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RESULTS FROM THE SECOND YEAR OF OPERATION 
OF THE FEDERAL METHANOL FLEET AT 

LAWRENCE BERKELEY LABORATORY 

R. N. M c G i l l  
S. L. H i l l i s  

ABS TRACT 

The Oak Ridge Nat iona l  Laboratory (ORNL), under the  
ausp ices  of the  A l t e r n a t i v e  Yuels U t i l i z a t i o n  Program, has 
been managing t h e  Fede ra l  Methanol Fleet P r o j e c t  s i n c e  Its 
beginning i n  f i s c a l  yea r  1985. This  c o n g r e s s i o n a l l y  man- 
da t ed  p r o j e c t  d i r e c t e d  the  Department of Energy t o  in t roduce  
methanol-fueled v e h i c l e s  iniio c i v i l i a n  government Fleet 
ope ra t ions .  This i n t e r i m  r e p o r t  d e s c r i b e s  t h e  second y e a r ' s  
o p e r a t i o n  of the methanol f l e e t  at Lawrence Berkeley Labora- 
t o r y  (LBL) i n  Berkeley,  C a l i f o r n i a .  The f l e e t  c o n s i s t s  of 
f i v e  1984 methanol-fueled Chelvrolet C i t a t € o n  sedans p a i r e d  
w i t h  f i v e  comparable gasol ine-f  ue l ed  C i t a t i o n s  f o r  compari- 
son. Data have been c o l l e c t e d  and t a b u l a t e d  on f u e l  con- 
sumption, maintenance r eco rds ,  o i l  sample ana lyses ,  and 
d r i v e r  pe rcep t ions  of v e h i c l e  o p e r a b i l i t y .  F u e l  e f f i c i e n c y  
w a s  s l i g h t l y  improved as compared t o  t h e  f i r s t  yea r  f o r  both 
t h e  methanol and g a s o l i n e  veh ic l e s .  The methanol v e h i c l e s  
cont inued  t o  exper ience  s l i g h t l y  less energy e f f i c i e n c y  than  
the  g a s o l i n e  v e h i c l e s .  Maintenance da ta  r e v e a l  t h a t  t h e  
methanol v e h i c l e s  r equ i r ed  s u b s t a n t i a l l y  more s e r v i c e  than 
the  g a s o l i n e  v e h i c l e s ,  which may be due p a r t i a l l y  t o  a 
g r e a t e r  s e n s i t i v i t y  on t h e  p a r t  of u s e r s  about methanol 
v e h i c l e  problems. 011 sample ana lyses  revea led  t h a t  engine  
wear rates are lower f o r  t h e  ,second year  as compared t o  t h e  
f i r s t  yea r  and are probably not cause f o r  g r e a t  alarm. 
Dr ive r s  s t i l l  r a t e  al.1 of t h e  v e h i c l e s  q u i t e  h i g h l y ,  but the 
methanol v e h i c l e s  were r a t e d  not as h ighly  dur ing  the  second 
yea r  of o p e r a t i o n  as i n  t h e  f i r s t  year .  

1 e INTRODUCTION 

Lawrence Berkeley Laboratory (LBL) has e r a t e d  t e n  rs for a 

per iod  of two years  f o r  t he  Department of Energy's Federa l  Methanol 

F l e e t  P r o j e c t ;  f i v e  of t h e  c a r s  are methanol-powered and f - lve a r e  com- 

pa rab le  g a s o l i n e  veh ic l e s .  The Oak Ridge Nat iona l  Laboratory (OKNL) has 

p r o j e c t  management r e s p o n s i b i l i t y  f o r  the e n t i r e  Methanol F l e e t  P r o j e c t  
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i n c l u d i n g  a c t i v l t i e s  a t  LBL and, as such,  c o l l e c t s  and d i s semina te s  d a t a  

and informat ion  r e l a t e d  t o  t h e  o p e r a t i o n  of t h e  p r o j e c t .  A previous  

ORNL r e p o r t  (1) * d e t a i l e d  t h e  r e s u l t s  of t h e  f i r s t  yea r  of o p e r a t i o n  of 

t he  t en  v e h l c l e s  a t  LBL; t h i s  r epor t  d e a l s  wi th  t h e  second y e a r ' s  opera-  

t i o n .  Because m c h  of t h e  background of t h e  p r o j e c t  was desc r lbed  i n  

the  f l r s t  r e p o r t  of t h e  LBL a c t i v i t i e s  a s  w e l l  as i n  o t h e r  publ i shed  

r e p o r t s  ( 2 , 3 , 4 ) ,  it  w i l l  not  be d i scussed  a g a i n  a t  any l e n g t h  i n  thPs  

r e p o r t .  The reader  i s  encouraged t o  r e f e r  t o  t h e  prev ious  r e p o r t s  f o r  

t hose  d e t a i l s .  The p r e s e n t  r e p o r t  d e a l s  p r i m a r i l y  wf th  t h e  r e s u l t s  and 

d a t a  from t h e  second year  and t h e  comparison of those  da t a  with t h e  

s i m i l a r  r e s u l t s  from t h e  f i r s t  year.  

The t e n  v e h i c l e s  p a r t i c i p a t i n g  a t  LBL i n  t h e  Fede ra l  Methanol F l e e t  

p r o j e c t  a r e  a l l  1984 model Chevro le t  C i t a t i o n s ,  f i v e  of which were modi- 

f i e d  t o  o p e r a t e  on methanol by t h e  Bank of America i n  t h e  San F ranc i sco ,  

C a l i f o r n i a  area. The f u e l  mixture  con ta ins  a p o r t i o n  of r e g u l a r  

unleaded g a s o l i n e  t o  a i d  i n  co ld - s t a r t i ng .  While t h e  r a t i o  of methanol 

t o  g a s o l i n e  i s  a d j u s t e d  through t h e  y e a r ,  t h e  f u e l  s u p p l i e r  quotes  a 

nominal r a t i o  of 88% methanol t o  12% gaso l ine .  (Procedures  t o  pe r iod i -  

c a l l y  ana lyze  t h e  f u e l  f o r  c o n s t i t u e n t s  and contaminants  were being 

i n s t i t u t e d  a t  t h e  end of t h e  second yea r  of ope ra t ion . )  An above-ground 

tank  wi th  a s s o c i a t e d  pump is  used on - s i t e  a t  LBL f o r  s t o r i n g  t h e  

methanol f u e l  and d i spens ing  i n t o  t h e  f l v e  methanol-powered C i t a t i o n s .  

A l l  t en  v e h i c l e s  a r e  opera ted  by LBL a t  t h e i r  c e n t r a l  motor pool and 

s e r v e  some of t h e  gene ra l  t r a n s p o r t a t i o n  needs of LBL personnel .  They 

g e n e r a l l y  are used f o r  t r a n s p o r t a t i o n  i n  and around t h e  LBL s i te ,  f o r  

t r i p s  t o  Lawrence Livermore Nat iona l  Laboratory,  and f o r  t r i p s  t o  the  

S tanford  Linear  Acce le ra to r  Center .  Occas iona l ly ,  a car is taken on 

longe r ,  overn ight  t r i p s ,  and u s u a l l y  one of t h e  f i v e  g a s o l i n e  v e h i c l e s  

is ass igned  t o  t h a t  duty.  

A small amount of d a t a  i s  recorded by t h e  LBL d r i v e r s  f o r  each t r i p  

taken i n  any of t he  t e n  ca r s .  Dr ivers  are a l s o  reques ted  t o  rate t h e  

*Numbers i n  pa ren theses  r e f e r  t o  r e f e r e n c e s  a t  t h e  end of t h e  
r e p o r t .  



3 

car's ease of s t a r t i n g  and d r i v e a b i l i t y  f o r  each  t r i p .  F u e l i n g  and 

maintenance d a t a  a r e  kep t  by t h e  motor pool personnel .  The l u b r i c a t i n g  

oil i s  sampled i n  each car every  1000 miles and s e n t  t o  a l a b o r a t o r y  

where i t  is analyzed f o r  wear metal c o n t e n t ,  f u e l  d i l u t i o n ,  base number, 

etc. A l l  d a t a  from t h e  methanol fleet p r o j e c t  a t  LBL a r e  forwarded to 

t h e  ORNL p r o j e c t  management o f f  ice where the F e d e r a l  Methanol F l e e t  

d a t a b a s e  i s  maintained. 



4 

2. SUMMARY 

The Fede ra l  Methanol F l e e t  o p e r a t i n g  a t  Lawrence Berkeley Labora- 

t o r y  completed a s a t i s f a c t o r y  second yea r  of ope ra t ion .  Nearly 100,000 

m i l e s  (160,000 km) were accumulated on t h e  t e n  cars p a r t i c i p a t i n g  i n  t h e  

demonst ra t ion  b r ing ing  t h e  t o t a l  f o r  two y e a r s  t o  over  200,000 miles 

(320,000 km). D i s t r i b u t i o n  of mileage between t h e  f i v e  methanol and 

f i v e  g a s o l i n e  v e h i c l e s  was improved i n  t h e  second yea r  but  s t i l l  not  

equal due t o  d i f f e r e n c e s  i n  t h e  assignments  of t h e  cars. Fuel  e f f i -  

c iency  w a s  s l i g h t l y  Improved f o r  t h e  second yea r  f o r  both methanol and 

g a s o l i n e  cars, and the  methanol c a r s  cont inued t o  exper ience  s l i g h t l y  

l e s s  energy e f f i c i e n c y  than  t h e  g a s o l i n e  cars due, i n  p a r t ,  t o  t he  

s h o r t e r  average t r i p s .  Methanol v e h i c l e s  r equ i r ed  s u b s t a n t i a l l y  more 

maintenance than  t h e  g a s o l i n e  v e h i c l e s  du r ing  t h e  second yea r ,  and a 

cons ide rab le  p o r t i o n  of t h e  d i f f e r e n c e  i n  maintenance can be a t t r i b u t e d  

t o  t h e  methanol f u e l  and t h e  f a c t  t h a t  t h e  cars have been conver ted  t o  

methanol. Analysis  of the  maintenance d a t a ,  however, sugges t s  t h a t  

u s e r s  may be qu icke r  t o  r eques t  s e r v i c e  or  maintenance on t h e  methanol 

veh ic l e s  hence,  r evea l ing  perhaps ,  a h igher  s e n s i t i v i t y  to  any problems 

o c c u r r i n g  on t h e  methanol veh ic l e s .  Rout ine a n a l y s i s  of o i l  samples 

taken  from the  crankcases  of each of t he  cars r e v e a l s  t h a t  wear metals 

accumulat ion r a t e s  are improved du r ing  t h e  second yea r  f o r  both methanol 

and g a s o l i n e  c a r s .  The wear r a t e s  i n  the  methanol v e h i c l e s  do no t  

appear  t o  be a t  a larming l e v e l s .  

Dr ive r s  cont inue  t o  r a t e  t h e  methanol v e h i c l e s  as "good" on both 

ease of s t a r t i n g  and d r i v e a b i l i t y  a l though by not  a s  g r e a t  a margin as 

i n  t h e  f i r s t  year.  Some of t h e  d e c l i n e  i n  t h e  r a t i n g s  of t h e  methanol 

v e h i c l e s  can be accounted f o r ,  appa ren t ly ,  by f a i l u r e s  t o  respond t o  t h e  

r a t i n g s  ques t ions  on t h e  d a i l y  t r i p  logs.  
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3. 'RESULTS 

3.1 FLEET UTILIZATION AND FUEL CQKSUMPTION 

Table 1 summarizes t h e  f l e e t  u t i l i z a t i o n  (mileage accumula t ion)  and 

f u e l  consumption r e su l t s  from the  LBL Fede ra l  Methanol Fleet  f o r  t h e  

second yea r  of ope ra t ion .  Shown are d a t a  f o r  t o t a l  mi l e s  d r i v e n ,  

average miles p e r  t r i p ,  and average  fue l  economy f o r  each of the  t e n  

c a r s  as w e l l  as aggrega te  t o t a l s  €or t h e  f i v e  cars of each type - 
methanol o r  gaso l ine .  Table 2 summarizes t h e  same d a t a  f o r  t h e  entire 

two yea r s  of o p e r a t i o n ,  wh i l e  Table 3 exhibits the d a t a  from t h e  f i r s t  

year f o r  t h e  purposes of comparison. Over 210,000 miles of o p e r a t i o n  

(336,000 k i l o m e t e r s )  have been accumulated on t h e  t e n  cars i n  t h e  f i r s t  

Table  1. LBL F l e e t  U t i l i z a t i o n  and F u e l  Consumption Data ,  
Second Year - November 1, 1986 t o  

October  3 1 ,  1987 

F u e l  Economy 

mpg km/G.ja 

Veh ic l e  I D  T o t a l  Average 
( L i c e n s e  No.) mi les  m i l e s / t r i p  

E-753 
E-7 54 
E-755 
E-7 56 
E-757 

TOTAL 

G-563 
G-580 
G-611 
G-709 
G-7 7 1 

TOTAL 

Methanol  v e h i c l e s  

6 ,787  39 
8,787 46 
5 ,784  22 
7 ,442  39 
7,158 59 

-I 

35,958 38b 

Gaso l ine  v e h i c l e s  

10,221 38 
14,642 65  
15,363 7 3  
13,731 56 
9 ,855  23 

63,812 4 1 3 ~  

12.2 
12.8 
9.8 

11.6 
11.8 

11.7 

-- 
b 

27.1 
25.5 
26.3 
24.1 
21.4 

24.9 

II_ 

b 

293 
307 
235 
278 
283 

28 lb 

~~ 

358 
337 
347 
318 
282 
-~ 
32gb 

--- 
"Based a n  methanol  heac ing  v a l u e  of 56,560 Btu/  

gal and g a s o l i n e  h e a t i n g  v a l u e  of 115,400 B t u / g a l ;  
hence ,  M88 h e a t i n g  va lue  e q u a l s  63,620 R tu /ga l .  

bBased on t o t a l  q u a n t i t i e s ,  no t  a n  ave rage  of 
i n d i v i d u a l  ave rages .  



T a b l e  2. LBL F l e e t  U t i l i z a t i o n  and F u e l  Consumption Data ,  
Two Years  -November 1 ,  1985 t o  

O c t o b e r  31, 1987 

F u e l  Economy 

mpg km/Gjn 

V e h i c l e  I D  T o t a l  Average 
( L i c e n s e  No.) m i l e s  m i l e s / t r i p  

Methanol  v e h i c l e s  

E-753 15 ,084  41 11.5 276 
E-754 17 ,107  46 12.3 295 
E-755 12 ,639  27 10.7 257 
E-756 14 ,411  35 11.5 276 
E-757 13,517 39 11.4 274 

TOTAL 72,758 37' 11.5 276b 

__ ..__I- 

Gas o 1 i n e  ve h i  c 15s - 
G-563 26 ,288  52 25.5 337 
G-580 31,724 59 24.3 321 
G-611 28 ,972  55 24.5 323 
G-709 28 ,472  75 25.0 330 
G-771 22,685 31 22.6 298 

TOTAL 138,141 5 lb 24.4b 3 2 9  

___ __ 

.̂I _ . _ _ _ ~  .._. _ _ _ . . . . ~  - 
=Based on methanol  h e a t i n g  v a l u e  of 56,560 B t u /  

g a l  and g a s o l i n e  h e a t i n g  v a l u e  of 115,400 B t u / g a l ;  
h e n c e ,  M88 h e a t i n g  v a l u e  e q u a l s  63,620 B t u / g a l .  

'Based on t o t a l  q u a n t l t i e s ,  n o t  an a v e r a g e  of 
i n d i v i d u a l  a v e r a g e s .  

T a b l e  3. LBL F l e e t  U t i l i z a t i o n  and F u e l  Consumption D a t a ,  
F i r s t  Year  - November 1 ,  1985 t o  

O c t o b e r  31. 1986 

V e h i c l e  I D  
( L i c e n s e  No.) 

E-753 
E-7 54 
E-755 
E-756 
E-757 

TOTAL 

F u e l  Economy 

rnpg krn/Gjn 

T o t a l  Average 
m i l e s  i n i l e s / t r l p  

Methanol  v&c-lz 

8 , 3 6 1  42  11.2 269 
8 , 3 2 0  46 11 .8  283 

6 , 9 6 9  32 11.9 285 
6 , 3 5 9  2a 11.0 264 

36 ,864  3 6h 11.4h 274' 

6 , 8 5 5  34 11.7 281 

__ l_l I_.-- 

Gaso 1 i n e  v e h i c l e s  

C-563 16 ,067  69 25.1 332 
C-580 17 ,082  55 23.3 308 
G-611 13,609 43  22.6 299 

G-7 7 1 12 ,830  41 23.8 315 

TOTAL 74,329 57h 24.1' 318' 

___l_.___l 

G-709 14 ,741  109 26.0 343 

_.__ _.____ 

%ased on methanol  h e a t i n g  v a l u e  of 56,560 B t u /  
g a l  and g a s o l i n e  h e a t i n g  v a l u e  of 115,400 B t u / g a l ;  
h e n c e ,  Ma8 h e a t i n g  v a l u e  e q u a l s  63 ,620  Btu/gaL.  

bBascd on t o t a l  q u a n t i t i e s ,  n o t  an a v e r a g e  of 
i n d i v i d u a l  a v e r a g e s .  
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two yea r s  of o p e r a t i o n ,  w i t h  approximately 100,000 miles (160,000 k i l o -  

meters )  being accumulated i n  t h e  second year. D i s t r i b u t i o n  of mileage 

accumulat ion between t h e  methanol and g a s o l i n e  cars was more evenly 

d iv ided  i n  t h e  second yea r  w i th  t h e  average t r i p  l e n g t h s  being 38 miles 

and 46 miles f o r  t h e  methanol and 2 ,aso l ine  cars r e s p e c t i v e l y .  Gasol ine  

c a r s  are s t i l l  used e x c l u s i v e l y  f o r  t h e  long-d is tance  t r i p s ,  but o t h e r  

u t i l i z a t i o n  of t h e  cars is q u i t e  uniform between t h e  group of methanol 

cars and t h e  group of g a s o l i n e  cars. Fuel  economy (mi l e s  p e r  g a l l o n )  

as w e l l  as energy e f f i c i e n c y  ( f u e l  economy based on energy conten t  of 

f u e l  r a t h e r  than  volume of fuel. - k i lome te r s  p e r  g i g a j o u l e )  were 

s l i g h t l y  improved f o r  both t h e  methanol c a r s  and t h e  g a s o l i n e  c a r s  f o r  

t he  second y e a r ,  a l though s p e c i f i c  causes f o r  t h e  improvements are no t  

known. The d i f f e r e n c e  i n  energy e f f i c i e n c y  between methanol c a r s  and 

gaso l ine  cars as groups is accounted f o r ,  most l i k e l y ,  by the  f a c t  t h a t  

t h e  average t r i p  l eng th  of t h e  methanol cars is  s l i g h t l y  s h o r t e r  than 

t h a t  of t h e  g a s o l i n e  cars. S ince  the  Lawrence Berkeley Laboratory s i t e  

i s  q u i t e  h i l l y ,  t h e  s h o r t e r  t r i p s  should have a g r e a t e r  p ropor t ion  of 

less e f f i c i e n t  h i l l - c l imb ing  i n  t he  d r i v i n g  p a t t e r n s  f o r  those  ca r s .  

3 .2  COMPARISON OF PIAINTENANCE AND SERVICE - METHANOL AND 
GASOLINE VEHICLES 

The comparison of rnalntenance r equ i r ed  by the methanol v e h i c l e s  

wi th  t h a t  of t h e  g a s o l i n e  v e h i c l e s  became more focused du r ing  the  second 

y e a r  of opera t ion .  The methanol v e h i c l e s  a r e  r e q u i r i n g  measurably more 

maintenance than  t h e  g a s o l i n e  v e h i c l e s ,  a l though p a r t  of t h a t  r equ i r e -  

ment may be a r e s u l t  of d r i v e r s  and mechanics be ing  more s e n s i t i v e  t o  

r a t h e r  s l i g h t  problems i n  t h e  methanol c a r s .  Copies of a l l  v e h i c l e  

s e r v i c e  work o r d e r s  are forwarded to ORNL where they  become p a r t  of t h e  

database.  It i s  from those  work o rde r s  t h a t  t he  r e s u l t s  and informat ion  

p resen ted  below have been compiled. 

Table  4 shows t h e  comparison of t h e  number of occas ions  f o r  main- 

tenance f o r  a11 of t he  v e h i c l e s  f o r  t h e  second year  of o p e r a t i o n  as w e l l  

as f o r  both years toge ther .  In  the t a b l e ,  "a l l  maintenance" r e f e r s  t o  

a l l  occas ions  f o r  maintenance and, thereby ,  i nc ludes  such maintenance 

occas ions  as r o u t i n e  oil changes,  t i r e  changes,  etc. I f  t h e  group of 
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Table  4 .  Number of Occasions f o r  Maintenance o€ 
LBL F e d e r a l  Methanol F l e e t  V e h i c l e s  

Number of Occas ions  

2nd Year Both Years  

Five-Car T o t a l s  

I---. -- 

A l l  Maintenance 

Me thani l l  V e h i c l e s  60 1 2 4  
Gasol ine  V e h i c l e s  47 98 

Fuel -Rela ted  Maintenance I-_._- 

Methanol V e h i c l e s  14  33 
Gasol ine  V e h i c l e s  0 2 

methanol c a r s  and t h e  group of g a s o l i n e  cars were t h e  same, i.e. expe r i -  

enced the  same l e v e l s  of maintenance and had t h e  same amount of usage, 

t he  number of occas ions  of maintenance should be expected t o  be t h e  

same. S ince  t h e  numbers of occas ions  as shown i n  t h e  t a b l e  a r e  not  t h e  

same, with t h e  methanol cars r e q u i r i n g  more occas ions  of maintenance, w e  

m€ght a t t r i b u t e  ( i n  a s i m p l i s t i c  way) t h e  d i f f e r e n c e  t o t a l l y  t o  t h e  

maintenance occasioned by t h e  v e h i c l e s  because they  are methanol 

v e h i c l e s ,  The s i t u a t i o n  €s not so  s imple,  though, s i n c e  t h e  g a s o l i n e  

c a r s  have accumulated more m f l e s  and have requi red  more r o u t i n e  mainten- 

ance such a s  o i l  changes,  t i r e  changes,  etc. S ince  t h e  comparison is  

not  s t r a i g h t f o r w a r d ,  an a t t e m p t  has  been made t o  r e p r e s e n t  t h e  occas ions  

t h a t  have been " fue l - r e l a t ed" ,  i.e. a t t r i b u t a b l e  t o  t h e  methanol f u e l  o r  

t o  sow c h a r a c t e r i s t i c  of t he  conversion of t he  v e h i c l e  t o  use metha- 

n o l .  (The same must be done f o r  the  g a s o l i n e  v e h i c l e s  i n  o r d e r  not t o  

b i a s  the  cornparison. Numbers of occas ions  of f u e l - r e l a t e d  maintenance 

f o r  g a s o l i n e  v e h i c l e s  should be q u i t e  small .)  This  process  has  r equ i r ed  

review of t h e  work o rde r s  and some judgement a s  t o  whether t h e  s e r v i c e  

was f u e l - r e l a t e d  o r  not.  Therefore ,  some e r r o r  could e n t e r  t h i s  process  

s i n c e  t h e  work o r d e r s  u s u a l l y  do no t  i nc lude  much d e s c r i p t i o n .  For  the 

second year  of f l e e t  o p e r a t i o n  ( r e p o r t e d  i n  t h e  f i r s t  column), t h e  d i f -  

f e r e n c e  i n  f u e l - r e l a t e d  occas ions  between methanol and g a s o l i n e  v e h i c l e s  

is 1 4 ,  very nea r ly  t h e  same a s  the  d i f f e r e n c e  between t h e  number of 

occas ions  f o r  a l l  maintenance. On t h e  b a s i s  of t h e  va lues  i n  Table 4 ,  
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it might be concluded t h a t  t h e  methanol c a r s  are being s e r v i c e d  ( f o r  a l l  

maintenance) about 25-30% more o f t e n  than t h e  g a s o l i n e  cars. Data f o r  

t h e  t o t a l  two y e a r s  l e a d s  t o  a conclus ion  of very n e a r l y  t h e  same mag- 

n i tude .  However, t h e s e  f i g u r e s  do not  r e p r e s e n t  a t r u e  comparison s i n c e  

t h e  g a s o l i n e  v e h i c l e s  a r e  accumu1at:ing more miles and being s e r v i c e d  i n  

a r o u t i n e  f a s h i o n  more o f t en .  A b e t t e r  comparison Is t h e  frequency of 

maintenance (based on miles ). 

Table  5 shows t h e  f requency  of maintenance, a g a i n  f o r  a l l  mainten- 

ance and f o r  f u e l - r e l a t e d  maintenance. Again, methanol v e h i c l e s  are 

shown t o  need s e r v i c e  more f r e q u e n t l y  t h a n  g a s o l i n e  v e h i c l e s ,  but  t h e  

d i f f e r e n c e  does not  seem t o  be accounted f o r  t o t a l l y  by the  f u e l - r e l a t e d  

occas ions .  Frequency of m i n t e n a n c e  f o r  t h e  methanol c a r s  i s  1.7 occa- 

s i o n s  per  1000 m i l e s  ve r sus  only 0.7 f o r  g a s o l i n e  c a r s ,  but of t h e  

methanol v e h i c l e  f requency  only 0.4 occas ions  pe r  1000 miles is  

accounted f o r  by f u e l - r e l a t e d  occas ions .  The r eco rds  do i n d i c a t e  t h a t  

t h e  methanol v e h i c l e s  have a s l i g h t l y  h ighe r  frequency o f  preven t ive  

maintenance (0.5 occas ions  p e r  1000 miles ve r sus  0.3 f o r  g a s o l i n e  c a r s ,  

f o r  a d i f f e r e n c e  of 0.2 occas ions  pe r  1000 m i l e s )  but not s o  much s o  

t h a t  i t  would make up the remaining d i f f e r e n c e  between methanol and 

g a s o l i n e  veh ic l e s .  The re fo re ,  t h e  d a t a  sugges t  t h a t  u s e r s  tend t o  be 

more s e n s i t i v e  t o ,  perhaps,  s l i g h t  problems i n  t h e  methanol c a r s  than i n  

t h e  g a s o l i n e  cars. This conc lus ion  i s  suppor t ed  by t h e  s l i g h t l y  h ighe r  

Tab le  5. Frequency of Main tenance  of LBL F e d e r a l  
Methanol Fleet V e h i c l e s ;  Reported i n  Occas ions  of 

Maintenance P e r  1000 Miles of O p e r a t i o n  

Frequency ( P e r  1000 Miles) 

2nd Year 1st  Year Both 

F i v e  -Ca r Ave rage $: 

A l l  Maintenance- 

Methanol  Veh ic l e s  1.7 1.7 1.7 
Gaso l ine  V e h i c l e s  0.7 0.7 0.7 

Fuel-Related Main tenance  

Methanol  V e h i c l e s  0.4 0.6 0.5 
Gaso l ine  V e h i c l e s  0 0.03 0.01 



10 

f requency of p reven t ive  maintenance f o r  t h e  methanol cars which, i t s e l f  

sugges t s  more d i l i g e n c e  wi th  r e s p e c t  t o  t h e  needs of t h e  methanol c a r s  

on t h e  p a r t  of t h e  f l ee t  o p e r a t o r s .  

Maintenance l a b o r  hours  a r e  a l s o  impor tan t  s ta t i s t ics  i n  a s s e s s i n g  

t h e  ~3uccess of t h e  methanol v e h i c l e s  i n  a f l e e t  demans t ra t ion .  These 

s t a t i s t i c s  are r epor t ed  i n  Tables  6 and 7. The l a b o r  hours  a r e  taken 

from t h e  s e r v i c e  work o r d e r s  t o  t h e  extent t h a t  t hey  a r e  reported.  On a 

number of occas ions  t h e  hours have n o t  been r e p o r t e d  (and they  could no t  

Tab le  6. Reported Maintenance Labor Hours f o r  
LBL F e d e r a l  Methanol F l e e t  V e h i c l e s  

-- .- -111 -I__ 

Reported Labor Hours 

2nd Year Both Years  

Five-Car T o t a l s  

-- 

-I_ _-__I --- 

A l l  Maintenance - 
Methanol V e h i c l e s  7 7  1 3 8  
Gaso l ine  V e h i c l e s  38 76 

Fue l -Re la t ed  Maintenance 

Methanol V e h i c l e s  3 4  68 
Gaso l ine  V e h i c l e s  0 2 

.___ ~ - -  I. -___ 

Tab le  7 .  Maintenance Labor I n t e n s i t y  For 
LBL F e d e r a l  Methanol F l e e t  V e h i c l e s  i n  

Reported Hours of Xa in tenance  P e r  
1000 Miles of Opera t ion  

Labor I n t e n s i t y  
(Hours Per  1000 M i l e s )  

_.l_ll- 

2nd Year 1 s t  Year Both 
._- -___I- 

I Five--Car Average? 

A l l  Maintenance 
-__I 

Methanol Veh ic l e s  2,1 1 .7  1.9 
Gaso l ine  V e h i c l e s  0.6 0.5 0.6 

Fue l -Re la t ed  Maintenance 

Methanol V e h i c l e s  0.9 0.9 0.9 
Gaso l ine  V e h i c l e s  0 0.03 0.01 

...--__I__.- .- .__IÎ  



be determined from t h e  c o s t  f i g u r e s  t h a t  were r e p o r t e d ) .  Many of t h e s e  

occas ions  have been s i t u a t i o n s  i n  which t h e  t i m e  r equ i r ed  f o r  mainten- 

ance  w a s  q u i t e  s h o r t ;  some have been merely o v e r s i g h t s .  Neve r the l e s s ,  

i t  i s  d i f f i c u l t  t o  r e c o n s t r u c t  the  d e t a i l s  of the  s e r v i c e  a t  a l a t e r  

d a t e  when t h e  d a t a  are be ing  e n t e r e d  i n t o  t h e  da tabase .  Therefore ,  t h e  

hours r epor t ed  i n  Tables 6 and 7 a r e  the sums of the " repor ted"  hours. 

Table 6 shows the  t o t a l  numbers of l a b o r  hours f o r  t h e  groups of 

methanol and g a s o l i n e  v e h i c l e s .  Again, the d a t a  a r e  r epor t ed  €or  a l l  

maintenance as w e l l  as f o r  t h a t  which i s  f u e l - r e l a t e d .  I n  terms of 

l a b o r  hours ,  " fue l - r e l a t ed"  maintenance very n e a r l y  accounts  f o r  t h e  

d i f f e r e n c e  i n  t h e  t o t a l s  f o r  " a l l  maintenance" between methanol and 

g a s o l i n e  veh ic l e s .  

Labor i n t e n s i t y ,  €.e. r epor t ed  hours of maintenance p e r  1000 miles  

of o p e r a t i o n ,  is repor t ed  i n  Table 7 and l e a d s  t o  the  same conclus ion  as 

t h e  s ta t i s t ics  on maintenance frequency i n  Table 5 above. That is, t h e  

d a t a  suppor t  the  conclus ion  t h a t  the methanol v e h i c l e s  r ece ive  more 

a t t e n t i o n  i n  maintenance than is  accounted f o r  by t h e  maintenance t h a t  

can be i d e n t i f i e d  as  f u e l - r e l a t e d .  For the second year  of o p e r a t i o n ,  

t h e  methanol v e h i c l e s  r e q u i r e d  2.1 hours of maintenance of a l l  t ypes  p e r  

1000 m i l e s  of o p e r a t i o n  compared t o  0.6 hours  f o r  t h e  g a s o l i n e  

v e h i c l e s .  Of t h e  d i f f e r e n c e  i n  i n t e n s i t y  of 1.5 hours pe r  1000 miles of 

o p e r a t i o n  between methanol and g a s o l i n e  v e h i c l e s ,  only 0.9 hours can be 

accounted f o r  by t h e  f u e l - r e l a t e d  occurrences .  This a g a i n  sugges t s  t h a t  

t h e  users may tend t o  r eques t  more na in tenance  on t h e  methanol v e h i c l e s  

t h a n  t h a t  whlch can be a t t r i b u t e d  t o  f u e l - r e l a t e d  s i t u a t i o n s ,  which 

f u r t h e r  sugges t s  a s e n s i t i v i t y  t o  p r o b l e m  i n  the  methanol v e h i c l e s  f o r  

which s i m i l a r  problems i n  t h e  g a s o l i n e  v e h i c l e s  may ga unreported.  

Table 8 r e p o r t s  the  numbers of occas ions  of maintenance and asso-  

c i a t e d  l a b o r  hours r equ i r ed  by t h e  methanol v e h i c l e s  du r ing  t h e  second 

year  of o p e r a t i o n ,  r epor t ed  by v e h i c l e .  This provides  c l u e s  as t o  which 

of t h e  v e h i c l e s  has been most troublesome over t h e  second year, c l u e s  

which may help t o  unders tand  the  d r i v e r s '  r a t i n g s  of the  v e h i c l e s  to  be 

p re sen ted  Later i n  t h i s  r e p o r t .  I n  t h i s  regard  i t  is  noted t h a t  v e h i c l e  

number E-753 had both the  fewes t  nurcber of occas ions  € o r  maintenance of 

a l l  t ypes  as w e l l  as only one occas ion  of f u e l - r e l a t e d  maintenance, 
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Table 8. Maintenance/Service Data F o r  Methanol 
Cars, Lawrence Berkeley Labora to ry ,  

Second Year -- November 1, 1986 t o  
October 31,  1987 

-- 
_I 

2nd Year Maintenance 

Occasions Labor hours  
Vehicle  ID 

- 
All Maintenance 

E-753 
E-754 
E-755 
E-756 
E-767 

TOTAL 

7 15 
8 11 
9 19 

14 20 
9 1 2  

47 77 

- - 

Fuel-Related Maintenance 
I 

E-753 1 1 
E-754 1 3 
E-755 5 1 2  

E-757 2 3 

TOTAL 14 34 

E-756 5 15 

- p_ 

whi le  v e h i c l e  number E-756 had t h e  l a r g e s t  number of occas ions  f o r  

both. Vehicle number E-755 was c e r t a i n l y  c l o s e  behind number E:-756 i n  

number of hours  of maintenance and equa l  t o  i t  i n  number of occas ions  of 

maintenance t h a t  were f u e l - r e l a t e d .  

Of the  14 occas ions  of f u e l - r e l a t e d  maintenance f o r  t he  f i v e  

methanol v e h i c l e s ,  11 occas ions  were compla in ts  of s t a l l i n g .  One occa- 

s i o n  was r e l a t e d  t o  t h e  f u e l  tank;  one was r e l a t e d  t o  t h e  c a r b u r e t o r ;  

and one occasion w a s  an i l l - d e f i n e d ,  but s t i l l  f u e l - r e l a t e d  i n c i d e n t .  

By f a r ,  t h e  l a r g e s t  complaint  i n  terms of f requency  over  t h e  two yea r s  

of ope ra t ion  of t he  LBL f l e e t  has been s t a l l i n g ,  This  problem i s  

u s u a l l y  c o r r e c t e d  by making minor ad jus tments  t o  t h e  c a r b u r e t o r  and 

u s u a l l y  r e q u i r e s  s h o r t  maintenance t i m e .  
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3.3 OIL SAMPLE ANALYSES 

Samples of t h e  l u b r i c a t i n g  o i l  a r e  drawn from t h e  c rankcase  of each 

of t h e  ten  v e h i c l e s  a t  approximate ly  1000 m i l e  i n t e r v a l s .  These samples 

a r e  analyzed f o r  t o t a l  base number, k inemat ic  v i s c o s i t y ,  and concent ra -  

t i o n s  of i r o n ,  l ead ,  copper ,  aluminum, chromium, sodium, and s i l i c o n .  

The d a t a  from t h e s e  a n a l y s e s  are k,ept i n  t h e  da t abase  a t  ORNL and w i l l  

add cons ide rab ly  t o  any reviews of' the  p r o j e c t ' s  f i n a l  r e s u l t s .  Gen- 

e r a l l y ,  a f l e e t  o p e r a t o r  u s e s  in fo rma t ion  from o i l  sample  a n a l y s i s  as a 

d i a g n o s t i c  t o o l  t o  implement necessary  p reven t ive  or  c o r r e c t i v e  mainten- 

ance. I n  t h i s  p r o j e c t ,  however, t h e  in fo rma t ion  i s  not  g e n e r a l l y  used 

t o  i n t e r v e n e  i n  the  n a t u r a l  p rocesses  t h a t  are p rogres s ing  i n  t h e  

eng ines  of the  v e h i c l e s  under stud:rr. Only i n  rare c i r cums tances ,  such 

as,  f o r  example, t h e  revea led  need f o r  an a i r  f i l t e r  change, has t h e  

in fo rma t ion  been used t o  implement any v e h i c l e  s e r v i c e  t h a t  would not 

have o r d i n a r i l y  occurred a t  a g iven  p o i n t  i n  t i m e ,  

No s i g n i f i c a n t  abnormal t r e n d s  have been observed i n  e i t h e r  the  

t o t a l  base number or the  k inemat ic  v i s c o s i t y  of the o i l  of any of t h e  

c a r s  f o r  t h e  per iod  of t h i s  p r o j e c t .  For t h e  LBL v e h i c l e s ,  aluminum, 

chromium, and sodium do not accumulate i n  t h e  l u b r i c a t i n g  o i l  i n  any 

amount t h a t  would warran t  f u r t h e r  a t t e n t i o n  here.  S i l i c o n  e n t e r s  t h e  

o i l  u s u a l l y  by contaminat ion  from d i r t  i n  the envfronment, and d a t a  

r e g a r d i n g  i t s  c o n c e n t r a t i o n  are not  as e n l i g h t e n i n g  as t h a t  of o t h e r  

contaminants v i s -a -v is  engine  wear, Of meta l s  of i n t e r e s t ,  i r o n  i s  

u s u a l l y  t h e  l a r g e s t  c o n t r i b u t o r  t o  l u b r i c a t i n g  o i l  contaminat ion  i n  both 

t h e  methanol v e h i c l e s  and the  g a s o l i n e  v e h i c l e s .  

R e s u l t s  are p resen ted  below f o r  wear meta ls  accumulation r a t e s  i n  

t h e  l u b r i c a t i n g  o i l .  These d a t a  a r e  found by f i t t i n g  l i n e a r  r e g r e s s i o n s  

( least  squa res  c u r v e - f i t s )  t o  t h e  wear metals c o n c e n t r a t i o n  d a t a  as a 

f u n c t i o n  of d i s t a n c e  s i n c e  o i l  change and de termining  the  s l o p e s  of t h e  

r e g r e s s i o n s .  F i g u r e  1 shows, f o r  example, the  i r o n  c o n c e n t r a t i o n  f o r  

t h e  second year  f o r  a l l  t e n  v e h i c l e s  p l o t t e d  a g a i n s t  miles s i n c e  o i l  

change. A procedura l  change has  been i n c o r p o r a t e d  i n t o  t h e  p rocess ing  

of t h e s e  d a t a  t h i s  year which n e c e s s i t a t e d  the  r e p r o c e s s i n g  of d a t a  from 

t h e  f i r s t  y e a r  i n  o r d e r  t o  be c o n s i s t e n t .  In p a r t l c u l a r ,  t h e  change has  
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Fig. 1. I r o n  Concent ra t ion  i n  LBL Vehic les  - Second Year - 
November 31, 1986 t o  October 31, 1987. 

to  do wi th  t h e  manner i n  which the d a t a  € o r  f r e s h  o i l ,  o r  d a t a  a t  an o i l  

change, are handled. Through most of t h e  f i r s t  y e a r  of o p e r a t i o n  a t  LBL 

t h e  o i l  was sampled a t  t h e  end of its use cyc le  but  no t  immediately 

a f t e r  t h e  o i l  change. (La te  i n  t h e  f i r s t  y e a r ,  procedures  f o r  o i l  

sampling were improved so a s  t o  inc lude  a sample both  j u s t  before  t h e  

d r a i n i n g  of t h e  o l d  o i l  as w e l l  as j u s t  a f t e r  t h e  r e f i l l i n g  w i t h  t h e  new 

o i l .  I n  t h i s  way, d a t a  r ega rd ing  t h e  "zero" case f o r  t h e  new o i l  arc 

more accura t e . )  The r e s u l t  w a s  t h a t  t h e  Linear  r e g r e s s i o n s  of t h e  con- 

tamlnant  concen t r a t ion  ve r sus  mileage s i n c e  o i l  change € o r  t h e  f i r s &  

--- y e a r ,  as r epor t ed  i n  r e f e r e n c e  ( l ) ,  had very few of the "zero1' cases 

inc luded  i n  the data .  The e f f e c t  of t h i s  was t h a t  t h e  r e g r e s s i o n s  were 

al lowed t o  "float" a t  t h e  z e r o  po in t  of t h e  a b s c i s s a  r a t h e r  t han  being 

cons t r a ined  t o  va lues  more c o n s i s t e n t  wi th  t h e  d a t a  € o r  f r e s h  o i l .  

R e s u l t s  f o r  t h e  - f i r s t  year  have been recomputed f o r  t h i s  r e p o r t  i n  a 

f a sh ion  s o  as t o  inc lude  more d a t a  a t  zero  m i l e s  s i n c e  o i l  change. 

Because t h e  d a t a  f o r  o i l  as sampled from t h e  c rankcase  immediately a f t e r  

an o i l  change was not  a v a i l a b l e  f o r  t h e  most of t h e  f i r s t  year ,  the 
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va lues  f o r  those  cases have been syn thes i zed  by assuming t h a t  t h e  wear 

metals concen t r a t ions  f o r  those  occas ions  are t h e  same as f o r  t h e  f r e s h  

o i l .  (Samples of f r e s h  o i l  have been ana lyzed ,  and t h e  a s s o c i a t e d  d a t a  

are maintained i n  t h e  da tabase . )  T h e  s l o p e s  of t h e  l i n e s  r e p r e s e n t i n g  

t h e  l i n e a r  r e g r e s s i o n s  are the wear metals accumulat ion rates, and t h e s e  

v a l u e s  a r e  compared between methanol and g a s o l i n e  v e h i c l e s  t o  a s s e s s  

t h e i r  comparative engine  wear cond i t ions .  

Table  9 p r e s e n t s  t h e  accumulat ion ra tes  f o r  i r o n ,  l e a d ,  and copper 

i n  p a r t s  p e r  m i l l i o n  per  1000 miles .  Resu l t s  a r e  presented  s e p a r a t e l y  

f o r  t h e  second yea r  of o p e r a t i o n ,  t h e  f i rs t  year (va lues  recomputed as 

o u t l i n e d  above) ,  and t h e  e n t i r e  two years  taken toge the r .  Both types  of 

v e h i c l e s  e x h i b i t e d  r e d u c t i o n s  i n  accumulat ion rates for a l l  t h e  r epor t ed  

metals i n  the  second yea r  as compared to t he  f i r s t  year. Lead accumula- 

t i o n  rate i n  t h e  methanol v e h i c l e s  exper ienced  a dramat ic  r educ t ion  i n  

the  second yea r ,  going from 59 pprn per 1000 miles t o  only  7 ppm p e r  1000 

miles. Lead and copper accumulat ion r a t e s  i n  t h e  methanol v e h i c l e s  f o r  

t he  second year were very similar i n  va lue  t o  those  of t he  g a s o l i n e  

Table  9. Wear Metals  Accumulation Rates 
( i n  Lubr i ca t ing  O i l )  

Lawrence Be rke  l e y  La bo r a t  o ry  

(Average wear metals accumulated i n  
l u b r i c a t i n g  011 i n  " p a r t s  p e r  

m i l l i o n  p e r  1000 miles 
of opera t ion")  

pFm p e r  1000 miles 

2nd year  1st yeara 2 y e a r s  

MethanoY Vehic les  

Wear metal  

I r o n  33 4 3  35 
Lead 7 59 18 
Copper 3 8 4 

I r o n  4 8 5 
Lead 2 7 4 
Copper N i l  1 Ni 1 

Gasol ine Vehic les  

aDetermined by method of second year .  
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v e h i c l e s  i n  t h e  f i r s t  yea r ,  a f a c t  t h a t  he lps  t o  assuage  concern about 

t h e  r a t e s  of wear of those  two metals i n  t h e  methanol v e h i c l e s .  I r o n  

a l o n e  remains q u i t e  e l e v a t e d  i n  accumulat ion ra te  f o e  t h e  methanol 

v e h i c l e s ,  being 33 ppm p e r  1008 miles f o r  t he  methanol v e h i c l e s  ve r sus  

only  4 ppm per  1000 miles f o r  t h e  g a s o l i n e  veh ic l e s .  Neve r the l e s s ,  t h e  

i r o n  accumulat ion ra te  f o r  the  methanol v e h i c l e s  f o r  t h e  second yea r  was 

s i g n i f i c a n t l y  lower than  f o r  t h e  f i r s t  yea r ,  be ing  33 ver sus  4 3  ppm p e r  

1000 miles r e s p e c t i v e l y .  

It should be noted t h a t  whi le  t h e  r a t e s  of accumulat ion of wear 

metals f o r  t h e  methanol v e h i c l e s  appear  t o  be h igh ,  they  may s t i l l  be 

t o l e r a b l e .  There a r e  no g u i d e l i n e s  as t o  j u s t  what should  be expec ted  

t o  be "normal" wear rates,  One would t h i n k  t h a t  t h e  g a s o l i n e  v e h i c l e s  

should  be cons idered  t o  be t h e  s t a n d a r d  and, t h e r e f o r e ,  be t h e  norm by 

which t h e  methanol v e h i c l e s  should be judged. However, i n d i c a r l o n s  a r e  

t h a t  niethanol v e h i c l e s  (ope ra t ed  i n  moderate c l i m a t e s )  can o p e r a t e  a t  

e l e v a t e d  l e v e l s  of wear r a t e s  f o r  long pe r iods  wi th  no evidence of 

a c c e l e r a t e d  wear upon examinat ion a f t e r  over  100,000 m i l e s  (160,000 km) 

of use.  ( 5 )  

3 . 4  DRIVE,RS' PERCEPTIONS OF VEHICLE PERFORMANCE 

The d r i v e r s  a t  LBL are asked t o  e v a l u a t e  t h e  ease of s t a r t i n g  and 

d r i v e a b i l i t y  of t h e  c a r  a t  t h e  end of each t r i p  t aken  i n  any of the  ten 

ca r s .  This  i s  done by having t h e  d r i v e r s  simply make a check mark under  

e i t h e r  "Goodf', "Average", o r  "Poor" on t h e  t r i p  log  of t h e  v e h i c l e  f o r  

both of the q u e s t i o n s ,  "Ease of S t a r t i n g "  and "Dr lveab i l i t y" .  No 

a t t empt  has  been made t o  i n s t r u c t  the d r i v e r s  on how t o  r a t e  ease  of 

s t a r t i n g  and d r i v e a b i l i t y .  I n s t e a d ,  i t  has been left t o  t h e  i n d i v i d u a l  

p a r t i c i p a n t s  t o  make t h e i r  own de te rmina t ions  01 j u s t  what c o n s t i t u t e s  

''good" d r i v e a b i l i t y  and s o  on. It i s  assumed through t h l s  process  t h a t  

i n d i v i d u a l  d r i v e r s  w i l l  use  t h e i r  own r a t i n g  c r i t e r i a  i n  a c o n s i s t e n t  

manner between methanol and gasolCne vehfc l e s .  

During t h e  second yea r  of t h e  f l e e t  a t  X.BL 2322 t r i p  l og  e n t r i e s  

were recorded;  939 f o r  t h e  methanol v e h i c l e s  and 1383 f o r  t h e  g a s o l i n e  

v e h l c l e s  ( f o r  t h e  e n t i r e  two yea r s  of f l e e t  o p e r a t i o n ,  1968 t r i p s  f o r  

methanol v e h i c l e s  and 2685 t r i p s  f o r  g a s o l i n e  v e h i c l e s  f o r  a t o t a l  of 
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4653 entr ies) .  A d d i t i o n a l l y ,  the  r eco rds  i n d i c a t e  t h a t  du r ing  t h e  

second year  n e a r l y  300 d i f f e r e n t  persons  drove one of t h e  methanol 

v e h i c l e s  a t  least  once, and 260 drove one of t h e  g a s o l i n e  v e h i c l e s .  

(For  t h e  two y e a r s ,  558 d i f f e r e n t  persons have d r i v e n  one of t h e  

methanol v e h i c l e s ,  and 412 have d r i v e n  one of t h e  g a s o l i n e  v e h l c l e s . )  

The r e s u l t s  of t h e  d r i v e r s '  responses  t o  t h e  q u e s t i o n  of "Ease of 

S t a r t i n g ' '  f o r  t h e  second yea r  of o p e r a t i o n  a r e  p re sen ted  i n  Table 10, 

T o t a l s  f o r  t h a t  q u e s t i o n  f o r  t h e  mt i re  two yea r s  of t h e  f l e e t  a t  LBL 

are p resen ted  i n  Table 11. S i m i l a r l y ,  r e s u l t s  f o r  " D r i v e a b i l i t y "  a r e  

p re sen ted  i n  Tables 12  and 13. 

During t h e  second y e a r ,  as was t h e  case f o r  t h e  f i r s t  yea r ,  a g r e a t  

ma jo r i ty  of d r i v e r s  of both the methanol cars as w e l l  as the  g a s o l i n e  

cars r a t e d  ease of s t a r t i n g  and d r i v e a b i l i t y  as "Good1'. Rat ings  of 

''Poor'' were rare; r a t i n g s  of "Aversge" t r a i l e d  those  of "Good" by l a r g e  

margins, Examination of t h e  r a t i 2 g s  by i n d i v i d u a l  cars r e v e a l s  t h a t  

methanol v e h i c l e  number E-755 f a r e d  t h e  worst  of t h e  methanol v e h i c l e s  

i n  both  ease of s t a r t i n g  and d r i v e a b i l i t y .  I n  e a s e  of s t a r t i n g ,  It was 

t h e  only methanol v e h i c l e  t o  be r a t e d  "Average" more o f t e n  than "Good"; 

f o r  t h e  d r i v e a b i l i t y  r a t i n g s ,  i t  had a lmost  as many "Average" r a t i n g s  as 

"Good". These d a t a  a r e  suppor ted  by t h e  maintenance d a t a  i n  s e c t i o n  3 . 2  

above where it w a s  shown t h a t  t h i s  v e h i c l e  had t h e  second h i g h e s t  number 

of maintenance l a b o r  hours du r ing  the  second y e a r  and had t h e  g r e a t e s t  

number of occas ions  ( t i e d  w i t h  v e h i c l e  E-756) f o r  f u e l - r e l a t e d  mainten- 

ance du r ing  the  second year .  ( I t  i s  not known why v e h i c l e  E-756 did not 

a l s o  f a r e  badly i n  d r i v e r s  r a t i n g s  wh i l e  a l s o  accoun t ing  f o r  a l a r g e  

amount of the  second-year maintenance. ) 

Vehic le  number E-753 f a r e d  q u i t e  w e l l  i n  d r i v e r s '  r a t i n g s ,  as shown 

i n  Tables 10 and 1 2 ,  and a l s o  accounted f o r  t h e  least  f u e l - r e l a t e d  

maintenance of t h e  methanol v e h i c l e s  du r ing  t h e  second y e a r ,  a s  shown i n  

Table 8. It i s ,  t h e r e f o r e ,  apparent  t h a t  maintenance d a t a  and d a t a  from 

d r i v e r s '  r a t i n g s  of t h e  v e h i c l e s  a r e  r e l a t e d ,  which f u r t h e r  l e a d s  one t o  

b e l i e v e  t h a t  the d r i v e r s '  r a t i n g s  are more t han  j u s t  a c a s u a l  response 

on t h e i r  p a r t .  



Table 10. LBL Drivers‘ Rasponses to “Ease of 

Second Year -November 1, 1986 t o  
October 31. 1987 

Starting” Queation, from Daily Trip Logs,  

.__I- 

Number of Responses 
-I_I- 

Vehicle I D  
Goad Average Poor response Total 

Methanol vehicles 

E-753 118 3 3 
E-754 130 32 2 
E-755 74 125 27 
E-756 161 12 1 
E-757 97 4 8 

Subtotal 580 176 41 142 939 
Is - - 

Gasoline vehicles  

G-563 227 16 9 
G-580 199 6 0 
G-611 171 5 3 
G-709 214 5 0 
G-771 283 95 0 

Subtotal 1094 127 12 150 1383 

(Both) Total 1674 303 53 292 2322 

- -_I_ -- -- 

Table 11. LBL Drivers’ Responses to “Ease of 

Two Years - November 1, 1985 t o  
October 31, 1987 

Starting” Question, f 1-01 Daily Trip Logs 

I____.._ 
Number of Responses 

Good Average Poor response No Total 

-..---. 
Vehicle XD 

Xethanol vehicles 

E-753 256 49 7 
E-754 263 63 10 
E-755 239 151 32 
E-756 297 76 15 
E-757 263 45 20 

Subtotal 1318 384 84 182 1968 
I_ - __ _I_ 

Gasoline vehicles  

G-563 417 56 9 
G-580 446 46 1 
G-6 11 377 101 9 
G-709 337 12 1 
G-771 467 194 5 

Subt o t s l  2044 409 25 207 2685 

(Both) Total 3362 793 109 389 4653 

-...l__lll___ 

~ .- __ __ I__ 

.. ___ ... ___.-- 
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Tab le  12. LBL D r i v e r s '  Responses  t o  " D r i v e a b i l i t y "  
Ques t ion ,  from D a i l y  T r i p  Logs, Second Year - 

November 1, 1986 t o  October  31, 1987 

Number of Responses  

Vehicle I D  
Good Average Poor No T o t a l  

r e s p o n s e  

Methanol. v e h i c l e s  

E-753 109 7 1 
E-754 124 32 5 
E-755 109 93 2 1  
E-756 116 47 8 
E-757 95 5 5 

S u b t o t a l  553 184 40 162 939 

_I -- - _I - 

Gasol ine v e h i c l e s  

G-563 223 32 0 
G-580 187 16 0 
G-6 11 165 11 1 
G-709 190 25 1 
G-771 161 215 0 

Subto  t a l  926 292 2 156 1383 

(Both)  T o t a l  1479 483 42 318 2322 

_I I-_ - - - 

- 

Tab le  13. LBL D r i v e r s '  Responses  t o  " D r i v e a b i l i t y "  
Ques t ion ,  from Da i ly  ':rip Logs, Two Years - 

November 1, 1985 to October  31. 1987 

Number of Responses  

Veh ic l e  I D  
No T o t a l  

r e s p o n s e  Good Average Poor 

E-753 
E-754 
E-755 
E-756 
E-757 

S u b t o t a l  

G-563 
G-580 
G-611 
G-709 
G-771 

Sub t o t a1 

(Both) Total 

Methanol v e h i c l e s  

249 4 b 10 
233 86 12 
234 15;' 26 
252 9 4 33 
2 54 5 3 15 -- -- _- 

1222 430 96 214 

G a s o l i n e  v e h i c l e s  

409 7 :I 1 
422 5;' I. 0 
324 155 5 
313 3(l 2 
311 351 2 
I_ -- -- - 
1779 66El 20 218 

3001 1104- 116 432 

1968 

2685 

4653 
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The average responses  of t h e  d r i v e r s ,  exp res sed  as pe rcen tages  of 

t h e  t o t a l  r e sponses ,  are p resen ted  i n  Tables  14-16 where data are pre-  

s e n t e d  f o r  t h e  second y e a r  a l o n e ,  f o r  t h e  enGIre t w o  years, and f o r  t h e  

f i r s t  yea r  a lone  ( d a t a  r epea ted  i n  t h i s  r e p o r t  f o r  t h e  sake of corn- 

p a r i s o n ) .  I n  t h e s e  t a b l e s  the v e h i c l e s  have been grouped by f u e l  t y p e  --- 
methanol v e r s u s  g a s o l i n e  v e h i c l e s .  Comparing t h e  r e s u l t s  i n  Table 14  

(second y e a r )  w i t h  those  i n  Table 16 ( f i r s t  y e a r ) ,  one f i r i d s  that whi le  

methanol v e h i c l e s  were still r a t e d  as "Good" t h e  m a j o r i t y  of t h e  time In 

t h e  second year ,  the  margin over  "Average" has  s l i p p e d  somewhat s i n c e  

t h e  f i r s t  year.  Furthermore,  while t h e  f i r s t  y e a r ' s  d a t a  i n d i c a t e d  t h a t  

t h e  d i f f e r e n c e s  i n  responses  between methanol and g a s o l i n e  v e h i c l e s  were 

i m p e r c e p t i b l e ,  t hose  d i f f e r e n c e s  are now s i g n i f i c a n t .  For g a s o l i n e  

v e h i c l e s ,  t he  percentages f o r  "Good" s t ayed  a t  about the same l e v e l s  f o r  

t h e  second y e a r ,  while f o r  methanol v e h i c l e s  t h e  pe rcen tages  f o r  "Good" 

fell s i g n i f i c a n t l y .  At t h e  same t i m e ,  percentages f o r  "Poor" f o r  both 

methanol and g a s o l i n e  v e h i c l e s  s t ayed  abou t  t h e  same f o r  t h e  second 

y e a r ,  but the  percentages of "No response" inc reased  g r e a t l y  f o r  both. 

The reason f o r  t h e  g r e a t  i n c r e a s e  i n  "No response" i s  not known, 

arid steps have been t aken  t o  remedy the s i t u a t i o n ,  bu t  t he  e f f e c t  of 

d r i v e r s '  not  responding appears  t o  be d i f f e r e n t  depending on whether t h e  

Table 14. Averages of Responses from t h e  LBL Daily 
T r i p  Logs for  Ease of S t a r t i n g  and D r i v e a b i l i t y ,  

Second Year - November 1, 1986 ti:, October 31, 1987 

Response ( 2 )  

Average 
No 

response 
~ 

Ease of s t a r t i n g  

Mechanol v e h i c l e  average 6 2  19 4 1 5  

LBL f l e e t  average 7 2  13 2 13 

Dr iveah i  l x  

Gasol ine v e h i c l e  ave rage  79 9 1 11 

Methanot v e h i c l e  average 59 20 4 17  
Gasol ine v e h i c l e  average 67 22 N i  1 11 
LBL f l e e t  average 6 4  2 1  2 13 

... --. .-.--------- 
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Table 15. Averages of F.esponses from t h e  LBL Daily 
T r i p  Logs f o r  Ease of S t a r t i n g  and D r i v e a b i l i t y ,  
Two Years - November 1, 198.5 t o  October 31, 1987 

Response (%) 

Good Average Poor response 

I 

No 

Ease of s t a r t i n g  

Methanol v e h i c l e  average  6 7  20 4 9 
Gasol ine  v e h i c l e  average  76 15 1 8 
LBL f l ee t  average 72 17 2 9 

Methanol v e h i c l e  average  62 22 5 1 1  
Gasol ine  v e h i c l e  average  136 25 1 8 
LBL f l e e t  average  65 24  2 9 

D r i v e a b i l i t y  

Table 14. Averages of Responses from t h e  LBL Daily 
T r i p  Logs €or Ease of S t a r t i n g  and D r i v e a b i l i t y ,  

F i r s t  Year - November l . ,  1985 t o  October 31, 1986 

Response ( X )  

No 
res pons e 

Good Average Poor 

Ease of s t a r t i n g  

Methanol v e h i c l e  average  7 2  20 4 4 
Gasol ine  v e h i c l e  average  73  22 1 4 
LBL f l e e t  average 7 2  2 1  3 4 

Methanol v e h i c l e  average  4 5  25 5 5 
Gasol ine  v e h i c l e  average  45 28 1 5 
LBL f l e e t  average 65 27 3 5 

D r i v e a b i l i t y  
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car i s  methanol o r  gaso l ine .  It appears  t h a t  f o r  t h e  methanol v e h i c l e s  

t he  i n c r e a s e  i n  "No response" i s  a t  the expense of t he  "Good" r a t i n g .  

Th i s  may suggest  t h a t  a s m a l l  number of d r i v e r s ,  who may have reached a 

l e v e l  of complacency about t he  p r o j e c t ,  choose t o  i gnore  the  r a t i n g s  

s e c t i o n  of t h e  t r l p  logs.  These d r i v e r s  o the rwise  might have checked 

"Good" i f  they had checked any of t he  responses  a t  a l l  ( s i n c e  t h e  "No 

response' '  c a t egory  i n c r e a s e d  by about t h e  same amount as  t h e  "Good" 

ca t egory  dec reased ) .  Perhaps,  t h i s  means t h a t  t he  d r i v e r s  are s a t i s -  

f i e d ;  t h e y  have no complaints ;  and they  f e e l  t h a t  t h e y  have a l r e a d y  

given s u f f i c i e n t  i n d i c a t i o n  t h a t  t h e  methanol cars a r e  accep tab le .  One 

would t h i n k  t h a t  i f  such i s  t h e  s i t u a t i o n ,  then t h e  saae t r e n d  would be 

seen wi th  the  g a s o l i n e  v e h i c l e s .  That i s  no t  t h e  case, though, s i n c e  

t h e  numbers of "No response" f o r  t h e  g a s o l i n e  c a r s  appear  t o  be a t  t h e  

expense of the  "Average" r a t i n g .  The psychology involved h e r e ,  and t h e  

c o n t r a s t  between t r e n d s  i n  t h e  numbers of d r i v e r s '  no t  responding f o r  

the  methanol ve r sus  g a s o l i n e  v e h i c l e s ,  i s  c e r t a i n l y  beyond t h e  scope of 

t h i s  p r o j e c t .  Neve r the l e s s ,  t h e  "No response" c a s e s  seem t o  have 

d e f i n i t e ,  but d i f f e r e n t ,  t r e n d s  between t h e  methanol and g a s o l i n e  c a r s .  
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