Quoted by Respondenta 
Percent  of Veh ic l e s  (No. of v e h i c l e )  

R e l a t i v e  Cumulative 
0 $1  t o  $75 . $ 7 6  t o  $125 $126 t o  $150 $151 p l u s  f requency frequency 

Yes 

O v e r a l l  ' 28.0 18.2 26.5 19.2 8.1 100.0 
(23575) (15325) (22307) (16149) (6785) (84141) 

Note: T o t a l s  may not ag ree  due t o  rounding. 

a F o m  of Question:  Power S t e e r i n g  (yes  o r  no). Maximum p r i c e  you would be w i l l i n g  t o  pay f o r  t h i s  o p t i o n  . 
I 

I 

TABLE 15: Power Brakes Option vs  Maximum P r i c e  quoted by Respondenta 
.Percent  of Veh ic l e s  (No. of v e h i c l e s )  

R e l a t i v e  'Cumulative 
0 $1  t o  $50 $51 t o  $65 $66 t o  $75 $76 p lus  f requency frequency 

Yes 10.6 10.2 13.7 25.3 17.1 
(8916) (8565) (11505) (21263) (14383) 

O v e r a l l  33.8 10.2 13.7 25.3 17.1 
(28425) (8565) (11505) (21263) (14383) 

Note: T o t a l s  m y  not agree  due t o  rounding. 

aForm of Ques t ion :  Power Brakes (yes  o r  no). Maximum p r i c e  you would be w i l l i n g  t o  pay f o r  t h i s  op t ion  . 



- ---- - 
TABI,E 16: R e L i a b - . l i t ~  Opt ion vs  Xaxinum P r i c e  Quoted >y Respondenta 

P e r c e n t  of V e h i c l e s  (No. of v e h i c l e s )  

R e l a t i v e  Cunula t  Lve 
Days 0 $ 1  t o  $100 $101 t o  $200 5201 p l u s  f r equency  f r equency  -- -- - - - - - -- - - - - - - - -- - -- - - - - - - ----- -- - - - - - - - - - -- - - - - - . -- 

, 13-20 39.5 0.8 0.9 2.7 44.0 44.0 
(33258: (716) (725) (230C) (36939) 

3- 2 3.1 0.0 0.6 7.7 11.4 LOO. 0 
(231%) 13) (546) (445.3) (96ll)) 

O v e r a l l  53.4 1% 3 10.8 16.5 100.0 
(44945) (16199) (9101) (13875) (84141) 

- - - - -- - - -- - - - - - - - - -- - - - - - - - - -- - -- - - - - - -- -- - - - - - - - - - - - - - - - -- - - - - - - 
i lo te :  T o t a l s  may not a g r e e  due t o  r o ~ n d i n g .  

"Form of Q u e s t i o n :  l l o w a b l e  annua l  nunber of unschedu-ed days  i n  shop - . Maximum p r i c z  you would be w i l l i n g  t o  pay f o r  t h i s  o p t i o n  -. 
--------------- 



4  s e a t s  (69%)  

13  t o  20 c u b i c  f e e t  (96%) 

performance c a p a b i l i t y  ( 8 9 % )  

4-hr max r e c h a r g e  (62%)  

101 t o  180-mile range (52%)  

h e a t e r  (88%) 

a i r  c o n d i t i o n e r  (76%) 

power s t e e r i n g  (78%) 

power b rakes  (77%). 

maximum of  12 t o  14 

unscheduled r e p a i r  days (52%)  

The numbers i n  p a r e n t h e s e s  r e p r e s e n t  t h e  p e r c e n t  of  NAFA survey  t h a t  

would be c a p t u r e d  i f  t h a t  o p t i o n  were a v a i l a b l e .  These a r e  i n  a b s o l u t e  

terms.  No a l lowance  is  made f o r  t r a d e o f f s .  That  i s ,  i n  r e a l i t y ,  t h e  

responden t  may be w i l l i n g  t o  " t r a d e  o f f "  a  few c u b i c  f e e t  of t r u n k  space  

f o r  a n  a i r  c o n d i t i o n e r .  

4. RASE CASE RUNS ON CPEM SIMULATOR 

A s  i n d i c a t e d  i n  t h e  i n t r o d u c t i o n  t o  t h i s  r e p o r t ,  a  s i m u l a t o r  

( C P E N )  h a s  been des igned  t o  use  t h e  NAFA d a t a  base  t o  e s t i m a t e  t h e  market  

p e n e t r a t i o n  r a t e s  of new t e c h n o l o g i e s  i n  t h e  f l e e t  market .  T h i s  s e c t i o n  

d i s c u s s e s  some of t h e  c u r v e s  t h a t  have been g e n e r a t e d  u s i n g  CPEN. 

CPEN produces  two types  of r a t e s :  a p p l i c a b i l i t y  r a t e s  and market 

p e n e t r a t i o n  r a t e s .  The a p p l i c a b i l i t y  r a t e s  a r e  g e n e r a t e d  by comparing 

t h e  p h y s i c a l  a t t r i b u t e s  of the  i n p u t  v e h i c l e  ( i n  our  c a s e ,  the  1986 

t a r g e t  EV) t o  t h e  r e q u i r e d  p h y s i c a l  c a p a b i l i t i e s  s p e c i f i e d  f o r  c a r s  oper-  

a t e d  by t h e  i n d i v i d u l  NAFA r e s p o n d e n t s .  The market  p e n e t r a t i o n  r a t e s  a r e  

c a l c u l a t e d  on t h e  b a s i s  of  bo th  p h y s i c a l  and economic c o n s i d e r a t i o n s .  

Tha t  i s ,  f o r  a l l  E V s  t h a t  a r e  p h y s i c a l l y  a p p l i c a b l e  t o  a  p a r t i c u l a r  res-  

pondent ,  l i f e - c y c l e  c o s t s  i n c l u d i n g  purchase  p r i c e  a r e  c a l c u l a t e d  f o r  

b o t h  t h e  EV and a  comparable ICE. The responden t  is assumed t o  purchase  

t h e  v e h i c l e  whose purchase  p r i c e  i s  lower .  I f  purchase  p r i c e s  a r e  com- 

p a r a b l e ,  t h e n  t h e  c h o i c e  depends on t h e  t o t a l  l i f e - c y c l e  c o s t .  F i n a l l y ,  

i f  t h e  purchase  p r i c e  exceeds  c e r t a i n  l i m i t s  s e t  by the  responden t ,  he i s  

s a i d  t o  d e f e r  purchas ing  a l t o g e t h e r .  



The s i m u l a t o r  was i n i t i a l l y  run w i t h  a  v e h i c l e  cor responding  t o  t h e  

1986 T a r g e t  EV ( s e e  Tab le  I ) ,  w i t h  a  base  p r i c e  o f  $6500, b a t t e r y  p r i c e  

of $1355, and no subs idy .  Based on the  NAFA survey  d a t a  r e s u l t s ,  t h i s  

EV d e s i g n  had a n  a p p l i c a b i l i t y  r a t e  o f  12% bu t  a z e r o  p e n e t r a t i o n  r a t e  

and t h u s  no a c t u a l  r e t a i l  s a l e s .  

A s e r i e s  of c u r v e s  were g e n e r a t e d  t o  i n d i c a t e  t h e  s e n s i t i v i t y  of 

, t h e s e  r a t e s  to  changes i n  bo th  p h y s i c a l  c h a r a c t e r i s t i c s  and economic con- 

s i d e r a t i o n s .  They a r e  p r e s e n t e d  i n  F i g u r e s  1 through 7. Each f i g u r e  

d e a l s  wi th  changes i n  one s p e c i f i c  v a r i a b l e ,  whi le  a l l  o t h e r s  a r e  he ld  

c o n s t a n t .  

F i g u r e  1 shows the  market p e n e t r a t i o n  r a t e  v e r s u s  the  base p r i c e  of 

t h e  c a r .  A s  i n d i c a t e d  above,  t h i s  c a r  o f f e r e d  a t  $6500 would have z e r o  

buyers .  'If t h e  p r i c e  was decreased  by $2500, t h e  p e n e t r a t i o n  r a t e  would 

i n c r e a s e  t o  3%. I f  t h e  v e h i c l e  w a s  v i r t u a l l y  f r e e ,  t h e  v e h i c l e  would be 

s e l e c t e d  by on ly  9% o f  t h e  NAFA r e s p o n d e n t s .  Changes . i n  b a t t e r y  p r i c e  ' 

have even l e s s  e f f e c t  ( s e e  F i g u r e  2 ) .  Going from a  b a t t e r y  p r i c e  of 

$1355 t o  0  would o n l y  i n c r e a s e  t h e  market p e n e t r a t i o n  t o  2%. I n c r e a s i n g  

t h e  s u b s i d y  from 0  t o  $2000, wi th  a l l  e l s e  h e l d  c o n s t a n t ,  would i n c r e a s e  

market  p e n e t r a t i o n  by 3 %  ( s e e  F i g u r e  3 ) .  Of c o u r s e ,  t h i s  has  t h e  same 

e f f e c t  a s  reducing t h e  v e h i c l e  p r i c e  by $2000. Note though t h a t  a  g i v e n  

d o l l a r  r e d u c t i o n  i n  b a t t e r y  p r i c e  has a  d i f f e r e n t  e f f e c t  than an equiv-  

a l e n t  r e d u c t i o n  i n  v e h i c l e  p r i c e  because of t h e  d i f f e r e n t i a l  way i n  which 

t h e s e  a l t e r n a t i v e s  a f f e c t  l i f e - c y c l e  c o s t s  (See SNL 51312). 

Changes i n  t h e  p h y s i c a l  c h a r a c t e r i s t i c s  of t h e  EV g e n e r a l l y  d i d  n o t  

r e s u l t  i n  changes i n  t h e  market p e n e t r a t i o n  r a t e ,  which remained a t  o r  

n e a r  z e r o .  F igures  4 t o  7 d i s p l a y  changes i n  a p p l i c a b i l i t y  r a t e s  based 

on changes i n  p h y s i c a l  c h a r a c t e r i s t i c s .  F i g u r e  4 i n d i c a t e s  t h a t  a  reduc- 

t i o n  i n  t h e  r e q u i r e d  r e c h a r g e  t ime from 8 t o  0  hours  would r e s u l t  i n  a n  

i n c r e a s e  of 5% i n  terms of a p p l i c a b i l i t y  (12 t o  17%) .  The a p p l i c a b i l i t y  

r a t e  peaks a t  abou t  17% f o r  a  maximum 30 k t 3  i n  t e r m s  of t r u n k  c a p a c i t y  

( s e e  F i g u r e  5 ) .  ' Increases  i n  s e a t  c a p a c i t y  have l i t t l e  e f f e c t  on a p p l i -  

c a b i l i t y  r a t e s  ( s e e  F i g u r e  6 ) ,  w h i l e  an  i n c r e a s e  i n  range from 50 t o  300 

m i l e s  would r e s u l t  I n  about  3% i n c r e a s e  i n  a p p l i c a b i l i t y  ( 1 0  t o  23%, s e e  

F i g u r e  7 ) .  



It is c l e a r  from t h i s  l i m i t e d  a n a l y s i s  t h a t  t h e r e  is no s i n g l e  over- 

r i d i n g  f a c t o r  t h a t  i n f l u e n c e s  a p p l i c a b i l i t y  r a t e s  of EVs. Dramatic 

i n c r e a s e  i n  s p e c i f i c  c a p a b i l i t i e s  r e s u l t  i n  on ly  minimal i n c r e a s e s  i n  

a p p l i c a b i l i t y  r a t e s .  For  example, w h i l e  omiss ion of AC would r e s u l t  i n  

s u b s t a n t i a l  r e d u c t i o n  of u s e r  marke t s ,  i n c l u s i o n  does not  g u a r a n t e e  a 

good a c c e p t a n c e  r a t e .  The f l e e t  a d m i n i s t r a t o r s  a r e  look ing  a t  t h e  whole 

package - o p t i o n s ,  performance,  and p r i c e .  

5. CAVEATS 

The d a t a  base  d e s c r i b e d  i n  t h i s  r e p o r t  has  many drawbacks. The 

su rvey  d i d  not  r e p r e s e n t  a  s t a t i s t i c a l l y  des igned  p r o b a b i l i t y  sample. 

Nor were t h e  d a t a  weighted t o  c o r r e c t  f o r  p o t e n t i a l  sampling e r r o r s . *  

The response  r a t e  was very  low. From t h e  responses ,  i t  a p p e a r s  t h a t  

t h e  maximum a c c e p t a b l e  o p t i o n  p r i c e s  s p e c i f i e d  by many of t h e  f l e e t  

a d m i n i s t r a t o r s  were u n r e a l i s t i c a l l y  low. Also,  some of t h e  r e s p o n s e s  

i n d i c a t e d  prejudgments abou t  EV c a p a b i l i t i e s ,  which t h e o r e t i c a l l y  

shou ld  no t  have been t aken  i n t o  c o n s i d e r a t i o n .  The survey p robab ly  would 

have been more s u c c e s s f u l  i f  t h e  q u e s t i o n n a i r e  had avoided r e f e r e n c e  t o  

any p a r t i c u l a r  technology.  However, t h e  NAFA d a t a  base  is  t h e  on ly  known 

d a t a  base  t h a t  r e l a t e s  t h e  p h y s i c a l  s p e c i E i c a t i o n s  oE f l e e t  v e h i c l e s  t o  

economic u t i l i t y .  Moreover, t h e  CPEN s i m u l a t o r ,  d e s p i t e  i t s  need f o r  

f u r t h e r  r e f inement ,  embodies f u n c t i o n a l  r e l a t i o n s h i p s  and independen t ly  

d e r i v e d  c o e f E i c i e n t s  t h a t  a r e  u s e f u l  f o r  u n d e r s t a n d i n g  how v a r i a t i o n s  i n  

v e h i c l e  c h a r a c t e r i s t i c s  a f f e c t  l i f e - c y c l e  c o s t s  when EVs a r e  used i n  

f l e e t s .  

Given t h e  p o t e n t i a l  importance  of f l e e t  a c t i v i t i e s  t o  t h e  in t roduc-  

t i o n  of new v e h i c u l a r  t e c h n o l o g i e s ,  i t  is  i m p o r t a n t  t o  u t i l i z e  the  b e s t  

a v a i l a b l e  r e s o u r c e s  i n  o r d e r  t o  unders tand  t h e  c u r r e n t  needs of f l e e t  

o p e r a t o r s .  It is  f o r  t h i s  g o a l  t h a t  t h i s  r e p o r t  has  been genera ted .  

*There is  c u r r e n t l y  no f l e e t  census  a v a i l a b l e  from which t o  weight  t h e  
sample. 



Base Car 
4 s e a t s  
5 cu.  f t .  trunk . 
8 recharge hours 
100 mile range 
0 days i n  shop 
Perf ., heater ,  A/C, PIS, 

P/B options 
Battery price-$1.355 
Base Pr ice  of car-$6500 
$0 subsidy 

..------ ----- .+ 
Market Penetration 

Rate (%)  

Figllrc 1, , ' . . 

Base Price of Car (Ex Battery) Versus Xarket Penetration Rate 



BATTERY 
PRICE 

B a s e  C a r  : 
4 s e a t s  
5 c u .  € 1 .  t r u n k  
8 r e c h a r g e  h o u r s  

* 1 0 0  mile  r a n g e  
0 d a y s  i n  s h o p  
P e r f . ,  t i e a t e r ,  A / C ,  P I S ,  

P / B  o p t i o n s  
B a t t e r y  p r i c e - $ 1 3 5 5  
Base  P r i c e  of c a r - $ 6 5 0 0  
$0 s u b s i d y  

1 2 R a t e  (%)  

Figure 2 
Battery Price Versus Market Penetration Rate 



SUBSIDY 41 Base Car 
4 s e a t s  
5 c u .  Et. trunk 
8 recharge hours 
100 m i l e  range 
0 days in shop 
P e r f . ,  h e a t e r ,  A/C, PIS, 

P / H  op t ions  
Battery  price-$1355 
Base P r i c e  of car-$6500 
$0 subs idy  

Figure 3 . . 

Vehicle Purchase Subsidy Versus Market PenetratLon Xate 



Recharge 
(hours )  

- 8  4 

6 - 

Base Car .-- 
4 sea ts  
5 cu .  f t .  trunk 
8 recharge  hotlrs 
100 m i  Le range 
0 days in s!~op 
Pe r f . ,  he ; j ter ,  A/(:, p/s ,  

P / B  op t ions  
Bat tery  price-$1355 
Base P r i c e  o f  car-:6500 
$0 subsidy 

MA!ZKE'C PENE'CK<\T LON 

Al't'L I C A R I I ,  I.'CY 

--.-.---,-T-- - --- - --T --& -r-.-- * 
Rate 

3 6  9 1 2  15  18 ( 2 )  

F i g u r e  4 
R e c h a r g e  T ime V e r s u s  A p p l i c a b i l i t y  R a t e s  & N a r k e t  P e n e t r a t i o n  R a t e s  



' T R U N K  
SPACE t Base Car 

4 se;\ts 
5 cu. f t .  trunk 
8 recharge hours 
100 mile range 
0 d a y s  i n  shop  
Perf . ,  hea te r ,  A / C ,  PIS., 

PI13 opt ions  
Battery price-$1355 . 
B Q ~ C  P ~ i c c  of car-$6500 

.$O s t ~ b s i d y  , 

(b  

- MAitKK'T PENL'TYAT ION 

APPI,TCAtlI  I,ITY 

r 
I 

8 

,/ 

1 
, .// 

. - - - - - - - T-------- T--'-' r-'-.-'-' ' .T----.-.-- ' -I-.--- 
T- Rate 

-& 

, 3  6 9 1 2  15 1 d ( X I  

.,Figure 5 
Trunk Space Versus Applicability Rates & Xarket'Penetration Rates 



Base Car 
4 s e a t s  
5 c u .  f t .  trunk 
8 recharge hours 
100 m i l e  range 
0 days i n  shop 
P e r f . ,  h e a t e r ,  A/C,  PIS,  

P/a opt ions  
Battery  price-$1355 
Base P r i c e  of car-$6500 
$0 subs idy  

. MARKET PENETRATION 

APPLICABILITY 

Figure 6 
Number of Seats Versus Applicability Rates and Market Penetration Rates 



Range 
(mi les )  

300 

Base Car 
4 seats  
5  C I I .  ft. trunk 
8 recharge hours 
100 mile range 
0  days in shop 
P e r f . ,  heater,  A/C, PIS, 

P / B  options 
Battery price-$1355 
Base Price of car-$6500 

, SO s u h s i d v  

MARKE'P PENETRATION 

-- APPL ICAR LI,L'l'Y 

oL ,.--- - - - -- - 
1- + 

fix Rate 
5% 102 1.52 ( 2 )  

Figure 7 
Range Versus Applicability Rates and Market Penetration Rates , 





'To: 1\11 NAFA Members 

From: R .  L. B r e a u l t ,  P r e s i d e n t  
,. . 

Re: ELECTRIC VEHICLE SURVEY 
. . 

Once pgpular ,  ' now scorned ,  w i l l  e l e c t r i c  c a r s  r e t u r n  t o  t h e  American 
l ~ i g b ~ ~ : ~  y ?  

I n  vicw of t h c  e v e r - r i s i n g  p r i c c  o f  g a s o l i n c ,  t h e  u n r e l i s b i l i t y  of  
i npo r t cd  s u p p l i e s ,  t h e  impact o f  emission c o n t r o l s ,  a g r e a t  d e a l  
of r c sca rch  is being dcvoted t o  a  pos s ib l e  r c b i r t h  of  t h e  e l e c t r i c  
car and l i g h t  L4u1-k n s  a p o t s n t i ~ l  vchiclc of t he  f u t u r e .  

RXFA lrlelnbers - -  a s  professional, r a t i o n a l  c a r  and t r u c k  buyers  and 
l c s s c c s  - -  cGn make an . impor t an t  c o n t r i b u t i o n  t o  t h i s  r e sea rch  i n  
one vcry  s p e c i f i t  area: .  . 

tlOlV LARGE IS  THE POTENTIAL PIARKET FOR ELECTRIC VEHICLES? X ' 

. . 

T h e  enc losed  survey  is designed t o  devclop answers t o  t h a t  ques t i on .  
\Se urge  your coope ra t i on  i n  c a r e f u l l y  s tudying  t he  o?t ions  o f f e r e d ,  
comparing them w i t h  your t r a n s p o r t a t i o n  needs and then  complet ing 
the q u e s t i o n n a i r e .  

In  adcli . t ion, w e  a r e  t ak ing  t h i s  o p p o r t i ~ n i t y  t o  g a t h e r  in format ion  
about  NI\FR menlbers . i n  a p r ev ious ly  unknown a r e a  - -  wllerc your c a r s  
ancl l i g h t  t r u c k s  a r c  l o c a t e d .  The f i r s t  siicet o f  t h e  survey  asks  
you t o  s p c c i f y , t h e  s t a t e  i n  which your veh i c l e s  a r c  r e g i s t e r e d .  . .  1 

Thi s  in format ion  w i l l  be  of  g r e a t  he lp  t o  u s  i n  developing a d d i t i o n a l  
d n t n  ;rl)oirt t h e  im a c t  O f  f l e e t s  on t h c  t o t a l  vehj.cSc market.  an 
nrca  much over loo  I' tcd by many ~ e s e n i - c l ~  u iganiea t iono  - 0  

i>s always,  your  cooperat t ion and a s p i s t a n c e  a r e  g r e a t l y  app rec i a t ed .  



NUhlBER OF VEHICLES PER STATE 

(IT a givcn vehicle operates in more than one state. assign it only to the s ta te  which serves a s  the vehicle's h a w  
oloparations.) 

Alabama 
Alaska 
Arizona 
Arkansas 
California . 
Colorado 
Connecticut 
Delaware ' 

District of Columbia 
Florida 
Georgia , 

Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Loui siann 
Maine 
kleryland .- 
Xl.nssnchusctts 
Michigan 
Minnesota 
>lississippi 
Missouri 
Xlontana ' 

Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
Horth Carolina 
North Oakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode lslancl 
Sout l~  Carolina -- 
South Dakota 
Tennessee  
Texas  
Utah 
Vermont 
Virginia - 
\t'ashington --.- 
West b'irg~~lin - - - - - -- - - . - - -- 
Wisconsin 
\ir'yon~ing - - . - .- - *- 

Toral - - 
l',,:-,, 18 I 

i 

Cars 

-- 

- 

Light Trucks (GV\V 

.Vans 

----- 

----- 

-- 

of 10,000.lbs. or less) 

Other 

- 

- 

---- 

- ---- 

-..-.*--- 

-- - - - - 
- 

- 
- -. 

----. -. 

- - - - - -- - - - -- -- - 
- . -  - -..I 



NATIONAL ASSOCIATION OF FLEET ADM!NISTRATORS, INC. 
295 Madiron Avenue. New York. NY 10017 

Name, 

Tide 

Company 

ELECTRIC CAR SURVEY 

Slrpposc rh r you must replace your can 
and that the only r;~iil&i&you cm obtain 
arc elccrric cars. The basic clccrric car avdab!~  
to yon h u  a dclivcrcd pricc of 56000. Options 
are available to increase thc capabilities of this 
vehlcle. All of the cars urdered do not haur ra 
have the same opaons. In fact, you may order 
as many as three different types of opcional 
vehicles. In the table below please 2qxcify thc 
.cype(s) of optional cads) yau would ordcr and 

thc price you would be willing to pay for 
~ach  option. Xsidc tram the optidrid chatacter- 
istics shown in the table. assume that the 
clccrric car is idendcd to thc average car you 
now operate. In thc event that you prefer to 
l c w  vehielca fill our drr form with pi~rchnse 
price data and assume that your leasc payments 
would rcflect xiling prica in the samc manner 
as at  present. 





NATIONAL ASSOCIATION OF FLEET AQMINISTRATORS, INC. 
295 Madiwn ~vanue.  New Yark, NY 10017 

. 

Name 

Title 

. . Company 
- - .  

d ' E C f  RIC TRUCK SURVEY 

Suppose that you must replace your light 
ttuckc (CWV nf 10,flOn Ihs. or las) and &;if the 
only replacements you can obtain arc electric 
trucks. The hacic elecnic m c k  available to you h a  
a delivcrcd pricc of $6000. Options are available to 
incrcase rhe capabilities of this vehicle. All of rhe 
trucks ordered do nor have to have rhc same 
options. In fact, you may order as many u three 
different types of optional vehicles. Jn the table 
below plese specify the type(s) of optional 

tmck(s) you would order and the price you would 
be willing to pay f ~ r  & option. k i d e  from rhe 
optional ch'zracteristiu shown in the table, assume 
that the electric truck is identical to the average 
tmck'y4u now operate. In thc cvcnr that you p r c  
fer to lease vehicles, fdl out the form with purchase 
price data and assumc char your Ieax paymcnu 
would ecflect xlltrg,prices in the m e  manner as 
at present 






