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TRANSPORTATION TECHNOLOGY ENERGY OPTIONS 

a presenta t ion  by 
Martin J. Bernard 111 

Transportat ion Energy Systems 
Energy and Environmental Systems Division 

Argonne National Laboratory 

In t roduct ion  

A t  Argonne my research  group is  working i n  a very e x c i t i n g  f i e l d .  
For t h e  Department of Energy (DOE), but  tErough th i rd-par ty  c o n t r a c t  wi th  
t h e  Universi ty of Chicago, w e  a r e  evaluat ing  on a very wide range of 
c r i t e r f a ,  so lu t ions  t o  t h e  problem of t r anspor ta t ion  with l imi ted  energy. 
Many of t h e  proposed s o l u t i o n s  a r e  technological .  New t ranspor ta t ion  
technologies and t h e i r  p o t e n t i a l  con t r ibu t ion  t o  t h e  so lu t ion  of t h e  energy 
problem i s  an a r e a  seldom discussed i n  publ ic  forums. Therefore, t h i s  i s  
my top ic  t h i s  af ternoon.  Unfortunately I can touch on only a few examples. 

Exhibi t  1 is t h e  l i s t  of t h e  t r anspor ta t ion  technologies t h a t  t h e  
Department of Energy is  now pursuing through research,  development and 
demonstration. Others a r e  studying d i f f e r e n t  technologies.  F i r s t  on the  
DOE l i s t  a r e  t h e  S t i r l i n g  engine and t h e  gas turbine .  These new auto- 
motive engines can use  a v a r i e t y  of f l u i d s  f o r  f u e l ,  including syn the t i c  
f u e l s ,  a lcohols ,  and perfume. Both a r e  q u i t e  c l e a r  with respect  t o  exhaust 
emissions but  n e i t h e r  w i l l  be a v a i l a b l e  u n t i l  t h e  l a t e  1980s a t  bes t .  The 
Department of Energy is  not  pursuing t h e  d i e s e l  s ince  it i s  comrnercial- 
ized,  al though I am going t o  d i scuss  t h e  l ight-duty d i e s e l  t h i s  af ternoon.  

There a r e  some add-on devices f o r  your c a r  next  on t h e  l ist .  The 
constant  speed accessory d r i v e  al lows accessor i e s  ( f o r  example, a i r  con- 
d i t i o n i n g  and water pump) t o  run a t  a cons tant  speed no mat ter  what t h e  
engine speed is. Then t h e  accessor i e s  can be  optimized t o  reduce energy. 
Think about how you use  your a i r  condi t ioner :  you g e t  i n s i d e  your c a r  and 
i t ' s  100' o r  more, you t u r n  t h e  a i r  condi t ioner  on f u l l  b l a s t  as soon a s  
t h e  engine is i d l i n g  and expect maximum output  from t h a t  a i r  condi t ioner .  
When your c a r  i s  on the  road a t  high engine speed, your a i r  condi t ioner  
t h e r e f o r e  has more capaci ty  than i t  needs. So i f  automotive a i r  condi- 
t ion ing  systems a r e  optimized and run a t  constant  speed, a 3 t o  5% energy 
savings  i s  poss ib le .  

I must remark here  t h a t  many s t r a t e g i e s  save only a few percent  of 
t h e  energy used. People argue t h a t  t h e  e f f o r t  may not  be worth i t ,  but  

: ,' . 
..... it  is  t h e  sum of a l l  savings t h a t  r e a l l y  counts. There a r e  very few b i g  

payoffs  t h a t  save a l o t  of energy. The automobile i s  one of t h e  few, but 
each way you f i n d  t o  save is a small  percentage a t  a t i m e r  

Next on t h e  l i s t  is a bottoming cyc le  f o r  heavy-duty t rucks .  This  
is  a very i n t e r e s t i n g  concept which w i l l  be discussed shor t ly .  



Exhibit  1: DOE Transportat ion Technologies 

Technology Subprogram 

1 S t i r l i n g  Engine 
2. Gas Turbine Engine 
3. Constant Speed Accessory Drive System 
4. Heavy Duty Diesel  Truck Bottoming Cycle 
5. Continuously Var iable  Transmission Highway Systems 
6. Turbocompound Diesel  Engine 
7. Gas Turbine Bus 
8. New Hydrocarbons - Broad Cut Petroleum Fuels  
9. Alcohol Fuels  

10. Synthetic  Fuels 
11. ~dve.nced Fuels  - Hydrogen 

12. E l e c t r i c  Vehicles E l e c t r i c  and Hybrid 
13. Hybrid Vehicles Vehicle Systems. 

14. Marine Diesel  Bottoming Cycle 
15. Coal-Oil S lurry  Marine Steam Turbines Non-highway Trans- 
16. P ipe l ine  Bottoming Cycle por t  Systems 
17. Medium Speed Diese l  Al te rna t ive  Fuels  

The engine of your c a r  runs a t  d i f f e r e n t  speeds a s  you. .shif t  from 
f i r s t  gear  t o  second gear  t o  t h i r d  gear ,  o r  a s  your automatic t rans-  
mission does i t  f o r  you. But t h e r e  is an optimal engine speed f o r  maximum 
energy e f f i c i e n c y  and f o r  minimum exhaust emissions. A continuously 
v a r i a b l e  t ransmission which i s  next  on t h e  l i s t  al lows t h e  engine speed 
t o  remain constant  while t h e  r e a r  wheels r o t a t e  a t  d i f f e r e n t  speeds. How- 
ever, a technologfcal  hurdle  f o r  t h i s  t ransmission e x i s t s :  i t  i s  too noisy. 
It has a high-pitched whfne and the re fo re  may never make it i n t o  automo- 
b i l e s ,  but  t h e r e  is 4-52 energy savings is  w e  can make it work. 

Turbo-compound d i e s e l s  f o r  heavy-duty t rucks  i s  a very near-term tech- 
nology. The heavy-duty gas  tu rb ine  program is f o r  urban buses i n  coopera- 
t i o n  wi th  UMTA. This technology can be  used i n  t rucks  and i n t e r c i t y  buses 
a l s o ,  and bes ides  having a p o t e n t i a l  f o r  b e t t e r  f u e l  economy, i t  can burn 
a v a r i e t y  of f u e l s .  

There a r e  severa l  types  of f u e l s  l i s t e d .  The most i n t e r e s t i n g  one t o  
us  today is  #9 - alcohol  f u e l s .  I'll mention a l i t t l e  about gasohol i n  a 
minute. 

. ' I ,  ' 

, .. . 

Next on t h e  ' l is t  a r e  e l e c t r i c  and hybrid vehic les .  1,'ll t a l k  a l i t t l e  .:. 

about them t h i s  af ternoon.  A hybrid v e h i c l e  has two independent energy 
sources and normally would be powered by combination of a , h e a t  engine 
(which might be t h e  Ot to  cyc le  as in your c a r  now) and a b a t t e r y  running 
e l e c t r i c  motors. 



There a r e  severa l  non-highway systems technologies t h a t  DOE is 
studying: t h e  p i p e l i n e  bottoming cycle;  medium-speed d i e s e l  alt.erna- 
t i v e  f u e l s  f o r  t h e  heavy-duty appl ica t ions ,  such r a i l r o a d  and marine; 
c o a l  o i l  s l u r r y  marine f u e l s  (mixing very f i n e  p a r t i c l e s  of c o a l  i n  
with r e s i d u a l  f u e l s )  ; and t h e  .marine-diesel  bottoming cycle.  

The main reason DOE is developing t h e  technologies on t h i s  l i s t  i s  
because of high r i s k ,  t h e  chance of f a i l u r e .  However, success w i l l  re- 
s u l t  i n  l a r g e  b e n e f i t s  t o  soc ie ty  not b e n e f i t s  s tockholders of p r i v a t e  
f i rms w i l l  be a b l e  t o  bank. DOE is c o s t  sharing with p r i v a t e  indust ry  
t o  reduced t h e  r i s k  and t o  a s su re  technology t r a n s f e r  of government re- 
search  and development r e s u l t s  t o  p r i v a t e  en te rp r i se .  - - -  

Gasohol 

Exhibit  2 i s  d i r e c t l y  from a PR b lu rb  of an alcohol  manufacturer. 
These a r e  the  advantages of gasohol according t o  t h e  manufacturer. 
Gasohol is  10% gra in  ethanol  ( the  s t u f f  a few of u s  l i k e  t o  d r ink ,  a s  
opposed t o  methanol which is  highly tox ic  t o  man, but  f i s h  l i k e  i t ,  g e t  
drunk on i t )  blend wi th  unleaded gasol ine . .  

The f i r s t  po in t ,  no engine adjustments a r e  required.  A t  a 10% blend 
t h a t  is  t rue ,  but ad jus t ing  your engine i s  aga ins t  t h e  1aw.anyway. A l o t  
of t h e  carbu'retors  i n  t h e  new c a r s  a r e  sealed.  There is not  much t h e  
average mechanic can do t o  e l e c t r o n i c  i g n i t i o n  systems. 

Exhibit  2: Advantages of Gasohol? 

1. No Engine Adjustment Required 
2.  Improved Mileage 
3. Increased Octane 
4. El iminates "Pingfng" and "Dieseling" 
5. Cuts Exhaust Emissions 
6. Improves Cold Weather S t a r t i n g  
7. Reduces Gas Line Freeze P o t e n t i a l  
8. Extends Allocated Unleaded Supply by 10% 
9. Reduces O i l  Import Requirements 

10. Reduces Need f o r  Farm Set Aside Programs 
11. Each Tankful Uses 1 Bushel of Domestic Corn 

Point  2 ,  improved mileage, test r e s u l t s  a r e  mixed. I f  you put  i t  i n  
an o l d e r  vehfc le  it seems t o  l ean  ou t  t h e  e n g h e ;  you do g e t  improved 
mileage. I t h i n k  it has something t o  do wi th  t h e  added water. With 
ca rbure to r  adjustment however, MPGs can usua l ly  be  improved. There is  a 
lower Btu (energy) content  per  ga l lon  of a lcohol  than f o 6  .gasol ine  so 
thermodynamic e f f i c i e n c y  , i f  your engine 'was optimized. f o r  gasol ine ,  
should be less. For t h e  same amount of energy content ,  you need about 
half  again a s  much ethanol  a s  you, do gasol ine .  .. . . .  



It does increase  octane. Eliminate pinging and d i e s e l i n g  -- t r u e  
because it has a b e t t e r  oc tane  number. 

Cuts exhaust emissions --.because t h e  engine burns l eaner ,  some ex- 
haust  emissions a r e  cu t .  But i t  is what is  in t h e  gasohol exhaust t h a t  
may cause major problems. One type  of exhaust component from alcohol  . 

f u e l s  a r e  c a l l e d  aldehydes. When you were in high school biology, re- 
member formaldehyde. That 's  what they pickled t h e  f rogs  in. Also un- 
burned a lcohols  poss ib ly  g e t  through. Evaporative emissbons increase .  
It i s  no t  a t  a l l  c l e a r  what t h e  h e a l t h  e f f e c t s  might be, i f  any. The re- 
search  has not  advanced f a r  enough along t o  make a . s t a t e m e n t . o f  s c i e n t i -  
f i c  f a c t .  W e  a r e  working on it. 

Improves cold-weather s t a r t i n g  -- I doubt it. The f l a s h  point  of 
a lcohol  i s . l o w e r  than gasol ine .  So on a cold  morning you should have 
more t roub le  s t a r t i n g .  In  cool  c l ' h a t e s ,  pure ethanol  is  very hard t o  
g e t  s t a r t e d  i n  t h e  morning. Reduces gas l i n e  f r e e z e  -- sure .  W e  do 
t h a t  a l l  t h e  time i n  t h e  winter  when we add methanol t o  our  gas tank,  

Extends petroleum supp l i e s  by 10% -- possibly t r u e ,  but  very complex, 
depending on f u t u r e  r egu la t ions  on f u e l  economy and how gasohol i s  in-  
cluded. 

Reduces t h e  need f o r  farm se t -as ide  programs -- cur ren t  p a r t i c i p a t i o n  
i n  se t -as ide  i s  q u i t e  low. -- so  i n s i g n i f i c a n t .  What t h i s  means is  a f a r -  
m e r  sets a s i d e  p a r t  of h i s  land t o  maintain a lower l e v e l  of production 
and is  compensated by the  government. 

Each t ankfu l  of gasohol t akes  more l i k e  314 bushel of domestic corn. 
Somebody is  not  going t o  'get t h e i r  corn bread. The impact of t h e  use  of 
corn f o r  gasohol c e r t a i n l y  is  not  very we l l  understood. The research  i s  
not  complete, I h a t e  t o  put  food i n  gas tanks t o  run automobiles. 

The manufacturer fo rgo t  t o  mention t h a t  ethanol  w i l l  remain more 
c o s t l y  than gasol ine  f o r  t h e  remainder of t h i s  century and w i l l  continue 
t o  r equ i re  a subsidy. 

E l e c t r i c  and Hybrld Vehicles 

The f t r s t  schematic i n  Exhfbtt  3 i s  f o r  an e l e c t r i c  veh ic le .  The 
b a t t e r f e s  a r e  very much l i k e  t h e  one t h a t  s t a r t s  your c a r .  However, you 
cannot deep d f s c h a r g e , i t  o f t e n ,  t h a t  is take  a l l  t h e  charge out  of it  
very o f t e n  and expect it t o  continue t o  work as you would i n  using an 
e l e c t r t c  vehfcle. Current b a t t e r i e s  do no t  have good energy dens i ty ,  .._ . . ., , , 

. ... 
t h e  amount of energy s to red  p e r  pound of ba t t e ry .  I n  s h o r t ,  you cannot .. . 

.. . 
go a long dfs tance  in a b a t t e r y  ca r .  You would be  1ucky.to g e t  a hun- 
dred mtles per  day i f  your v e h i c l e  were a l l  b a t t e r i e s ,  no.body, j u s t  
b a t t e r f e s  and wheels and you. Then you would have .  t o  charge i t ,  plug it 
i n  f o r  e i g h t  hours o r  so. Actual ly,  most people donw't  d r i v e  more than 



Hybrid hybrid 
~ l e c t r i c  

drive drive drive 

I 
Transmission 

Motor 

Controller 

Battery 

Electric \ charger \+utility 

Fuel 

Transmission r-l 
Heat 

engine 
. . 

Fuel 

Motor / 

Battery u 

Electrical power 

1 Mechanical power 

Fxhibit 3: Schematics of Electric and Hybrid Vehicles 



about 30 m i l e s  per  day so t h e  50-mile range veh ic le  poss ib le  now might 
no t  be so bad. But t h e  day you want t o  go t o  grandmother's house i n  
Milwaukee, t h e  b ig  bad wolf g e t s  you a t  about Racine. 

Research on b a t t e r y  technology however i s  making s t rong  advances 
, 

and very poss ib ly  by mid-1990s w e ' l l  have b a t t e r y  c a r s  t h a t  can do every- 
thing your VW o r  Honda can do, . o r  i f  you want' t o  pay f o r  i t ,  your 
Pontiac o r  Cadi l lac ,  except go over 250 miles.  But maybe t h e r e  w i l l  be 
no gas f o r  your Caddy. 

There a r e  two types of ' hybrids a s  shown i n  Exhibit  3. A hybrid is 
b a s i c a l l y  an e l e c t r i c  v e h i c l e  except f o r  t h e  heat  engirie. No range pro- 
blem, but one of complexity. A few have been b u i l t .  I f  w e  can teach t h e  
mechanic a t  your l o c a l  Amoco s t a t i o n  t o  f i x  them, maybe they have a chance 
i n  t h e  l a t e  1980s. 

Light Duty Diese ls  

Our research  a t  Argonne on l i g h t  duty d i e s e l s  shows t h a t  the re  is  
going t o  be a b ig  controversy i n  t h e  near  fu tu re .  In about 1983 General 
Motors ' intends t o  come out  with a f u l l  l i n e  of d i e s e l s ,  small ,  medium 
and l a rge .  Let me t e l l  you a l i t t l e  about t h e  th ing you w e r e  thinking 
about buying. There a r e  10  known manufacturers world-wide -- GM, VW, 
BMW, Mercedes, e t c .  The l i g h t  duty d i e s e l  f o r  automotive uses  ( l i g h t  
t ruck,  medium t ruck,  c a r ,  taxi-cab). i s  d i f f e r e n t  than the  heavy-duty -. . . - . . . -. -. - one 

' 

f o r  heavy t rucks ,  buses and r a i l r o a d  d i e s e l s ,  and probably s i g n i f  i c a n t . 1 ~  .. 

d i f f e r e n t .  Unfortunately we do not  know,enough about t h e  d i f fe rences  -- 
about l i f e t i m e ,  odor, n o i s e  and severa l  o the r  important parameters. There 
is  l l t t l e  doubt about f u e l  savings: a t  i d l e ,  70% r e l a t i v e  t o  the  gasol ine  
engine; In  taxt-cab type se rv ice ,  up t o  50%; f o r  suburban type d r iv ing ,  
30%; and f o r  freeway and expressway type d r iv ing ,  no savings.  This is  
due t o  the  high compression r a t i o  of t h e  engine and t h e  higher heat ing 
value .of d i e s e l  f u e l .  

On an average, l a s t  winter  d i e s e l  was s e l l i n g  f o r  about 3~ a gal lon 
cheaper than gasol ine ,  but  the re  a r e  many problems. Poor s t a r t i n g  i n  
cold weather. There has a l ready been spot  shortages of d i e s e l  f u e l  and 
t r a n s i t  agencies a r e  having difficulty g e t t i n g  it.  (I'm t a l k i n g  about 
pre-May) . 

Refiner ies  can s h i f t  t h e t r  product mix between r e s i d u a l  f u e l s ,  d i e s e l  
f u e l s  and gasoline-.-- f o r  a b a r r e l  of crude they have some leeway on what 
proport ions of each they make, It seems they have been producing a l a r g e  
proport ion of gasol ine  because gasol ine  has the  b igges t  p r o f i t  margin. . . . .- 
We should be making more d i e s e l  i n  most of our r e f i n e r i e s  t o  be  a t  t h e  . . 

energy opt  hum. 

. - . . - . . 
A major problem wi th  d i e s e l s  i s  p a r t i c u l a t e  emissions. You see'some par- 

t i c u l a t e s  a s  smoke, but  t h e  problem i s  what you don' t  see .  Ninety percent  



of d i e s e l  p a r t i c u l a t e s  are smal le r  than  one micron i n  diameter .  That 
a l lows  them t o  g e t  i n t o  your lower lungs  and they  a r e  n o t  c leaned o u t  
by your normal brea th ing .  Some 20,000 t o  30,000 chemical subs tances  
(some of which are known t o  be t o ~ i c ,  carc inogenic  o r  mutanogenic) i n  
d i e s e l  exhaust a r e  adsorbed on t o  t h e s e  f i n e  p a r t i c u l a t e s .  A t  t h e  moment, 
t h e r e  has  no t  been enough r e sea rch  t o  i d e n t i f y  i f  t h e r e  i s . a  l i n k  between 
human h e a l t h  e f f e c t s  and d i e s e l  exhaust .  ~ u t -  GM wants t o  s e l l  t e n s  of 
thousands i n  t h e  nex t  fe'w years .  

We may have d i f f i c u l t y  w i th  t h e  d i e s e l  meeting t h e  NOx s t anda rd ,  and 
what about  t h e  impact on American Motors? I f  t h e  indus t ry  goes b i g  toward 
d i e s e l s ,  what is poor American Motors going t o  do? It doesn ' t  'have t h e  
r e sou rces  t o  b u i l d  d i e s e l  product ion f a c i l i t i e s ,  probably w i l l  have t o  buy 
d i e s e l s ,  j u s t  l i k e  it buys t ransmiss ions  from Chrys le r ,  bu t  probably from 
t h e  Japanese. 

Bottoming Cycles 

Exhib i t  4 i s  a schematic of a d i e s e l  t r u c k  bottoming cyc le .  The : : 

vapor gene ra to r  on t h e  exhaust system i s  up behind t h e  d r i v e r  o u t s i d e  t h e  
cab. The waste hea t  from t h e  exhaust  b o i l s  t h e  f l u i d  i n  t h e  vapor gener- 
a t o r  which expands and d r i v e s  t h e  t u r b i n e .  The t u r b i n e  adds mechanical 
energy t o  t he  d r i v e  t r a i n .  Thus t h e  waste  h e a t  t h a t  would have gone up t h e  
s t a c k  is  converted t o  u s e f u l  work. Unfor tuna te ly  t h e  f l u i d  i s  extremely 
tox ic .  

Technological Change 

How f a s t  can new technology p e n e t r a t e  markets  and have an  impact? 
I have a couple graphs h e r e  t h a t  add res s  t h a t  quest3on. I n  Exhib i t  5 
f o r  1955 most commercial a l r  c r a f t  were prop p lanes .  Turbo-props s t a r t e d  
coming on and something b e t t e r  came a long  -- t h e  turbo- je t .  Turbo-jets  
basically captured  t h e  market i n  10  yea r s .  This  i s  a n  example of a 
tremendously f a s t  s u b s t i t u t i o n  of one type  technology f o r  another .  The 
turbo-prop w a s  r e l e g a t e d  t o  t h e  r e g i o n a l  a i r  c a r r i e r s .  

Exhib i t  6 shows a slow s u b s t i t u t i o n ,  The economics was much d i f -  
f e r e n t  i n  t h i s  ca se .  Ships have long u s e f u l  l i f e t i m e s  and passenger  com- 
f o r t  and speed w e r e  n o t  of prime importance. Steamships probably s t a r t -  
ed pene t r a t fon  in about  t h e  l a t e  1870 o r  e a r l i e r ,  bu t  n o t  u n t i l  1920 was 
a l a r g e  p a r t  of t h e  f l e e t  cap tured .  

Conc l u s l o n s  

I guess  t h e  bottom l i n e ,  i f  I could draw you a conclusion,  i s  t h a t  
t h e r e  a r e  many technologies  on t h e  drawlng board,  some of whlch, l i k e  t h e  
e l e c t r l c  v e h l c l e  are both  expenslye and may n o t  have t h e  performance w e  
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. . 
expect but  of our v e h i c l e s  .. Thus; they are hot  going t o  t h e  . 

. . 
f r e e  market nea r ly  as f a s t  as t h e  jet d i d .  O t h e r  of t h e  new technologies 

. . may no t  be ready f o r  a decade, some may never make it. However, ~ o t e n -  
t ia l  payoffs  are l a r g e .  So a r e  t h e  environmental and h e a l t h e f f e c t s  

. . .  . .  ... impacts i f  w e  make a mistake. But don't wait  f o r  t h e  technologis t  t o  
so lve  our problems. He  may produce too l i t t l e ,  too l a t e :  He h a s i m -  

. . proved our  l i f e s t y l e  many times over t h i s  century.  Maybe he w i l l i n v e n t  
I:' 

. . . .  I' - a way out  -- only maybe. . . 
,' . 
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