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R. L. Graves 
K, Ne M e G i l l  

Oak Ridge Na t iona l  Labora tory  (ORNL) w a s  ass igned  t h e  
r e s p o n s i b i l i t y  o f  being f i e l d  p r o j e c t  o f f i c e  f o r  t h e  DOE 
A l t e r n a t i v e  Fuels U t i l i z a t i o n  Program AFUP i n  A p r i l  1984. 
This  document i s  t h e  f i r s t  o p e r a t i n g  p l an  developed by ORNL 
f o r  AFUP and r e f l e c t s  the g e n e r a l  program phi losophy and 
g o a l s  as d e s c r i b e d  i n  t h e  DOE Headquar te rs  AFUP program 
plan. Current  e f f o r t s  i n  AFW are l a r g e l y  focused on t h r e e  
f u e l  areas; new hydrocarbon f u e l s ,  s y n t h e t i c  f u e l s ,  and 
a l coho l  f u e l s .  A l l  p r o j e c t s  e i t h e r  underway or planned f o r  
t h e  near  f u t u r e  are desc r ibed  i n  t h i s  r epor t .  

1. INTRODUCTION 

1.1 Purpose of t h i s  Document 

Th i s  p l an  has  been developed t o  document t h e  s p e c i f i c  p r o j e c t s ,  

both those  underway and those planned f o r  t he  near f u t u r e ,  i n  t h e  DOE 

A l t e r n a t i v e  Fuels U t i l i z a t i o n  Program (AFUP) f o r  which Oak Ridge Na- 

t i o n a l  Labora tory  (ORNL) s e r v e s  as t h e  f i e l d  p r o j e c t  o f f i c e .  Whereas a 

DOE h e a d q u a r t e r s  p l a n  d e s c r i b e s  the AFUP g o a l s ,  o v e r a l l  t e c h n i c a l  

d i r e c t i o n ,  and phi losophy,  t he  ORNL Plan d e a l s  on a more d e t a i l e d  l e v e l  

w i t h  t h e  s p e c i f i c  p r o j e c t s  underway, procurement p l ans ,  c o n t r a c t i n g  and 

c o n t r a c t  monitor ing procedures ,  and in-house work a t  ORNL. Included in 

t h i s  document are d e s c r i p t i o n s  of AF'UP, i n  b r i e f ,  and of t h e  t e c h n i c a l  

a c t i v i t i e s ,  p r o j e c t  management p l an ,  and p r o j e c t  funding. This p r o j e c t  

p l a n  covers  a c t i v i t i e s  through FY 1986, w i t h  some e f f o r t s  having been 

i n i t i a t e d  i n  FY 1984 o r  earlier.  

* 

* 
P r o j e c t  P lanning  Document, T r a n s p o r t a t i o n  A l t e r n a t i v e  Fuels  

U t i l i z a t i o n  Program (APUP), 1985 Update, DOE O f f i c e  of T r a n s p o r t a t i o n  
Systems, January  1985. 
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1.2 APUP Goals, I_ Purpose,  S c - 0 ~  

Dependence on imported petroleum remains A s f g n i f  i c a n t  t h r e a t  to  

the n a t i o n ’ s  well-being. I t  i s  true that petroleum consumption i n  t h e  

United S t a t e s  decreased  f o r  a penrjod from 1978 through 1983 but  consump- 

t i o n  i s  now i n c r e a s i n g  and has reached the same l eve l  as i n  1975, a time 

when t h e  “ o i l  crisis” was f r e s h  i n  mind. It is f u r t h e r  t r u e  t h a t  im-  

por ted petroleum now comes to  the  United S t a t e s  from more p o l i t i c a l l y  

s l a b l e  r eg ions  of t h e  world,  but i n t e r n a t i o n a l  t reat ies  would s t i l l  make 

the United S t a t e s  s u s c e p t i b l e  t o  d i s r u p t i o n s  i n  the  middle east. Fur- 

thermore,  the imported petroleum c o s t s  t h e  United S t a t e s  about  $150 

m i l l i o n  per day, enough to  buy Exxon, one of the  l a r g e s c  companies i n  

t h e  world ,  i n  about  one year. When coupled wi th  t h e  r e c o g n i t i o n  t h a t  

proven domestic petroleum rese rves  have dropped by 30% s i n c e  1973, de- 

s p i t e  a doubl ing of exp lo ra to ry  d r i l l i n g ,  t h e  f a c t s  bear ou t  t h a t  t h e  

o i l  problem, though temporar i ly  dormant, i s  s t i l l  wi th  us. The prtmaahy 

P i s  t o  a s s u r e  t h e  a v a i l a b i l i t y  of technology f o r ,  and e l i m i -  

n a t e  b a r r i e r s  t o ,  t h e  use of v i a b l e  a l t e r n a t i v e  t r a n s p o r t a t i o n  fue3 op- 

t i o n s ,  so i n d u s t r y  can f i l l  temporary and long-term gaps between pe t ro-  

leum supply and demand and reduce t h e  n a t i o n ’ s  dependence on petroleum 

imports  by using abundant indigenous r e sources  e 

The development of p rocess ing  t echno log ie s  f o r  product ion  of non- 

petroleurn-derived f u e l s  i s  c e r t a i n l y  important  i n  a l l e v i a t i n g  dependence 

on impor ts  but indeed d e f i c i e n c i e s  -In u t i l i z a t i o n  t echno log ie s  have 

stymied the adopt ion  of a L t e r n a t i v e  f u e l s  as much as have the  t e c h n i c a l  

shortcomings i n  p rocess  t echno log ie s ,  For i n s t a n c e ,  most c u r r e n t  t r ans -  

p o r t a t i o n  engines  r e q u i r e  a l i q u i d  hydrocarbon f u e l  wi th  a t  least  11-12% 

hydrogen by weight.  Hence a great void ex i s t s  between f u e l  requi rements  

and abundant resources  such as coal,  a s o l i d  wi th  4-5% hydrogen. 

Attempts  t o  c r o s s  t h i s  void have t y p i c a l l y  placed t h e  t e c h n i c a l  

burden on the  process  technologies  and have r e s u l t e d  i n  f u e l s  t h a t  are 

perce ived  t o  be margina l ly  economically v i a b l e  f o r  t h e  most pa r t .  AFUP 

a c t i v i t i e s  s t r i v e  t o  determine i f  sore of the  burdcn could be s h i f t e d  t o  

t h e  u t i l i z a t i o n  s ide .  A s  a f u r t h e r  example, t e c h n i c a l  d e f i c i e n c i e s  on 

the u t i l i z a L i o n  s i d e  have i n h i b i t e d  b lanket  s u b s t i t u t i o n  of methanol f o r  
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g a s o l i n e  due t o  a nunoher of reasons  such as t h e  i n a b i l i t y  of engines to 

compensate f o r  minor changes i n  f u e l  p r o p e r t i e s  and materials incompati-  

b i l i t y .  Hence K&D under AFUP is  col ts idered t o  be n a t i o n a l l y  s i g n i f i c a n t  

wi th  p o t e n t i a l l y  large payoff .  

AFUP c u r r e n t l y  addres ses  s i x  classes of f u e l s :  ( 1 )  New hydrocarbon 

f u e l s ,  (2) s y n t h e t i c  g a s o l l n e  and d i s t i l l a t e  f u e l ,  ( 3 )  alcohol ftiels, 

( 4 )  advanced f u e l s ,  ( 5 )  emergency f u e l s ,  and ( 6 )  methane and related 

gaseous f u e l s .  De ta i l ed  d e f i n i t i o n s  of t hese  classes are provided i n  

S e c t i o n  3. Work on advanced f u e l s  (hydrogen) and emergency f u e l s  ( i n -  

c lud ing  h e a t i n g  o i l s ,  r e s i d u a l  o i l s ,  vege tab le  o f l s )  i s  e s s e n t i a l l y  com- 

p l e t e  t o  the  degree  warranted by o v e r a l l  f a c t o r s ,  l e a v i n g  t h e  e x i s t i n g  

e m p h a s i s  on the  remaining classes. 

AFUP a c t i v - l t i e s  are problem-orfiented and deal  wi th  t o p i c s  such as 

engine wear due t o  a l c o h o l  f u e l  use and excess ive  soo t  emiss ions  from 

h igh ly  a romat ic  s y n t h e t i c  d i e s e l  fue l s .  The scope of AFUP work covers  

a l t e r n a t i v e  f u e l  d i s t r i b u t i o n ,  u t i l i z a t i o n ,  and emiss ions ,  with t h e  

focus on u t i l i z a t i o n .  However, t h e  scope of i n t e r e s t ,  concern,  and co- 

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

froin r e source  through the e f f e c t s  (e.g. , envi ronmenta l )  of t h e i r  use. 

In  accordance with a d m i n i s t r a t i o n  g u i d e l i n e s ,  AFUP u t i l i z e s  a de- 

c e n t r a l i z e d  p r o j e c t  management. The P r o j e c t  Management is  t h e  respons i -  

b i l i t y  of ORNL. I n  t h i s  r o l e ,  OKNL carries out  the d e t a i l e d  planning of 

R&D projec ts ,  p rocures  t h e  p r o j e c t s  through subcon t rac t s ,  manages those 

e f f o r t s ,  and conducts  in-house R&D a5 w e l l .  ORNL s e r v e s  as an e x t e n s i o n  

of  headquar t e r s  i n  many r e s p e c t s  and, as such, works very c l o s e l y  w i t h  

headquar t e r s  s t a f f .  



2.1 DOE Headquar te rs  
”-< 

The AE’UP” i s  conducted by the Heat Engine Propulsion Div i s ion  of t h e  

Off ice  of T ranspor t a t ion  Systems (OTS),  Off ice  o f  Conservat ion and Re- 

newable Energy. The program manager a t  Headquarters  i s  E. Eugene 

Ecklund. This  o r g a n i z a t i o n  is shown i n  F igure  1. 

O A N L - D W G  85-4652 E T 0  

ASSISTANT SECRETARY FOR CONSERVATION A N D  RENEWABLE ENERGY’ 
D O N N A  F ITZPATRICK 

I 
I 

A L A N  STREB 
DEPUTY ASSISTANT SECRETARY 

OFFICE OF TRANSPORTATION SYSTEMS 
M. H.  CHlOGlOJ i  

HEAT ENGINE PROPULSTION DIV IS ION 
A. A. CWESNES 

AFUP -- E. E .  E C K L U N D  

ACT1 NG 

Fig. 1. Organiza t ion  of AFUP wi th in  DOE (as proposed, May 1985). 

2.2 DOE Headquarters/Oak U d g e  Opera t ions  (ORO)/ORNL 

T h e  cornmunicati on channels between Eeaadquarters, ORU, and ORNL i s  

shown in Fig. 2. 

The formal program d i r e c t i o n  arid budget guidance are provided t o  

OR0 by OTS through program guidance ‘letters. The OR0 is  r e s p o n s i b l e  f o r  

managing the prime c o n t r a c t ,  c u r r e n t l y  with Mart in  Marietta Energy Sys- 

t e m s ,  Tnc., for the opera t ion  of ORNL. Day-to-day i n t e r a c t i o n s  p r i n c i -  

p a l l y  involve  OTS s t a f f  and p r o j e c t  management a t  ORNL. Also,  a t  t h e  

reques t  of QTS, ORNL main ta ins  a? Informal ,  teehn-tcal l i a i s o n  with DOE 

s u b c o n t r a c t o r s  as well_ as the  o f f i c i a l  channels  t o  URNL’s om subcon- 

t r a c t o r s .  
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QRNL-DWG a[i -4653 E T W  

-FORMAL C H A N N E L  

e--- DAY--TO-DAY 
INTEHFACE C H A N N E L  

Fig. 2. Channels of Communication f o r  DOE Keadquarters, ORO, OWL. 
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A c t i v i t i e s  are c l a s s i f i e d  secord ing  to  the  type of fuel  under con- 

s i d e r a t i o n .  The s i x  classes of f u e l s  are shown i n  Table 1 wi th  t h e i r  

d e f i n i  t i o n s .  

The types  of e f f o r t s  i n  t h e s e  areas inc lude  assessments  and system 

s t u d i e s  but the  ma jo r i ty  of RhD p r o j e c t s  are exper imenta l  i n  na ture .  

Fig. 3 ,  adapted from t h e  AFIJP program plan ,  d e p i c t s  t h e  ma t r ix  of a c t l v -  

i t i e s  i n  the  AFLJP p r o j e c t s .  

Table  1. AI?'l.JP a c t i v i t y  areas, c l a s s i f i e d  by f u e l  type  

-- ~- 
Fue l  class D e s c r i p t i o n  

(1)  New hydrocarbon f u e l s  Non-petroleum hydrocarbon 
f u e l s  which, though perhaps 
similar t o  conven t iona l  
f u e l s  do not meet c u r r e n t  
f u e l  s p e c i f i c a t i o n s .  

( 2 )  S y n t h e t i c  g a s o l i n e  or  d i s t i l l a t e  f u e l  Non-petroleum g a s o l i n e  ~t 
d i e s e l  f u e l  which essen-  
e i a  1 l y  meet c u r  r e n t  f ue 1 
s p e c i f i cat ions . 

( 3 )  Alcohol f u e l s  

( 4 )  Advanced F u e l s  

(5)  Emergency Fuel-s 

Oxygenated f u e l s ,  i n  
g e n e r a l ,  no t  l i m i t e d  t o  
e thano l  or methanol. 

Fuels  h igh ly  d i s s i m i l a r  t o  
conven t iona l  f u e l s  such as 
hydrogen and carbon s l u r r y  
fuels. 

F in ished  f u e l s  and va r ious  
l i q u i d  hydrocarbons which 
might be blended and u t i -  
l i z e d  i n  an emergency f u e l  
sho r t age  where convent iona l  
f u e l s  have become sca rce ,  

( 6 )  Methane and r e l a t e d  gaseoiis f u e l s  Inc ludes  n a t u r a l  gas and 
l i q u e f  i.ed petroleum gas  
( L P G ) ,  t h a t  can be sub- 
s t i t u t e d  f o r  convent iona l  
automotive f u e l s .  - 
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FLOW OF WOgK EFFORT 

DEFINITION 
V E R l F l C A T l O N  

TECHNOLOGY 
ASSESSMENT 

ENGINE-VEHICLE 

SYSTEMS 
STUDIES 

SOCIOECONOMIC - E N V I R O N M E N T A L  - L E G A L  - INSTITUTIONAL FACTORS 
A 

Fig. 3. Matrix of AFUP A c t i v i t i e s  per DOE Headquarters  P r o j e c t  
Planning Document. 

The fo l lowing  s e c t i o n s  d i s c u s s  t h e  c u r r e n t l y  perce ived  R&D needs i n  

each f u e l  c l a s s i f i c a t i o n  and the  i n d i v i d u a l  p r o j e c t s ,  both c u r r e n t  and 

planned . 
3 .1  New Hydrocarbon Fuels  

The long-term o b j e c t i v e  i n  this c l a s s i f i c a t i o n  i s  t o  i d e n t i f y  t h e  

optimum combination of resource/processing/engine technology I n  terms of 

e f f i c i e n c y ,  environmental  a c c e p t a b i l i t y ,  and m a r k e t a b i l i t y .  The objec-  

t i v e  s t r i v e s  t o  reduce the  void between the requirements  f o r  f u e l s  

usable i n  modern engines  and t h e  c h a r a c t e r i s t i c s  of f u e l s  t h a t  can be 

economically produced from domestic resources .  The work breakdown 

s t r u c t u r e  (WBS) t o  achieve  t h e  o b j e c t i v e  is shown i n  Fig. 4 .  Most 

a s p e c t s  of t h e  WBS a r e  underway wi th  some c o n t r a c t e d  e f f o r t s  a d d r e s s i n g  

more t h a n  one t o p i c  and, i n  o t h e r  cases, more t h a n  one c o n t r a c t  o r  g r a n t  

d e a l i n g  w i t h  a s i n g l e  topic .  
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RICARDO 
PEhN STATE 
SANDIA 
SwRl 
u.  WISC. 
A F L R L  

PURDUE 
NASA 
MTI  
ORNL ORNL 

Fig. 4 .  Work Breakdown S t r u c t u r e  fo r  Major O b j e c t i v e s  in New 
Hydrocarbon f u e l s .  
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The energy t h a t  could be saved i n  p r o c e s s i n g  syncrudes by r e l a x i n g  

f u e l  s p e c i f i c a t i o n s  is being addressed by ESCOE. A l i m i t e d  number of 

syncrudes  are being addressed ,  so a d d i t i o n a l  work w i l l  be necessary  t o  

determine whether v a r i a t i o n s  i n  the b a s i c  c o a l  l i q u e f a c t i o n  01: s h a l e  re- 

t o r t i n g  process  could have a s b g n i f l c a n t  effect  on t h e  o v e r a l l  p racess -  

i n g  e f f i c i e n c y ,  Data €or  t h i s  l a t t e r  a c t i v i t y  is expected t o  be a v a i l -  

able  from non-AWP p r o j e c t s .  

S i n c e  new hydrocarbon f u e l s  r e p r e s e n t  s i g n i f i c a n t  d e p a r t u r e s  from 

convent iona l  f u e l s ,  impact s t u d i e s  and engine t o l e r a n c e  e v a l u a t i o n s  for 

c o n v e n t i o n a l  and advanced engines  must be made t o  determine t h e  o v e r a l l  

t r a d e o f f  between p r o c e s s i n g  e f f i c i e n c y  and end-use e f f i c i e n c y .  The 

large amount of  f u e l / e n g i n e  experiments  i s  i n d i c a t i v e  of a g e n e r i c  tech-  

n i c a l  shortcoming i n  t h a t  

( 1 )  There i s  no s i n g l e  f u e l  p r o p e r t y  c h a r a c t e r i z a t i o n  t h a t  i s  a re l i -  

a b l e  i n d i c a t o r  of engine performance and emiss ions  

which i s  t h e  case l a r g e l y  because 

( 2 )  There is no apparent  r e l i a b l e  c o r r e l a t i o n  between f u e l  p r o p e r t i e s ,  

as c u r r e n t l y  determined,  and engine performance and emissions. 

Hence, c o n s i d e r a b l e  e f f o r t  i s  d i r e c t e d  t o  t h e  above. The e x i s t i n g  pro- 

jects are of g e n e r i c  i n t e r e s t  i n  t h a t  crude o i l s  coming t o  U.S. re f in-  

er ies  are g r a d u a l l y  changing i n  q u a l i t y ,  t y p i c a l l y  g e t t i n g  worse. For 

d i s t i l l a t e  f u e l s  i n  p a r t i c u l a r ,  engines  t h a t  are more t o l e r a n t  of Low 

c e t a n e  and high aromat ic  c o n t e n t  could conceivably extend the supply of 

petroleum. 

P r o j e c t s  underway o r  planned f o r  a FY 1985 s t a r t  are d e s c r i b e d  as 

€ 0 llows * 
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Coiit r a c t o r :  Ricardo Consul t ing  Engineers  
C o n t r a c t i n g  Organiza t ion :  DOE Headquar te rs  
Cont rac t  Amount : 
Cont rac t  Per iod:  Extended t o  end 4 / 3 0 / 8 5  
P r i n c i p a l  I n v e s t i g a t o r :  J. R. Needham 

To conduct t e s t i n g  of va r ious  f u e l s  i n  DI and ID1 eng ines  i n  o rde r  
t o  i d e n t i f y  an improved fuel. r a t i n g  technique  f o r  p red i - c t ing  combustion 
behavior  of a l t e r n a t i v e  d i e s e l  f u e l s .  

PROJECT DESCRIPTION: 

D e t a i l e d  in-cy l inder  d a t a  on t h e  combustion o f  a wide range of 
petroleum and non-pe t ro l em f u e l s  i.n modern i n d i r e c t  i n j e c t i o n  (IDI) and 
d i r e c t  i n j e c t i o n  ( D I )  d i e s e l  combustion systems i s  t o  be developed. 
Analys is  of the d a t a  t o  i d e n t i f y  the measurable combustion parameters  
which bes t  re la te  f u e l  chemical and p h y s i c a l  C h a r a c t e r i s t i c s  t o  engine  
performance, knock, emiss ions ,  and s t a r t i n g  c h a r a c t e r i s t i c s .  

T h i r t e e n  tes t  f u e l s  have been eva lua ted  i n  both DI and ID1 d i e s e l  
engines .  Se l ec t ed  f u e l s  were sub jec t ed  t o  cold-chamber engine experi- 
ments a l so .  Two types  of techniques  have been used t o  de te rmine  the  
s t a r t  oE combustion i n  these  engines .  

P W M D  ACTIVITIES: 

Data wi.l.1 be analyzed t o  t r y  t o  c o r r e l a t e  f u e l  parameters wi th  the  
performance, emiss ions ,  and combustion c h a r a c t e r i s t i c s  of the  engine.  
F i n a l  r e p o r t i n g  i s  t o  be completed by A p r i l  30, 1985. A peer review f o r  
the p r o j e c t  i s  scheduled f o r  l a t e  June 1985. 



tPc Fuels Center 

C o n t r a c t o r :  Southwest Research I n s t i t u t e  (SwRI) 
C o n t r a c t i n g  Organiza t ion :  DOE b a d q u a r t e r s  ( t o  be procured by OWL,, 

C o n t r a c t  Amount: $250,000 per  year  
Cont rac t  Per iod:  t o  end 9/85, t o  be renewed and i n c r e m e n t a l l y  funded 
annual ly .  
P r i n c i p a l  Investigator: N. R. S e f e r  

9/85, l  

OBJECTIVE : 

S t o r e ,  p rocess ,  and provide  i n s p e c t i o n  d a t a  and a n a l y s i s  of exper i -  
mental  test f u e l s  from o i l  s h a l e  and coa l  syncrudes f o r  the purpose of 
p r o v i d i n g  s y n f u e l s  f o r  engine  tes t  p r o j e c t s  w i t h i n  DOE, DOD, and 
i n d u s t r y .  

PRO.?ECT DESCRIPTION: 

A c o n t i n u i n g  problem i n  AFUP has been t h e  l a c k  of t es t  f u e l s  f o r  
u t i l i z a t i o n  research .  A s  such, a p i l o t - s c a l e  hydroprocessor  has been 
c o n s t r u c t e d  t o  conver t  s y n t h e t i c  f e e d s t o c k s  t o  f i n i s h e d  tes t  f u e l s  of 
d e s i r e d  p r o p e r t i e s .  The hydroprocessor ,  by changing c a t a l y s t s ,  can 
hydrocrack,  d e s u l f u r i z e ,  or reform a t  a rate of one g a l l o n  per  hour. A 
d i s t i l l a t i o n  u n i t  a l s o  r e s i d e s  with t h e  f a c i l i t y .  SwRI provides  
a n a l y s i s  of rest f u e l s  used i n  most AFUP p r o j e c t s  under t h i s  c o n t r a c t  
and provides  s t o r a g e  f o r  f u e l s  and feedstocks.  

ACCOMPLIStIHENTS : 

The hydroprocessor  c o n s t r u c t i o n  w a s  l a r g e l y  completed i n  June 1984 
and was brought i n t o  o p e r a t i o n  i n  January  1985. Analyses f o r  approxi-  
mately 20 test fuels have been conducted i n  c o n j u n c t i o n  w i t h  a number of 
o t h e r  t a s k s  i n  AFUP. 

PLANNED ACTIVITIES: 

The use of t h e  hydroprocessor  3-s planned f o r  M-85 and i n t o  FY-86 
f o r  process ing  f u e l s  f o r  o ther  AFUP p r o j e c t s .  Two g a s o l i a e s  of d i f -  
f e r e n t  o c t a n e  numbers are t o  be processed from a s h a l e  o i l  naphtha. A 
t u r b i n e  f u e l  is t o  be processed from a s t o c k  of EDS middle d i s t i l l a t e .  
Two g a s o l i n e s  are t o  be produced from a f e e d s t o c k  of SRC I1 ( c o a l  
l i q u i d )  naphtha. A coal-der ived,  low-qual i ty  d i e s e l  f u e l  is t o  be pro- 
duced by c a u s t i c  wash of an EDS mxddle d i s t i l l a t e .  When c o n d i t i o n s  
permit ,  f u e l s  w i l l  be made f o r  i n d u s t r y  and p r i v a t e  r e s e a r c h e r s  on a 
r e i m b u r s i b l e  bas i s .  



12 

Contrac tor :  Pennsylvania  S t a t e  U n i v e r s i t y  
Con t r ah: t i ng Qrgan i  z a t  i o n  : 
Contrac t  Aaount: $79,000 per  year  ( g r a n t )  
Con t rac t  Per iod:  2 / 8 4  t o  1/31/87 
P r i n c i p a l  I n v e s t i g a t o r :  S. S. Lestz 

LMJE Headquarters  

OBJECTIVE : 

To provide  fundamental  d a t a  on t h e  performance and emiss ions  
( inc lud ing  b ioassay  an p a r t i c u l a t e s )  from using cand ida te  f u e l s  from o i l  
s h a l e ,  c o a l ,  and tar  sands i n  conven t iona l  d i e s e l  engines .  Also,  t o  
i n v e s t i g a t e  e f f e c t s  of f u e l i n g  d i e s e l  engines  with methane and propane 
v i a  fumigat ion.  

PROJECT DESCRIPTION :: 

E f f e c t s  of methane fumigat ion  i n  a conven t iona l  V-6 d i e s e l  engine  
are being i n v e s t i g a t e d .  P r i o r  work has shown t h a t  i n t r o d u c t i o n  o f  
inethane i n  small  q u a n t i t i e s  i n t o  an engine  combustion system produces 
s o w  unusual e f f e c t s .  Combustion c h a r a c t e r i s t i c  of tar sands- and 
sha le-der ived  f u e l s  are to  be conducted i n  a s i n g l e - c y l i n d e r  d i r e c t -  
i n j e c t i o n  d i e s e l  engine.  

A method for measuring unburned methane emiss ion  has  been f a b r i -  
cated.  Base l ine  tests of d i e s e l  f u e l  i n  t h e  V-6 have been completede 
The i n s t a l l a t i o n  of t h e  s ing le -cy l inde r  d i e s e l  engine  has  been com- 
p le ted .  

a ACTIVITIES : 

Experiments w i th  methane fumigat ion  i n  t h e  V-6 d i e s e l  are s t a r t i n g  
as of January 1985. The f i r s t  f u e l  t o  be eva lua ted  i n  the  s i n g l e -  
c y l i n d e r  engine w i l l  be t he  Canadian h y p o t h e t i c a l  1990 d i e s e l s  f u e l  
which is a blend of tar sand- and petroleum-derived products .  A pro--- 
g re s s  r e p o r t  w i l l  be given a t  t h e  j o i n t  U.S./Canadian AFUP meeting i n  
June 1985. 
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TITLE: Effects of Fuel  &mpasition om ZgnitPan Delay in 
Homgeneous Charge and Direct Injection Compression Ignition Engines 

Cont rac to r :  U. Wisconsin 
C o n t r a c t i n g  Organiza t ion :  Mar t in  Marietta Energy Systems 
Con t rac t  Amount: $75,000 
Con t rac t  Per iod:  9 /15 !84 -9 /14 /85  
P r i n c i p a l  I n v e s t i g a t o r :  Gary Borman 

David E. F o s t e r  

OBJECTIVE: 

To i n v e s t i g a t e  e f f e c t s  of f u e l  composi t ion on i g n i t i o n  de lay  and 
a u t o i g n i t i o n  i n  both s t r a t i f i e d  charge ( d i r e c t  i n j e c t i o n  d i e s e l )  and 
homogeneous charge  engines ,  both i n  a compression i g n i t i o n  mode of 
ope ra t ion .  

PROJECT DESCRIPTION: 

The r e s e a r c h  a c t i v i t y  c o n s i s t s  of TWO s e p a r a t e ,  bu t  r e l a t e d  pro- 
jects. I n  t h e  f i r s t  p r o j e c t ,  s p e c i a l l y  blended f u e l s  are t o  be run i n  a 
s i n g l e  c y l i n d e r  open chamber d i e s e l  e n g i n e  t o  de t e rmine  t h e  r e l a t i o n s h i p  
between f u e l  v o l a t i l i t y ,  ce t ane  requirement  and exhaus t  p a r t i c u l a t e s .  A 
two-color pyrometer i n s t rumen t  is t o  be used as a d i a g n o s t i c  a id .  In 
the second p r o j e c t ,  prevaporized f u e l ,  air  and exhaus t  products  are 
mixed and i g n i t e d  by compression i n  a CFR engine. R e s u l t s  from t h e s e  
tests f o r  pure f u e l s  and b inary  mixtures  of pure  f u e l s  are then t o  be 
compared t o  chemical  k i n e t i c  c a l c u l a t i o n s .  Absorpt ion spec t roscopy  w i l l  
be. used as a d i a g n o s t f c  a i d  t o  he lp  understand the d i f f e r e n c e s  between 
theory  and experiment. Some real  f u e l s  w i l l  a l s o  be t e s t e d  t o  o b t a i n  
i g n i t i o n  de lay  da ta .  

ACCOMPLZSEMENTS: 

A t e s t  f u e l  ma t r ix  f o r  t h e  DI engine  s tudy  has been i d e n t i f i e d  and 
t h e  f u e l s  are being prepared a t  t h e  SwRI s y n f u e l s  c e n t e r .  A test engine  
i s  being modified. The homogeneous charge engine  has  been run  on seven 
pure f u e l s  and t h r e e  b inary  mixtures  t o  g e t  d a t a  on the c o n d i t i o n s  f o r  
a u t o i g n i t i o n  t o  occur. C a l c u l a t i o n s  us ing  k i n e t i c  d a t a  have been 
s t a r t e d  for  comparison with the d a t a .  

P w  ACTIVITIES: 

E a r l y  tests i n  t h e  DL engine  w i l l  be performed w i t h  No. 2 d i e s e l  
f u e l  blended wi th  n-octane u n t i l  e n t i r e  t e s t  f u e l  ma t r ix  i s  prepared.  
The new t e s t  engine  should  be ready I n  t h e  nea r  f u t u r e .  Next phase of 
t h e  homogeneous charge s tudy  w i l l  i n c l u d e  a d d i t i o n a l  comparisons between 
theo ry  and experiment  and t h e  a b s o r p t i o n  spec t roscopy  measurements. 
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TITLE: Ersg1n.e Testing ~ O K  Synfuel 

C o n t r a c t o r :  Southwest Research I n s t i t u t e  w i t h  Deere & Company, Inc.  
C o n t r a c t i n g  Organizat ton:  Mar t in  Marietta Energy Systems 
Contract Amount: $237,000 
Cont rac t  Per iod:  1/31/85 to 6/30/86 
P r i i i c i p a l  I n v e s t i g a t o r  : Shannon Vinyard 

To determine whether p r a c t i c a l  n lodi f ica t ions ,  from a manufacturers  
viewpoint ,  can be made to  c u r r e n t  heavy duty d i e s e l  engines  to permit  
o p e r a t i o n  on s y n t h e t i c  f u e l s  t h a t  d i f f e r  cons iderably  from No. 2 d i e s e l  
f u e l *  

PROJPCT DESCRIPTION: 

A nnodern heavy-duty d i e s e l  engine w i l l  be run on a v a r i e t y  of 
hydrogen-def i c i e n t  ( r e l a t i v e  t o  convent iona l  f u e l s )  sha le -  and coa l -  
f u e l s  t o  e s t a b l i s h  a base l ine .  The engine  manufacturer  w i l l  review t h e  
d a t a  and recommend modi f ica t ions  t o  r e s t o r e  performance and emissions t o  
t h e i r  o r i g i n a l  l e v e l s .  The test  engine  w i l l  be modif ied and t h e  exper i -  
ment w i l l  be repeated.  

None - new p r o j e c t .  



TITLE: AltematSve Fuel Variable Effects on %@ne Combustion 

Contractor: Universtties, to he determined through competitive procure- 
ment 
Contracting Organization: 
Contract Amount: To k determined 
Contract Period: To be determined 
1Pr:LncLpal Investigator: To be determined 

Martin Marietta Energy Systems 

To determine influence of fuel properties and/or processing history 
o f  fuels on their combustion characteristics in transportation engines 
while also stimulating eduction of: new students in alternative fuels 
technology . 
PRoJaCT DESCRIPTION: 

Proposals have been requested and received as of 1/31/85. Specific 
topics are to be determined. Multiple awards are probable. 

ACCONPLISEIMeNTS: 

None (new project). 
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Con t rac to r :  Sandia  L a b o r a t o r i e s  (Livermore)  
C o n t r a c t i n g  Organiza t ion :  DOE Headquar te rs  d i r e c t  funding  
Con t rac t  Amount: $150,000 
Con t rac t  Per iod:  l O / l / W ' +  t o  9/30/85 
P r i n c i p a l  I n v e s t i g a t o r :  T. M. Dyer 

OBJECTIVE : 

To perform c o n t r o l l e d  cond i t ion  exper iments  w i th  s e v e r a l  non- 
convent iona l  d i e s e l  f u e l s  by us ing  a cons t an t  volume combustion bomb t o  
de te rmine  t h e  parameters  t h a t  most i n f l u e n c e  i g n i t i o n  d e l a y ,  h e a t  
release sate ,  and emissions.  

ECT DESCRIPTION: 

A well- instrumented combustion bomb a t  Sandia  (donated by 
Volkswagen) is to  be used f o r  th i s  p r o j e c t .  I n i t i a l  cond i t ions  i n  t h e  
bomb, such as p r e s s u r e  and tempera ture ,  w i l l  be v a r i e d  and t h e  i g n i t i o n  
c h a r a c t e r i s t i c s  of f u e l s  w i l l  be eva lua ted .  Emissions w i l l  be measured 
a l s o .  The test f u e l s  are samples from t h e  Ricardo p r o j e c t  and are of 
s i g n i f i c a n t l y  d i f f e r e n t  composition than usual .  The r e s u l t s  w i l l  permit  
added a n a l y s i s  of t h e  r e s u l t s  of t h e  Ricardo p ro jec t .  

Work i n  FY1984 showed t h a t  when t h e  a i r  charge i n  t h e  bomb had an 
i n i t i a l  temperature  i n  excess of about 100Q°K, the  i g n i t i o n  de lay  and 
ra te  of hea t  release became e s s e n t i a l l y  independent  of f u e l  composi t ion 
dire t o  i n t e r n a l  bomb c o n f i g u r a t i o n  and condi t ions .  

B D ACTIVITIES: 

Addi t iona l  experiments  w i l l  be performed and measurement of e m i s -  
s i ons  conducted. Vegetable  o i l s ,  wkich have d i sp layed  unusual conbus- 
t i o n  p r o p e r t i e s  i n  engines ,  w i l l  be among t h e  next series of tes t  f u e l s .  



Cont rac to r :  NASA, L e w i s  Research Cenzer 
C o n t r a c t i n g  Organiza t ion :  M E  Headquarters  ( In t e ragency  Agreement) 
Con t rac t  Amount: $310,000 
Cont rac t  Per iod:  6/1/85 t o  P2/31/8S 
P r i n c i p a l  I n v e s t i g a t o r :  J. RolPbiuhler 

To e v a l u a t e  t h e  combustion c h a r a c t e r i s t i c s  such as emiss ions ,  
r a d i a n t  hea t  release and flaw s t a b i l i t y ,  f o r  cand ida te  f u t u r e  f u e l s  i n  
a gas t u r b i n e  combustor o p e r a t i n g  a t  t h e  cond i t ion6  of t h e  AGT engine  
under development . 
PRQJECT DESCRIPTION: 

A s t a t i o n a r y  burner  r i g  w i l l  be used f o r  t h e s e  experiments .  There 
w i l l  be no r o t a t i n g  p a r t s ,  blade cascades ,  o r  pin specimens f o r  mate- 
r ia ls  s t u d i e s .  Seven f u e l s  w i l l  be e v a l u a t e d  i n c l u d i n g  methanol,  No. 2 
d i e s e l  f u e l ,  gasoline, tar  sands fuel, and coa l  l i q u i d s .  Combustor e x i t  
t empera tu res  will range from 1800-2500°F. 

None (new p r o j e c t ) .  



Conrrac tor :  ESCOtl 
Con t rac t ing  Organiza t ion :  I)OE Headquarters  
Cont rac t  Amount: $246,000 
Cont rac t  Term:  6/20/84 tc, 9/20/85 
Pr inc ipa l -  I n v e s t i g a t o r :  R. L, Thomas 

To assess t h e  t r radeoffs  between energy use i n  r e f in ing /uggrad ing  of 
s y n t h e t i c  f u e l s  and the energy use i n  engines  t h a t  can be developed t o  
u t i l i z e  f u e l s  t h a t  are processed t o  a lesser e x t e n t  than  c u r r e n t l y  
done. To determine overall .  energy sav ings  t h a t  would accrue  from an 
engine  f u e l  s y s t e m  combination t h a t  i s  opt imized f o r  minimum energy con- 
sumption from resource  t o  end use. 

PROJECT DESCRIPTION: 

A r e f i n e r y  l i n e a r  programming (LP) model i s  be ing  used t o  determine 
r e f i n i n g  e f f i c i e n c y  f o r  var ious  product  slates t h a t  range from conven- 
t iona l -  f u e l s  t o  f u e l s  of very r e l axed  s p e c i f i c a t i o n s .  Feedstocks t o  t h e  
r e f i n e r y  are r e p r e s e n t a t i v e  of a petroleum b a s e l i n e  and a coa l  syncrude 
f r o m  the  l a t e s t  g e n e r a t i o n  Exxon Donor Solvent  (EDS) convers ion  p lan t .  
The e f f i c i e n c y  of a coal-to-methanol p l a n t  s e rves  as a r e f e r e n c e  
poin t .  The f u e l  t o l e r a n c e  and e f f i c i e n c y  of engines  are be ing  addressed  
i n  a l i t e r a t u r e  review and by a panel  of engine e x p e r t s  from i n d u s t r y  
and u n i v e r s i t i e s .  

The r e f i n e r y  model runs ,  subcon t rac t ed  by ESCOE t o  Boeing, were 
completed du r ing  December 1984. Other i t em completed inc luded  a review 
of  c o a l  convers ion  t echno log ie s  and a s tudy  of t h e  c o m p a t i b i l i t y  between 
c u r r e n t  r e f i n e r y  u n i t  ope ra t ions  and syncrude p r o p e r t i e s .  

P D ACTIVITIES: 

A d r a f t  r e p o r t  be ing  w r i t t e n  by ESCOE on t h e  s u b j e c t  of e n g i n e / f u e l  
matching w l l l  be reviewed by t h e  panel  of e x p e r t s  wi th  a subsequent  
review meeting i n  March 1985. A f i n a l  r e p o r t  €or  t h e  e n t i r e  p r o j e c t  i s  
t o  be completed by September 1985. A l l  t e c h n i c a l  work is  t o  be f i n i s h e d  
by .June 1985. 



TITLE: Braad-based Fuels T e s t i n g  in Stfrling Engine Combustor 

Cont rac to r :  Mechanical Technology, l n c .  
C o n t r a c t i n g  Organ iza t ion :  DOE Headquar te rs  
Con t rac t  Amount: $131,845 
Cont rac t  Term: 3/28/84 t o  5/28/85 
P r i n c i p a l  I n v e s t i g a t o r :  D. Najewicz 

OaTECTIVE: 

To test s e v e r a l  a l t e r n a t i v e  f u e l s  i n  a S t i r l i n g  engine  combustor 
r i g  and e v a l u a t e  t h e i r  performance i n  terms of combustion e f f i c i e n c y ,  
emis s ions ,  s o o t  format ion ,  and e f f e c t s  on combustor tempera ture  d i s t r i -  
bu t  i on. 

PROJECT DESCRIPTION: 

S e v e r a l  d i f f e r e n t  k inds  of l i g h t  fue ls  are be ing  t e s t i n g  i n  a 
S t i r l i n g  engine combustor test r i g  t o  determine t h e i r  v i a b i l i t y  as 
a l t e r n a t i v e  f u e l s  f o r  f u t u r e  S t i r l i n g  engine  a p p l i c a t i o n s .  Fue ls  
s e l e c t e d  f o r  t e s t i n g  are a b a s e l i n e  unleaded g a s o l i n e ,  methanol, 
e t h a n o l ,  d i e s e l  f u e l  11.2, Naphtha, and a 50-50 mixture  of d i e s e l  f u e l  and 
Naphtha. This p r o j e c t  w i l l  test t h e  g e n e r a l  b e l i e f  t h a t  e x t e r n a l -  
combustion eng ines  are more t o l e r a n t  of a l t e r n a t e  f u e l s  t han  i n t e r n a l -  
combustion engines .  Judgements of f u e l s  performances w i l l  be based on 
d a t a  such as combustion e f f i c i e n c y ,  tempera ture  p r o f i l e ,  exhaus t  e m i s -  
s i o n s ,  and burner w a l l  temperature .  

Three of t h e  f u e l s  have been completely t e s t e d  t h u s  f a r ,  though t h e  
r e s u l t s  have not been completely analyzed.  Those f u e l s  t e s t e d  are 
unleaded g a s o l i n e ,  d i e s e l  f u e l  8 2 ,  and t h e  SO-50 Naphtha-diesel f u e l  
mixture .  

PLANNeD ACTIVITIES : 

Complete t e s t i n g  of t h e  f i n a l  . t h r e e  f u e l s ,  ana lyze  and i n t e r p r e t  
r e s u l t s  from a l l  f u e l s ,  and complete f i n a l  r e p o r t i n g  of t h e  p r o j e c t .  
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T I T L E :  Fuel Property Kffects on Diesel Combustion 

Cont sa r to r :  Army Fuels  and Lubr i can t s  Research Labora tory  ( SwRL) 
Cont rac t ing  Organiza t ion :  DOE Headquarters  by In te ragency  Agreement, 

Con t rac t  Amount: To h? determined - new p r o j e c t  
Con t rac t  Per iod:  t o  be S n i t i a t e d  i n  FY1985 
P r i n c i p a l  I n v e s t i g a t o r :  T. W. Ryan 

co-funded wi th  Army 

To s e p a r a t e  t h e  e f f e c t s  on d iese l .  engine  combustion due t o  f u e l  
physi-cal p r o p e r t i e s  and chemical p r o p e r t i e s .  

CT DESCRPPTIQN: 

Experiments us ing  a combustion bomb and an experimental  d i e s e l  
engine w i l l  be conducted. The research engine has v a r i a b l e  compression 
r a t i o  and v a r i a b l e  i n j e c t i o n  parameters. Seve ra l  charg ing  mediums, such 
as a i r  and n i t r o g e n ,  w i l l  be used i n  the bomb t o  he lp  determine the 
e f f e c t s  of t h e i r  thermodynamic p r o p e r t i e s  on the combustion da ta .  
O p t i c a l l r a d i a t i o n  measurements w i l l  be used to  determine the  start  of 
s i g n i f i c a n t  chemical  r eac t ion .  Fue l s  used i n  both bomb and engine  
experiments  w i l l  be blended so as t o  a l low s tudy  of chemical composi t ion 
e f f e c t  and phys ica l  p rope r ty  (mainly v i s c o s i t y )  e f f e c t s .  

The c o n s t r u c t i o n  of the  exper imenta l  equipment it; underway. The 
combustion bomb is n e a r l y  complete and work has been s t a r t e d  on t h e  
engine.  T e s t  f u e l s  are being c o l l e c t e d .  
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TITLE:  ~~~~~~~~~ 8'omtion in Heterogeneous Stratified 
Mhctwes of Puel Drops %a Air 

Cont rac to r :  Purdue U n i v e r s i t y  
C o n t r a c t i n g  Organiza t ion :  DOE Headquar te rs  ( g r a n t )  
Con t rac t  Amount: $68,000 per year  
Con t rac t  Per iod:  4 / 2 5 / 8 4  t o  4 / 2 4 / 8 6  
P r i n c i p a l  I n v e s t i g a t o r  I Arthur  H. Lef ebvre  

To i n v e s t i g a t e  t h e  e f f e c t s  of t h e  chemical  c h a r a c t e r i s t i c s  of can- 
d i d a t e  s y n t h e t i c  f u e l s  on combustion i n  a cont inuous  combustion engine  
by use of a s p e c i a l  combustion r ig  which s i m u l a t e s  e i t h e r  s t e a d y - s t a t e  
or pu lsed  combustion. 

PROJECT DESCRIPTION: 

A s t eady  flow burrier r i g  w i l l  be naodified t o  permi t  working pres-  
s u r e s  of up to  15 atmospheres. A i r  flows f o r  combustion and d i l u t i o n  
are s e p a r a t e l y  c o n t r o l l e d .  M u l t i p l e  a i r  b l a s t  a tomize r s  are used such 
t h a t  drop size can be made c o n s i s t e n t  f o r  a l l  f u e l s  t e s t e d .  Three f u e l s  
w i l l  be t e s t e d  and emiss ions  w i l l  be t h e  p r i n c i p a l  d a t a  recorded.  In a 
second phase of the p r o j e c t ,  f u e l  i n j e c t i o n  i n  some nozz les  w i l l  be made 
i n t e r m i t t e n t  t o  de te rmine  t h e  e f f e c t s  of s t r a t i f i c a t i o n  of f u e l / a i r  
r a t i o .  

ACCCBPLISIQIENTS: 

The combustion test r i g  f o r  high p r e s s u r e  o p e r a t i o n  has  been com- 
p l e t e d  and the  emiss ions  measurement system assembled. 

PLANNED ACTIVITIES: 

Combustion tests t o  commence around 2/1/85. 





TITLE: 
Progressively 

Properties vs, Toxicity for 
Upgraded Coal Liquids 

Contrac tor :  To be determined 
C o n t r a c t i n g  Organiza t ion :  Mar t in  Marietta Energy Systems 
Cont rac t  Amount: To be d e t e r d n e d  
C o n t r a c t  Per iod:  4/1/85 t o  10/3P/85 ( s u b j e c t  t o  r e v i s i o n )  
P r i n c i p a l  I n v e s t i g a t o r :  To be determined 

To determine t h e  combustion c h a r a c t e r i s t i c s  of s y n f u e l s  t h a t  have 
been sys temat ica l . ly  upgraded t o  reduce t h e i r  t o x i c i t y ,  and thereby  
de termine  t h e  c o m p a t i b i l i t y  of minimally processed ( w i t h  regard  t o  
t o x i c i t y )  f u e l s  with c u r r e n t  engines  and t o  e s t a b l i s h  d a t a  r e l a t i n g  both 
t h e  r e d u c t i o n  of t o x i c i t y  and t h e  impmrovement i n  combination q u a l i t y  t o  
t h e  l e v e l  of processing.  

PROJECT DESCRIPTION: 

Statement  of work f o r  t h i s  p r o j z c t  no t  f i n a l i z e d .  

ACCOKPLISHHENTS : 

None - new p r o j e c t .  



24 

3.2 Synthetic Gasoline and Distillate Fuel. ---- - 
The principal objecttves o f  the pro jec t s  in this classification are 

to identify, study, and resolve problem of using nun-petroleum-derived 

fuels that essentially meet current fuel specifications. Since fuel 

specifications can be met by fuels varying widely in chemical makeup, 

engine experiments are run to uncover fuel-related anomalies that may 

arise. Such anomalies may include hazardous,  nan-regulated emissions 

that historically have not appeared w i t h  use of petroleum -derived 

fuels. The WBS for this classification i s  shown in Pig .  5, followed by 

project descriptions. 

O R N L - D W G  85-4657  E T U  

IOENTIFY!RESOLVE PECULIAR PROBLEMS 
I N  USING SYNTHETIC GASOLINES 

AND DIESEL. FUELS 

IDENTIFY POTENTIAL 

EM 1SS IONS, DEPOSIT 
COMBUSTION, F 011 M A T  I 0 N 

COMPREHENSIVE PROBlLEMS COMPARISON OF ASSESS 

CHEMICAL STUDY SYNFUELS TO ENGlNEiFUEL 
OF SYNFUELS PETROLEUM COMPATlBl L lTY EFFICIENCY 

FUELS 

INVESTIGATE SUSPECTED 
PROBLEMS; RESOLVE 

CON V E N TI ON A L A DV .4 N C E D 
ENGINES 

SPARK OTHER 
IGNITION 

- 
'SEE SECTION 3 1 

Fig .  5. Work Breakdown Structure for Synthetic Gasolines and 
Diesel. Fuels. 



25 

Combustor: Southeni  I l l i n o i s  U n i v e r s i t y  
C o n t r a c t i n g  Organiza t ion :  MartLn Marietta Energy Systems 
Cont rac t  Amount: $63 249 
C o n t r a c t  Per iod:  7/16/84 t o  7/15/86 
P r i n c i p a l  I n v e s t i g a t o r :  S u r i  Rajan 

TQ determine how s y n t h e t i c  g a s o l i n e  combustion c h a r a c t e r i s t i c s  
d i f f e r  i n  terms of in -cy l inder  measurements (e. g., flame speed)  f H o r n  

petroleum f u e l s .  EmissPons t o  be determined a l s o .  

PRQJECT DESCRZEYL'ION: 

G a s o l i n e s  from shale- and coal- l iquid-naphthas  are t o  be t e s t e d  i n  
a convent iona l  spark  i g n i t i o n  engine.  A l s o  a Mobil g a s o l i n e  manufae- 
t u r e d  from methanol w i l l .  be eva lua ted .  Convent ional  g a s o l i n e  w i l l  be 
used as b a s e l i n e  f u e l .  

ACCOHPLPS'BNENTS: 

I n s t r u m e n t a t i o n  and d a t a  a c q u i s i t i o n  systems have been set up. New 
graduate s t u d e n t s  have been l e a r n i n g  t o  use t h e  test  equipment. 

PLANNED ACTIVITIES: 

The bulk of t h e  p r o j e c t  d e s c r i p t i o n  (above) a c t i v i t i e s  are y e t  t o  
be conducted. S u f f i c i e n t  d a t a  w i l l  be genera ted  i n  time t o  make pre- 
s e n t a t i o n  a t  t h e  C o n t r a c t o r s  CoordinatLon Meeting i n  November 1985. 
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T1TLE: Evaluation o f  Deposits wkth S p t h e t t c  Gasolines 

Cont rac to r :  U. M i a m i  
Co t i t  rac t i n g  Organiza t ion  : DOE Headq uar t er s 
Contrac t  Amount:: $95,000 
Con t rac t  Per iod:  9/1/84 t o  12/31/85 
P r i n c i p a l  I n v e s t i g a t o r :  M i k e  K, Swain 

To i d e n t i f y  problems r e l a t e d  t o  t h e  use of s y n t h e t i c  g a s o l i n e s  i n  
terms of emiss ions  or  performance. P a r t i c u l a r  emphasis is placed on 
d e p o s i t  format ion  and poss ib l e  i n c r e a s e  i n  oc t ane  requirement  of t h e  
engine.  

Shale- and coal-der ived g a s o l i n e s  w i l l  be eva lua ted  i n  conven t iona l  
spark  i g n i t i o n  engines  and compared t o  convent iona l  gaso l ines .  Engines  
w i l l  be run on a s p e c i f i c  schedule  and to rn  down p e r i o d i c a l l y  t o  i n s p e c t  
depos i t  formation. Octane requirements  f o r  t h e  engine  w i l l  be eva lua ted  
as the tests proceed. Each f u e l  w i I . 1  be run f o r  200 hrs ,  A new engine  
w i l l  be used wi th  each f u e l .  

A b a s e l i n e  g a s o l i n e  has  been ob ta ined  which does no t  have t h e  a n t i -  
depos i t  a d d i t i v e s .  Five new g r a t i s  GM engines  have a r r i v e d  a t  the  U. 
M i . a m i  and f i r s t  test  engine  has  been i n s t a l l e d .  

P I? ACTIVITIES : 

Bu1.k of p r o j e c t  as desc r ibed  above. 
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3 . 3  Alcohol Fuels  

Alcohol  f u e l s  must n e c e s s a r i l y  be d i v i d e d  i n t o  two s u b c l a s s e s :  (1) 

extenders i n  t h e  form of b lends ,  and (2) neat f u e l s  f o r  e s s e n t i a l l y  

t o t a l  s u b s t i t u t i o n .  I n  t h e  AFUP, i n t e r e s t  lies i n  the  broad c l a s s i f i c a -  

t i o n  of oxygenated hydrocarbons ( i n c l u d i n g  e t h e r s ) ,  a l though a c t i v i t i e s  

are focused on methanol and e t h a n o l  as t h e  p r i n c i p a l  c a n d i d a t e s  i n  t h i s  

class. AFUP o b j e c t i v e s  r e l a t e d  t o  a l c o h o l  f u e l s  are: 

Near-Term Objec t ive .  The near-term o b j e c t i v e  of t e s t i n g  and eva lu-  

a t i n g  a l c o h o l / g a s o l i n e  blends i n  commercial and government f l e e t s  has  

been mt. S o l u t i o n s  t o  problems ?lave been v e r i f i e d ,  and t h e  prac t i -  

c a l i t y  and r e l i a b i l i t y  of blends i n  t h i s  country have been demon- 

s t r a t e d .  C u r r e n t l y ,  commercial blends of e t h a n o l ,  methanol, h igher -  

o rde r  a l c o h o l s ,  and e t h e r s  are being, marketed. 

Longer Term Objec t ive .  The l onge r  term o b j e c t i v e  of d e f i n i n g  and 

e v a l u a t i n g  new systems has l a r g e l y  been completed. These e f f o r t s  

focused  on op t imiz ing  r e s o u r c e / e n g i n e / f u e l  systems based on a l c o h o l s ,  

confirming emiss ions  and e f f i c i e n c y  improvements i n  opt imized eng ine ,  

and d i s c o v e r i n g  and s o l v i n g  problems a s s o c i a t e d  w i t h  t h e  use of a l c o h o l  

f u e l s .  

P r e s e n t l y  funded p r o j e c t s  are, f o r  t h e  most p a r t ,  d i r e c t e d  toward 

the longer  term o b j e c t i v e  as o u t l i n e d  i n  the  WBS shown I n  Fig. 6 .  Pro- 

ject  d e s c r i p t i o n s  fo l low € o r  those  p r o j e c t s  c u r r e n t l y  underway, i n  pro- 

curement, or  which have been r e c e n t l y  completed. 



OPTiM lZE RESOURCE/ENGINE F U E L  SYSTEMS FOR 
4 L C O H O L  F U E L S  - BLENDS A N D  N E A T  

O R N L  D W C 8 5 - 4 6 5 8  E T D  

I I I i I 
F L E E T  T E  C +I i\J 0 LOGY M 0 rY I TOR H ESO i, R C E 

D E V E L O P M E h T  OF 
OPTIMIZE ENGINE/  SPECIAL PROBLEMS 

F U E L  PERFORMANCE WITH A L C O H O L  D E M O N S T R A T I O N  i R  A 'J 5 F E ? 
ALCOHOL FUELS (EFFICIENCY, EMISSIONS) F U E L S  

CURRENT F U T i J R E  C O L D  CORROSION 
ENGINES ENGINES S T A R T  & W E A R  

'SEE SECTION 3.1. 

N 
00 

Fig .  6 .  Work Breakdown S t r u c t u r e  f o r  Alcohol Fue l s  - Blends and 
Neat. 
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TITLE: Akohsla kmn Spark Ignitfon Engines 

C o n t r a c t o r :  U n i v e r s i t y  of Santa  Clara 
C o n t r a c t i n g  Organiza t ion :  DOE Headquarters  
C o n t r a c t  Amount: $332 500 
C o n t r a c t  Term: 1 / 1 / 8 4  tQ 7/1/85 
P r i n c i p a l  I n v e s t i g a t o r :  R. K. P e f l e y  

OKJECTIVe : 

To c a r r y  out  r e s e a r c h  and development i n  mul t i - face ted  t a s k s  t o  
address  remaining problem areas i n  t h e  a d a p t a t i o n  of spark  i g n i t i o n  
e n g i n e s  t o  a l c o h o l  f u e l s .  

PRBJECT DESCRIPTION: 

T h i s  mult i -year  p r o j e c t ,  fo l lowing  development of a fundamental  
d a t a  base,  has addressed many of t h e  remaining issues r e l a t e d  t o  t h e  use 
of a l c o h o l  f u e l s  i n  s p a r k  i g n i t i o n  engines.  Areas of work have inc luded  
cold start and warm-up d r i v e a b i l i t y ,  engine wear and c o r r o s i o n ,  photo- 
chemical  smog r e s e a r c h ,  NO, s u p p r e s s i o n  r e s e a r c h ,  and v e h i c l e  moni tor ing  
and d a t a  processing.  Experiments have included bench tests, engine  
t e s t i n g ,  and v e h i c l e  t e s t i n g .  

ACCOMPLISBHENTS: 

This p r o j e c t  has  c o n t r i b u t e d  c s n s i d e r a b l y  i n  i t s  work areas towards 
br inging  alcohol-fueled engines  t o  commercial readiness .  C o n t r i b u t i o n s  
i n  a l l  of t h e  work areas are too numerous t o  o u t l i n e  h e r e  completely,  
but t h e  fo l lowing  are s e l e c t e d  examples. 

A numerical  model w a s  developed t o  i n v e s t i g a t e  methanol e v a p o r a t i o n  
dur ing  cold s t a r t i n g  and t h e  e f fec ts  of d r o p l e t  s i z e  (a tomiza t ion)  and 
manifold h e a t i n g  were among t h e  s t u d i e s  u s i n g  t h i s  model. 

S e v e r a l  cold s t a r t i n g  a i d s  were exper imenta l ly  eva lua ted  i n  a cold- 
cell .  Corros ion  and wear mechanisms were i n v e s t i g a t e d .  

A photochemical smog chamber was used to  s tudy  atmospheric  reac- 
t i o n s  of a lcohol -vehic le  emiss ions ,  emphasizing t h e  a i r  q u a l i t y  i n  the  
Southern C a l i f o r n i a  area. 

The work has  been f u l l y  documented i n  r e p o r t s .  

PLANNllD ACTIVITIES : 

F i n i s h  f i n a l  r e p o r t i n g .  



30 

Cont rac to r :  Southwest Research l n s t i i u t c ?  
Con t rac t lng  Organfzat ion:  DOE Headquarters 
Contracc Amount: $1 * 926,000 
Con t rac t  Term: 7/16/79 to 12/31 / 8 4  
P r i n c i p a l  I n v e s t i g a t o r :  J. D. Tosh 

To demonstrate  t h e  commercial r e a d i n e s s  of a l c o h o l / g a s o l i n e  blends 
inc lud ing  both e t h a n o l  and methanol based a l coho l s .  

F l e e t s  of v e h i c l e s  of var ious  kinds and i n  v a r i o u s  geograph ica l  
l o c a t i o n s  were opera ted  on various a l c o h o l / g a s o l i n c  blends f o r  pe r iods  
up t o  fou r  years .  Data were gathered on t h e  o p e r a t i o n  of t h e  f l e e t  
v e h i c l e s  t o  determine f a c t o r s  such as f u e l  e f f i c i e n c y ,  r e l i a b i l i t y ,  
d r i v e r  acceptance ,  and any unforeseen  c h a r a c t e r i s t i c s  of t h e  f u e l  Eormu- 
l a t  ions. 

A t o t a l  of 20 f l e e t s  were involved  a t  one t i m e  o r  another i n  t h e  
t e s t i n g .  The types  of f l e e t s  involved ranged from a d m i n i s t r a t i v e  
v e h i c l e s  f o r  c i t y ,  county,  and s t a t e  governments t o  v e h i c l e s  used by t h e  
Harder P a t r o l  i n  the  Southwest. Various a l c o h o l / g a s o l i n e  blends were 
used i n  t h e  test i n c l u d i n g  gasohol ,  a formula ted  gasohol  (10% e t h a n o l ) ,  
Oxinol /gaso l ine  ( 9 . 5 / 9 0 . 5 )  and a methanal/ethanol/TBA/gasof i n e  blend .  
Resu l t s  of s t a t i s t i c a l  s i g n i f i c a n c e  v a r i e d  from f l e e t - t o - f l e e t  w i th  some 
y i e l d i n g  enough d a t a  t o  l ead  t o  sound conclus ions  and o t h e r s  y i e l d i n g  
too  l i t t l e  data upon which t o  draw conclus ions .  A number of i n t e r i m  
r e p o r t s  deal ing wi th  separate f l e e t s  have been i s sued  while  final 
r c y o r t i n g  i s  pending. 

F ina l  repor t ing .  
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TITLE: Aldehyde &nissfon Heasuketaents from a Methanol Fueled 
S t r a t i f i e d  Charge Engine 

C o n t r a c t o r :  U n i v e r s i t y  of Wisconsin 
C o n t r a c t  Completed 
P r i n c i p a l  I n v e s t i g a t o r :  1). E. F o s t e r  

To i n v e s t i g a t e  t h e  o r i g i n  and mechanisms of unburned f u e l  and 
formaldehyde emissions with a Texaco TCCS engine opera ted  with pure 
methanol. 

PROJECT DESCRIPTION: 

The Texaco TCCS (Texaco ControRled Combustion System) engine i s  a 
lean-burning, d i r e c t  f u e l  i n j e c t e d ,  n o n - t h r o t t l e d ,  high compression 
r a t i o ,  s p a r k - i g n i t i o n  engine  and, as such, c l o s e l y  resembles t h e  type 
engine thought by some t o  be b e s t  s u i t e d  f o r  u t i l i z a t i o n  of pure 
methanol f u e l .  However, unburned f u e l  and aldehyde emiss ions  could be 
s e r i o u s  problems f o r  methanol f u e l e d  s t r a t i f i e d  charge engines.  There- 
f o r e ,  t h i s  p r o j e c t  addressed  t h e  q u e s t i o n  by running t h e  TCCS engine  on 
methanol at  var ious  o p e r a t i n g  condi t ions .  Continuous and t ime-resolved 
exhaus t  gas  sampling methods were used t o  measure emissions.  

ACCOMPLISHMENTS : 

Formaldehyde emiss ions  were found t o  o r i g i n a t e  i n  t h e  c y l i n d e r  
gases ,  e s p e c i a l l y  a t  l o w  loads.  However, formation of aldehyde emis- 
s i o n s  a p p e a r s  t o  cont inue  i n  t h e  exhaust  p o r t  a f t e r  combustion products  
leave t h e  c y l i n d e r ;  t h i s  phenomenon becomes more important  as t h e  load  
i n c r e a s e s .  Fuel  impingement on t h e  p i s t o n  i s  b e l i e v e d  t o  be r e s p o n s i b l e  
f o r  t h e  unburned f u e l  emiss ions ,  and a t  h igher  loads  it appears  t o  be 
t h e  primary cause of unburned f u e l  emissions.  

PLANN33D ACTIVITIES: 

F i n a l i z e  t h e  f i n a l  r e p o r t  of t h e  p r o j e c t .  



Cont rac to r :  U. S. Arwy Fuels  and Lubricants Research 
Cont r n c  r fng Organiza t ion :  DOE Headquarters  

Contractr. Term: 1/1/84 t o  12/31/84 
P r i n c i p a l  I n v e s t i g a t o r :  E, C .  Owens 

Contrar r  Ainount: $75,008 

La bora t (1 r y 

T o  determine the n a t u r e  of wear mechanisms i n  s p a r k - i g n i t i o n  
engines  when opera ted  with neat  methanol. 

Th i s  p r o j e c t  coup: inued t h e  w e a r / l u b r i c a t i o n  i n v e s t i g a t i o n  conducted 
by AFLRL O W K  the  previous 5 t o  6 years, and which o r i g i n a l l y  r evea led  
t h e  e x i s t e n c e  of abnormal wear wi th  methanol fue l  i n  co ld  engines ,  as 
w e l l  as the  reason f o r  i t ,  namely gene ra t ion  of formic ac id .  The exact 
n a t u r e  of t h e  wear mchanisrns needed t o  be de f ined  i n  o r d e r  t o  a i d  i n  
developing E i n a l  s o l u t i o n s  to  the  problem of inc reased  wear w i t h  
methanol fue l s .  P r i o r  Lo t h i s  p r o j e c t ,  i n fo rma t ion  w a s  l a c k i n g  regard-  
ing the  composition of materials, both l i q u i d  and gaseous,  t h a t  are 
a d j a c e n t  t o  t h e  c y l i n d e r  walls d u r i n g  the pe r iods  of  high wear. There- 
f o r e ,  i n  t h i s  p r o j e c t  a rap id-ac t ing  sampling va lve  was employed i n  a 
C L K  engine  o p e r a t i n g  on methanol, Time-resolved sampling of t h e  
cy l io t l r r  s u r f a c e  l a y e r  exposed the  composition of t he  surf ace boundary 
l a y e r  a t  varioris times dur ing  t h e  engine  cycle .  From t h e s e  d a t a ,  
t h e o r i e s  were developed regard ing  t h e  i n t e r a c t i o n  o€ t h e  chemical  
s p e c i e s  found and t h e  c y l i n d e r  w a l l .  materials so t h a t  mechanisms of weat-  
could be i d e n t i f i e d .  

lke sampling va lve  experiments  r evea led  t h e  presence  of peroxide  i n  
the boundary l aye r  on t.he cy l inde r  w a l l  a f t e r  about 20" a f t e r  top-dead- 
c e n t e r  and p e r s i s t i n g  f o r  some t i m e  a f t e rwards  s t i l l  i n  t h e  boundary 
layer. Separa t e  bench scale experiments  revea led  t h a t  t he  rate a€ i r o n  
c o r r o s i o n  by formic  a c i d  was g r e a t l y  inc reased  by t h e  presence  of per- 
oxide. It w a s  concluded t h a t  peroxides  p lay  an important  r o l e  i n  t h e  
c o r r o s i o n  mechanism because r e s i d e n c e  t i m e  of combustion r e s i d u e s  on t h e  
cy l inde r  walls i s  b r i e f .  

F i n i s h  f ina l .  r e p o r t i n g  of t h e  p ro jec t .  (Must be coord ina ted  wi th  
r e p o r t i n g  t o  U.S. Army.)  
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TITLE: Interaapdfate Alcohol/Gasoline Blends 

C o n t r a c t o r :  Southwest Research I n s t i t u t e  
C o n t r a c t i n g  Organiza t ion  : DOE IIeadq uar  t e r s 
C o n t r a c t  Amount: $26,000 
C o n t r a c t  ‘Term: 7 / 2 3 / % 4  t o  12/23/84  
P r i n c i p a l  Investigator: Ne R. S e f e r  

OBJECTIVE : 

(1 )  Define t h e  p r o p e r t i e s  of methanol-gasoline blends i n  t h e  15 t o  
90 volume percent  region,  and ( 2 )  i d e n t i f y  blends which show p o t e n t i a l  
b e n e f i t s  compared t o  g a s o l i n e ,  t o  neat  methanol, o r  t o  low c o n c e n t r a t i o n  
methanol blends.  

PROJXCT DESCRIPTION: 

Methanol-gasoline blends i n  t h e  i n t e r m e d i a t e  range (15  t o  90 volume 
percent  of methanol) have rece ived  l i t t l e  a t t e n t i o n  even though such 
b lends  could have beneEi t s  r e l a t i v e  to  g a s o l i n e  o r  l o w  c o n c e n t r a t i o n  
blends.  Therefore ,  t h i s  p r o j e c t  explored the  economics and p r o p e r t i e s  
of i n t e r m e d i a t e  range blends u s i n g  a v a i l a b l e  d a t a  and l i m i t e d  l a b o r a t o r y  
t e s t i n g .  Octane numbers, Reid vapor p r e s s u r e ,  and d i s t i l l a t i o n  curves 
were measured for pure methanol and f o r  a series of gasoline-methanol 
blends t o  determine blending p r o p e r t i e s .  Those p r o p e r t i e s  were then  
used to  Eormulate a second series of blends us ing  methanol and s e v e r a l  
g a s o l i n e  b lends tocks ,  r a t h e r  than f i n i s h e d  g a s o l i n e ,  which w e r e  t h e n  
used to determine  c o n t r i b u t i n g  c h a r a c t e r i s t i c s  such as octane.  

ACCOMPLISHMENTS: 

A l l  work and d r a f t  f i n a l  r e p o r t i n g  has  been completed. It w a s  
found t h a t  major r e d u c t i o n s  i n  f u e l  c o s t s  could be achieved f o r  engines  
which r e q u i r e  expensive,  high o c t a n e  f u e l  (e.g., l i g h t  a i r c r a f t )  by sub- 
s t i t u t i n g  a blend c o n t a i n i n g  50% methanol and 50% unleaded r e g u l a r  gaso- 
l i n e .  Smaller  but  s i g n i f i c a n t  sav ings  could be achieved  € o r  automobile 
engines  wi th  compression r a t i o s  of 10 o r  11 t o  1 ,  using blends conta in-  
Lng 50 t o  702 methanol. The blends c o n t a i n i n g  50% methanol r e q u i r e d  
only four  l i q u i d  components and could be produced i n  a r e l a t i v e l y  s i m p l e  
r e f i n e r y .  

_ _ ~  ~ 

PLANNED ACTIVITIES : 

F i n a l i z e  d r a f t  f i n a l  r e p o r t  of t h e  p r o j e c t .  



Cont rac to r :  U n l v e r s i t y  of M i a m i  
Contract  j.ng Organiza t ion :  Mart in  Marietta Energy Systems 
Cont rac t  A~aiiunt: $20 I 000 
Cont rac t  Term:  2 /11/85  t o  6/10/85 
P r i n c i p a l  I n v e s t i g a t o r :  Dr. Michael Swain 

(1 )  To test a prevaporized methanol f u e l  i n  a s p a r k - i g n i t i o n  engine  
and use the  exper imenta l  r e s u l t s  i n  a computer program t o  p r e d i c t  
optirnrm engEne performance w i n g  l i q u i d  methanol as t h e  f u e l .  ( 2 )  To 
perform the same t a sk  using a s imula ted  decomposed methanol (hydrogen/ 
carbon monoxide mixture)  as the  fuel. ( 3 )  To compare t h e  r e s u l t s  from 
the above two cases and draw conclus ions  regard ing  the r e l a t i v e  b e n e f i t s  
v e r s u s  c o s t s  of t he  twls d i f f e r e n t  way5 of us ing  methanol. 

PROJECT DESCRIPTION: 

This  p r o j e c t  addres ses  t h e  ques t ions :  What are t h e  p o t e n t i a l  f u e l  
economy gains of decomposed methanol and what is the  a p p r o p r i a t e  base- 
l i n e  of comparison? These are important: ques t ions ,  but i n s u f E i c i e n t  
in format ion  has e x i s t e d  to answer them conclus ive ly .  Theref o re ,  i n  t h i s  
p r o j e c t  a comparison w i l l  be made of t h e  opt imized use of decomposed 
methanol wi.th the  optimized use of l i q u i d  methanol wi thout  decomposi- 
t i o n .  Engine experiments  w i l l  p rovide  e m p i r i c a l  d a t a  on h e a t  release 
rates, hea t  Lransfer dur ing  combustion, e t c .  Then, using the  d a t a  from 
t h e  experiments  an e x i s t i n g  computer program w i l l  de te rmine  t h e  
parameters  t h a t  d e f i n e  the  optimized cases  of decomposed methanol ve r sus  
l i q u i d  methanol. Th i s  w i l l  upgrade a previous  a n a l y s i s  based on d a t a  
whtch inc luded  s e v e r a l  assumptions,  but which i n d i c a t e d  l i t t l e  b e n e f i t  
from decomposed me tlianol. 

Nons - new p r o j e c t .  

11-11 .--....._ --I .- 

P D ACTIVITIES: 

Al .1  of t h e  statement--of -work. 
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TITLE: Documentiit%sn of Status of Alcohol Fuels Technology 

Contrac tor :  H u e l l e r  A s s o c i a t e s ,  Inca ,  
C o n t r a c t i n g  Organizat ion:  Mar t in  Marietta Energy Systems 
Cont rac t  Amount: $75 000 
Cont rac t  Term: 3/1/85 t o  8/31/86 
P r i n c i p a l  I n v e s t i g a t o r :  To be determined 

To develop s e v e r a l  documents which update  t h e  technology s t a t u s  of 
a l c o h o l  f u e l s  i n  t r a n s p o r t a t i o n  u t i l i z a t i o n .  The technology status t o  
be updated ranges from a compendium gf major e v e n t s  over  t h e  l a s t  decade 
r e l a t e d  t o  a l c o h o l  f u e l s  u t i l i z a t i o n  t o  s ta te-of- technology r e p o r t s .  

PROJECT DESCRIPTION: 

A f t e r  a decade of r e s e a r c h  and development and e v o l v i n g  commercial 
a c t i v i t i e s ,  c o n s i d e r a b l e  changes have occurred i n  c o n d i t i o n s  and s t a t u s  
r e l a t e d  t o  t h e  u t i l i z a t i o n  of a l c o h o l  f u e l s .  P o t e n t i a l  gaps o r  new 
needs i n  technology have developed which need t o  be addressed.  Docu- 
menta t ion  of key technology s t a t u s  iInd needs are addressed  i n  t h i s  pro- 
ject. S p e c i f i c  r e p o r t s  t o  be prepared by t h e  c o n t r a c t o r  inc lude :  (1) A 
r e p o r t  on how best t o  organize  and o p e r a t e  f l e e t  demonst ra t ions  based on 
exper iences  from AFUP and a l s o  fleet tests, ( 2 )  A compendium of s i g n i f i -  
c a n t  e v e n t s  i n  R&D and commerc ia l iza t ion  of a l c o h o l  f u e l s ,  ( 3 )  A state- 
of-technology r e p o r t  on oxygenated f u e l s ,  and ( 4 )  A r e p o r t  on impacts of 
growth i n  product ion  c a p a c i t y  of a l c o h o l  f u e l s .  

None - new p r o j e c t .  

~ 

PLANNED ACTIVETIECS : 

A l l  of t h e  statement-of -work. 



3.4 Advanced F u e l s  
l___l- 

The long-term ohjertivr O F  this program i s  L O  assess advanced f u e l s  

f o r  poss ib l e  use i n  the highway v e h i c l e  s y s t e m  s e c t o r  and to  a s s u r e  

proper  c o n s i d e r a t  i o n  of new developments,  i nven t  i o n s  arid r e s e a r c h  pro- 

grams. 

A t  the  p r e s e n t  t i m e ,  two advanced a l t e r n a t i v e  f u e l s ,  hydrogen and 

hybrid Pucls  ( t y p i c a l l y ,  a s o l i d l l i q u i d  blend) ,  are of p a r t i  c u l a r  

i n t e r e s t  f o r  a p p l i c a t i o n  i n  t h e  highway v e h i c l e  s e c t o r .  The program has  

provided f o r  c o n s i d e r a t i o n  o f  o the r  promising f u e l s  t h a t  might bc 

i d e n t i f i e d ,  hut over  t h e  decade i n  the  t r n  y e a r s  s i n c e  t h e  o r i g i n a l  AFUP 

f e a s i b i l i t y  s t u d i e s  were made no o t h e r s  have been shown t o  warran t  

a t t e n t i o n .  

For  over  a decade, DOE has sponsored a wide v a r i e t y  of RED p r o j e c t s  

i n  the area of hydrogen product ion ,  s t o r a g e ,  and u t i l i z a t i o n .  Hydrogen 

p roduc t ion  s t u d i e s  and experiments  have not i d e n t i f i e d  a cost-competi -  

t i v e  source of hydrogen for  t r a n s p o r t a t i o n  fue l .  Fundamental t es t  d a t a  

have been developed and publ i shed  f o r  19 d i f f e r e n t  c o n f i g u r a t i o n s  of an 

a p p r o p r i a t e  l i gh t -du ty ,  automotive p i s t o n  engine,  The o b j e c t i v e  Qf 

t h e s e  tests w a s  t o  d e f i n e  opt imal  des ign  and o p e r a t i n g  cond i t ions  f o r  

cach engine c o n f i g u r a t i o n ,  with particular emphasis on performance and 

exhaus t  emiss ions  over  the e n t i r e  load range. This  i n fo rma t ion  permi ts  

che d e f i n i t i o n  by i n d u s t r y  of a f i r s t - g e n e r a t i o n  opt imized hydrogen 

engine  design.  No f u r t h e r  work on engine  combustion is deemed warranted 

a t  this time. 

A l l  s i g n i f i c a n t  hydrogen s t o r a g e  o p t i o n s  have been a s ses sed ,  in -  

c luding  l i q u i d  hydrogen (c ryogenic  s t o r a g e ) ,  r e v e r s i b l e  and consumable 

chemical  carriers,  and metal hydrides .  Cons iderable  R&D has  been 

devoted t o  overcoming the  def Pciencicn of c u r r e n t  l i gh twe igh t  magnesiurn- 

n i c k e l  hydr ide  systems. Although modest improvements have been 

. ~ c h i e v e d ,  the ga ins  are i n s u f f i c i e n t  for a p p l i c a t i o n  of metal hydr ides  

i n  t h e  t r a n s p o r t a t i o n  s e c t o r  wi thout  imposing undue c o s t ,  performance, 

arid r e l a t e d  p e n a l t i e s .  
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S i n c e  hydrogen s t o r a g e  i n  l i q u i d  form has  t h e  g r e a t e s t  advantages 

of a l l  known techniques ,  a v e h i c l e  i n c o r p o r a t i n g  such a system w a s  eval-  

u a t e d  exper imenta l ly .  This  work w a s  performed w i t h  t h e  c o o p e r a t i o n  of 

t h e  government of t h e  Federal. Republic of Germany, which made a v a i l a b l e  

I t s  advanced f u e l  t r a n s f e r  and cryogenic  s t o r a g e  d e s i g n  technology,  AI- 
though t h e  system t e s t e d  w a s  not  opt imized,  it provided meaningful r e f -  

e r e n c e  tes t  d a t a  which permi t ted  t h e  p r o j e c t i o n  of p o t e n t i a l  improve- 

ments. Based on c u r r e n t  technology, hydrogen systems do not f a v o r a b l y  

compete w i t h  o t h e r  a l t e r n a t i v e  f u e l  o p t i o n s  and are n o t  a contender  f o r  

petroleum replacement.  No p r o j e c t s  i n  hydrogen f u e l  u t i l i z a t i o n  area 

are i n  p r o g r e s s  o r  planned through FY 1985. 

The o b j e c t i v e s  f o r  hybrid f u e l s  p r o j e c t s  i n c l u d e  i d e n t i f y i n g  ener-  

g e t i c  s h e l f  items t h a t  could be used as components f o r  formula t ing  

hybrid f u e l s ,  de te rmining  t h e  degree of process ing  r e q u i r e d  t o  produce 

f i n i s h e d  f u e l s  from t h e  v a r i o u s  components, and e v a l u a t i n g  t h e  per for -  

mance of candida te  formula t ions  of hybrid f u e l s  i n  e x i s t i n g  engines .  

I n  a r e c e n t  p r o j e c t ,  seventy d i f f e r e n t  hybr id  f u e l  f o r m u l a t i o n s  

were considered.  These formula t ions  g e n e r a l l y  c o n s i s t e d  of l i q u i d  

and/or  s o l i d  components blended w i t h  d i e s e l  f u e l .  The f u e l s  were 

screened  i n  a s i n g l e - c y l i n d e r  d i e s e l  r e s e a r c h  engine  because they w e r e  

g e n e r a l l y  incompatible  (not  v o l a t i l e  enough) with s p a r k - i g n i t i o n  engine  

f u e l  systems. Based on t h e  resu l t s  of t h e  s c r e e n i n g  s t u d i e s ,  i t  w a s  

concluded t h a t  certain types  of carbon s l u r r i e s  j u s t i f i e d  f u r t h e r  

examination. F u r t h e r  s t u d i e s  were indeed c a r r i e d  o u t  and were completed 

r e c e n t l y .  

Some exper imenta l  work has r e c e n t l y  been accomplished o u t s i d e  of 

t h e  AFW on t h e  use of c o a l  s l u r r i e s  i n  very l a r g e ,  s t a t i o n a r y  d i e s e l  

e n g i n e s  and a d d i t i o n a l ,  fundamental  s t u d i e s  have been i n i t i a t e d  on t h e  

combustion of such f u e l s  i n  gas t u r b i n e s .  In  a c o n t i n u a t i o n  of work 

o r i g i n a t e d  under j o i n t  sponsorsh ip  of DOE and t h e  F e d e r a l  Rai l road  

Adminis t ra t ion ,  r a i l r o a d  d i e s e l  engines  are being t e s t e d  on a v a r i e t y  of 

degraded petroleum products  o r  non-petroleum products  (sometimes blended 

with d i e s e l  f u e l )  with sponsorship from t h e  r a i l  i n d u s t r y  ( A s s o c i a t i o n  

of  American R a i l r o a d s ) .  



I n  view 05 t h e s e  a c t i v i t i e s ,  having achieved  the near-term objec-  

t i v e s ,  t he  AFUP has assurfled a mom pass ive  p o s i t i o n  pending s i g n i f i c a n t  

p rogres s  by o t h e r  i n v e s t i g a t o r s .  Eva lua t ion  of new systems t o  opt imtze  

the  r e sourcc / f  u e l  engine combination, and the  assessment  of the charac-  

terist ics of tlie mort3 a p p r o p r i a t e  combinat ions o f  hybr id  f u r l s  and 

r e l a t e d  c o n s t i t u e n t s ,  wi 11 be accomplished i f  deemed a p p r o p r i a t e  i n  the 

fut i r re .  Meanwhile, t h e  W J P  role is  t o  monitor t h e  world-wide s t a t e -o f -  

the-ar t  hybrid f u e l  technology p e r t i n e n t  t o  highway veh ic l e s .  Thew are 

no p r o j e c t s  underway o r  planned f o r  FY 1985, 

3.5 Emergency Fue l s  

The AFUP o b j e c t i v e  f o r  t h i s  f u e l  c l a s s i f i c a t i o n  i s  t o  de te rmine  

what nonstandard fuels might be compatible  with e x i s t i n g  engines  i n  

o r d e r  t o  keep t h e  Na t ion ' s  highway v e h i c l e  system f u n c t i o n i n g  du r ing  an 

emergency s i t u a t i o n .  

A n a l y t i c a l  and exper imenta l  R&D e f f o r t s  were conducted t o  i d e n t i f y  

the composi t ion and performance of hydrocarbon materials which could be 

u t i l i z e d  as emergency f u e l  c o n s t i t u e n t s  f o r  highway t r a n s p o r t a t i o n  sys- 

t e m s .  Ava i l ab le  q u a n t i t i e s  and p rope r t  ies of key b lends tock  materials 

were i d e n t i f i e d  i n  e a r l y  p r o j e c t s .  Eng ine / fue l  c o m p a t i b i l i t y  expe r i -  

ments were performed and a guidebook w a s  assembled t o  document t h e  d a t a  

d e s c r i b i n g  t h e  deg rada t ion  i n  engine performance, f u e l  economy, and 

emissions when nonstandard f u e l  blends were used i n  e x i s t i n g  engines  t o  

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

Add i t iona l  p r o j e c t s  on emergency fuels are probably not  r e q u i r e d  

because cons ide rab le  p rogres s  has  been made i n  s t o c k p i l i n g  petroleum 

( S t r a t e g i c  Betroleum Reserve) and using o the r  op t ions  t o  extend pe t ro-  

leum s u p p l i e s  (e.g., a lcohoL/gasol ine  blends,  methane, and LPG/pro- 

pane),  A v a i l a b i l i t y  of t hese  f u e l s  or  components is reasonably  good, 

and t h e  f u e l s  o f t e n  perform b e t t e r  than  conven t iona l  f u e l s ,  No p r o j e c t s  

on emergency f u e l s  are underway i n  FY 1985. 



3.6 Hethane and Rela ted  Gaseous Fuels  

The AFUP o b j e c t i v e s  f o r  gaseous f u e l s  are: 

1. To test and e v a l u a t e  gaseous f u e l s  as s u b s t i t u t e s  or  ex tende r s  i n  

c u r r e n t  g a s o l i n e  arid d i e s e l  eng ines ,  p e r m i t t i n g  d e t e r m i n a t i o n  of 

performance a d  emiss ions  c h a r a c t e r i s t i c s  and of t h e  p o t e n t i a l  f o r  

improving eng ine  thermal  e f f i c i e n c y .  

2. To assess i n s t i t u t i o n a l  and s a f e t y - r e l a t e d  i s s u e s  a s s o c i a t e d  wi th  

t h e  use  of gaseous f u e l s .  

S ince  t h e  technology f o r  us ing  gaseous f u e l s  i n  automotive h e a t  eng ine l  

v e h i c l e s  is w e l l  e s t a b l i s h e d ,  DOE's r o l e  is focused on s t u d i e s  and/or  

s p e c i f i c  R&D p r o j e c t s  which i n d u s t r y  could not  be expec ted  t o  accomp- 

l i s h .  

Gaseous f u e l s  were added t o  t h e  AFUP i n  Fiscal  Year 1981 because 

the  Congress of t he  United S t a t e s  expressed  i n t e r e s t  i n  t he  use of 

methane ( n a t u r a l  g a s )  as a t r a n s p o r t a t d o n  fue l .  The Methane Transpor ta -  

t i o n  Research,  Development, and Demonstrat ion Act of 1980 (PL 96-512), 

enac ted  12 December 1980, focuses  on t h e  expanded use of methane as a 

f u e l  f o r  f l e e t - o p e r a t e d  v e h i c l e s .  Implementat ion of t h e  A c t  is t h e  

r e s p o n s i b i l i t y  of D O E ' s  O f f i c e  of T r a n s p o r t a t i o n  Systems. 

Methane i s  cons idered  t o  have a p p l i c a t i o n  as a v e h i c l e  f u e l  i n  t h e  

form of e i t h e r  compressed n a t u r a l  gas  (CNG) o r  l i q u e f i e d  n a t u r a l  gas 

(LNG). The A c t  d e f i n e s  t h e  term "veh ic l e"  t o  mean any t r u c k ,  bus,  c a r ,  

s t a t i o n  wagon, or  van opera ted  on p u b l i c  roads o r  highways, as w e l l  as 

of f - road  a g r i c u l t u r a l  v e h i c l e s .  

Recent p r o j e c t s  on t h e  p o t e n t i a l  e f € i c i e n c y  of methane-fueled 

s p a r k - i g n i t i o n  engines  have been completed (shown i n  t h e  fo l lowing  t a s k  

d e s c r i p t i o n s )  and f u r t h e r  work i n  t h i s  area i s  no t  cons ide red  a high 

p r i o r i t y .  The most apparent  b a r r i e r s  t o  the widespread use  of methane 

i n  v e h i c l e s  are t h e i r  on-board s t o r a g e  and r e f u e l i n g  requi rements  

p e c u l i a r  t o  the  gaseous f u e l .  Recent s t u d i e s  of low-pressure s t o r a g e  

concep t s  were conducted w i t h  t h e  b a s i s  t h a t  a v i a b l e  concept  would 

pe rmi t  r e f u e l i n g  from household gas l i n e s  or  a t  l e a s t  from l o c a l i z e d  

d i s t r i b u t i o n  po in t s .  These p r o j e c t s  were l a r g e l y  expe r imen ta l  i n  n a t u r e  



and were concerned wi th  sc reen ing  cand ida te  so rben t  materials and dc te r -  

mining t h e i r  methane storage capac i ty .  The concepts  examined w o e ~ l d  

r e s u l t  i n  a v e h i c l e  of I l inl ted range, perhaps even i n f e r i o r  t o  high- 

p r e s s u r e  on-board s to rage .  &sed on this assessment ,  i t  appea r s  t h a t  no 

f u r t h e r  work by DOE is warranted. on this type of s torage ,  

ORNE does p lan  t o  co-sponsor a p r o j e c t  wf th  o t h e r  i n d u s t r y  and 

S t a t e  groups t o  d e t e r a i m  tine contaminant l e v e l s  of p i p e l i n e  n a t u r a l  

gas i n c l u d i n g  hydrogen s u l f i d e ,  carbon d ioxide ,  water, oxygen, and 

o the r  water -so luble  s u l f i d e s ,  t o  asses8 the  need f o r  r e s e a r c h  i n t o  t h e  

r o l e  of contaminants  i n  corrosion of on-board v e h i c l e  s t o r a g e  systems. 

A s i n g l e  methane u t i l i z a t i o n  p r o j e c t  i s  planned, d e a l i n g  with 

methane as a r a i l r o a d  d i e s e l  engine  fue l .  Over fou r  b i l l i o n  g a l l o n s  of 

d i e s e l  f u e l  are used a iwual ly  f o r  ra i l  t r a n s p o r t a t i o n .  Natural gas 

o f f e r s  p o t e n t i a l  as a less c o s t l y ,  mre abundant a l t e r n a t i v e  and i t s  

s t o r a g e  and r e f u e l i n g  requirements, wkLch hinder  methane 's  acceptance  

f o r  highway t r a n s p o r t a t i o n ,  should  p re sen t  f e w  problems f o r  r a i l  a p p l i -  

ca t ion .  The unique a spec t  of t he  p r o j e c t  is t h e  i n v e s t i g a t i o n  of high- 

p r e s s u r e  d i r e c t  methane i n j e c t i o n  which should a l low more e f f i c i e n t  

opera t io i l  of the  engine than c u r r e n t l y  found i n  convent iona l  dua l - fue l  

engines .  

P r o j e c t  d e s c r i p t i o n s  for t h i s  f u e l  c l a s s i f i c a t i o n  are as follows. 



C o n t r a c t o r :  Southwest Research I n s t i t u t e  
C o n t r a c t i n g  Organizat ion:  Mar t in  'Marietta Energy Systems w i t h  co- 

funding from New York S t a t e  Energy Research 
and Development Agency 

Cont rac t  Amount: $104,000 from Martin Marietta Energy Systems 
C o n t r a c t  Per iod:  To be i n i t i a t e d  d u r i n g  FY 1985 
P r i n c i p a l  I n v e s t i g a t o r :  

OBJECTIVE: 

To d e f i n e  n a t u r a l  gas contaminant c o n c e n t r a t i o n  l i m i t s  necessary  t o  
ensure  t h a t  i n t e r n a l  c o r r o s i o n  of CNG v e h i c l e  f u e l  tanks does not con- 
s t i t u t e  a hazard d u r i n g  t h e  l i f e  of t h e  tank. 

PROJECT DESCRIPTION: 

A l i t e r a t u r e  review and i n d u s t r y  survey w i l l  be performed t o  pro- 
vide d a t a  f o r  t h e  formula t ion  of a l a b o r a t o r y  c o r r o s i o n  test program. 
Range of probable  Contaminants w i l l  be i d e n t i f i e d .  A l a b o r a t o r y  test  
program i n v o l v i n g  a c c e l e r a t e d  c o r r o s i o n  tests w i l l  be conducted us ing  
two tank  materials, AIS1  4130 steel  and an aluminum a l l o y .  In  a d d i t i o n ,  
m e t a l l u r g i c a l  examinat ion w i l l  be conducted on s e c t i o n s  of CNG c y l i n d e r s  
removed from s e r v i c e .  The results of t h e  experiments  and i n s p e c t i o n s  
w i l l  be analyzed t o  i d e n t i f y  c r i t i ca l  parameters .  

ACCOHPL1SEMENT.S: 

None (new p r o j e c t ) .  

PLANNED ACTIVITIES: 

See p r o j e c t  d e s c r i p t i o n .  
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Cont rac to r :  Southwest Reseerdi 1nsti .Cute 
Con t rac t ing  Organiza t ion :  DOE Headquarters  
Con t rac t  Amount: 
Con t rac t  Peri.od: ends 2/10/85 
P r i n c i p a l  I n v e s t i g a t o r :  Gl.enn O ' N e a l  

To develop b a s i c  engine d a t a  f o r  o p e r a t i o n  of an S I  engine  on 
n a t u r a l  gas  w i t h  engine parameters  opt imized f o r  maximum e f f i c i e n c y .  

PROJECT DESCRIPTION: 

A s i n g l e  c y l i n d e r  engine  w i l l  be opera t ed  on n a t u r a l  gas over  a 
wide range o f  opera t ing  condi t ions .  Compression r a t i o  of the  engine  
w i l l  be v a r i e d  f rom a c u r r e n t l y  common va lue  of 8.4 up t o  18.5. Engine 
e f f i c i e n c y  and emissions w i l l  be recorded,  Two types  of combustion 
chambers, a wedge and a hemi-head, w i l l  be used. 

A l l  exper imenta l  work was completed by November 1984. Using 
n a t u r a l  gas  as fuel. decreased max imum power from the engine due to  l o s s  
i n  vo lumet r i c  e f f i c i e n c y  , but power was r e s t o r e d  by i n c r e a s i n g  compres- 
sion r a t i o  t o  about 15. Due t o  high oc tane  number of methane, compres- 
s i o n  r a t i o  of 15 w a s  cons idered  p r a c t i c a l .  A t  c r u i s e  c o n d i t i o n s ,  t h e  
high compression n a t u r a l  gas engine w a s  about 5% more e f f i c i e n t  than t h e  
b a s e l i n e  g a s o l i n e  engine. However, NO, emis s ions  were cons ide rab ly  
higher .  

P D ACTIVITIES: 

F i n a l  r e p o r t  t o  be publ i shed  by DOE. 
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TITLE: XnverotfgaCion of Liquefied Natural Gas as a 
Fuel for hillroad Diesel Engines 

Cont rac to r  : Southwest Research I n s t i t u t e  
Con t rac t ing  Organiza t ion :  
Cont rac t  Amount: $180,000 i n  FY1985, $80,000 i n  FY1986 
Cont rac t  Per iod:  To be determined -- c o n t r a c t  no t  i n  place 
P r i n c i p a l  I n v e s t i g a t o r :  To be determined - c o n t r a c t  not  i n  p l ace  

Martin Marietta Energy Systems 

OBJECTIVE : 

To e s t a b l i s h  t h e  f e a s i b i l i t y  of and b a s i c  technology f o r  o p e r a t i n g  
medium-speed r a i l  d i e s e l  engines  on l i q u e f i e d  n a t u r a l  gas (LNG) fuel. A 
technology f o r  r e t r o f i t  t o  locomotives  i n  s e r v i c e  i s  sought. 

PROJECT DESCRIPTIOM: 

An e x i s t i n g  test c e l l  and engine a t  SwRI w i l l  be r e v i s e d  t o  accom- 
modate t h e  s t o r a g e  handl ing  and v a p o r i z a t i o n  of LNG. Two types  of f u e l  
i n j e c t i o n  w i l l  be examined, ( 1 )  l o w  p r e s s u r e  i n j e c t i o n  of gas  i n t o  t h e  
engine e a r l y  in the  compression s t r o k e ,  ( c u r r e n t  technology) ,  and ( 2 )  
h igh-pressure  i n j e c t i o n  la te  i n  the compression s t r o k e  which i s  be l ieved  
t o  permit more e f f i c i e n t  ope ra t ion .  

None (new p r o j e c t ) .  
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The Of f i ce  of T ranspor t a t ion  Systems (OTS) of DOE i s  r e s p o n s i b l e  

f o r  managing t h i s  po&-am .. YI as w e l l  as t h e  advanced hea t  engPnes pro- 

gram. OTS i s  r e spons ib l e  for e s t a b l i s h i n g  the  program goa l  and objec-  

t i v e s ,  implementat ion p o l i c i e s ,  and funding  level.. In a d d i t i o n ,  OTS 

acts as lead  program advocate  t o  ob ta in  adequate  r e sources ,  coo rd ina te s  

a c t i v i t i e s  w l t h  a p p r o p r i s t p  l e g i s 1  a t i v e  branches.  

I n  accordance wi th  the  DOE po l i cy  of d e c e n t r a l i z i n g  p r o j e c t  manage- 

ment t o  f i e l d  si tes,  OTS bas ass igned  r e s p o n s i b i l i t y  f o r  t h e  p r o j e c t  

management o f  AFUP t o  ORNL v i a  DOE-ORO. The r e s p o n s i b i l i t i e s  of ORNL 

i n c l u d e  t e c h n i c a l  p r o j e c t  planning,  implementat ion,  and con t ro l .  In 

g e n e r a l ,  OrS concurrence is r equ i r ed  f o r  i n i t i a t i o n  of new R&D p r o j e c t s  

and approval  r e q u i r e d  f o r  p r o j e c t  plans.  

4.1 ORNL I n t e r n a l  Organiza t ion  f o r  AFUP 

The i n t e r n a l  o r g a n i z a t i o n  is shown i n  Fig. 7.  IT^ a d d i t i o n  t o  over- 

a1.1 management r e s p o n s i b i l i t i e s ,  Graves l e a d s  an a d d i t i o n a l  t a s k  f o r  OTS 

on the  a d i a b a t i c  d i e s e l  program. M c G i l l  l e ads  a t a s k  on t h e  n a t i o n a l  

methanol f l e e t  which f a l l s  under the  AFUP and OTS umbrella but is con- 

s i d e r e d  by O'TS t o  be a s e p a r a t e  a c t i v i t y .  

O R N L -  DWG 85-4659 E T 0  

AFUP PROJECT MANAGER 
FOR O R N L  

R.  L. G R A V E S  

R .  L. G R A V E S  R.  L. GRAVES 
W. K. K A H L  

R. N. McGlLL R .  N .  McGII-L 
J , W A N  TI- A N  D 
S. HlLLlS 

Fig. 7. AWP P r o j e c t  Staff and Organ iza t ion  a t  ORNL. 
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4 2 ORNL/DOE Repor t ing  

ORNL p r e s e n t s  monthly reviews of p r o j e c t  a c t i v i t i e s  a t  Headquarters  

i n  Washington. F i n a n c i a l  s t a t u s  of t h e  p r o j e c t  i s  presented on a f r e -  

quent  b a s i s  a l so .  The monthly p r o j e c t  review handout i s  d i s t r i b u t e d  t o  

DOE-OK0 and i n t e r e s t e d  p a r t i e s  w i t h i n  OKNL. 

4 . 3  Procurement Procedures  

To achieve  t h e  o b j e c t i v e s  of Ehis program c o o p e r a t i v e  involvement 

of U. S. i n d u s t r i a l ,  government l a b o r a t o r y ,  and u n i v e r s i t y  r e s e a r c h  com- 

m u n i t i e s  i s  requi red .  The major r o l e s  of ORNL i n  managing t h i s  program 

are t o  encourage the p a r t i c i p a t i o n  of q u a l i f i e d  s u b c o n t r a c t o r s ,  t o  co- 

o r d i n a t e  t h e  v a r i o u s  R&D a c t i v i t i e s  c l o s e l y ,  and t o  d i s s e m i n a t e  t h e  

r e s u l t s  of t h e s e  a c t i v i t i e s  t o  t h e  a p p r o p r i a t e  program p a r t i c i p a n t s  and 

government agencies .  Because ORNL will be s u b c o n t r a c t i n g  most of t h e  

program funding,  informing p o t e n t i a l  s u b c o n t r a c t o r s  of t h e  c u r r e n t  pro- 

curement p o l i c i e s  is important .  

I n  g e n e r a l ,  t h e  R&D w i l l  be accomplished by Mar t in  Marietta Energy 

Systems, Inc. , s u b c o n t r a c t s  with i n d u s t r i a l  r e s e a r c h  c e n t e r s  and uni- 

v e r s i t i e s  and by DOE l a b o r a t o r i e s  and o t h e r  government r e s e a r c h  labora-  

t o r i e s  according t o  t h e i r  s t a f f  and f a c i l i t y  c a p a b i l i t i e s  and t h e i r  

respons iveness  t o  program needs. Regard less  of t h e  protiurement i n s t r u -  

ment, a l l  s t a t e m e n t s  of t e c h n i c a l  scope s h a l l  be approved by OTS. 

I n d u s t r i a l  and u n i v e r s i t y  p a r t i c i p a n t s  may be s e l e c t e d  on t h e  b a s i s  

of research proposa ls  submit ted I n  response t o  e i t h e r  a r e q u e s t  for  pro- 

p o s a l  (RFP) or a program r e s e a r c h  and development announcement. 

I n  most cases r e s e a r c h  of a s p e c i f i c  n a t u r e  is r e q u i r e d ,  p a r t i c u -  

l a r l y  from an  i n d u s t r i a l  source ;  t h e r e f o r e ,  r e s e a r c h  proposa ls  w i l l  he 

s o l i c i t e d  by a Mart in  Marietta Energy System RFP. Proposa ls  submi t ted  

in response t o  Mar t in  Marietta System RFPs w i l l  be e v a l u a t e d  on t e c h n i -  

cal m e r i t  by a t e c h n i c a l  e v a l u a t i o n  team chosen by the p r o j e c t  man- 

a g e r "  This  team w i l l  i n c l u d e  P a r t i c i p a t i o n  by t e c h n i c a l  e x p e r t s  a c t i n g  

as t e c h n i c a l  a d v i s o r s  and may i n c l u d e  r e p r e s e n t a t i v e s  from OTS, ORO, o r  

o t h e r  government agencies .  Any i n f o r m a t i o n  d e s i g n a t e d  as p r o p r i e t a r y  
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s h a l l  be l i m i t e d  t o  e v a l u a t o r s  signing a p r o p r i e t a r y  agreement. A pro- 

p o s a l ,  based on the restilts of t h e  t e c h n i c a l  e v a l u a t i o n ,  w-611 be 

s e l e c t e d  f o r  a subcon t rac t  award by a Mart in  Marietta Energy System sub- 

c o n t r a c t  s e l e c t i o n  team, The subcon t rac t  s e l e c t i o n  team w i l l  be com- 

posed of t e c h n i c a l l y  and c o n t r a c t u a l l y  q u a l i f i e d  Mart in  Marietta Energy 

System personnel ,  t o  be chosen by ORNL and t h e  Mar t in  Marietta Energy 

System Purchasing Div i s ion  i n  conformance wi th  DOE-ORQ-approved procure- 

men t procedure s. 

For g e n e r a l l y  def ined  areas of r e sea rch  i n t e r e s t ,  program r e s e a r c h  

and development announcement d r a f t s  w i l l  he developed by ORNL and sub- 

m i t t e d  t o  ORQ f o r  i s suance  as DOE-OR0 program r e s e a r c h  and development 

announcements i n  accordance with DOE procurement r e g u l a t i o n s .  These 

announcements may provide  f o r  t h e  award of Martin Marietta Energy System 

s u b c o n t r a c t s  f o r  the proposa ls  s e l e c t e d  by DOE-ORO. A l l  p roposa ls  w i l l  

f i r s t  be reviewed and eva lua ted  by an ORNL t e c h n i c a l  e v a l u a t i o n  team. 

The ORNL, t e c h n i c a l  manager w i l l  adv i se  the  DOE-OR0 s e l e c t i o n  panel  and 

provide  t h e  r e s u l t s  of t h e  ORNL t e c h n i c a l  e v a l u a t i o n  team f o r  t h e  i n f o r -  

mation of the  s e l e c t i o n  panel.  

Although most procurements w111 r e s u l t  from a compe t i t i ve  s e l e c t i o n  

process ,  sole-source subcon t rac t s  w i l l  be executed when one source  has  

e x c l u s i v e  c a p a b i l i t y  t o  pprform t h e  work w i t h i n  t h e  t i m e  r e q u i r e d  and a t  

a reasonable  pr ice .  Any u n s o l i c i t e d  proposal  should be submi t ted  t o  DOE 

f o r  p rocess ing  and a p p r o p r i a t e  a c t i o n ,  i n  accordance w i t h  DOE procure- 

ment r e g u l a t i o n s .  

4.4 Subcontractor/ORNL R e l a t i o n  

Monitor ing of each AFUP subcon t rac t  1s as s igned  t o  a p a r t i c u l a r  

member of t he  ORNL p r o j e c t  team. P e r i o d i c  r e p o r t i n g  i s  r equ i r ed  of a l l  

s u b c o n t r a c t o r s  but, i n  a d d i t i o n ,  t e lephone  conve r sa t ions  are conducted 

wi th  t h e  p r i n c i p a l  i n v e s t i g a t o r  at  least monthly. S i t e  v i s i t s  t o  the 

s u b c o n t r a c t o r  are made o c c a s i o n a l l y  throughout  t h e  d u r a t i o n  of t h e  pro- 

j e c t  and more f r e q u e n t l y  i n  cases where progress  is not meeting t h a t  

a n t  i c i p a t  ed . 
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S u b c o n t r a c t o r s  are asked t o  p r e s e n t  r e p o r t s  a t  one of two AFUP con- 

t r a c t o r  meetings he ld  each year.  These p r e s e n t a t i o n s  are a key means ~f 

technology t r a n s f e r  and are cons idered  an  extremely impor tan t  f e a t u r e  of 

t h e  p r o j e c t .  

Distribution of s u b c o n t r a c t o r  p e r i o d i c  r e p o r t s  i s  t h e  respons i -  

b i l i t y  of OKNE and d i s t r i b u t i o n  i s  t y p i c a l l y  l i m i t e d  t o  ORNL and OTS. 

A. number of K&D a c t i v i t i e s ,  as noted i n  prev ious  s e c t i o n s ,  are con- 

t r a c t e d  d i r e c t l y  from DOE Headquarters.  As reques ted  by DOE, OKNL moni- 

t o r s  progress  on those  c o n t r a c t s  and main ta ins  a t e c h n i c a l  l i a i s o n  on 

the  work. However, any guidance or  r e d i r e c t i o n  of t h e  e f f o r t  must come 

d i r e c t l y  from t h e  d e s i g n a t e d  t e c h n i c a l  monitor  a t  DOE. P u b l i c a t i o n  of  

t h e  r e p o r t s  i n  t h e s e  c o n t r a c t s  is u s u a l l y  c a r r i e d  out  a t  DOE. 

For  c o n t r a c t s  l e t  by Mart in  Marietta Energy Systems, t h e  ORNL tech-  

n i c a l  manager monitors  the  p r o j e c t  but ,  i n  a d d i t i o n ,  provides  o f f i c i a l  

d i r e c t i o n  of t h e  p r o j e c t  and works w i t h  Purchasing D i v i s i o n  i n  cases 

where a change i n  d i r e c t i o n  o r  c o n t r a c t  is mandated. 

For a l l  r e s e a r c h  e f f o r t s ,  t h e  ORNL p r o j e c t  manager provides  t h e  

necessary  c o o r d i n a t i n g  e f f o r t s  f o r  r e l a t e d  p r o j e c t s  and, i n  p a r t i c u l a r ,  

must c o o r d i n a t e  f u e l  p r e p a r a t i o n  a t  t h e  S y n t h e t i c  Fuel  Center  wi th  e f -  

f o r t s  which w i l l  r e q u i r e  test fue ls  from t h a t  f a c i l i t y .  

4.5 Qt h e r  P r o j e c t  Management Act i v i  t ies  

Bes ides  t h e  a c t i v i t i e s  r e l a t e d  t o  c o n t r a c t  procurement and manage- 

ment t h e  ORNL P r o j e c t  Management team main ta ins  an awareness of a c t i v i -  

t ies i n  r e l a t e d  f e d e r a l  programs ( F o s s i l  Energy, Department of Defense, 

etc.) and a l s o  a c t i v i t i e s  publ ished by t h e  p r i v a t e  s e c t o r s .  This aware- 

n e s s  i s  maintained through contact: w i t h  o t h e r  i n v e s t i g a t o r s ,  conference 

a t t e n d a n c e ,  and l i t e r a t u r e  reviews. In a d d i t i o n ,  t h e  APUP a c t i v i t i e s  

are made known through c o n t r a c t o r  c o o r d i n a t i o n  meetings and dissemina- 

t i o n  of p r o j e c t  p lans  and annual o p e r a t i n g  plans.  





44 

I n t e r n a l  D i s t r i b u t i o n  

1. T. D. Anderson 21-25. R. N. McGill 
2. R, A. Bradley 26. F. R. Mynatt 
3. R. S. Car l smi th  27. H. Postma 
4 .  A. L. Compere 28. M. W. Rosenthal  
5. W. G. Craddick 29. R, Salmon 
6.  R. M. Davis 30.  A. C, Schaf fhauser  
7. J. L. Epler  31. H, E. Trammel1 
8. E. C. Fox 32. .T. L. Wantland 
9.  W. Fulkerson  3 3 .  J. S.  Watson 

10. R. K, Genung 34. C. D. West 
11-15. R. L. Graves 3 5 .  W. Bo Whitten 

16. D. L. Greene 36. Centra l  Research L i b r a r y  
17, W. H. Griest 37-38. Laboratory Records Department 
18. W. G r i f f i t h  39.  Labora tory  Records (RC) 
19, M. R. Guerin 40. ORNL Pa ten t  O f f i c e  
20. W. K. Kahl 41. Technical  L i b r a r y  Y-12, DRS 

E x t e r n a l  D i  s t r i  b u t i  on 

4 2 .  

43 * 

44-69.  

70. 

71. 

7 2 .  

73. 

74.  

75. 

76. 

77. 

78. 

79. 

A. A. Chesnes, Department of Energy, O f f i c e  of T r a n s p o r t a t i o n  
Systems, CE 131, Washington D.C. 20585. 
M. H. C h i o g i o j i ,  Department of Energy, O f f i c e  of Transporta-  
t i o n  Systems, CE 131, lJashjington DOC. 20585. 
E. E. Ecklund, Department oE Energy, O f f i c e  of T r a n s p o r t a t i o n  
S y s t e m s ,  CE 131, Washington DOCo 20585. 
J. J. Brogan, Department of Energy, O f f i c e  of Energy Systems 
Research,  CE 142, Washingtan D.C. 20585. 
M. E. a n n ,  Jr.,  Department of Energy, O f f i c e  of Energy Sys- 
tems Research, CE 142, Washington DOC. 20585. 
F. W. Crouse, Fbrgantown Energy Technology Center ,  P.O. Box 
880, Morgantown, WV 26505. 
L. K. Carpenter ,  Morgantown Energy Technology Center ,  P.O. Box 
880, Morgantown, WV 26505. 
D r .  Jack A, Ekchian, ldassachuset ts  I n s t i t u t e  of Technology, 
Room 31-153, 77 Massachuset ts  Ave. ,  Cambridge, MA 02139. 
P. N. Blumberg, I n t e g r a l  Technologies  I n c o r p o r a t e d ,  415 E. 
P laza  D r . ,  Westmont, IL 60559, 
GJ. R. Wade, Ford Motor Co., 2000 Rotunda Dr., Dearborn, MI 
48121. 
L. Lorenzi ,  PI t t s b u r g h  Energy Technology Center ,  P.0. Box 
10940, P i t t s b u r g h ,  PA L5236. 
K. W. Frye, Department of Energy, F o s s i l  Energy, Washington, 
D.C., 20545. 
J. S, S f e g e l ,  Department of Energy, F o s s i l  Energy, Washington, 
D.C., 20545. 



50 

80. 

81. 

82. 

83 * 

84. 

85. 

86. 

87. 

88. 

89. 
90. 
91. 

92. 

93. 

94. 

95. 

96. 
97. 

98. 

99. 

100. 

101. 

102. 

103. 

104. 

105. 

Connor M a t t h ~ w q ~  13epartment of Enerqy ,  Oak Ridge Opera t ions ,  
Oak Ridge, TN 37831. 
Sylv ia  J. Wslfc, kpastrnent of Energy, Oak Ridge Opera t ions ,  
Oak Ridge, TN 37831. 
Larry Johnson, PIrgonne Nat iona l  Labora tory ,  9700 South b s s  
AvP., Argonne, l J ,  60439, 
Vinod K, Riggal, Cumrnins Engine Company, In@. Mail Code 
50165, Box 3005, Columbus, IN 47202. 
R. 8. Whyte, NatlonaX Research Counci l ,  Y f n t r e a l  R d e 9  O t t a w a ,  
On ta r io ,  Canada, KlAOR6. 
&ne Yee, Standard O i l  Company, 3092 Broadway, Cleveland,  OH 
44115. 
Barry  Nussbaum, KPA H e l d  Opera t ions  & Support  D iv i s lon ,  Mall 
Code EN-397-F, 401 M St .  SW, Washington, D.C. 20460. 
J e r r y  Al l sup ,  Nat ional  I n s t i t u t e  for  Petroleum and Energy 
Research,  P.O. Box 2128, B a r t l e s v i l l e ,  OK 74005. 
R. L. Bechtold,  Mueller Assoc ia t e s ,  1401 S. Edgewood St . ,  
Bal t imore,  MD 21227. 
G i l  C la rk ,  Chrys le r  Carp.,  P.O. Box 1118, D e t r o i t ,  M I  48288. 
W. Wostl ,  AKCO, 400 E. Sib ley  Rlvd., Harvey, IT, 60426. 
Walt Douth i t ,  Sun Ref in ing  and Marketing, Box 1135, Marcus 
Hook, PA 19061. 
T. M. Dyer, Combtistion App l i ca t ions  Div i s ion ,  Sandia Nat iona l  
La bora t o r  i es , L i  via i-more , CA 94 5 50. 
N. S e f e r ,  Southwest Research I n s t i t u t e ,  P.O. Drawer 28510, San 
Antonio,  TX 78284. 
Shannon Vinyard,  Southwest Research I n s t i t u t e ,  P.Q. D r a w e r  
28510, San Antonio,  TX 78284. 
T. W. Ryan, Southwest Research I n s t i t u t e ,  P.O. Drawer 28510, 
San Antonio,  TX 78284. 
R. D. Fleming, 17508 C l i n t o n  D r .  Accokeek, MD 20607. 
David M. Mann, U.S. Army Research O f f i c e ,  P.O. Box 12211, 
Research T r i a n g l e  Park,  NC 27709. 
Steven Freedman, Execut ive S c i e n t i s t ,  Gas Research I n s t i t u t e ,  
8600 West Rryn Mawr Avenue Chicago, I l l i n o i s  60631. 
Edward G. G r o f f ,  Senior  S t a f f  Research Engineer ,  GM Research 
L a b o r a t o r i e s ,  Engine Research Department, 30500 Mound Road, 
Warren, Michigan 48090-9057. 
E&rnie James, Senior  Engineer ,  A l t e r n a t l v e  Fuels  Energy, Mines 
& Resources Canada, 580 Booth S t r e e t ,  O t t a w a ,  On ta r io ,  Canada. 
.Alexander Lawson, Manager, Cpntre f o r  A l t e r n a t i v e  Fuel U t i -  
l i z a t i o n ,  Ontar io  Research Foundation, Sheridan Park Research 
Community, Miss i ssauga ,  Ontar io ,  Canada L4K 1B3. 
S. S. L e s t z ,  Penn. S t a t e  Un ive r s i ty ,  U n i v e r s i t y  Park,  PA 
16802. 
Geoffrey 3. Maund, Senior  Engineer ,  Energy, Mines & Resources 
Canada, 5th Floor ,  460 O'Connor S t r e e t ,  O t t a w a ,  On ta r io ,  
Canada KlS 5H3. 
Roberta Nichols ,  P r i n c i p a l  Research Engineer ,  Ford Motor Com- 
pany, 2000 Rotunda Dr ive ,  Dearhorn, Michigan 48121 
Richard K. Pef ley,  Professor of Mechanical Engineer ing,  
U n i v e r s i t y  of Santa  C la ra ,  Mechanical Engineer ing  Research,  
San ta  Clara, CA 95053 



5 1 

106. 

207. 

108. 

109. 

110. 

111. 

112. 

13. 

14. 
15. 

16. 

117. 

118. 

119. 
120. 
121. 
122. 

123. 
124. 

125. 

126. 

127. 

128. 

129. 

130. 

Joseph M. Perez ,  Research Consul tan t ,  C a t e r p i l l a r  T r a c t o r  Com- 
pany, Research Department TC-E, 100 North East  Adams, P e o r i a ,  
I l l i n o i s  51614. 
Robert  A. P o t t e r ,  S t a f f  P r o j e c t  Engineer,  General M Q ~ O ~ S  
Corpora t ion ,  G.M. Technical  Cen te r ,  Warren, Michigan 48090. 
S u r i  R a j a n ,  A s s o c i a t e  P r o f e s s o r ,  Southern I l l i n o i s  U n i v e r s i t y ,  
Department of Mechanical Engineer ing,  Carbondale,  T l l i n o i s  
6290 I. 
Michael R .  Swain, U n i v e r s i t y  of Miami, Coral Gables,  F l o r i d a  
33124. 
Arjun D. T u t e j a ,  Superv isor ,  D e t r o i t  Diesel A l l i s o n ,  Div is ion  
of General Motors, 13400 W. Outer Drive,  D e t r o i t ,  Michigan 
48239. 
Sumiko Warden, Research S t a f f ,  Technical  Research, Toyota 
Technical  Center  USA I n c . ,  1630 West 186th S t r e e t ,  Gardena, CA 
90248. 
Les Waters, North American R e p r e s e n t a t i v e ,  Ricardo Consul t ing  
Engineers ,  2128 Marchfield Drive West, Mobile, Alabama 36609. 
J. R, Ba i ley ,  C a t e r p i l l a r  T r a c t o r  Coo, 100 NE Adams, P e o r i a ,  
I L  61629. 
D. Najewicz, MTI, Tnc., 968 Albany-Shaker, Lafham, NY 12110. 
D, E. F o s t e r ,  U n i v e r s i t y  of Wisconsin-Madison, 1513 U n i v e r s i t y  
Ave, Madison, W I  53706. 
R. Innes ,  Gulf Research & Development Co., P.O. Drawer 2038, 
P i t t s b u r g h ,  PA 15230. 
R. M. OPree, Ethyl Corp., 1600 W. Eight  Mile Rd, Ferndale ,  M I  
48220. 
J. Panzer ,  Exxon Research 6 Engr. Co., P.O., Box 51, Linden, N J  
07036.  
W. D. Foucher, Texaco, B o x  509, Beacon, NY 12508. 
J. D. S p u l l e r ,  Deere & Co., John Deere Rd, Moline, I L  61265. 
N. Hakim, D e t r o i t  Diesel A l l i s o n ,  Romulus, M I  48174. 
.T. C. Wood, NASA Lewis Research Center ,  21000 Brookpark Rd, 
Cleveland,  OH 48126. 
W. Bryzik,  U.S. Army TACOM, 11 Mile Rd, Warren, M I  48090. 
Lawrence W. Evers ,  Assoc ia te  P r o f e s s o r ,  Mechanical Engineer- 
ing-Engineering Mechanics, Michigan Technological  U n i v e r s i t y ,  
Houghton, M I  49931. 
Col in  R. Ferguson, S c h o d  of Mechanical Engineer ing,  Purdue 
I Jn ivers i ty ,  West L a f a y e t t e ,  I N  47907. 
P r o f e s s o r  A. K. Gupta, Department of lrlechnical Engineer ing,  
U n i v e r s i t y  of Maryland, Col lege Park,  MD 20742. 
J e f f r e y  W. Hodgson, P r o f e s s o r ,  Mechanical and Aerospace 
Engineer ing D e p t . ,  U n i v e r s i t y  of Tennessee,  414 Dougherty 
Hal l ,  Knoxvil le ,  TN, 37996-2210. 
K. T. Rhee, Assoc ia te  P r o f e s s o r ,  Mechanlcal and Aerospace 
Engineer ing,  Rutgers  - The S t a t e  [ J n i v e r s i t y  of New J e r s e y ,  
P.O. Box 909, Piscataway,  N J  08854. 
A. Lefebvre,  Mechanical Engineer ing,  Purdue I J n i v e r s i t y ,  West 
LaFayet te ,  Ind iana  47907. 
P r o f e s s o r  D. J. P a t t e r s o n ,  I Jn ivers i ty  of Michigan, Automative 
Lab., Ann Arbor, Michigan 48109. 



52 

131. 

132. 
133. 
134. 
135. 

136. 
137, 

138. 

139, 

140. 

141-167. 

S. Ce Sorensnn ,  Associate P r o f e s s o r ,  Univers i ty  of Illinois, 
1206 W. Green S t r e e t ,  ME6, TJrhana, T l l i t i o i s  61801. 
Michael Karpuk, SEKH, 1617 Cole Blvd, Golden, CO 80401. 
Charles  Gray, U.Se SPA, 2565 Plymouth Wd, Ann Arbor, MI 48105. 
Jeff  Alson, 1J.S. EPA, 2565  Plymouth Rd, Ann Arbor, M I  48105. 
B i l l  Clernmons, U.S. EPA, 2565 Plymouth Kd, Ann Arbor, M I  
48105. 
Granger Chrii, Ford Motor Co., Box 2153, Dearborn, MI 48121. 
R. A. Raranescu, I n t e r n a t i o n a l  Harvester,  10400 West North 
Avenue, MeIrose Park, 11, 68160. 
R. T. Johnson, Dept. of Mech. and Aero Kngr., U n i v e r s i t y  of 
Missouri-Rolla, Rolls, MO 65401. 
D. C. S ieg la ,  Gp.1: Research L a b o r a t o r i e s ,  GM Tech. Center,  
Warren, M I  48090. 
Of f i ce  of A s s i s t a n t  Nanager f o r  Energy Research and Develop- 
ment, DOE Oak Ridge Operations,  Oak R i d g e ,  TN 37831. 
Off ice  of S c i e n t i f i c  and Technical  Information,  P.O. Box 62,  
Oak Ridge, TN 37831. 


