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RESULTS FROM THE FIRST YEAR OF OPERATlON 
OF THE FEDERAL METHANOL FLEET AT 

LAWRENCE BERKELEY LABORATORY 

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

J. L. Wantland 

ABSTRACT 

The Oak Ridge Na t iona l  Labora tory  (ORNLL), under t h e  
a u s p i c e s  of t he  A l t e r n a t i v e  Fuels  U t i l i z a t i o n  Program, has  
been managing t h e  Fede ra l  Methanol F l e e t  P roJec t  s i n c e  i t s  
beginning  i n  f i s c a l  year  1985. This  c o n g r e s s i o n a l l y  man- 
d a t e d  p r o j e c t  d i r e c t e d  t h e  Department of Energy t o  beg in  t o  
implement methanol-fueled v e h i c l e s  i n t o  c i v i l i a n  government 
f l e e t  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  first 
y e a r ' s  o p e r a t i o n  of t h e  methanol f l e e t  a c t i v i t i e s  a t  
Lawrence Berkeley Labora tory  (LBL) i n  Berke ley ,  C a l i f o r -  
n i a .  Opera t ion  of methanol cars a t  LBL o f f i c i a l l y  began on 
November 1, 1985. The f l e e t  c o n s i s t s  of f i v e  1984 methatiol- 
f u e l e d  Chevro le t  C i t a t i o n  sedans  p a i r e d  wi th  f i v e  analogous 
gaso l ine - fue led  C i t a t i o n s  f o r  comparison. 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  consumpcion, maintenance 
r e c o r d s ,  d r i v e r  pe rcep t ions  of o p e r a b i l i t y  and s a f e t y ,  and 
o i l  sample ana lyses .  Although d r i v e r s  have expressed  some 
concerns r ega rd ing  the o f f - s i t e  a v a i l a b i l i t y  of methanol 
Eue l ,  they  g e n e r a l l y  r epor t ed  no s i g n i E i c a n t  d i f f e r e n c e s  i n  
t h e i r  p e r c e p t i o n s  of s a f e t y  and o p e r a b i l i t y  between t h e  
methanol and g a s o l i n e  v e h i c l e s .  No major maintenance prob- 
lems were encountered.  O i l  sample ana lyses  revea led  h i g h e r  
engine  wear r a t e s  i n  the  methanol v e h i c l e s ,  but no t  alarm- 
i n g l y  h igh .  These r e s u l t s  a r e  i n  agreement wi th  those  
ob ta ined  from o t h e r  methanol f l e e t s .  It is  concluded t h a t  
t he  Federa l  Methanol F lee t  o p e r a t i o n  a t  LBL has been h i g h l y  
s u c c e s s f u l  du r ing  i t s  f i r s t  year  of o p e r a t i o n .  

1. INTRODUCTION 

I t  I s  conunon knowledge t h a t  a s i g n i f i c a n t  amount of OUK n a t i o n a l  

pe t ro leum consumptlon is i n  p r i v a t e  automobiles .  It is a l s o  w e l l  known 

tha t  a s i g n i f i c a n t  amount of t h i s  petroleum i s  imported from f o r e i g n  

sources  t h a t  are s u b j e c t  t o  f o r c e s  not under O U T  c o n t r o l .  This  has  

caused much concern among energy e x p e r t s  and the  impetus is  s t r o n g  t o  
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develop a l t e r n a t i v e  automotive f u e l s  o b t a i n a b l e  from domestic. sources .  

One promising a l t e r n a t i v e  f u e l  is methanol. C u r r e n t l y  methanol i s  pro- 

dnced €rom n a t u r a l  gas  but  i t  can bc produced c o m e x i a l l y  from high- 

s u l f u r  c o a l  as is  preser i t ly  being done on a 1i .aited scale by Eastman 

Chemical P roduc t s ,  Inc. ,  i n  Kingspijr:, Tennessee.  The United S t a t e s  has  

a very l ~ a r g e  r e s e r v e  of coa l .  

The Congress of t he  United S t a t e s  has  diem i n t e r e s t  i n  a l coho l  

fuels  a s  a l t e r n a t i v e  f u e l s  s i n c e  t h e  e a r l y  1970s by t h e i r  a p p r o y r i a t i o n  

of funds f o r  the rese.arch and development of t h e  u t i l i z a t i o n  of t h e s e  

f u e l s .  This  f l e e t  demonst ra t ion  p r o j e c t  may be viewed. as a l o g i c a l  pro- 

g r e s s i o n  from resea rch  t o  demonst ra t ion  of t echno log ica l  f e a s i b i l i t y .  

While some t e c h n i c a l  problems remain t o  he so lved  wi th  ne thanol - fue led  

eng ines  i t  is g e n e r a l l y  be l ieved  t h a t  t h e r e  remain no grea t  technologi -  

c a l  b a r r i e r s  t o  t h e  i n t r o d u c t i o n  of methanol--fueled v e h i c l e s ,  espec3.al.l.y 

i n  warm c l ima tes .  The re fo re ,  t h i s  p r o j e c t  w a s  conceived f o r  t he  pur- 

poses of demonst ra t ing  t h e  m a t u r i t y  of t h e  technology as w l . 1  as f o r  

us ing  government Eunds t o  try t o  encourage t h e  i n t r o d u c t i o n  of bo th  

methanol-Fueled v e h i c l e s  and methanol r e f u e l i n g  f a c i l i t i e s .  
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2. LEGISLATIVE O R I G I N  

During the  y e a r  1984, s e v e r a l  b i l l s  were cons idered  by Congress a t  

d i f f e r e n t  l e v e l s  which d e a l c  w i t h  t h e  U.S.  government 's  role i n  t h e  

i n t r o d u c t i o n  of methanol-fueled v e h i c l e s .  None of the b i l l s  passed i n  

Congress ,  bu t  n e v e r t h e l e s s  a f e d e r a l  involvement was begun. The FY 1985 

Cont inuing  Reso lu t ion  i n  the f a l l  of 1984 inc luded  an a p p r o p r i a t i o n  of 

$980,000 t o  the Department of Energy (WE) f o r  t h e  beginning oE a Fed- 

e r a l  Methanol F l e e t  (FMF). The Concinuing Reso lu t ion  f o r  PY 1985 made 

r e f e r e n c e  t o  Secti.on IO5 of House B i . 1 1  5048 and i n s t r u c t e d  DOE t o  imple- 

ment t h e  PMP i.n accordance with the p r o v i s i o n s  of t h a t  s e c t i o n .  

S e c t i o n  105 i n c l u d e s  the  congres s iona l  g u i d e l i n e s  f a r  t he  FMF as 

fo l lows :  

1. 

2. 

3 .  

4. 

Funds provided a r e  f o r  incremental c o s t s  only.  For example, t h e  

p r o j e c t  funds  should pay €o r  t h e  a d d i t i o n a l  c o s t s  a s s o c i a t e d  wi th  a 

v e h i c l e  be ing  produced t o  o p e r a t e  on f u e l  methanol but no t  f o r  t h e  

cost of the base  v e h i c l e .  

A t  least  one of t h e  si tes a t  which methanol-fueled v e h i c l e s  w i l l  be 

a s s igned  must be i n  a co ld  climate so t h a t  t h e  p a r t i c u l a r  problems 

with such  v e h i c l e s  i n  co ld  weather  can  be  a s s e s s e d .  

DOE must assess t h e  v e h i c l e  performance i n c l u d i n g  f u e l  economy. 

emts s ions ,  and saEety  of t h e  methanol-fueled v e h i c l e s .  

The cumpartson of o p e r a t i n g  and maintenance c o s t s  of t h e  methanol 

v e h i c l e s  t o  those  cos t s  f o r  g a s o l i n e  v e h i c l e s  must he assessed .  

* 

DOE d i r e c t e d  t h e  Oak Ridge Nat iona l  Labora tory  (ORNL) t o  be t h e  

P r o j e c t  Manager for t h e  E'MF, and DOE and ORNL have worked c l o s e l y  to- 

g e t h e r  t o  de te rmine  the  b e s t  way in  which the congress iona l .  g u i d e l i n e s  

could be m e t .  

* 
Fuel  methanol is d e f i n e d  as a f u e l  c o n t a i n i n g  a t  least  85Z aeth- 

a n o l ,  t h e  remainder  being p r i m a r i l y  a c o l d - s t a r t  a d d i t i v e  which i s  
u s u a l l y  unleaded g a s o l i n e .  
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3.  PROJECT STRATEGY AND APPROACH 

The b a s i s  f o r  t h e  s t r a t e g y  and approach taken  i n  t h i s  p r o j e c t  i s  

t h e  i n t e r p r e t a t i o n  t h a t  methanol-fueled v e h i c l e s  must be i n t e g r a t e d  i n t o  

o p e r a t i o n s  of c i v i l i a n  government-operated E l e e t s  i n  a manner common t o ,  

and c o n s i s t e n t  w i th ,  t h e  p r e s e n t  use of gaso l ine - fue led  v e h i c l e s .  Fur- 

thermore,  success  i n  t h i s  p r o j e c t  i s  i n d i c a t e d  when t h e  government with- 

draws from p r o j e c t  management; and f l e e t  o p e r a t i o n s  us ing  methanol f u e l  

are pe rpe tua ted  independent ly .  It is a p p r o p r i a t e  t h a t  p r i v a t e  i n d u s t r y  

m u s t  be involved i n  the  commercial a s p e c t s  of t h e  p r o j e c t ,  i nc lud ing  

both  t h e  f u e l  and the v e h i c l e  a s p e c t s ,  whi le  f e d e r a l  agenc ie s  must be 

involved i n  the  a c q u i s i t i o n  and ope ra t ion  of t he  v e h i c l e s .  

It was recognized e a r l y  t h a t  t h i s  p r o j e c t  is c h a r a c t e r i z e d  by 

n e i t h e r  e s t a b l i s h e d  s p e c i f i c a t i o n s  f o r ,  nor commercial a v a l l a b i l i t y  of ~ 

t h e  products  themselves ,  i.e. methanol-fueled v e h i c l e s  as w e l l  as t h e  

methanol f u e l  i t s e l f .  Furthermore,  t h e r e  is no methanal f u e l  d i s t r i b u -  

t i o n  experience on a n a t i o n a l  o r  r e g i o n a l  b a s i s ,  nor ded ica t ed  d i s -  

pensing equipment ,  except  f o r  l i m i t e d  f a c i l i t i e s  i n  C a l i f o r n i a .  

Based on t h e s e  o b s e r v a t i o n s ,  i t  was ev iden t  t h a t  a two--phase f l e e t  

p r o j e c t  was a p p r o p r i a t e .  In Dhase I, l i m i t e d  q u a n t i t i e s  of late-model 

g a s o l i n e  v e h i c l e s  a r e  being o p e r a t e d ,  which have been engineered f o r  

methanol us ing  s t a t e -o f - the -a r t  ~ pre-producti .on technology.  The o b j e c -  

t i v e s  of Phase I are: 

1. To e s t a b l i s h  i n i t i . a l  f l e e t  o p e r a t i o n s  and f u e l i n g  s i tes ;  

2. To conduct o p e r a t i o n s  w i t h  c o u n t e r p a r t  gasoline-powered cont ro l .  

v e h i c l e s  on a one-to-one b a s i s ;  

3 .  To s t r u c t u r e  tes t  c o n t r o l s ,  moni tor ing ,  v e h i c l e  o p e r a t i o n  and t s t -  

i n g ,  d a t a  c o l l e c t i o n ,  and a n a l y s i s  a c t i v i t i e s ;  

4 .  To augment current in fo rma t ion ,  d a t a ,  and material p e r t a i n i n g  t o  

use r  agency benef j . t s  of methanol-fueled v e h i c l e s ;  

5 .  To provide  t h e  mechanism and framework f o r  o p e r a t o r  purchase of 

a p p r o p r i a t e  methanol f u e l ;  and 

6. To provide i n p u t s  f o r  Phase I1 opera t ions .  
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I n  Phase XI, a t  least  1000 v e h i c l e s  (accord ing  t o  congres s iona l  

g u i d e l i n e s )  w i l l  be acqu i r ed  f r o u  o r i g i n a l  equiprnent manufac turers  (OEM) 

and i n t e g r a t e d  into f e d e r a l  f l e e t s .  Opera t ions  i n  Phase I T  w i l l  i nco r -  

p o r a t e  the  fo l lowing  procedures  and o b j e c t i v e s .  

1. 

2.  

3.  

4. 

5. 

U t i l i z e  Phase I d a t a  t o  e s t a b ~ l i s h  o r  upgrade v e h i c l e  and f u e l  spec- 

i f i c a t i o n s .  

Procure  v e h i c l e s  u s ing  General  S e r v i c e s  Admin i s t r a t ion  ( G S B )  pur- 

chase  and a l l o c a t i o n  p o l i c i e s ,  w i t h  a p p r o p r i a t e  m o d i f i c a t i o n s  i f  

r equ i r ed .  

Expand t h e  number and/or  s i z e  of o p e r a t i o n a l  si.tes i n  conformance 

wi th  purchases .  

Ver i fy  ope ra t io r i a l  r e s u l t s  on only  a r e p r e s e n t a t i v e  f l e e t  c ross -  

s e c t i o n  wi th  a f u n c t i o n a l  d a t a  c o l l e c t i o n  and a n a l y s i s  system. 

Provide  a p p r o p r i a t e  prepurchase  and o p e r a t i o n a l  suppor t  t o  ensu re  

convenient  o p e r a t i o n s  by use r  agenc ie s  i n  a r o u t i n e  manner. 
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4 .  PHASE I C R I T E R I A  ANI) FLEETS 

4.1 Vehiclco 

It was planned t h a t  the  Phase I test f l ~ e e t s  should c o n s i s t  of some 

or all of t h r e e  types  of v e h i c l e s :  (1)  gaso l ine - fue led  v e h i c l e s  con- 

v e r t e d  t o  methaiiul  use tiiithout i i i c r eas ing  engine  compression r a t i o  (CX) , 
( 2 )  t he  saise as (1)  bu t  w i . t h  i nc reased  CR, and (3) unmodified g a s o l i n s -  

f u e l e d  c a r s  t o  s e r v e  a s  c o n t r o l  v ~ r h i c l e s .  Some of t h e s e  v e h i c l e s  must 

be speciaJ~1.y adapted  f o r  co ld  weather o p e r a t i o n .  

h 2 2  F l e e t  Size . .. . .. . . 

For s t a t i s t i c a l  purposes ,  an adequate  number of v e h i c l e s  is d e s i r e d  

f o r  each  f l e e t ;  however, thi.s number i s  l i m i t e d  by funding cons ide ra - -  

t i o n s .  For moderate-to-warm c l i m a t e s ,  i t  wan determined t h a t  t he  mini- 

mum a c c e p t a b l e  Phase I t e s t  f l e e t  s i z e  c o n s i s t  of f i v e  methanol-fueled 

v e h i c l e z  pa i r ed  wi th  ( i d e a l l y )  f i v e  comparable gaso l ine - fue led  c o n t r g l  

vehi .c les .  It  is necessa ry  t o  select  c a r e f u l ~ l y  the  ass ignments  of ve-- 

h i c l e s  in a p a r t i c i p a t i n g  f l e e t  so t h a t  t he  aggrega te  of f i v e  methanol 

vehi.cles expe r i ences  the  same s e r v i c e  o r  du ty  c y c l e  as  the  aggregst.e of 

t h e  f i v e  ga.sol~ine v e h i c l e s .  

F o r  t he  cold-weather f l e e t ,  w i th  the  l i k e l i h o o d  of th r i -e  being on ly  

one such s i t e ,  it was decided t h a t  t h e  f l e e r  should be i n c r e a s e d  i n  s i z e  

i n  01-der t o  a t t a i r i  the  l a r g e s t  arid most a c c u r a t e  da.tabase p o s s i b l e  f o r  

a n a l y s i s ,  w i t h i n  t h e  program funding l i m i t a t i o n s .  T h e r f f o r e ,  a minimum 

o f  t e n  mcthanol v e h i c l e s  a t  the  p a r t f c i p a t i n g  cold--weather f l e e t  +as 

targeted.  as  t h e  reqiiireinent. These t e n  methanol vehi -c les  would ~ 

l i k e w i s e ,  be pa i r ed  (idea.lby) w i th  t e n  comparable g a s o l i n e  v e h i c l e s .  

4.3 . Fuel -. Supply 

hr. impor tan t  a s p e c t  of Phase i o p e r a t i o n  i s  f u e l  suppl~y.  With a 

l i m i t e d  number of swal: f l e e t s  i n  d i f f e r e n t  p a r t s  of t h e  c o u n t r y ,  one 

c e n t r a l  f u e l  d i s t r i b u t i o n  system i s  n o t  p r a c t i c a l .  However, f o r  each  

f l e e t  a f u e l  s u p p l i e r  was sought who has  the  fol.1.owing c a p a b i l i t i e s :  
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1. A b i l i t y  t o  fo rmula t e  t h e  f u e l  s c i e n t i f i c a l l y ,  t h a t  i s ,  de te rmine  the  

proper  fo rmula t ion  of t h a t  15% of the  f u e l  which i s  not methanol i n  

o r d e r  t o  account  f o r  s easona l  v a r i a t i o n s .  

2. A b i l i t y  t o  blend p h y s i c a l l y  t h e  proper  f u e l  Eormvlat ions €or d i s -  

t r i b u t i o n  a t  the  a p p r o p r i a t e  times. 

3 .  A b i l i t y  t o  d e l i v e r  t h e  r e q u i r e d  tormula ted  f u e l  t o  t h e  f l e e t  s i te  a s  

needed. 

4.4 Data Needs 

Phase I d a t a  a c q u i s i t i o n  is  in t ended  t o  c l a r i f y  p e r c e p t i o n s ,  h e l p  

t o  focus  the  d i r e c t i o n  of Phase 11, and s a t i s f y  the congres s iona l  guide-  

l i n e s  of aseessi-ng performance,  f u e l  economy, emis s ions ,  s a f e t y ,  etc.  

A t  t he  same time, d a t a  c o l l e c t i o n  i s  conducted in a way so as t o  have 

minimum impact on a f l e e t ' s  o p e r a t i o n s  i n  o r d e r  to ensu re  r e l i a b l e  d a t a  

wi thout  burdening ail agency wi th  too  much a d d i t i o n a l  r e p o r t i n g  r e q u i r e -  

ments. 

T h e r e f o r e ,  i t  was decided t h a t  on ly  minimal d a t a  is r e q u i r e d  of any 

p a r t i c i p a t i n g  f l e e t .  Those requi rements  i nc lude  t h e  fo l lowing  €or  bo th  

t h e  methanol c a r s  as w e l l  as the  comparable g a s o l i n e  c o n t r o l  cars: 

1. Refuel ing  d a t a  i n c l u d i n g  odometer r ead iugs  and amount of f u e l  added. 

2. Dr iver  r e a c t i o n s  t o  the o p e r a t i o n  of t h e  v e h i c l e  t o  inc lude  ease of 

s t a r t i n g  and d r i v a h i l i t y .  

3 .  Vehi.cle maintenance r e c o r d s ,  bo th  r o u t i n e  p reven t ive  maintenance as 

w e l l  as e x t r a o r d i n a r y  maintenance. 

S p e c i a l  t e s t i n g  and d a t a  r e p o r t i n g  a t  c e r t a i n  i n t e r v a l s  i n  t h e  

vehicle 's  o p e r a t t o n  are a l s o  r equ i r ed .  The l u b r i c a t i n g  o i l  i.s t e s t e d  a t  

r e g u l a r  i n t e r v a l s  f o r  each v e h i c l e  t o  de te rmine  such parameters  as con- 

c e n t r a t i o n s  of wear metals, t o t a l  base  number, v i s c o s i t y ,  f u e l  d i l u t i o n ,  

etc.  Each p a r t i c i p a t i n g  methanol f l e e t  v e h i c l e  is t e s t e d  on the U.S. 

Fede ra l  T e s t  Procedure f o r  emiss ions  both  be fo re  and a f t e r  convers ion  t o  

methanol.  Fur thermore ,  emiss ions  tests ace expec ted  t o  be conducted on 

approximate ly  one-year i n t e r v a l s ,  a f t e r  t h e  i n i t i a l  tes t .  
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4 - 5  Phase I Flee ts  

The Phase I Fede ra l  Methanol Fleet  Pro x t  cons S s of t h r e e  

f l e e t s ,  A f l e e t  a t  Lawrence Berkeley Laboratory (LBL) i n  Berke ley ,  

C a l i f o r n i a  has beer. i n  o p e r a t i o n  s j ~ n c e  November 1, 1985. The co ld-  

weather  f l e e t  i s  l o c a t e d  a t  Argonne Nat iona l  Labora tory  (ANL) i n  

Argonne, I l l i n o i s .  .The ANL f l e e t  (which was p laced  i n t o  o p e r a t i o n  be- 

tween August an.d December 1986) c o n s i s t s  of f i v e  methanol and f i v e  gaso- 

l i n e  Chevro le t  S-10 pick-up t r u c k s  and f i v e  methaiiol and f o u r  g a s o l i n e  

Ford Crown V i c t o r i a  s e c u r i t y  sedans.  The t h i r d  f l e e t  i s  being organized  

a t  ORNL and w i l l  c o n s i s t  of f ivr :  methanol and f i v e  g a s o l i n e  turbocharged 

Buick Regal sedans.  The ORNL f u e l i n g  s t a t i o n  has  been completed and t h e  

Buick Regals a r e  on o rde r .  

A s  t h e  LBL f l e e t  has  been i n  o p e r a t i o n  f o r  over  a y e a r ,  s t r f f i c i e n t  

d a t a  a r e  a v a i l a b l e  t o  warran t  a prel . iminary a n a l y s i s  of r e s u l t s .  

The reinainder of t h i s  r e p o r t  d e s c r i b e s  the  LBT, f l e e t ,  i t s  opera- 

t i o n ,  r e s u l t s  o b t a i n e d ,  and conclusioi ls  d r a m  from the  f i r s t  year  of  

o p e r a t i o n .  
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5. LAWRENCE BEKKELEY LABORATORY FLEET 

Lawrence Berke ley  Labora tory  is l o c a t e d  i n  the  hil ls  behind 

Berke ley ,  C a l i f o r n i a  a c r o s s  the  bay from San F ranc i sco .  The c l i m a t e  is 

g e n e r a l l y  mild with average win te r  t empera tu res  from 40 td So,? ( 5  t o  

10OC) and average summer t empera tu res  from 55 t o  70°F (10 t o  15°C). The 

average  annual  r a i n f a l l  i s  20 in .  (500 mm). The l a b o r a t o r y  s i t e  i t s e l f  

Is d i s t i n c t l y  h i l l y  w i t h  many winding r o a d s ,  but i t  is w i t h i n  f i v e  miles  

of s e v e r a l  major highways. Hence, f o r  s h o r t  t r i p s ,  e spec iaL ly  around 

t h e  LBL s i t e ,  f u e l  consumption i s  somewhat h i g h e r  t han  average f o r  

"around town" d r i v e r s .  For l o n g e r  t r i p s  (on t h e  highways) f u e l  consump- 

t i o n  is about average.  

5.1 LBL Fleet D e s c r i p t i o n  

The LBL f l e e t  c o n s i s t s  of t e n  1Y84 Chevro le t  C i t a t i o n  sedans with 

c a r b u r e t t e d  2.8-.t V-6 engines  and au tomat i c  t r ansmiss ions .  Five of t h e  

C i t a t i o n s  were conver ted  t o  o p e r a t e  on methanol by the Bank of America 

(BOA). The c a r s  were v i r t u a l l y  new and had low mileage when they were 

conver ted  in  the  s p r i n g  of 1985. Conversions were made a t  BOA f a c i l i -  

t ies by BOA pe r sonne l .  Major e lements  of t h e  BOA convers ion  i n c l u d e ;  

replacement of some f u e l  l i n e  and c a r b u r e t o r  m a t e r i a l s ,  e l e c t r o l e s s  

n i c k e l  p l a t i n g  of t h e  c a r b u r e t o r ,  enlargement of t he  f u e l  meter ing  j e t s ,  

replacement of t he  head g a s k e t s ,  and s u b s t i t u t i o n  of a l a r g e r  f u e l  

tank. The compression r a t i o  was not changed. A more d e t a i l e d  d e s c r i p -  

t i o n  of the conver s ion  t o  methanol by BOA i s  con ta ined  i n  Ref. 1. 

F igu re  1 i s  a photograph of t h r e e  of t h e  methanol-fueled Chevro le t  

C i t a t i o n  sedans.  

5.2 F l e e t  Duty S e r v i c e  

A t  LBL t h e  f i v e  methanol C i t a t i o n s  were placed i n t o  s e r v i c e  i n  

t h e i r  c e n t r a l  motor pool a long wich f i v e  comparable 1984 g a s o l i n e  C i t a -  

t i o n s  which had been a c q u i r e d  from t h e  General S e r v i c e s  Admin i s t r a t ion  

(GSA) f l e e t  i n  t he  San F r a n c i s c o  a r e a .  Because t h e  g a s o l i n e  C i t a t € o n s  
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had been i n  service a t  o t h e r  p l a c e s ,  t hey  had each a l r e a d y  accumulated 

between 20.000 and 30,000 miles (30,000 to 50,LiOO km)+ In t h e  motor 

pool  s e r v i c e  the t e n  cars serve some of She t r a n s p o r t a t i o n  n.aeds of t h e  

I,BL personnel  on a r e s e r v e / d i s p a t c h  b a s i s ,  That is, an. employee who 

needs a government car i n  c a r r y i n g  out  h i s  j o b  can call and make a res- 

e r v a t i o n  f o r  one of t h e s e  teu vehi .c les .  Typ ica l  s e r v i c e s  rendered by 

t h e s e  c a r s  i nc lude  t r a n s p o r t a t i o n  around the 1.EL s i t e ,  i n t o  and around 

Berkeley and Oakl.and, t o  and from the Lawrence Livennore Labora tory  

[about  80 miles (130 km) round t r i p ] ,  arid t o  and from the St.antctrd 

L inea r  Acce le ra to r  Center  i n  Pa lo  Alto.  A wide v a r i e t y  of o t h e r  t r a n s -  

p o r t a t i o n  needs are encountered  inc lud ing  an o c c a s i o n a l  requirement  for 

someone to  t a k e  one of t h e  cars on an overni.ght t r i p .  In  such a case ,  a 

g a s o l i n e  c a r  is  g e n e r a l l y  used so as t o  e n s w e  t h a t  the enp:ioyee w i l l  be  

a b l e  t u  r e f u e l .  

5 . 3  Metlianol. Refue l ing  F a c i l i t i e s  ~. 

The Labora tory  has  l e a s e d  a 2000 gal. (Hl)40 e )  f u e l  t ank  and P ? I N ~  

and has  i n s t a l l . e d  i t  a t  t he  motor pool garage  f a c i l i t y .  This  refuel.ing 

c a p a b i l i t y  s e r v e s  most of t h e  needs of the met.hano1 cars. Aowever, LBL 

a l s o  has  t h e  o p p o r t u n i t y ,  if ueeded,  t o  use any of t h e  f u e l i n g  s t a t i o n s  

of both BOA and t h e  C a l i f o r n i a  Energy Commission (CEC) s c a t t e r e d  around 

t h e  San F ranc i sco  Bay area and i n  most of n o r t h e r n  C a l i f o r n i a .  'These 

t o t a l  about  12 f u e l i n g  s t a t i o n s  a v a i l a b l e  f o r  use  by LBL, which shonld 

serve to  extend the  range of use  of t h e i r  f i v e  orethanol v e h i c l e s .  Fuel  

purchased by LBL f o r  d i s p e n s i n g  from t h e i r  on-s i te  tank  is the same as 

used by BoA i n  t h e i r  own methanol f l e e t  and is ob ta ined  from Redwoud O i l  

Company. Accordingly,  t he  f u e l  c o n s i s t s  of t36 t o  5OX methanol ( a d j u s t e d  

s e a s o n a l l y )  w i t h  the  remainder being util.eaded gasol ine. .  The Bank of 

America a l s o  uses  a small amount of a p r o p r i e t a r y  f u e l  a d d i t i v e  which i.s 

s a i d  t o  reduce wear and corrosion. Appendix A i s  a copy of BOA'S metha- 

n o l  f u e l  s p e c i f i c a t i o n s .  S ince  no problems have been encountered w i t h  

t h e  f u e l  atid s i n c e  the f u e l  is  r ece ived  from tile same s u p p l i e r  a s  f o r  

BOA, t h e r e  has not  been a need co v e r i f y  a l l  of t h e  f u e l  s p e c i f i c a t i o n s  

a s  h d i c a t e d  i n  Appendix A. If t h e  LBL methanol cacs are fueled a t  
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CEC-fuel s t a t i o n s ,  they  w i l l  encounter  a s l i g h t l y  d i f f e r e n t  f u e l  Eormu- 

1a:ion s i n c e  CEC uses  05% m.ethano1 wi th  unleaded g a s o l i n e  and wi th  no 

fuel. a d d i t i v e  package. 

5.4 Methanol Vehic le  Lubr i ca t ion  .__I__ .... x__. 

The o i l  used i n  the  inethanol c a r s  i s  ob ta ined  from t h e  Bank of 

America aiid is SAE 40 sing1.e-grade o i l  w i th  an add iz ive .  O i l  change in-  

t e r v a l  f o r  these ca rs  has  been set a t  every  3000 miles (5000 km). This  

o i l  change i n t e r v a l  is s h o r t e r  than  today ' s  p r a c t i c e  wi th  new c a r s  be- 

cause  of t he  h igher  r a t e s  of wear and co r ros ion  i n  methanol veh ic l e s .  

O i l  used i n  t h e  g a s o l i n e  c a r s  i s  t h e  s t anda rd  manufacturer-recommended 

multi-grad.e o i l ,  and. o i l  change i n t e r v a l  i s  every  4000 miles (7000 km). 

O i ~ l .  samples a r e  being taken from each of tb.e 10 cars every 1000 miles 

(1600 km) and analyzed f o r  weax metal  c o n c e n t r a t i o n ,  t o t a l  base number, 

v i s c o s i t y ,  and f u e l  d i l u t i o n .  

5.5 Data Requirements 

Emissions and f u e l  economy tes ts  of t h e  f i v e  methanol C i t a t i o n s  

were performed a t  t h e  Un ive r s i ty  of Santa  C la ra  both  be fo re  and a f t e r  

convers ion  accord ing  t o  the  U.S. Federa l  Emissions Tes t  Procedwe {FTP). 

Because Congress r equ i r ed  t h a t  comparisons of o p e r a t i o n s  ~ f u e l  cow- 

sumption,  maintenance c o s t s ,  e t c . ,  a r e  t o  be r e p o r t e d ,  c e r t a i n  d a t a  

requi rements  a r e  p laced  on LBI.. Copies of a l l  maintenance r eco rds  f o r  

a l l  t e n  c a r s ,  whether the maintenance i s  p r e v e n t a t i v e  o r  unscheduled,  

a r e  s e n t  t o  ORNL f o r  i n c l u s i o n  i n  t h e  FMY da tabase .  A complete r e p a i r  

h i s t o r y  is maintained f o r  each v e h i c l e  i n  the  f l e e t ,  i nc lud ing  o i l  addi- 

t i o n s ,  oi.1 changes,  o i l  samples t aken ,  and p a r t s  and l a b o r  requi red .  

Methanol and g a s o l i n e  f u e l - r e l a t e d  unscheduled maintenance is  f lagged  i n  

the  da tabase .  O i l  sample ana lyses  a r e  per forned  by a commercial l abora-  

t o r y  w i . t h  t h e  r e s u l t s  s e n t  d i r e c t l y  t o  OKNL. (ORNI, t r a n s m i t s  cop ie s  of 

t h e  a n a l y s i s  r e p o r t s  t o  i h e  f l e e t  manager f o r  h i s  in format ion . )  Logs of 

a l l  r e f u e l i n g  t r a n s a c t i o n s  f o r  t he  t en  f l e e t  vehi .c l~es  a r e  maintained.  
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Daily t r i p  l o g s  are maintained on which a r e  recorded d r i v e r  i d e n t i -  

f i c a t i o n ,  v e h i c l e  I d e n t i f i c a t i o n ,  d e s t i n a t i o n ,  and beginning  and ending 

odometer r ead ings .  It was deemed a p p r o p r i a t e  t o  o b t a i n  " r e a l  t h e "  

d r i v e r s '  pe rcep t ions  of t h e  methanol v e h i c l e s  as compared t o  t h e i r  per- 

c e p t i o n s  of t he  g a s o l i n e  veh lc l e s .  Kence, on t h e  d a i l y  t r i p  l og ,  each 

d r i v e r  i s  r eques t ed  t o  ra te  "ease of s t a r t i n g "  and " d r i v a b i l i t y ' *  merely 

by p l a c i n g  a check mark under e i t h e r  "Good," "Average," or "Poor" a i t e r  

t h e  t r i p  i s  completed. No attempt has  been made t o  tel l  LBL personnel  

j u s t  what c o n s t i t u t e s  "Good," "Average," or "Poor" i n  the  two s u h j e c t i v e  

ques t ions .  Ra the r ,  i t  is p r e f e r r e d  t h a t  each d r i v e r  make such a judg-  

ment based on h i s  own pe r sona l  expe r i ence  tn d r i v i n g  cars. A specimen 

copy of the LBL d a i l y  t r i p  log  is inc luded  as Appendix 6. 

In J u l y  1986, a r e t r o s p e c t i v e  q u e s t i o n n a i r e  was s e n t  t o  a l l  LBL 

employees who had d r i v e n  v e h i c l e s  used i n  t he  FMF. This q u e s t i o n n a i r e  

r eques t ed  an e l a b o r a t i o n  of t he  d r i v e r s '  p e r c e p t i o n s  of t he  methanol and 

g a s o l i n e  veh ic l e s .  The r e s u l t s  from t h e  r e t r o s p e c t i v e  q u e s t i o n n a i r e  

were compared w i t h  t h e  "real-time" p e r c e p t i o n s  from the  d a i l y  t r i p  

logs .  A specimen copy of t h e  r e t r o s p e c t i v e  survey  q u e s t i o n n a i r e  is in -  

c luded as Appendix C. 



6. RESU1;l:S 

6.1 I n i t i a l .  Emissions and Fuel Economy ...... -.. 

R e s u l t s  from the  emiss ions  and f u e l  economy t e s t  of t h e  f i v e  meth- 

ano l  C i t a t i o n s  are  presented  i n  Table 1. Notable i n  Table  1 is t h e  f a i t  

t h a t ,  f o r  t he  f ive-car  ave rage ,  emiss ions  of carbon monoxide and oxides  

of n i t r o g e n  a r e  reduced consi.derably whi le  emiss ions  of hydrocarbons a r e  

inc reased  a f t e r  coi iver t ing t o  methanol o p e r a t i o n .  The comparisons of 

Table  1. Emissions and  fuel^ economy of f i v e  
C i t a t i o n s  be fo re  and a f t e r  conversfon 

Emissions 
F u e l  economy 

mpg h / G J  

Vehicle  I D  (g/mi 1 e )  ._. 
(TLicensc No.) I 

co HC NOx 

E-753 
2 . 2 1  

(m) 1.57 

a 
( d L  

E-754 
( g )  1.86 
(m) 2.38 

E-755 
(9)  2.32 
(m) 2.27 

73-756 
( g )  2.89 
(m) 3.28 

E-757 
( g i  15.91 
(m) 1.55 

Five-car  
average  

(g) 6.24 
(m) 2.27 

0.39 
0.98 

0.21 
0.59 

0.19 
0.15 

0.20 
1 .27  

0. Id4 

0.714 

0.36 
0.81 

0.79 
0.66 

1.15 
1.06 

0.94 
0.80 

1.01 
0.53 

0.96 
0.29 

0.97 
0.67 

19.1 
9.8 

19.1 
10.2 

19.1 
?.6 

19.8 
9.6 

18.8 
10.0 

19.1 
9.8 

253 
234 

253 
2/45 

253 
229 

261 
270 

249 
278  

253 
236 

aUnleaded g a s o l i n e  ( p e r  FTF requi rements ) .  

' 8 8 %  methanol plus 12% unleaded gaso l ine .  

Before convers ion .  

Af t e r  convers ion .  
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fuel economy on an energy  c o n t e n t  b a s i s  before and a f t e r  convers ion  are 

r a t h e r  i n t e r e s t i n g  a l s o ,  showing t h e  e f f i c i e n c y  v i t h  methanol to be 

roughly 10% lower than  with g a s o l i n e  i n  eve ry  case .  Note t h a t  t h e  emis- 

sions tests on the  cars a f t e r  convers ion  Co methanol were performed wi th  

BOA f u e l  which c o n s i s t e d  of 88% methanol by volume and 12% unleaded gas- 

o l i n e ;  t h i s  i s  t y p i c s l  of the r a t i o  oE methanol t o  g a s o l i n e  being used 

a t  LEL. 

6.2 F.Leet Fuel Coiisuinption 
-I 

Table  2 summarizes t h e  f u e l  consumption results from the  LEL Fed- 

e r a l  Nethanol Fleet  €or t h e  f i r s t  yea r  of ope ra t ion .  Shown a r e  t h e  

Table 2. LBL f l e e t  f u e l  consumption 
November 1 ,  1985 t o  October 31, 198h 

Fuel economy 
__I_--- 

Vehic le  I D  T o t a l  Average 
(License  No.) miles miies / tr ip  

k d G J ”  m i x  

Methanol cars  

E-753 8,361 4.2 11.2 269 
E-754 8,320 46 11.8 283 
E-755 6,855 3,4 11.7 281 

E-757 6,359 28 11.0 264 

TOTAL 36,864 36b 11.5b 276b 

E-756 6,969 32 11.9 285 

I-__- __ - 
Casol~ine cars 

G-563 16,067 69 25.1 332 
G-581) 17,082 55 2 3 . 3  308 
(2-411 13,609 43 22.6 299 
G-709 14,741 109 26.0 343 
G-771 12,830 41 23.6 315 

_I_L - ____ - 
TOTAL 74,329 57b 24.1” 3 1 B b  

%sed 0x1 LHVmethanol - 56,560 Eru lga l  and 
LHVgasoline .= 115,400 Btu/gal  hence LHVMeS8 - - 
63,620 Btu /ga l .  

v i d u a l  averages .  
’Based on t o t a l  q u a n t i t i e s ,  no t  an average  of i nd i -  
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g r o s s  d a t a  i n  terms of numbere of t r i p s ,  t o t a l  miles, average  miles per 

t r i p ,  and average f u e l  economy f o r  each of t h e  t.en c a r s  as  w e l l  a s  ag- 

g r e g a t e  t . o t a l s  f o r  t he  f i v e  cars i n  each ca t egory  -me thano l  o r  gaso- 

J ~ i n - .  I t  can be noted t h a t  t h e r e  is  not  much v a r i a t i o n  i n  f u e l  economy 

among t h e  methanol c a r s  or among t h e  g a s o l i n e  c a r s .  The d i f f e r e n c e  i n  

f u e l  economy between the  g a s o l i n e  c a r s  and t h e  methanol c a r s  i n  over- 

the--road o p e r a t i o n  i s  i n  about t h e  same r a t i o  a s  t h a t  found i n  t h e  FTP 

tes ts  (see 'Table 1). With a t o t a l  of 113,000 accuinulated miles (182,000 

km) of d r i v i n g  t h e  t e n  c a r s  du r ing  the  y e a r ,  t h e  c a r s  a r e  expe r i enc ing  a 

good u t i l i z a t i o n  f a c t o r  a s  compared wi th  many UOE v e h i c l e s .  The t o t a l  

miles and average  miles pe r  t r i p  f o r  t h e  g a s o l i n e  c a r s  wi . l . 1~  probably  

always be h ighe r  than  t h e  methanol cars s i n c e  o n l y  t h e  gasol i .ne c a r s  

have been used f o r  the  l o n g e r ,  overn ight  t r i p s  (and s h o r t e r  t r i p s  a r e  

made. on h i l l y  roads) .  It is expec ted  t h a t  SOIUR c o r r e c t i o n  can be made 

i n  t h i s  t r end  i n  t h e  E u t u i e  by j u d i c i o u s l y  a s s i g n i n g  the  methanol cars 

t o  more long t r i p s  which are s t i l l .  w i th in  t h e  v e h i c l e s '  range and 

a b i l i t y  t o  r e t u r n  t o  LBL. 

6.3 Maint-enance Records -. 

The f u e l  tank l e v e l  s ens ing  u n i t s  i n  the as-de l ivered  methanol 

v e h i c l e s  were i n a c c u r a t e  and i n c o n s i s t e n t  - o f t e n  i n d i c a t i n g  an empty 

t a n k  when i n  r e a l i t y  i.t was over ha l f  f u l l .  This  was d e t r i m e n t a l  t o  the  

program, s i n c c  LBL d r i v e r s  wece awai-e of t he  s c a r c i t y  of o f f - s i t e  metha- 

no l  f u e l  s t a t i o n s ;  and undependable f u e l  gauges aggrava ted  t h e i r  f e a r s  

of runni.ng out  of f u e l .  Some d r i v e r s  tended t o  o v e r f i l l  t he  tank be fo re  

s t a r t i n g  a t r i p .  Fuel s p i l l a g e  and overf lows occurred  wi.th consequent  

compla in ts  about  t h e  odor.  Soon a f t e r  the f i . ee t  was opera t i .ona1 ,  t h e s e  

f u e l  l e v e l  u n i t s  were rep laced  i n  a l l  methanol v e h i c l e s  ( b u t  d r i v e r s '  

f e a r  of runn3~ng ou t  of f u e l  p e r s i s t e d ) .  

The p r i n c i p a l  d r i v e r  compla in ts  r e q u i r i n g  unscheduled maintenance 

were d i f f i c u l t  s t a r t i n g  and engine s t a l l i n g .  Eight  such compla in ts  were 

r e g i s t e r e d  cover ing  a l l  f i v e  mcthanol v e h i c l e s .  i n  one i n s t a n c e  t h i s  

was found t o  be due t o  a p a r t i a l l y  clogged f u e l  f i l t e r .  The reason f o r  

thLs was no t  f u l l y  determined but i t  was suspec ted  t h a t  t h e r e  w a s  a 
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m a t e r i a l s  c o m p a t i b t l i t y  problem In the  i n i t i a l  methanol f u e l  d i s p e n s i n g  

equipment. (The vanes i n  the  o r i g i n a l  methanol d e l i v e r y  pump were l a t e r  

r ep laced  w i t h  a methanol r e s i s t a n t  m a t e r i a l ) .  Consequently,  t h e  f u e l  

f i l t e r s  i n  a l l  methanol v e h i c l e s  were r ep laced .  In subsequent  s t a r t i n g -  

s t a l l i n g  problems, the f u e l  f i l t e r s  were suspec ted .  They were r ep laced  

twice i n  t h r e e  of t he  methanol v e h i c l e s  and three times i n  one. How- 

e v e r ,  post-maintenance examinat ions  r evea led  t h a t  with the  excep t ion  of 

t he  i n i t i a l  clogged E i l t e r  i n c i d e n t ,  fou led  Euel f i l t e r s  were probably 

not t h e  problem. Six  of t h e  e i g h t  complaints  were answered by r e p l a c i n g  

t h e  f u e l  f i l t e r  and making c a r b u r e t o r  ad jus tmen t s .  For t h e  o t h e r  two 

compla in t s ,  no mechanical problems could be found by t h e  mechanics and 

no r e p a i r s  were made. Thus,  i t  i s  suspec ted  t h a t  some of t he  f u e l  

f i l t e r  rep lacements  were unnecessary .  

6.4 O i l  Sample Analyses 

For  both t h e  methanol and g a s o l i n e  v e h i c l e s ,  o i l  samples were taken 

a t  1000 m i l e  i n t e r v a l s .  These  samples were ana lyzed  f o r  t o t a l  base 

number, k inemat i c  v i s c o s i t y  and mass c o n t e n t ,  in p a r t s  p e r  m i l l i o n ,  of 

i r o n ,  l e a d ,  copper and s i l i c o n .  O i l  changes were made i n i t i a l l y  a t  

4000 mile i n t e r v a l s .  In J u l y  of 1986 t h e  o i l  change i n t e r v a l  f o r  the 

methanol v e h i c l e s  was changed t o  3000 miles based on in fo rma t ion  ob- 

t a i n e d  from the Army methanol f l e e t  a t  the P r e s i d i o  i n  San Francisco.  

Oil samples are drawn immediately b e f o r e  and a f t e r  each o i l  change so  a s  

t o  o b t a i n  a sample of the o i l  a t  the end of its use c y c l e  as  w e l l  as a t  

t h e  beginning.  

No s i g n i f i c a n t  changes i n  t o t a l  base number o r  k inemat ic  v t s c o s i t y  

were observed. I r o n  is 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  con- 

t a m i n a t i o n .  A p l o t  of i r o n  c o n c e n t r a t i o n  v e r s u s  d i s t a n c e  t r a v e l e d  s i n c e  

o i l  change f o r  t h e  LBL methanol and g a s o l i n e  v e h i c l e s  i s  shown i n  

Fig. 2. 
Average wear metal  accumula t ions  i n  p a r t s  pe r  m i l l i o n  p e r  

1000 miles of v e h i c l e  o p e r a t i o n  f o r  t h e  two types  of v e h i c l e s  a r e  shown 

i n  Table 3. The wear metal  accumulation r a t e  is c o n s i s t e n t l y  and s i g -  

n i f i c a n t l y  h i g h e r  i n  methanol v e h i c l e s  t han  i n  g a s o l i n e  c o n t r o l  vehi -  

cles. Although such h igh  va lues  of wear metals  would t y p i c a l l y  be cause 
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Pig .  2. I.ron c o n c e n t r a t i o n  i n  the  L8i EMF v e h i c l e s .  The l i n e s  ar2 
l e a s  t-squares s t r a i ~ g h t  l i n e s  through t h e  r e s p e c t i v e  seis of d a t a .  

Table  3 .  Average wear metals; 
accumulated i n  p a r t s  pe r  

m i l l i o n  per 1000 miles 
of o p e r a t i o n ,  

LBL Federa l  Methanol F l e e t ,  
November 1, 1985 t o  

October 31,  1386 

ppm per 1000 ml 
I__ 

!dear Neta l  
Methanol Gasol ine  
v e h i c l e s  v e h i c l e s  

I_ 

I r o n  52 3 

Lead 4 3  4 

Copper 6 1 

S i l i c o u  10 3 
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f u r  a l a rm,  i t  i s  our unde r s t and ing  t h a t  t he  r e s u l t s  shown here  a r e  t y p i -  

c a l  of t h e  r s su l t s  from o t h e r  methanol v e h i c l e  f l e e t ~ . ~ r ~  There a r e  

a l s o  no g u i d e l i n e s  as co j u s t  what "normal" wear metal  c o n c e n t r a t i o n s  

should be. 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 consld- 

e red  "normal;" b u t ,  i n d i c a t i o n s  a r e  t h a t  iuethanol v e h i c l 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 metals  i n  t he  o i l  wi th  no evidence  of a c c e l -  

e r a t e d  wear upon examination oi t he  engine a f t e r  over 100,000 mi l e s  

(160,000 km) of use.3 

6.5 D r i v e r s '  Real-Time P e r c e p t i o n s  

During the per iod of t h i s  r e p o r t ,  2331 t r i p  log e n t r i e s  were re- 

corded: 1029 f o r  t he  methanol f l e e t  v e h i c l e s  and 1302 f o r  t he  g a s o l i n e  

f l e e t  v e h i c l e s .  The r e s u l t s  of these  d r i v e r s '  responses  t o  che qiiest ion 

of "Ease of S t a r t i n g "  a r e  presented i n  Table 4. S i m i l a r l y ,  r e s u l t s  f o r  

" D r i v a b i l i t y "  a r e  presented i n  Table 5. The average  r e s u l t s  are summa- 

r i z e d  in Table 6. 

Table 4. LBL dr ivers '  responses t o  "Ease of Starting'' 
question, from da i ly  t r i p  logs, 

Novelaher 1 ,  198S4ctober 31, 1986 

Number of responses 

No 
response 

-. ._ 
Fuel t y p e  Vehicle LD 

Good Average Poor Total  
I 

Methanol E-753 138 46 4 
Mrthauol E-754 133 31 8 
Methanol E-755 165 26 5 
Methanol E-756 135 64 14 
Methanol E-757 166 41 12 

Methanol Subtotal 738 208 43 40 

Gasoline G-563 190 40 0 
Gasoline G-580 247 40 1 
Gasoline G-6 11 206 96 6 
Gasol lne G-709 123 7 1 
Gasoline G-771 184 99 5 

Gasoline Subtotal  9 50 2n2  13 57 1302 

(50th) Total 1688 490 56 97 2331 

_I - -. 

- - 

1029 
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Table 5 .  LRL d r i v e r s '  r e sponses  t o  " D r i v a b i l i t y "  
q u e s t i o n ,  from d a i l y  t r i p  l o g s ,  

November 1 ,  1985-.October 31,  1986 

Number of r e sponses  - 
Fuel type Vehicle I D  

Good Average Poor No T o t a l  
r e sponse  

Methanol 
Methanol 
Me thano 1 
Methanol 
Methanol 

Methanol 

Gaso l ine  
Gaso l ine  
Gaso l ine  
Gaso l ine  
Gaso l ine  

Gaso l ine  

(Both)  

E-753 
E-754 
E-755 
E-756 
E-157 

S u b t o t a l  

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

S u b t o t a l  

T o t a l  

140 
109 
125 
136 
159 

669 

186 
235 
I59 
123 
I50 

553 

1522 

39 
54 
64 
47 
4 8 

252 

43 
h 1 

I44 
5 

136 

369 

52 1 

...... 

- 

9 
7 
5 

25 
10 

56 52 1029 

- 

1 
10 
4 
I 
2 
- 
18 62 1302 

74 114 2331 

Tab le  6. Averages of r e sponses  from t h e  LRL d a i l y  
t r i p  l o g s  f o r  e a s e  of s t a r t i n g  and d i i v a b i l i L y ,  

November I ,  1985--0ctober 31, 1986 

Response (%) 
-. ..... ........ 
Good Average Poor No re sponse  

~ ~ 

Ease of s t a r t i n g  

Methanol v e h i c l e  ave rage  7 2  20 4 4 
Gaso l ine  v e h i c l e  ave rage  7 3  22 1 4 
LBL fleet ave rage  7 2  21 3 4 

Methanol v e h i c l e  ave rage  65 25 5 5 
Gaso l ine  v e h i c l e  ave rage  66 28 I 5 
LBL f l e e t  average 65 27  3 5 

D r i v a b i l i t y  

T a b u l a t i o n s  of responses t o  "Ease of S t a r t i n g "  a n d  " D r i v a b i l i t y "  

show no s i g n i f i c a n t  d i f f e r c n c e s  between t h e  methanol vehicles and t h e  

gaso l ine  v e h i c l e s .  B a s i c a l l ~ y  t h e  d r i v e r s  appea r  to  l i k e  b o t h  types of 

v e h i c l e s  as t hey  were both rated as average o r  better over 90% of t h e  
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t i m e  f o r  bo th  c a t e g o r i e s .  It is  i n t e r e s t i n g  t h a t  t hese  f l e e t  v e h i c l e s  

r a t e d  c o n s i s t e n L l y  h i g h e r  on Ease of S t a r t i n g  than  they  d i d  on Dr ivabi l -  

i t y .  The one methanol v e h i c l ~ e  t h a t  rece ived  the  1.aryest number oE poor 

r a t i n g s  i n  both  c a t e g o r i e s  i s  t h e  same one t h a t  had the  l a r g e s t  number 

of unscheduled,  f u e l - r e l a t e d  maintenance r eco rds .  

6.6 - R e t r o s p e c t i v e  - S u r 5  

I n  J u l y  of 1986 a survey  q u e s t i o n n a i r e  (see Appendix C) w a s  sent to  

the  240 LBL employees who had exper ienced  d r i v i n g  t h e  methanol and/or  

g a s o l i n e  Eleet vehicles. Completed q u e s t i o n n a i r e s  were rece ived  from 

125 of t h e  240 d r i v e r s  ( 5 2 % ) .  

The main purpose of the survey  w a s  t o  de te rmine  i f  d r i v e r s '  percep- 

t i o n  of t h e  performance oE the v e h i c l e s  i n  t h e  demonst ra t ion  f l e e t  was 

d i f E e r e n t  a f t e r  t h e  passage of t i m e  than  when they f i l l e d  out  t he  d a l l y  

t r i p  l o g s  immediately upon r e t u r n i n g  t h e  v e h i c l e s  a f t e r  use. The survey  

a l s o  o f f e r e d  t h e  o p p o r t u n i t y  t o  ask more d e t a t l e d  q u e s t i o n s  and to  

e l i c i t  more e x p l i c i t  r a t i n g s  of t h e  v e h i c l e s  by t h e  d r i v e r s .  The pe r iod  

of time covered by t h e  survey  was from i n i t i a t i o n  of t h e  f l e e t  ac t iv i -  

t i e s  on November 1,  1985 t o  J u l y  1986; t h u s ,  i t  does  not  cover  the 

e n t i r e  pe r iod  covered by t h e  rest of t h i s  r e p o r t .  The q u e s t i o n n a i r e  was 

des igned  f o r  anonymous r e sponses  t o  ensu re  t h e  maximum p o s s i b l e  respon-  

den t  p a r t i c i p a t i o n .  

The q u e s t i o n n a i r e  c o n s i s t e d  of t h r e e  s e c t i o n s  of seven q u e s t i o n s  

each.  (Refer  t o  t h e  copy of  t h e  survey  form i n  Appendix C.) The f i r s t  

s e c t i o n  w a s  t o  be f i l l e d  out  by a l l  persons who had d r iven  any of t h e  

t e n  v e h i c l e s .  The second s e c t i o n  was t o  be f i l l e d  ou t  by persons who 

had d r i v e n  one of t h e  g a s o l i n e  v e h i c l e s  a t  l e a s t  once,  whi le  t he  t h i r d  

sec . t ion  served  t h e  same f u n c t i o n  f o r  t h e  methanol v e h i c l e s .  Thus, 

d r i v e r s  who had expe r i ence  i n  both  methanol and g a s o l i n e  v e h i c l e s  f i l l e d  

o u t  a l l  t h r e e  s e c t i o n s  of t h e  survey.  

6.6.1 R e s u l t s  of Some of t h e  General  QuestFons 

O f  t h e  125 respondents  t o  the  su rvey ,  23 had d r i v e n  only  t h e  gaso- 

l i n e  fleet v e h i c l e s ,  26 had d r i v e n  only  the methanol f l e e t  v e h i c l e s ;  and 
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73 had d r i v e n  both  types  of v e h i c l e s .  It is t h e  group of 7 3  d r i v e r s  who 

had expeviensed both types  of v z h i c l e s  t h a t  will be emphasized in a 

compara t ive  a n a l y s i s  of t h e  d a t a  t h a t  w i . l ?  f o l l ~ o w .  Four of t h e  more 

i n p n r t a n t  of t h e  survey  q u e s t i o n s  and t h e  resul ts  f o r  t h o s e  q u e s t i o n s  

are  s i t e d  hel.ow. 

2. 110 iriir cars  in t h e  motor pool  perform a t  a l e v e l  t h a t  is equa l  t o  

o t h e r  cars of t h i s  type  t h a t  you have p r e v i o u s l y  d r i v e n ?  

No couparable  
e u p r i e n c e  

B e t t . 3  Equal. Worst 

8% 68% 2% 22% 

6 .  If you have d r i v e n  both  types  of v e h i c l e s ,  which type  d i d  you f e e l  

was t h e  b e t t e r  i n  o v e r a l l  performance? 

Methanol GasoLine 
b e t t e r  b e t t e r  

S a w  

10% 23% 67% 

9. Do you f e e l  sa fe  i i i  t h e  g a s o l i n e  v e h i c l e s  i n  t h e  notor poo l?  

Yes No 

Q5X 5% 

16.  Do you f e e l  s a f e  i n  th? methanol v e h i c l e s  i n  t h e  motor pool?  

Yes No 

89X 11% 

i n  t h e  l a s t  two ques ' ions  above concern ing  t h e  d r i v e r s '  p e r c e p t i o n  

of s a f e t y ,  i t  i s  not  cl.ear why a nunbei of people  f e e l  l ess  s a f e  i n  t h e  

methanol v e h i c l e s  than  i.n the  g a s o l i n e  v e h i c l e s .  Respondents were g iven  

t h e  o p p o r t u n i t y  t o  coiniiient i f  t hey  had i n d i c a t e d  t h a t  they f e l t  u n s a f e ,  

but  most d i d  not  coiilirieni i n  the  space provided.  

6 . 6 . 2  D r i v e r s '  . . . . Rati.nps.o€ Vehicl.es .. 

I n  t h i s  set of q u e s t i o n s ,  respondents  were gi:ren the  o p p o r t u n i t y  eo 

r a t e  t h e  v e h i c l e s  i n  v a r i o u s  c a t e g o r i e s  of operat i .on on a sca le  from 1 

t o  10 wi th  10 being t h e  h i g h e s t  r a t i i i g .  Ques t ions  concerned ease of 

s t z r t i n g ,  d r i v a h i l i t y  d u r i n g  t h e  f i r s t  m i l e ,  d r i v a h i l i t y  o f t s r  t h e  f i r s t  
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m i l e ,  freeway per€ormance,  and o v e r a l l  r a t i n g  of rhe v e h i c l e s .  Driv- 

a b i l i t y  was d iv ided  between t h e  " f i r s t  mile" and " a f t e r  the f i r s t  mile" 

i n  o r d e r  t o  t r y  t o  s e p a r a t e  co ld  engine  o p e r a t i o n  from w a r m  engine  oper- 

a t i o n .  It was recognized ,  however, t h a t  t h e  f i n t  m i l e  of o p e r a t i o n  

could  very  w e l l  be w i t h  a warm e n g i n e ,  depending on c i rcumstances .  How- 

e v e r ,  s i n c e  t h e  su rvey  sought  o p i n i o n s  from d r i v e r s  a f t e r  they  had time 

t o  r e f l e c t  upon t h e i r  e n t i r e  expe r i ence  w i t h  t h e  v e h i c l e s ,  i t  was 

thought  t o  be a p p r o p r i a t e  t o  a s k  t h e  q u e s t i o n  i n  t h i s  way. R e s u l t s  from 

t h I s  p a r t  of t he  survey  a r e  t a b u l a t e d  i n  Table 7 where mean r a t i n g s ,  

s t anda rd  d e v i a t i o n s ,  and number of respondents  f o r  each ques t ion  are 

'Table 7. Mean r a t i n g s  and s r anda rd  d e v i a t i o n s  
of methanol and g a s o l i n e  f l e e t  v e h i c l e s  on a 

s c a l e  from one t o  t e n  from d r i v e r s  w i t h  
expe r i ence  wi th  bo th  t y p e s  of f u e l  

Mean Mean Number of  
r a t i n g  d e v i a t i o n  respondents  

Quest i on  

Ease of s t a r t i n g  of methanol 6.9 2.0 73 
v e h i c l e s  

Ease of s t a r t i n g  of g a s o l i n e  7.3 1.8 72 

F i r s t  mile performance of 6.7 2.2 73 

F i r s t  mile performance of 6.8 2.0 72 

Performance a f t e r  f i r s t  mile 7.3 1.8 72 

Performance a f t e r  f i r s t  \nile 7.5 1.8 72 

v e h i c l e s  

methanol v e h i c l e s  

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

of methanol v e h i c l e s  

of g a s o l i n e  v e h i c l e s  

Freeway performance of 
methanol v e h i c l e s  

Freeway performance of 
g a s o l i n e  v e h i c l e s  

7.1 1.8 60 

7.3 1.7 62 

Overa l l  r a t i n g  of methanol 7.3 1.8 69 

Overa l l  r a t ing  of g a s o l i n e  7.3 1.8 68 

v e h i c l e s  

v e h i c l e s  - I 



l i s t e d .  Azain,  on ly  those  d r i v e r s  who had d r i v e n  both  the  methanol as 

vel.]. a s  t h e  g a s o l i n e  v e h i c l e s  are counted in t h e  r e s u l t s  shown i n  

Table  7.  I n t e r e s t i n g  t o  note  is t.he fac t  t h a t  whi le  i n  almost every  

ques t ion  t h e  g a s o l i n e  v e h i c l e s  r a t e d  s l i g h t l y  h ighe r  than  t h e  methanol 

v e h i c l e s ,  t h e  d i f f e r e n c e  was w e l l  wi.thin the  s t anda rd  d e v i a t i o n  f o r  t h e  

ques t ion .  Furtherrzore,  even though t h e  g a s o l i n e  v e h i c l e s  were r a t e d  

s l i g h t l y  h ighe r  i n  the  s p e c i f i c  q u e s t i o n s  regard ing  the perfottuance,  i n  

t h e  o v e r a l l  r a t i n &  _-- of t h e  v e h i c l e s ,  t h e  g a s o l i n e  v e h i c l e s  and methanol 

v e h i c l e s  scored  e x a c t l y  t h e  same r a t i n g .  

6 . 6 . 3  Comparison of Survey __ R e s u l t s  w i t h  ..... R e s u l t s  from 
t h e  Dai ly  T r i p  . Logs . . 

One of t he  purposes of the survey  q u e s t i o n n a i r e  was t o  de te rmine  i f  

dlr ivers  thought  d i f f e r e n t l y  of t h e  motor pool  v e h i c l e s  a f t e r  having time 

t o  r e f l e c t  upon t h e i r  expe r i ence  as opposed to  the rway i n  whi.ch t h e y  

r eac t ed  when answering the  two ques t ions  on t h e  d a i l y  t r i p  l o g s  as they  

r e t u r n e d  the  c a r s .  A q u a l i t a t i ~ v e  comparison of t h e  r e s u l t s  presented  i n  

Sect .  6.6.2 ( R e s u l t s  of t h e  Survey) wj.th those  presented  i n  Table  6 

(Summary of responses  on d a i l y  t r i p  l ~ o g s )  r e v e a l s  t h a t  t h e  d r i v e r s  a r e  

f a i r l y  c o n s i s t e n t  i n  t h e i r  r a t i n g s  of t h e  veh ic l e s .  Gene ra l ly ,  they  

p r e f e r  t h e  g a s o l i n e  v e h i c l e s  over  t h e  methanol v e h i c l e s ,  bu t  t h e  d i f f e r -  

etice is not  very g r e a t .  Also,  i t  is appa ren t  t h a t  t h e  d r i v e r s '  impres-- 

s i o n s  of t h e  v e h i c l e s  g iven  a i  t h e  time t h a t  they  f i l l e d  i n  t h e  d a i l y  

t r i p  log  were not changed a f t e r  some t i m e  had e lapsed .  



25 

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

t o r y  completed a s a t i s f a c t o r y  f i r s t  year of o p e r a t i o n .  Over 100,000 

m i l e s  (160,000 km) were accumulated on t h e  10 c a r s  p a r t i c i p a t i n g  i n  t h e  

demons t r a t ion  wi thout  s e r o u s  d i s r u p t i o n s  i n  s e r v i c e .  P r o j e c t  s t a r t - u p  

d i f f i c u l t i e s  were min ima l ;  l e v e l s  of maintenance r equ i r ed  by both metha- 

n o l  and g a s o l i n e  v e h i c l e s  were r easonab le ;  f u e l  consumption by methanol 

v e h i c l e s  was a l i t t l e  g r e a t e r  on on energy b a s i s  than by the g a s o l i n e  

v e h i c l e s ,  b u t  some of t h i s  d i f f e r e n c e  i s  a h t r i b u t a b l e  t o  a d i f f e r e n c e  i n  

the  types  o€ s e r v f c e  in which t h e  two v e h i c l e  types  a r e  being used. O i l  

sample a n a l y s e s  r evea led  h l g h e r  wear metal  c o n c e n t r a t i o n s  i n  the metha- 

nol  v e h i c l e s  than i n  t h e  g a s o l i n e  v e h i c l ~ e s ,  but not a l a rming ly  SO. 

D r i v e r s  seem t o  accep t  t he  methanol v e h i c l e  a s  comple te ly  adequate  

€or t h e i r  t r a n s p o r t a t i o n  needs a t  LBL. This  conc lus ion  was reached by 

a n a l y s i s  o€ t h e i r  r e sponses  to  q u e s t i o n s  on d a i l y  t r i p  l.ogs as wel l  a s  

t h e i r  r e sponses  to q u e s t i o n s  on a s p e c i a l  survey a t  about. t h e  half-way 

p o i n t  i n  t h e i r  f i r s t  y e a r ’ s  o p e r a t i o n .  The g r e a t e s t  concern  expressed  

by d r i v e r s  of t h e  methanol v e h i c l e s  was the  p o s s i b i l i t y  of running o u t  

of f u e l  coupled w i t h  t h e  l i m i t e d  uumber of l o c a t i o n s  a t  whic.h they could 

refuel. 

The results from t h e  f i rs t  y e a r  of o p e r a t i o n  of this f l e e t  a r e  

deemed t o  be e n t i r e l y  s a t i s f a c t o r y  and have helped the  p r o j e c t  manape- 

ment team t o  deve lop  c o n s i d e r a b l e  i n s i g h t  i n t o  t h e  v a r i o u s  cons ide ra -  

t i o n s  t h a t  must  be made I n  o r d e r  t o  t n t r o d u c e  methanol-fueled v e h i c l e s  

i n t o  f e d e r a l  government f l e e t  o p e r a t i o n s .  

. . . . . . . . . - 
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APPENDIX A 

BANK OF AMERICA 
METHANOL FUEL SPECIFICATIONS 

AND 'TESTING MZTHODS 

1. 

2 .  

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

METHANOL, By Volume f o r  a )  M-85, b) 2-86, a )  85.0 + 1.0, -0.0% 
h c )  M-88 (ASTM D1152,  99.85% g r a d e )  b)  86.0 + 1.0, -0.0% 

c) 88.0 + 1.0, -0.0% 

ASTM U 3545 i s  t o  be modif ied for t h e  d e t e r m i n a t i o n  of methanol ,  
u t i l i z i n g  the g a s  chromatograph d e s c r i b e d  t h e r e i n .  Ac id i ty  and 
water c o n t e n t  results determined i n  4 and 11 a r e  t o  be used t o  nor- 
mal ize  v a l u e s  o b t a i n e d  by gas chromatography. Note t h a t  t h e  re- 
maining p o r t i o n  of t h e  f u e l  m i x t u r e  i s  t o  be r epor t ed  as g a s o l i n e .  

GASOLINE, PREMIUM UNLEAIIED, By Volume a )  15.0 + 0.0, -1.0% 
(ASTM D 4 3 9 ) ,  9-11 p s i  RVP b)  14.0 + O.O? -1.0% 
Aromatics i n  Gaso l ine ,  40% min. by volume c )  12.0 + 0.0, -1.0% 

ASTM n 1319 
** 

ADDITIVE, FA5, By Weight 2 lb/10@0 ga l .  

VAPOR PRESSURE, dry 
(ASTM D 323) 

ACIDITY, w t % ,  max. 
(ASTM U 1613) 

DISTlLLATLON RESIDUE, nux. 
(ASTM D 86) 

40-65 kPa 

0.003% 

0.5% 

TOTAL CHLORIDE CONTENT, ORGANIC AND INOKGANIC, nax. 0.0002% 
(ASTM D 3120, Modified h ASP1 0 2988) 

ASTM D 3120 i s  modif ied f o r  the d e t e r m i n a t i o n  of o r g a n i c  c h l o r i d e s .  

LEAD CONTENT, max. 
(ASTM D 3237) 

PHOSPHORUS CONTENT, nax. 
(ASTM n 3231) 

SULFUR CONTENT, max. 
(ASTM n 3120) 

PARTKULATE CONTAMINANTS, mx. 
(ASTM n 2276) 

WATER, wt%, WX. 

(ASTM n 1 7 4 4 )  

0.003 g/L 

0.001 g/L 

0.015% 

0.1 g j L  

0.5% 

* 
The s p e c i € i e d  test method s h a l l  be used when de te rmin ing  merhanol- 

FA5 i s  D p r o p r i e t a r y  f u e l  a d d i t i v e  f o r  u s e  w i t h  methanol. It i s  

g a s o l i n e  c o n t e n t .  

a v a i l a b l e  from t h e  Bank of America. 

** 
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API?ENUIX B 

FEDERAL METHANOL FLEET DAILY TRIP LOG 
(LBL Automobile R e g i s t e r )  

Note: These s h e e t s  f o r  t h e  methanol v e h i c l e s  are 
p r i n t e d  on l i g h t  blue paper whi le  those  f o r  t h e  
g a s o l i n e  v e h i c l e s  are p r i n t e d  on ye l low paper .  





LBL AUTQMQBIIE REGISTER 
FOR OFFICIAL US€ ONLY 

w 
u) 

W Y O Y A l V I f  M O W .  Dl lVER C E l T l l l f I  - 
71 ne IW A VALID STAT* on~vrmi LICENU MAKE M O M L  
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APPENDIX C 

LBL FLEET RETROSPECTIVE 
SURVEY QUESTLONNAIRE 

J u l y  1, 1986 
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SECTION I 
(Gasoline or Methanol) 

1. Indicated in the boxes below are the two types of Chevrolet Citations that you may 
have had the opportunity t o  drive. Depending upon your actual experience with one 
or the other type, please place in each box your best estimate of the percent of time 
that you drove each o f  the vehicles (the sum should total 100% and please place a 
percentage in each box). 

Gasoline Methanol 

2. Do the cars in the motor pool perform at a level that i s  equal t o  other cars o f  this type 
that yoti have previously driven? (Answer one box only). 

No comparable 
Better Equal Worse experience 

0 U 0 
3. Which type o f  driving do you experience the most when you drive your personal 

vehicle? 

Highway In town 

4. When you drove a methanol Citation, which type of driving did you experience the 
most? 

Highway In town No experience 

0 0 0 
5. When you drove a gasoline Citation, which type o f  driving did you experience the most? 

Highway 

0 
In town 

0 
NO experience 

0 
6. I f  you have driven both types of vehicles, which type did you feel was the better in 

overall performance? 

Gasoline NO Dual Methanol 
better better Same experience 

0 0 
7. Did you notice any difference in the performance of the methanol vehicles a5 compared 

to the gasoline vehicles in the motor pool? 

Yes No No experience 

a 
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SECTION II 
(Gasoline Only) 

8. Did you have dif f iculty in starting the gasoline vehicles in the motor pool? 

n 
0. Do you feel safe in the gasoline vehicles ih the motor pool? I f  no, please state your 

reasons. 

For the following questions please give a rating between one and ten where one = very 
poor and ten = excellent. A value of five would denote an average rating. 

Rating 

10. Overall how easily did the gasoline cars starr? 

11. For the first mile of driving, how did the gasoline cars 
perform? 

12. After the first mile of driving how did the gasoline cars 
drive? 

OMIT QUESTION 13 IF YOU H A D  NO EXPERIENCE D R I V I N G  THESE POOL 
CARS ON THE UIGHWAY 

13. How did the gasoline cars perform on the highway 
(Freeway)? 

For an overall rating, how did the gasoline cars drive? 14, 
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SECTION 1 1 1  
iMethanol Only) 

15. Did you have any dif f iculty in starting the inethanol vehicles in the motor pool? 

Yes u 
16. Do you feel safe in the methanol vehicles in the moior  p o d ?  I f  no, please s ta te  

your reasons. 

n N O  

For the following questions, please give a rating between O W  and ten where one = very 
poor and ten =excellent. A value of five would denote an average rating. 

Rating 

17. Overall how easily did the methanol cars s ta r t?  

18. For the first mile o f  driving, how did the methanol 
cars perform, 

19. After the f m t  mile of driving how did the methanol 
cars drive? 

OMIT QUESTION 20 IF YOU HAD NO EXPERIENCE D R I V I N G  THESE POOL 
CARS ON THE HIGKWAY 

20. How did the methanol cars perforrrl on the highway 
(Freeway)? 

21. For an overall raring, how did the methanol cars drive? 
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