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F i r s t  of a l l ,  l e t  me j u s t  thank you a l l  f o r  coming. This 

pro jec t  t h a t  w e  are embarked on i s  t e r r i b l y  important t o  us,  and @e 

can use a l l  t he  he lp  we can g e t ,  both from ins ide  a 

agency . 
I might give you a l i t t l e  

t h a t  although ERDA ma 

such as whether or not t o  bui ld  high Btu gas p l an t s  

r eac to r s  it a l s o  has bas ic  research r e s p o n s i b i l i t y  i n  energy. 

t he  bas ic  research r e spons ib i l i t y  fo r  a l l  energy sources rests here. 

der  ” 

Indeed, 

We inhe r i t ed  a s u b s t a n t i a l  bas i c  research program from t h e  

cons t i tuent  agencies,  bu t  pr imari ly  from t h e  Atomic Energy CommisGion. 

Our people have worked over the  las t  two years  t o  reshape t h  

i n  a way t h a t  provides the  fundamental science underpinnings of our 

e n t i r e  range of pro jec ts .  

A l i t t l e  over a year  ago, w e  set f o r t h  a series of 

goals  for t he  agency. 

One of those was t o  make sure  t h a t  our bas ic  energy sciences 

program w a s  i n  f a c t ,  a sound one. 

Jim Kane runs,  which conducts much of. t h a t  operat ion and has t h a t  

t i t l e ,  bu t  a l s o  i n  t h e  supporting research funct ions 

our o ther  program o f f i c e s ,  a l l  of whom v i r t u a l l y  have some 

Not only i n  t h e  organizat ion t h a t  

research r e s p o n s i b i l i t i e s  and sponsor research i n  those areas. 

J i m  approached t h i s  very d i f f i c u l t  problem of shap 

bas i c  research program i n ,  I think,  a very good way and set u 
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6d 
projec t  with a coupleio i s t inguished  peop om outs ide  the  agency 

t o  spend a year  with us  and he lp  us understand how we could do 

be t te r .  They have i n  f ac  

One of t h e , r e s u l t s  of t h a t  p r  o i n t  out  t h a t  

products,  and one f o s s i l  energy research was one of our most 

i n  which the  fundamenta 

t h a t  we ought t o  be running--some c l a r i f i c a t i o n .  * -  

esearch base requires-in a kind of program 

It’s important 

becauee, you know a t  Seasttas w e l l ,  as, I 

t e r r i b l y  important. to t h e , J n i t e d  S ta t e s  

t h e  research base f o r , t h a t  program was 

er to. t h e  agency.> A s ign  

from t h e  Department of I 

The confluence those. two -0pservation 

need <to do t h e  be6 

energy research base. r ” .  

We thought one ,good way *to ge t  

t h a t  needs t o  be d ind of role a federa 

play was t o  b r h g  , i n  a publ ic  meeting, a 

is  morning; then t u r n  around 

ose of .you who have c 

re doing this for  
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together  our research program 

it ,  too. 

bu t  w e  hope you f ind  some i n t e r e s t  i n  

,_ 

Unfortunately, I have t o  back t o  t h e  H i l l ,  bu t  again 

thank you, and I hope you have a ' success fu l  meeting. 

(Applause. 1 

DR. W E :  
r !  ' 

We are going to  t o keep t h i s  on schedule,  so we have 'a  
_ ,  

couple of people with a clock down here t o  keep us  a l l  on t i m e .  

I ' m  going t o  repea t  a l o t  of t he  things Bob said.  He took a 

lo t  of my opening t a l k ,  b u t  I th ink  it 's probably important that  I 

repea t  some of the  things he s a i d  because i n  my few minutes of opening 

here ,  I would l i k e  t o  t e l l  you, again,  why you're here  prec ise ly ;  and 

what t h i s  meeting is  expected t o  cover and what, by implicat ion,  it is  

not expected t o  cover. So, some of this w i l l  be r e p e t i t i v e  of what 

Bob j u s t  s a i d ,  bu t  I think i t ' s  worth it t h a t  I go over it again. 

This is a mandate given t o  m e  by the  Administrator of ERDA 

t o  assess the--1 w i l l  have t o  be ca re fu l  t o  expla in  some of these  

words--the q u a l i t y  of the  Basic Energy Sciences Program. And now I 

have t o  expla in  very c a r e f u l l y  what I mean by "quality" and "Basic' 

Energy Sciences Program," because t h a t ' s  r e a l l y  why we're here 

Subsequent discussions with'Mr. F r i  and Dr .  Seamans, when h e  

was here ,  defined t h i s  i n  the  following way. 

I mean t h e  bas ic  re levant  sciences,  t he  appl ied sciences,  and t h e  kind 

of broadly appl icable  generic  sciences t h a t  p e r t a i n  t o  energy technolo- 

By "basic  energy sciences," 

g ies .  
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Today w e  are g t o  l i m i t  t h i s  t o  f o s s i l  energy but  t he  

So i t ' s  

Li 

c h a r t e r  they gave me  wasn't l imited t o  j u s t  f o s s i l  energy. 

i c  work, t he  appl ied science work and the  broadly re levant  

i s  not s p e c i f i c  t o  one p a r t i c u l a r  technology. generic  type work, wh 

e what D r .  Seamans and M r .  F r i  meant by 

ey d idn ' t  mean by "adequacy," t h e  usual  idea;  Is t h i s  

e of work o f ' h i  

, from t h e  view cy; Was the  research 

across  the  agency i by d i f f e r e n t  
< 

players  sometimes. Were these*p  king t o  each o ther?  Was the  

research program balanced? 

again today. 

This i s  a quest ion you w i l l  hear  again and 

A r e  there  p a r t s  t h a t ,  i n  Do w e  have a balanced program? 

your opinion, are receiving f a r  less emphasis than they should? A r e  

we doing too  many things i n  one area and not  enough i n  o thers?  

program rehens ive? Are ng g rea t  oppor tuni t ies  f o r  

research? That 's  r e a l l y  what they meant by ''adequacy." 

th ing  I'll ask y 

Is the  

So t h a t ' s  the  

, t h e  comprehen- 

t i ons  on 

would be an 

our own people, and our  own resources. To ask  an organizat ion t o  look 

a t  i t s e l f  c r i t i c a l l y  i s  kind of a r i s k  6s. So I thought it 

bes t  t o  use  ou t s ide r s ,  who M r .  F r i  t o ld  you about. They're not 

W 5 



full-t ime ERDA employees, and they are t h e  two gent1 

more of during t h i s  meeting, 

Rice University,  where he's a professor  of physics,  ngtime head of 

Bonner Laboratory there  and a man who has a t  l e  

ce with the  o i l  patch. 

The o ther  p a r t i c i p a  i s  Dr. Richard Kropschot, who i s  a 

commerce science fellow. 

Sect ion of t he  National Bureau of Standards a t  Boulder, 

He's Chief of the  Cryogenic Technology 

'I gave these  two people very broad guidance, j 

been t o l d  by Mr. F r i  and asked them t o  come back and te l  

thought 'needed doing . 
This was t h e i r  th ree  months progress repor t :  they found 

much they l i ked  about ERDA. 

re levant  t o  t h i s  a rea  I ' m  t a lk ing  about. 

They had two p r inc ipa l  observations 

One, they sensed there  was an unevenness i n  emphasis on 

appl ied sciences.  

Secondly, because of the  unique organizat ion of ERDA, t he  

v e r t i c a l  organizat ion of ERDA, i n  which one a s s i s t a n t  adminis t ra tor  i s  

given respons ib l i ty  f o r  a s p e c i f i c  technology they found what they 

thought was a neglect  of c rosscut t ing  technologies.  

i n t e r e s t  t o  many people across  the  agency, and y e t  no one 

f e l t  h i s  career  rose  or f e l l  on t h e i r  success. And these  had a 

tendency t o  drop through t h e  c racks  . 

Ones t h a t  were of 

That was t h e i r  preliminary repor t  t o  me. As  I say, they 

found much they l iked;  they found some things t h a t  concerned them. 
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My guidance t o  them a t  t h a t  time w a s  t o  concentrate  t h e i r  

e f f o r t s  on f o s s i l  energy r a t h e r  than the  e n t i r e  agency. 

people t o  t r y  t o  do t h e  e n t i r e  agency, of course,  would be fo l ly .  

The reason we  chose f o s s i l  energy was because the  agency has  given 

such enormous--well, the  country fo r  t h a t  matter-such enormously high 

p r i o r i t y  t o  coa l ,  i n  t he  na t ion ' s  fu tu re ,  and p a r t i c u l a r l y ,  the  

c r i t i c a l  shortage of l i qu id  f u e l s  t h a t  may occur. 

was chosen because, i n  our opinion, i t  was a high p r i o r i t y  top ic ,  

For two 

So f o s s i l  energy 

p a r t i c u l a r l y  the  aspect  of u t i l i z i n g  coal.  And, again,  I ' m  narrowing 

down here--I've t o l d  you already we're narrowing i n t o  one end of t h i s  

broad continuum what ERDA's respsns ib le  f o r  i n  research. 

ERDA's responsible  f o r  everything from bas i c  research t o  commercializa- 

t ion .  

Remember, 

I 've  to ld  you we're going t o  concentrate  on one end of t h a t  

'.spectrum today. 

energy and, s p e c i f i c a l l y ,  w e ' l l  t r y  t o  keep 

coa l  t o  l i qu ids  and coa l  t o  gas. 

Now, I r e a l i z e  with an 

And I ' m  saying'we're going t o  concentate on f o s s i l  

ighly focused on coa l ,  

dierrce of this '  qua l i t y ,  I don ' t  

want t o  'focus you too  narrowly. 

subjec t  , but  t he  general  -purpose of 

cormjaents on any 

i s  t o  focus as iarrowly 

s poss ib le  on the  top ics  I 've  mentioned. 

A l l  r i g h t .  The two of them came back i n  the  spr ing  and re- 

ported t h e  following: they had concern of t he  over- 

a l l  f o s s i l  energy rogram. P a r t i c u l a r  y were concerned about 
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a gap between the  bas ic  research program, which is  under my ju r i sd i c -  

t i o n ,  and the  applied science programs. 

about r e s p o n s i b i l i t i e s  i n  the  agency. 

f o r  the  bas ic  research f o r  t he  e n t i r e  agency. 

L e t  m e  explain a l i t t l e  b i t  

My organizat ion i s  responsible  

In  o the r  words, bas i c  

research r e l a t ed  t o  s o l a r ,  f i s s i o n ,  and fusion sources,  and f o s s i l  

energy, t he  whole gamut. 

I am not  responsible  f o r  the  applied science.  Th 

science is  l e f t  t o  each of the  a s s i s t a n t  adminis t ra tors ,  an 
1 f  

ec i s ion  on the  emphasis he gives  t o  the  appl ied science,  t h a t  leads to  

the  goals t h a t  he has defined f o r  h i s  p a r t i c u l a r  c u t  of technology. 

So they percctved what they thought t o  be a gap i n  between the  bas ic  

work and the  appl ied science.  

They a l s o  perceived what they thought and, again,  I w i l l  put 

t h i s  i n  q u a l i t a t i v e  terms because t h i s  i s  a supposi t ion on t h e i r  p a r t ,  

bu t  they a t  l e a s t  expressed concern over what they perceived t o  be a 

lack of novel applied science d i r ec t ed  toward concepts t h a t  would 

appreciably lower the  cos t  of converting coa l  t o  l i qu id  and gas. I 

guess kind of a s lang  way of saying t h a t  would be--well, maybe you'd 

want t o  c a l l  them high r i s k ,  high pay out  approaches. 

I don't  know what you'd p re fe r  t o  c a l l  it, but  a t  least I ' m  

t ry ing  t o  put i n  words the  opinions they gave t o  me. They reported 

these  opinions t o  me and of course,  the  f i r s t  thing w e  did was t a l k  t o  

the  people i n  f o s s i l  energy about t h i s .  And I want to emphasize t h i s  

again. This i s  not i n  any way an adversary hear ing today i n  which we 

are saying one approach is r i g h t ,  and another one i s  not  r i gh t .  
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~ We have had t h e  t o t a l  cooperation 'of the  f o s s i l  energy 

people i n  t h i s .  Rather than an adversary hear ing,  t h i s  i s  a construc- 

' t i v e  sess ion  i n  which we hope t o  s o l i c i t  opinions on how we can make 

our programs be t t e r .  

D r .  Kropschot and P h i l l i p s  reported t h e i r  opinions t o  me. 

We explained them t o  D r .  White, who i s  head of t he  f o s s i l  energy 

program, and I 've  been--by the  way, l e t  me d ig re s s  nute  here-- 

while we're wai t ing --three of 'the pa r t i c ipan t s  on t h i s  morning's 

program are up a t  .the H i l l  r i g h t  now. D r .  White i s  one of them, and 

we're going--because he is so important t o  t h i s  program, we're going 

t o  work him i n  as he comes and delay h i s  p a r t  of the  program. 

agenda t h i s  morning i s  ap t  t o  be a l i t t l e  

are th reesabsen t  par t iccpants ;  Chri 

Johnson. I think w e  have a s u b s t i t u t e  f o r  Harry Johnson because he is  

So our 

t 

. so e a r l y  on t h e  program, but  the  0th w e ' l l  t r y  t o  work around 

7 1  them. 

A l l  r i g h t .  We 'told 'our  'opinion t o  Dr .  +White, 'and this 

meeting resu l ted .  

and viewpoints 

I t ' s  an honest seeking of d i v e r s i t y  

We ask your help. 

Now, let  me tell you what i 

e n t i r e .  f o s s i l  energy program 

t o  make t h e i r  opinions' f e l t  subjec t  they' wish to. I t 's  

I 

9 '  
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an open hearing. 

s ions  of the  technology, commerci l i z a t i o n ,  andq demonstration program, 

But w e ' l l  t r y  t o  keep it away from s p e c i f i c  discus- 

e advanced technology .This  i s  not meant t o  be a review. On 

the  o ther  hand, i n  order  f o r  you t o  give us your opinion, you have t o  

understand the  program. o you're going t o  hear  a l o t  t h i s  morning 

about t he  e n t i r e  program, more as kground material, so t h a t  t he -  

format is a presenta t ion  of the  f o s s i l  energy program. Thenz a f t e r  

t h a t ,  a repor t  on the  research program, and a t i m e  f o r  a discussion 

and c r i t i c i sm.  

Now, although I ' m  going t o  be on the  s tand this ,morning,  I 

want t o  make one f i n a l  comment and t h a t  i s ,  from now on, I ' m  r e a l l y  a 

par t i c ipan t  i n  t h i s ;  my program i s  as much under s c r u t i  

program here  today, and I i n v i t e  your comments. I ' m  r e a l l y  more of a 

M r .  I n t e r locu to r  than I am running t h i s  thing from now on. 

I ' d  l i k e  t o ,  before I go any fu r the r ,  introduce Dr.. P h i l l i p s  

They're 

D r .  P h i l l i p s  i s  i n  the  brown s u i t ,  and 

and D r .  Kropschot, who have been responsible  for t h i s  review. 

s i t t i n g  i n  the  f ron t  row here. 

D r .  Kropschot i n  the  blue. 

Our f i r s t  speaker then on t h i s  morning's sess ion  w i l l  be a 

pinch h i t t e r  f o r  Harry Johnson, of ERDA's Planning Office.  

expla in  a l i t t l e  b i t  about what Harry does. 

L e t  me 

Harry is a planner,  the  

one who ou t l ines  the  missions,  the  programs, and advises  on t h e  budget 

f o r  t he  agency's energy programs. H i s  p lace i s  being taken by Bruce 

Robinson,, who w i l l  g ive you the  f i r s t  p resenta t ion  of t h e  morning. 
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DR. HILL: D r .  Kane? 

DR. KANE: Yes. 

DR. HILL: While he i s  s e t t i n g  up, would you descr ibe f o r  

funct ions t h a t  NSF RA", andnSF used t o  ca r ry  t h a t  are no 

longe'r c a r r i e d  by them and must be by ERDA? 

< DR. KANE: I don ' t  bel ieve I can r e a l l y  do tha t .  I ' m  not 

wel l  endugh acquainted. 

:, - Bruce, do you know any of those fuc t ions  t h a t  were trans- 

f e r r ed  i n  from NSF o r  terminated over i n  NSF and RA", which have 

been picked up by ERDA? 

DR. ROBINSON: The programs t h a t  come t o  mind are s o l a r ,  

geothermal, biomass . 
DR. HILL: There w a s  

DR. W E :  -- t he re  was a l o t  of coal.  Alex Mills then 

could perhaps address t h a t  one. 

DR. MILLS: . ' 

f e r r ed  t o  ERDA. 

f e r r ed  with no money, no  personnel, and they are now-coming i n  f o r  

We had 23 pro jec t s  from RA", which were t rans-  

I ' d  l i k e  t o  say, i n  a l l  frankness,  they were trans- 

renewal 

o it  i s  expected tha t  your shop w i l l  pick up 

ing NSF was doing? 

DR. MILLS: Coal; r i gh t .  

DR. ROBINSON: Well, my task ,  as I understand i t  t h i s  

morning, i s  t o  give you a b r i e f  overview of ERDA's programs and budget, 

11 



t o  give you some context f o r  the  more focus 

going t o  have during the  course of the day. 

give you a very abbreviated ind ica t ion  of how ERDA's programs are 

cons is ten t  with a s t r a t e g y  which der ives  l o g i c a l l y  f 

na t iona l  energy problems.- 

discussion you are 

So wh tend t o  do i s  

the  course of t h a t ,  t o  h i t  

h ighl ights  of the  programs nd then t o  give you a quick overview of 

ERDA and the ERDA budget t h a t  was submitted t o  the  Congress r ecen t ly  

f o r  f i s c a l  year 1978. 

I might say t h a t  a more de t a i l ed  discussion of the kind of 

top ics  I w i l l  be covering and r e l a t e d  top ics  w i l l  be i n c l  

ERDA Annual Plan, which is  due t o  come out i n  about two weeks and w i l l  

be ava i l ab le  from the  Technical Information Service i n  Oak Ridge a t  

t h a t  t i m e .  

Can I have the  f i r s t  s l i d e ,  please.  

(S l ide  1 )  

Of course,  the  major component of the  na t iona l  energy problem 

i s  the  f a c t  t h a t  our e n t i r e  economic i n f r a s t r u c t u r e  i s  dependent on 

o i l  and gas. 

t i o n  i n  1976 was i n  o i l  and na tu ra l  gas. 

A s  t h i s  s l i d e  ind ica t e s ,  about 75 percent  of the  consump- 

A s  you know, and as w e ' l l  see i n  a subsequent s l i d e  these 

are our l e a s t  p l e n t i f u l  resources ,  and our f i x  ' to  da t e  

ing. 

of our oi l .  

impor t- 

A s  indicated,  i n  1976, we imported something l i k e  40 percent 

.- 
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Our domestic r 

production required to 

temporary import fix be 

cannot support the kind of 

and we cannot depend on the 

similar worldwide oil problem 

t too far down the road 

Can I see the 

(Slide 2)  

vugraph . 

This slide projects a cumulative consumption worldwide. The 

upper band indicates estimates of world oil resources. 

bar is the halfway mark; a typical bell-shaped production curve. 

begin to level off production at the halfway mark. 

the world continues this present 8 percent growth, production will be 

leveling off in the late 1990s. 

will reach the leveling off point very early in the next century. So 

the import fix, even if we are willing to ignore problems of national 

security and balance of payments, is at best a temporary fix. 

The yellow 

You 

As you can see, if 

Even if there is no growth at all, we 

The next slide, please. 

(Slide 3)  

This is the result of a recent CIA report where they have 

we are projecting in the ' 9 0 s  would projected that the prob 

actually occur in the '80s. There is some disagreement as to exactly 

when it will occur, but there's no doubt that imports, at best, are a 

temporary fix. 

Could I have the next slide. 

(Slide 4) 

i 
L 

i 
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This i s  a s l i d e  the  var ious ene 

t o  the  United ca l ly .  The f i r s  

nergy resources.  is ,  we don ' t  ha 

The u n i t s  indicated mi l l i ons  of 

valent .  To put it i n  some perspect ive,  we are 

ke 13-1/2 b i l l i o n  b a r r e l s  of 

troluem resources as ind ica t  i n  the  lower left-hand 

il equivalent  pe 

s l i d e  would represent  about 30 years  of cur ren t  

ing the  e n t i r e  energy resources  indicated with t h a t  

can see  t h a t  a lack of energy resources  i s  not  a 

The real problem i s  t h a t  our i n f r a s t r u c t u r e  is complet 

o i l  and gas,  o r  very scarce  resources ,  and i t ' s  going t o  

ge t  away from t h a t  degendence. 

The resources a r e  scaled i n  order  of increasing a v a i l a b i l i t y  

and recoverabi l i ty ,  with gas and petroleum, the  most s c a r  

left-hand s ide ,  and the  v i r t u a l l y  i n f i n i t e  resources ,  s o l a r  and 

fusion,  on the  right-hand s ide.  

The a rea  of the  rec tangles  are roughly proport ional  

recoverable resource ava i lab le .  

By looking a t  t h i s  s l i d e ,  one can e a s i l y  see  

components, of any na t iona l  s t r a t e g y  t o  cope with the  energy problem, 

are. One, of course, i s  conservat ion,  t o  t r y  and save 

p a r t i c u l a r l y  the  scarce o i l  and na tu ra l  gas. 

enhancement of the  a v a i l a b i l i t y  of o i l  and na tu ra l  gas,  because our 

Second, t 
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economic infrastructure is so tightly tied to them, and (for that 

reason) there time constant associated with getting away 

from those res 1 
1 

' 

Finally, we must develop methods to switch- to the more 

1 resources. This incl es using them directly, for example, 

direct combusti provide direct substitutes 

oil and natural g our system is dependent on. Again, 

a good example with coal liquefaction*and coal gasifica- 

I 

I think this slide, displaying the domestic resources, 

actuaily prqvides a good bac for discussing the resource-related 

ERDA p+ograms. SO 1'11 pt;t discussing conservation. 

We'll pick those up on a subsequent slide. 

ng'the other points of any'national strategy, first, 

rces that we're so 

s. ERDA, indeed, has enhanced 

rams. You'll be hearing 

witching to the more 

ossil, let me just 

touch those. etails later today. 
. . .  

Our most plentiful 'fossil fuel 'is coal, the fifth box 

rray. As you can'see re a 'couple of centuries 

worth of coal; measuring'by current total energy consumption. 
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The coal program consists of development of technologies to permit 

direct combustion of coal, and the major problem there is being able 

to do it in an environmentally acceptable manner. That will be 

discussed in more detail today and on technologies for making direct 

substitutes for liquids and gas fuels from coal. 

The final fossil fuel on the slide is shale oil. Agaio, 

ERDA has a program here; and again, environmental and water resource 

constraints are a major problem which face the development and imple- 

mentation of that technology. 

today. 

You'll be hearing more about that 

Moving to the nonfossil resources on the slide, the first 

nonfossil resource is indicated the third box in the array, namely, 

geothermal. It is divided into two areas. The area at the bottom of 

the slide is hydrothermal geothermal. It is not a huge resource, but 

certainly very significant and it has a great regional significance in 

the West and the Southeast. 

undetermined upper limit is the geopressure resource which is a vast 

resource, principally in the Gulf state regions. 

The larger area on the slide with the 

ERDA has programs in the hydrothermal area. They include 

geothermal loan programs to try to remove some of the institutional 

barriers to the private sector picking up the!state of the art tech- 

nology and implementing it. 

ERDA has research programs that include test facilities to 

advance the state of the art, examination of the environmental problems 

20 



associated with geothermal, and very impor 

the resource. Ver little has actually been e in the past to 

assess just h 

tly, an attempt to assess 

uch geothermal energy is available in the United 

States. These are very approximate figures. 

Finally, there is a plan for desig of 50 megawatt demonstra- 

tion plants. 2 .  

The geopressured resources cannot be tapped with state of 

the art technology. There is a huge resource there, as indicated. In 

addition to the thermal energy, it has recently become clear.that 

there is a huge amount of methane, natural gas, dissolved in the 

geothermal brines. It has been estimated that energy in the methane 

may be about equal to that of the thermal energy in the geopressured 

area. 

ERDA, again, has a program to assess the extent of-that 

resource and, in fact, our first exploratory hole in the geopressured 

area began producing results about four weeks ago and, indeed, 

confirmed the fact that huge amounts of methane are dissolved in the 

brine, at least in the region of the test hole, e 

nfossil resource is uranium, and the extent of 

the resource, of se, depends on the available technology. The 

small box in the left-hand corner represents the amount of energy that 

covered with conventional light water reactors, which, of 

course, is an existing technofogy. 

ERDA's program is designed to insure that light water 

reactors which do exist and can have a very large, reasonably near-term 

21 
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impact, can be implemented. 

the safeguards and waste disposal kind of problems. 

This involves programs aimed at solving 

The large box, represents the energy availabl 

if breeder technology is successfully developed. Breeder reactors 

are roughly 100 times more efficient than the converter 

hence the same uranium resource is greatly enlarged. 

I should have mentioned also that in support of the LWR 

program, there is, again, a resource assessment program to get a 

better measure of how much uranium is available in the United States. 

The largest single component of the breeder program is the 

liquid metal fast breeder reactor. 

cancelled a commercial demonstration program in that area. 

program has been diversifed to consider alternatives and assess which 

breeder technology is most compatible with current concerns about 

proliferation. 

The Carter Administration recently 

The 

The next, very large resource, is solar. The last two 

sources are essentially infinite resources. 

inexhaustible resources. 

They're renewable, 

The solar program, of course, consists of a variety of 

technologies. 

and cooling. 

The near-term technology in that area is solar heating 

The major component of that program is a demonstration 

program, to have several hundred highly visible demonstrations and to 

publicize the results of those demonstrations to remove institutional 

t 
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barriers which are setting back the growth of an industry in that 

area; and to make the results of'those demonstrations available to 

building owners, builders, and people in the financial community. 

They're already, of course, in -1977 demonstrations programs for solar 

heating. It's hoped by '79 to have demonstration programs in solar 

cooling. There are related programs for solar heating'applications in 

industry and -agriculture. . 

Solar energy is also potentially useful for generating 

electricity. There are several programs in-that area. There is 

direct solar thermal electric generation bhere the sun is essentially 

used to produce steam .to be used *in conventional turbines 'to generate 

electricity. 

ERDA has a test facili'ty, testing the components of such a 

system. A site has been selected for'a 10-megawatt facility. 

There is also a photoelectric program, where the sun's 1 

energy is converted directly into electricity. 

developed for space applications. 

hat. technology was 

It is now an expensive technology, 

The$major goal of that program is to get cost down by about a factor 

of about 50 to 100. The emphasis is on small applications-that have 

iome chance of being.cost-effective in the relatively near future 

The- major emphasis is on conventional silicon technology, although 

there are programs in gallium arsenide and other less conventioiial 

semiconductors , where there ' s hope that some cost breakthrough can 
occur 
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Those are the direct applications of solar. There are, of 

course, less direct applications. One would be wind. ERDA and NASA 

are now testing a wind facility in Ohio; a 100-kilowatt testTgenerator 

with about a 125-foot blade. 

underway. A 1.4-megawatt system is being designed. An init 

the Carter Administration in the wind area is to put greater emphasis 

on small systems which are compatible with decentralized applications 

There are two improved versions of that 

for industrial uses, small communities, and agricultural uses. 

Another indirect use of solar is an ocean thermal electric 
c 

application where one exploits the temperature difference between the 

surface and reasonably shallow waters in the Gulf region, 

present time the focus is on small scale testing of the critical 

components of that system, principally the heat exchangers. No heat 

engines have been operated in the past using such small temperature 

gradients. 

any kind of large-scale program could be considered. 

i 
At the 

The feasiblity of doing that has to be established before 

Finally, in the solar area there is a biomass program. 

There is already on the order of half a quad of biomass being used 

which is principally in the form of industrial waste. 

program does emphasize this kind of residual application, but also is 

exploring biomass, which is purposely grown in aquatic and terrestrial 

environments for the purpose of conversion to energy. 

The ERDA 

24 



The last resource,on the slide-is.-fusion, Deuterium is 

available-in huge-,quantities-in-the oceanst Fusion of.deuterium of 

coupe, gives of $he energy which drives the,sun--also the source of 

H-bomb energy. There are, parallel approaches being pursued-by ERDA. 

One, inertial confinement, where the reaction is confined to the 

necessary densities and temperatures by impingementiofc.-high density 

lasers, or beams-of particles, In parallel with that,program, there 

is a magnetic confinement program where magneticifields'are used to 

confine charged particles to obtain-the necessary densities arid 

temperatures to get a fusibn reaction with net anergy. + 

The fusion*program is a long-term program,-of course, and 

there is a plan of sequential events 'to arrive at both feasibility 

and, hopefully, in the 'distant future a demonstration-of that technology. 

've used the .estimated resources available in the United 

States to give at least some of the highlights of ERDA's programs on 

the production side of energyI t 

've demonstrated.the various components of any national 

strategy, namely; enhancing the avail 

which we are very dependent, gas and 

them from our very abundant resources 

thase -resources -on 

iding substitutes for 

a1 ; ' making greater 

the more abundant resources, like coa 

. cetera; and getting our economic infrastructure untied 'from 'the' scarce 

A-fossil resources and linked8 to inexhau ources ii .the long- 
. .  

' -tern. 
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The one component of the strategy which I didn't mention in 

-my discussions of resources was, of course, conservation, which can 

have a very important near-term effect and is cost-effective in many, 

many .area&. I -  

May I have the next slide, please. 

(Slide 5 )  

This slide indicates how we now'meet our energy needs 

in the various end-use sectors. Of course,' the transportation sector 

is virtually all oil. There is.litt1e hope that oil will be completely 

displaced in this sector by the end of the century. We do have an 

electric vehicle program which is aimed towards demonstrating elec- 

trical vehicles in the early '80s and providing the beginning of a 

viable industry in that area. 

displaced in the transportation areas, so conservation there is very 

important. 

But it's unlikely that oil will be 

The largest single component of ERDA's program, is research 

on heat engines; sterling cycle and gas turbine. There is related 

research on auxiliary systems like variable transmissions, drive 

train improvements, et cetera. 

In the residential and commercial areas, there is some hope 

that by the end of the century oil and natural gas could be more or 

less displaced entirely. There are research programs, in building 

design and community systems where waste heat from electric generation 

plants are used to provide a lot of the residential/commercial energy. 
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Other areas include, improvements in efficiency of consumer products 

and use of urban waste. 

residential/commercial bu 

These are some of the highlights of the 

ing area of ERDA'S program. 

In industry, again, there's a great deal of opportunity for 

There's hope that by the end of the century oil could be 
t 

ngs. 

completely displaced except for petrochemical use. One of ajor 

things there would be switching to coal, which is part of the fossil 

program. But in addition, in our conservation program, we have 

projects aimed towards the recovery of waste heat for low temperature 

applications, and cogeneration, where again, the waste heat from 

electrical generation plants can be used for process heat or direct 

heat uses in industry. 

Finally, there are changes in industrial process, especially 

for those processes used by the most energy-intensive industries. 

ERDA, again, has programs in all of these areas in cooperation with 

industry . 
Can I have the next slide, please. 

(Slide 6 )  

By looking at the resources available, and the kind of 

national problem we seem to have, I've just hit some of the highlights 

of our programs. I'd like to now hit some of the highlights of the 

budget that was submitted for FY '78 to the Congress. 

The total budget in the energy area is about $3 billion, and 
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explanatory, based on what I was saying before. 

cycle and safeguards refers to the kind of thing, I said was needed to 

support the LWR, namely, the safeguards, and waste disposal problems. 

The nuclear fuel 

The area marked "fission" is predominately breeder reactor 

research. And the others, I think, are pretty much self-explanatory. 

I should point out this is not the entire ERDA budget. 

People get confused thinking when they see the total ERDA budget it's 

an ERDA energy budget. 

The total ERDA budget is something like $6-1/2 b 

directly energy-related RDCD, is less than half of the total budget. 

The remainder of it breaks out roughly as follows. 

is for national security research, essentially weapons development. 

About $600 million is associated with basic research and' technology 

About $1.9 billion 

"development, which is not energy related; high energy phys 

nuclear physics, which isn't energy related; and biomedical research. 

About another half billion is related to uranium enrichment production. 

The latter is not research, but the actual production of enriched 

uranium for both domestic and international contracts. There is a 

remaining several hundred million that is associated with management-- 

program management, et cetera. 

The remaining 3 million is the energy budget, which is the 

principal topic of interest this morning. 

To put this present budget into some context with the past, 

and to give you some feeling for how we have evolved since ERDA was 
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May I have the  next. 

(S l ide  7) 

budget, ERDA's f i r s t  budget. 

Notice it is  not as wel l  balanced as our present  budget. 

F iss ion  breeder research c e r t a i n l y  was a very dominant area. Foss i l  

with a very l a rge  piece coming from the  Department of I n t e r i o r  
1 

i 

and is a f a i r l y  mature program. Solar ,  conservation, geothermal were 

r e l a t i v e l y  new fede ra l  R&D programs and had not r e a l l y  got ten  o f f  the  

ground a t  t h a t  t i m e .  

Can I have the  next vugraph. 
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s i d e ,  which does it by essential ly  the t i m e  frame in  which a technology 

that before ERDA 

t o  be principally t o  handie the lon 

recognition of the need for the Federa 

the other tech 

on gab and o i l ,  

make sure that 

OR. KANE: In my rather sloppy intro I don't believe 

cy, not just  the 



include the dissolved methane in the brine the reserves of natural 

t, a factor of 5 or more on the curve. Is 

DR. ROBINSON: That!s with no consideration of how much it 

would cost to get it out, right. 
~ 

DR. RAMSEY: Is there any indication of how much the cost 

will be to extract it? 

DR. ROBINSON: It's extraordinarily uncertain at the present 

the. Part of the ERDA effort is to make assessment of both the 

amount that's there, and how much it would cost to extract it. 

DR. RAMSEY: I see. 

DR. ROBINSON: Yes? 

DK. GREEN: 

This is a question for J h  Kane. 

Leon Green, General Atomic Company. 

I notice in the final 

program, the item that was called "the overview of research and 

industry" has fallen off. Is that your decision to sponsor any 

research in industry? 

DR. KANE: These parts are not meant to be just a review of 

what we are sponsoring. What we had intended was to get the viewpoint 

of industry, up and out, and we gave that up as a hopeless task~in 
0 '  

that we could not pick one individual who we thought would speak for 

all industry satisfactorily. 

my division, you mean basic research. 

of basic research in industry. 

growing fraction, but a small fraction of our research is in industry. 

So, let me give you a direct answer. By 

We sponsor a very small amount 

It is growing--it's a very rapidly 



There are, of course,  the  usual  problems of propr ie ta ry  aspects  the  

indus t ry  o f t e n  wishes t o  avoid. 

DR. GREEN:. Thank you very much. 

DR. KANE: 
< 

I f  there  are no fu r the r  quest ions,  now the  scene 

s h i f t s  t o  t h e  real meat of t h e  meeting. And the  f i r s t  speaker of the  

day w a s  meant t o  be Dr .  P h i l l i p  White, who is i n  charge of the  f o s s i l  

energy program f o r  ERDA. 

have every reason t o  bel ieve h e ' l l  be.here,  so what we're going t o  do 

is inve r t  the  program, and go ahead without him, and when he g e t s  

here  w e  w i l l  work him i n t o  the  schedule, because I think i t ' s  c r u c i a l  

t h a t  you hear  from D r .  White on t h i s  subject .  

i s  under d iscuss ion  f o r  much of the  day today. 

I t o l d  you already,  he ' s  a t  a hearing. I 

It 's h i s  program t h a t  

e f i r s t  speaker,  then, w i l l  be Dr .  Martin Neuworth, who is 
, ,  

going t o  d iscuss  one of the  th ree  major programs within the  coal R&D, 

s t he  coa l  conversion aspec 

Is D r ,  Neuworth here? 

DR. W E :  

promised, Dr.,Neuworth, t o  give i t t l e  extra t i m e  

s ince  t h i s  p a r t i c u l a r  t op ic  you're t a lk ing  ab 

very large importance to  

DR. NEUWORTH: Okay. 
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Good morning. I would like to attempt to answer three 

questions: What are the specific technical objectives in our coal 

conversion program (gasification and liquefaction)? Where do we 

stand and what are the research needs to improve our technology? 

Could I have the first slide. 

(Slide 1) 

I am going to talk about coal liquefaction. 

J 

We're actually 

solid solvent concerned with the production of three types of fuels: 

refined coal which can be burned without the use of fluegas scrubbers; 

'syncrude, which can be substituted in a petroleum refinery for the 

production of gasoline and fuel oil and chemical feed stock, and heavy 

boiler fuel, 

What I've shown are the essential chemical steps that one 

must perfect in converting coal to liquid fuels. Coal essentially is 

a hydrogen deficient substance with too much oxygen, nitrogen, and 

sulphur, and mineral matter, which all have to be reduced or elim- 

inated. We show the first step as the addition of hydrogen. This can 

be done by adding external hydrogen, or redistributing the hydrogen in 

the coal in which case you produce a hydrogen deficient species, char, 

and a relatively limited amount of liquid. 

Coal is a high molecular substance and therefore it must be 

hydrocracked to lower molecular species. 

oxygen, and nitrogen as hydrogen sulfide, water, and ammonia, This 

You must remove the sulphur, 

is in connection with environmental and stability considerations, as 
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well as compatibility with petroleum fuels. Finally, you have to 

separate the uncoverted coal and ash to produce a clean liquid fuel. 

New slide please. 

(Slide 2) 

I've shown a rather busy flow sheet there, but I can--do you 

have a pointer? 

VOICE: No, sir, I don't believe so. 

DR. NEUWORTH: Okay. I'll just walk you through this very 

In order to convert coal completely to a liquid quickly. 

you have to grind it. 

with a coal derived slurry solvent and pump the mixture into a pressure 

vessel where you preheat it to temperature of the order of 750 

degrees F. 

except for a small amount of unreactive material and mineral matter. 

Looking up at that upper box there, combine it 

\ 
At that point, essentially all the coal is dissolved 

Now, you have two alternatives. You can do the liquefaction 

thermally as it is shown in the lower box. This is the technology 

used in solvent refined coal, the so-called SRCI and SRCII versions; 

or you can convert it catalytically, which is the way we handle the 

H-coal or the synthoil technology. 

missing--&ere's a loop around. 

dissolver and cool it, separate the gaseous components and then let 

it down to atmospheric pressure where you effect the solids-liquid 

separation.' 

At that point--I guess we're 

You take the effluent from the 

The solids containing material can be a source of hydrogen 

by gasification, and then you separate the liquid products from the 
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solvent to produce your export liquzd products.and, finally, return 

the solvent back to the first part of the process. 
4 

Now, in the case of this dotted box under "solvent," this 

includes still another variation which was developed by Exxon where 

the solvent--it's a distillate material, is separately hydrogenated 

to supply additional hydrogen. 

produce a distillate fuel without the use of a catalyst. 

are three variations and they represent our most advanced technology, 

that is, H-coal, SRC,  and the EDS process. 

If you use that system, you can 

So these 

May I have the next slide, please. 

(Slide 3 )  

Now, I will just give you a brief status of these three 

processes. 

The SRC process has been operated in a 50-ton-a-day pilot 

plant for about 2-1/2 years. 

clean fuel. 

you can burn this material without a flue gas scrubber. 

handled, like coal and it was actually shipped in an open hopper 

It has produced at least 3000 tons of 

We burned it in a utility boiler. We demonstrated that 

It was 

car from Fort Lewis, Washington, to Albany, Georgia, which is across 

the country. It was handled as coal in terms of pulverizing it and 

transporting it into a boiler. 

difficulty. 

meet the current standards for a coal-fired boiler. 

It did burn with apparently little 

and SOx It requires no flue gas scrubbing and the NO 
X 

i 

Now, the SRC process, we feel, is a candidate for a demon- 

stration plant at thks point. 
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The H-coal and EDS processes are in earlier stages of 

development, 

nologies. 

We're building pilot plants to demonstrate these tech- 

In the case of EDS it's a 250 tons a day unit; and in the 

case of H-coal, it will be 300, to 600 tons a day. The intent there 

is to bypass the need for a demonstration plant, and if the pilot 

plants operate successfully, these will be scaled up directly 

commercial plants. 

Now, some of the problem areas that we see in scali 

coal liquefaction are shown on the next vugraph. 

(Slide 4) 

Oh, you're going too fast. 

VOICE: I'm sorry. 

DR. NEUWORTH: I will just walk through these quickly. The 

preheater scale-up deals with the question of the amount of heat flux 

that's being used without caking the slurry, 

is concerned with the question of three-phase flow. 

The dissolver scale-up 

Then we have the problem of pumping slurry, and the let-down 

valves. 

matter components. 

and by "dirty", I mean residues which contain unreacted coal and 

mineral matter. 

These are concerned with the handling of the abrasive mineral 

Then you have the distillation of dirty residues, 

Finally, the question of solid-liquid separation. The uses 

of filters and centrifuge appear to be unattractive from a cost-scale- 

up point of view, and we're looking at the use of other techniques 

like solvent deashing on a pilot plant scale as an alternative. 
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(S l ide  5 )  

In  the  case of the  process problems, i t ' s  developing a 

b e t t e r  understanding of the  primary l i que fac t ion  s t eps ,  so t h a t  you 

can design equipment t o  maximize the  chemistry of t he  conversion. 

Hydrogen s e l e c t i v i t i e s  a r e  concerned with the  f a c t  t h a t  hydrogen is a 

very expensive chemical, and i f  you use i t ,  you produce varying 

amounts of gas ,  which is a high consumer of hydrogen; and optimizing 

t h i s  s t e p  is  c r i t i c a l .  You have t o  remove the  oxygen compounds t o  

produce the  mater ia l  which is  s t a b l e  and compatible with petroleum- 

derived fue ls .  The ni t rogen compounds have t o  be reduced t o  a l e v e l  

so t h a t  on combustion the  product w i l l  meet n i t rogen  oxide s tandards 

f o r  f u e l  o i l .  

c a t a l y s t ,  t he  c a t a l y s t s  t h a t  have been used have simply been t rans-  

And f i n a l l y ,  i n  those processes where coa l  sees a 

f e r r ed  from the  petroleum indus t ry  and design of c a t a l y s t  which can 

cope with the  foul ing e f f e c t  of coa l ,  would permit s i g n i f i c a n t  improve- 

ment i n  the  technology. 

That i s  a quick look a t  l iquefac t ion .  

Now, moving on t o  our g a s i f i c a t i o n  program. The objec t ive  

there ,  of course, i s  t o  make syn the t i c  na tu ra l  gas by the  reac t ion  of 

carbon monoxide with hydrogen or the  d i r e c t  r eac t ion  of carbon with 

hydrogen . 
In  the  low Btu gas program, we're ,concerned with making 

synthes is  gas as a chemical feed s tock,  a f u e l  gas d i l u t e d  with 

ni t rogen,  which is  a s i g n i f i c a n t l y  cheaper f u e l  because a i r  i s  used i n  

place of oxygen. 
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Now, I have shown a typ ica l  flow sheet-- 

(S l ide  6) 

-- f o r  a f i r s t -genera t ion  o r  second-generation coal  gas i f ica-  
t i o n  process. 

Br ie f ly ,  s t a r t i n g  with coa l ,  we have the  coa l  preparat ions 

and pretreatment i n  t h e  case of caking coa l ,  and then the  g a s i f i c a t i o n  

s t e p  as you can s e e  i s  a minor p a r t  of the  ove ra l l  flow sheet.  

coa l  i s  reacted with steam and a i r  o r  obygen. 

supplying hea t  t o  compensate f o r  the  endothermic hea t  of r eac t ion  of 

carbon w i t h  steam. 

There 

The a i r  o r  oxygen 

The next series of blocks concern themselves with gas 

cleanup and f i n a l l y ,  going t o  the  lower series of blocks, t he  s h i f t  

conversion i s  needed t o  a d j u s t  the  carbon monoxide hydrogen r a t i o .  

Then you have the  s t e p s  of removing HpS and COz, and then t r a c e  

sulphur compound removal because of the  s e n s i t i v i t y  of the  methana- 

t i o n  ca t a lys t .  

with hydrogen t o  produce methane and water. 

drying s tep .  I t 's  p r e t t y  apparent from looking a t  t h a t  flow shee t ,  

i t ' s  q u i t e  a complex flow sheet.  The c a p i t a l  c o s t s  accordingly are 

very high, and the  operat ing cos t s  are a f f ec t ed  by the  f a c t  t h a t  60 

percent of your operat ing c o s t s  are the  recovery of c a p i t a l .  

In  the  methanation s t e p  you r eac t  carbon monoxide 

F ina l ly ,  you have a 

Now, as most of you know, the re  is commercially ready 

technology t o  ca r ry  out  t h i s  process. The most well-known technology 

is t h a t  of Lurgi and t h i s  i s  considered t o  be a candidate  f o r  a 

commercial syngas plant .  
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Now, the  Lurgi process,  although we consider it technica l ly  

v iab le ,  has a number of l imi ta t ions .  I d iscuss  some of these  i n  the  

next vygraph. 

(S l ide  7) 

Spec i f i ca l ly ,  the  Lurgi p re fe r s  r e l a t i v e l y  coarse  s i z e  coal.  

As some of you may know, when you mine coa l  i n  a modern mine, about 

30 percent of the  coa l  i s  f i n e  coa l ,  and the  Lurgi i s  incapable of 

handling t h i s .  

In  add i t ion  to  t h a t ,  the  feeding of coa l  i n t o  a pressure 

ves se l  i s  s t i l l  a technique which could be improved upon s i g n i f i -  

cant  l y  . 
Then w e  have the  problem of processing caking coa ls ,  which 

requi res  pretreatment with the  l o s s  of carbon. 

maximum s i z e  ves se l  one can bui ld  t o  convert  coa l  and t h i s  requi res  a 

g r e a t  many vessels t o  produce a commercial amount of syngas. 

t he re ' s  c o s t  of an oxygen plant .  

Then you have the  

Then 

Some second,generation processes 

use a i r  i n  place of oxygen i n  a two-step system so t h a t  t he  r e s u l t i n g  

methane is  not d i l u t e d  by ni t rogen.  

cos t ,  because many processes produce by-product tar  and water contami- 

nated with phenols and f i n e  coal.  

You have a very l a rge  cleanup 

Fina l ly ,  i n  t h e  primary gas coming out  of the  g a s i f i e r ,  the  

lower the  methane content ,  t he  more methanation one has to  ca r ry  out  

t o  produce the  f in i shed  product with a higher  c a p i t a l  and operat ing 

cost .  

i 
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Finally, there is the high cost of the gas cleanup. 

May I have the next slide. 

(Slide 8) 

Now, in our second-generation pilot plant program, what we 

have attempted to do is take care of all or most of the limitations 

of the first-generation t nology. 

summary of the pilot plant program. 

What I've shown here is a 

We show five pilot plants. 

Under reactor type, we've shown the fluid bed or entrained bed, which 

are designed to handle fine coal, the coal types that one can use in 

these processes. 

The pressures are up to 1000 pounds. The reason fo 

like to deliver the methane to the pipeline at 1000 

The through-put ranges from 25 to 120 tons per day. 

The first two processes, the C02 acceptor and the HYGAS 

process, have essentially completed their technical programs and 

these are considered to be candidates for either a demonstration 

plant or a commercial plant. The HYGAS plant is seriously being 

considered for a demonstration plant. 

The other three programs are essentially in early stages of 

their operation. 

Now, in order to effect a significant change in the capital 

cost, one has to completely change the flow sheet, and there are two 

programs now concerned with that, and I've shown a schematic of the 

first one. 

(Slide 9) 
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' J  

This is the.so-called catalyzed gasification, which involves 

treating the coal with a catalyst like potassium carbonate. 

increases the rate of the gasification reaction so there is no need 

for any oxygen or air. 

produced in the primary step, which is an exothermic reaction, the 

reaction is thermally neutral and you are able to convert the coal to 

about 40 percent methane per pass. 

This 

And since a significant amount of methane is 

- 

Now, this eliminates the need for a great many steps in the 

gasification process, namely, the methanation step, and the water-gas 

shift. By using a catalyst like potassium carbonate, all tar'and all 

organic materials are eliminated, so that there is a considerable 

reduction in the whole cleanup system. You substitute the cryogenic 

separation of methane for the need for an oxygen plant, and this 

appears to offer a sizable reduction in capital and operating costs. 

There is one other process which involves the direct reaction 
f 

of hydrogen and coal, but I just didn't feel there would be t h e  

enough to go into any detail. 

Finally, I would just like to complete the discussion by 

mentioning in our low Btu gasification program we're not concerned so 

much with the gasification reactor system. But since low Btu gas can 

neither be stored nor transported for any distance, the projects were 

concerned with coupling the gasification step with the end user, and 

we're using state of the art gasifiers. 
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We have th ree  programs i n  t h a t  area. One of them i s  a so- 

c a l l e d  g a s i f i e r  i n  industry program, which involves the  s u b s t i t u t i o n  

Btu gas f o r  methane i n  those indus t r i e s  which were c u r t a i l e d  

supply of methane; a low Btu gas combined 

e r  production, which ap 

s f o r  making e l e c t r i c i t y  from coal.  

t o  o f f e r  one of the  

a hydrogen from coal  p ro j  , which is  concerned 

with producing chemical hydrogen, a very c r i t i c a l  ingredient  i n  both 

g a s i f i c a t i o n  and l i que fac t ion  

r th?  

DR ZUCKER: My nam Ridge . 
Do you see any need f o r  a deeper understanding of any of 

i n  these  processes before the  engineering 

problems and some of the  process problems can be solved? 

t i ons  t h a t  a r e  

ical  and using 

technologies t h a t  have been ed i n  the  

r the  f a c t  t h a t  coa l  has these  

e t o  improving 

f u t u r e  scale-up of these  technologies. 
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DR. ZUCKER: Do you have a p r i o r i t y  f o r  some as opposed to  

o thers?  
b 

DR. NEUWORTH: Well, I thought I highl ighted what I con- 

s idered  t o  be some of t he  key problems i n  a l l  t h i s  technology. 

should explain t h a t  my r e s p o n s i b i l i t y  is  f o r  p i l o t  p lan t  scale-up of 

technologies which have been brought t o  a l eve l  t h a t  you can j u s t i f y  

t h a t  scale-up. 

ena t h a t  you are speaking to. 

I 

I th ink  Alex M i l l s  is more concerned with the  phenom- 

MR. SHANNON: My name i s  Robert Shannon. 

You do not  address the  SRC f a c i l i t y  operat ions which is 

cu r ren t ly  i n  operat ion on coal.  Do you intend t o  cover t h a t ;  and i f  

so, w i l l  t h i s  be p a r t  of the  demo p lan t?  

DR. NEUWORTH: Well, I t r i e d  t o  expla in  t h a t  I had or igin-  

a l l y  thought I have seven minutes on l iquefact ion.  The SRC-2 process 

which you are r e f e r r i n g  t o  is  e s s e n t i a l l y  a thermal l i que fac t ion  

involving recyc le  of the  s l u r r y  e f f l u e n t  from the  d isso lvers .  So, i n  

e f f e c t ,  you have increased the  mineral  mat ter  l e v e l ,  and you've 

increased the  residence time. 

which is now a d i s t i l l a t e  f u e l  producer t o  the  H-coal and Exxon 

The r e l a t ionsh ip  of t h a t  process,  

process,  w i l l  determine whether there  i s  any i n t e r e s t  i n  pursuing 

tha t .  I th ink  the  f a c t  t h a t  the  process operates  i s  not enough. As 

you might have mentioned i f  you are f ami l i a r  with the  technology, you 

pay q u i t e  a p r i ce  f o r  prac t ic ing  t h i s  process,  namely, i n  reducing 

t h e  through-put by a f a c t o r  of 3 through the  l i que fac t ion  uni t .  

* 

Its 
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an area, t h a t  I d idn ' t  intend t o  exclude, I j u s t  f e l t  t h a t  there  

wasn't enough t i m e  t o  n t o   detail about a l l  'the technology. 

You mentioned d i s g i l l a t e  as primari ly  t o  
. .  

MR. S p O N :  

produce a No. 4 t o  No. 6 f u e l  f o r  power. 

DR. NEUWORTH: I f e e l  i t ' s  a. d i s t i l l a t e  f u e l  producer and, 

therefore ,  it must compete with the  EDS process and H-coal process,  

a l l  of which are d i s t i l l a t e  f u e l  prpducers. 

how it compares with those,  and u n t i l  it 

j u s t  can ' t  make t h a t  comparison. 

no in-house technology t o  speak of. 

It must s tand or f a l l  i n  

un f o r  a few months , we 

We have We have no biasJin-ERDA. 

We're j u s t  , technical  bankers, I 

th ink ,  i s  a good way o f ,desc r ib ing  US. 

DR. BARON: I'm Tom Baron, She l l  O i l  Company. . -  

Would you care to ,quo te  your latest  estimate on the  c o s t  of 

syn the t i c  n a t u r a l  gas? 

I DR. NEUWORTH: e t h a n e ?  

1 

we have a speaker who is g o i n g , t o  

.cover  t h i s  topic .  t 's  a b ig  number. 

DR.-KANE: There w i l l  be_a,speech 

D r .  Baron. 

DR. BARON: Thank you very much. - 

' DR. W E :  . White has not  y e t  a r r ived;  i s - t h a t  co r rec t ?  

It's been,suggested t h a t  we t ake  a brea some. coffee ,  and,  

await Dr. White's a r r i v a l .  I '  

w 

i 
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t, 
< -  (Short recess .) 

DR. W E :  Before we g e t  on t o  t h e  next speaker who W g l l  

d i scuss  the  research needs i n  another aspect  of coa l  u t i l i z a t i o n ,  I 

would l i k e  t o  have D r .  P h i l l i p s  come up and give you a b r i e f  discus- 

s i o n  of a subjec t  t h a t  I know you are a l l  i n t e r e s t e d  in.  

you know, t h i s  i s  a g r e a t  meeting. We're hear ing l o t s  of t a l k s f  bu t  

we asked you t o  come here ,  and how are we going t o  g e t  your reac t ion  

factored i n t o  t h i s  meeting. 

Bluntly,  

Dr .  P h i l l i p s  i s  going t o  d iscuss  t h a t  f o r  a minute. 

DR. PHILLIPS: Jim Kane says the  purpose of t h i s  meeting i s  

t o  ge t  t he  feedback from you, t h e  a t tendees ,  represent ing  t h e  American 

pub l i c  . 
Our purpose i n  having the  meeting i s  t o  g e t  your feedback, 

and t o  provide f o r  t h a t  we want t o  break you up i n t o  a set of smaller 

groups t h a t  would meet tomorrow afternoon, fo r  those of you t h a t  want 

t o  do tha t .  

know, i s  t h a t  with a group of t h i s  s i z e ,  only one of us can speak a t  

a t i m e  and g e t  a message across.  While on the  o the r  hand, i f  we can 

breakup i n t o  groups, l i k e  10 t o  20, then each member of t h a t  group 

perhaps can say something and ge t  some of h i s  ideas  across.  

The reason f o r  breaking up i n t o  s m a l l  groups, as you 

To provide f o r  t h a t ,  we're doing two things so t h a t  we can 

s o r t - o f  organize you a l i t t l e  b i t  and t r y  t o  g e t  some balance wi th in  

the  sub-discussion groups. 

t h i s  meeting) has handed out  a form and i f  you would p l ease  check ' 

The MITRE Corporation ( t h e  monitor of 

bd 
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that off it will help us in forming up some discussion groups tomorrow 

afternoon. 

If you turn one oftthose in, that means to me that you want 

to attend tomorrow afternoon's informal discussion groups. 

To arrange for the administration of those groups, there 

will be at least one ERDA person with each group and at least one 

person from The MITRE Corporation, our contractor, for each of these 

groups., 

You're probably also concerned about what will be the for- 

mat of anything that comes out of this meeting. 

report from-this meeting, anything that we can come up with in the 

way of a consensus or a spirit, 

ERDA wants a summary 

set of recommendations that you 

might believe in. 

hopefully to possibly-influence the . ,  budget cycle that will be under 

study at that time. 

We want that,by early Augus 

that you're hearing at th 

d should be out 

sometime in September. 

DR. FREEDMAN: Welcome. 
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My r e s p o n s i b i l i t i e s  a s ' t h e  Ass is tan t  Di rec tor  f o r  Combus- 

t i o n  and Advanced Power Development wi th in  the  Coal Conversion and 

U t i l i z a t i o n  Division of Foss i l  Energy include administering the  

f luidized-bed combustion b o i l e r  program, the  coal-oi l  : s l u r r y  program, 

severa l  o ther  d i r e c t  coa l  combustion programs, and the  advanced power 

program which cons i s t s  of gas turb ine  p r o j e c t s  designated t o  i n d i r e c t l y  

u t i l i z e  the  products from coal  combustion v i a  closed-cycle turb ines  or 

designed f o r  d i r e c t  u t i l i z a t i o n  of low Btu gas and l i qu ids  made from 

coal  v i a  t he  open-cycle turbine,  

- (S l ide  1) 

During preparat ion of t h i s  meeting, s ince  audience needs 

were l e f t  undefined, it seemed des i r ab le  t o  me t o  provide a l i t t l e  

introductory background information. 

There is  an i n t e r e s t  i n  coa l  pr imar i ly  because of i t s  

abundance and the  d i v e r s i t y  of appl ica t ions  t o  which it may be put. 

Coal i s  not  a new energy source such as nuclear  was 30 years  ago when 

t h a t  program began. 

development, it should be remembered t h a t  coa l  has been used as a f u e l  

For those people' doing research i n  the ' f ie ld  of 

f o r  centur ies .  Ou 

i n  a manner t h a t  i s  environmentally acceptable.  

r i n c i p a l  goal i s  t o  use it more e f f i c i e n t l y  and 

I t e l l  people t h a t  . , 
. , . I n  con t r a s t  our d iv i s ion  i s  concerned with engines 

I am r e f e r r i n g  t o  the  t h a t  burn coal-based fue l .  tu rb ines  of 
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today which, when modified with low-Btu combustors, meet present 

utility requirements. 

A primary question is: Can we make improved engines (tur- 

bines) so that the entire system from coal pile to busbar is more 

attractive than that would exist without the development? 

(Slide 2) 

Here is a rough sketch that depicts utilization of coal 

in an energy conversion process for production of clean and economical 

heat or power. 

cerned with utilization of heat and power and the minimization of 

airborne effluents while making the ash and solid waste products as 

environmentally benign as is practical. 

We have coal to be used as a resource. We are’con- 

Fluidized-beds are of real interest as coal combustors 

both from an economical and environmental viewpoint: 

material in the combustor bed-can be ‘an SO 2 sorbent, such as limestone 

the inert 

or dolomite, which calcines from the heat of combustion, picks up SO 2 

in a sulfate form, and thereby reduces the SO2 emissions obviating the 

need for a scrubber. Consequently, the economic incentive and the 

operational advantages are achieved. 

The gas turbines within the Advanced Power Program, which 

are operating on low Btu gas to provide utility power, are of interest 

because of relatively attractive economics and the ease of meeting 

emission standards through the utilization of the low Btu gas. This 
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may enable use to produce power with even lower SO2, particulates, and 

NO emission levels than projected. 
X 

We have a program for coal-oil mixture combustion which 

is aimed at applications within the industrial and 

Historically the use of coal-oil mixtures is not a 

fact, back in the 1920s the Cunard lines powered a 

utility sectors. 

new technology. In 

few ships with it 

and later, the battle ship or heavy cruiser USS Guam operated on a 

coal-oil mixture as an experiment in reducing the cost of oil 

coal-oil mixture program is not a new science breakthrough; it is an 

economic practicality. 

Primary areas of concern on the high temperature gas 

turbines involve the aerodynamic cooling mechanisms. 

been a subject of research for at least 30 years. 

This topic has 

The gas turbine 

performance has been continuing to increase and we believe that 

further advancements are possible. 

ments have to be coupled with new combustor development to burn low 

Btu gas. 

These aerodynamic/cooling refine- 

The liquid fuels from coal are of a structure other than 

conventional petroleum based fuels. 

aromatic rings rather than molecular chains with a lower hydrogen 

content and a correspondingly higher carbon content which contributes 

to the difficulty of burning these fuels in gas turbine combustors. 

Thus, there is concern over the utilization of these carbonaceous 

The molecules are comprised of 

fuels in a practical, low emission combustor. 
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KHD and other new technologies will be covered by Mike 

Raring and other speakers immediately following be. 

e history and status of the technologies that we are 

g--fluidized-be combustors, for example, have 

cts incinerators for some time. Fluidized-beds 

were first used in the Winkler gasifier 50 to 55 years ago. Following ._ 
ffort, high octane gas was made for World War I1 in cat 

ng f luidized-be .- . 
means of contacting - 

* components to be reacted. As 

s burning off the c 

were built in 

, these catal 

a fluidized-bea to handle difficult fuels of widely varying properties, 
. I  

the fluidized-bed evolved as a coal combustor able to handle the wide 

variation of coal qualities and it also evolved as a reactor vessel 

into which to introduce limestone, dolomite, or other SO sorbents for 
2 

SO suppression. 

.laboratory scale and are presently operating pilot plants to obtain 

data for supporting demonstration plant operation at the industrial 

scale. 

ERDA and others have proven SO2 suppression at the 2 

For fluidized-beds the heat transfer and fluid mechanics are 
/ 

two-phased and should be a good problem for universities to work on. 
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However, for about 25 years the flu ion research 

community has bee 

for cat cracking and other reactor operations. 

phenomena in fluidized-beds 

Researchers tend to 

ng drawn out effort in bubble formation, 

her separate art., 

1s and blade cooling technologies 

have been developed mai 

into commercial engines the commercial 

aircraft engines, they utility applications. 

ered down 

. *- 
s been some progress 

particulates to re 

10 microns to 

particles of around 10 microns and up, but this  2 to 10 or 2 to 8 
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micron size is a beautiful grey zone that inertial collections can 

hardly touch and other mechanisms for cleaning them up seem to be 

quite expensive. 

Aga'in, if the resulting system is too expensive or-requires 

too much of its own energy for its own operation, then the resulting 

complete powerplant would not have an economic advantage over existing 

state of the art conventional steam plants that are used as a baseline 

comparison. 

(Slide 4) 

One of the items was a list of unsolved problems or research 

needs for which basic economics have to be brought into perspective. 

Many of the gasification/liquefaction units have little trouble 

feeding coal into high-pressure vessels because they dry it first 

using large amounts of air-in terms of power and pressure drop-for 

conveyance. 

of raw material, coal, and limestone that go through mandate that the 

cost of conveyance be kept at a minimal value both in the cost of the 

equipment and energy to power that equipment. 

However, in a utility operation the enormous quantities 

The difficulty is that when coal is mined, it comes out 

of the mine with-the distribution of sizes, including a lot of fines, 

and that plus both inherent moisture in the coal while it is in the 

ground as well as moisture that would naturally accumulate during 

transportation and storage present sizing and moisture problems in 

feeding the coal. 
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For sorbent utilization, limestone and dolomite are used to 

absorb the SOp, forming a dry granular solid that sets up with the ash 

and the coal as low-grade cement. A contractor to the EPA, who was 

conducting sorbent leaching column work, experienced a problem with 

the columns setting up solid thereby blocking all water throughput. 

So, we believe that we have a once-through disposal technique that is 

both economical and environmentally acceptable. 

look at the enormous quantities of limestone and sulfated limestone 

that come out of a fluidized-bed combustor operation, it appears that 

However, when you 

the amount of limestone from quarries that will be required compared 

to the amount of disposal area required is undesirable. 

So, we are concerned as to whether or not we can practically 

regenerate the limestone or sulfated limestone into lime again for 

reuse in the process. 

We have to be very much concerned as to the fuel that 

we use for regeneration. People have made prototype regenerators that 

are natural gas fired, but that is premium fuel and we would prefer 

having to use direct coal combustion products. There is concern also 

during the limestone regeneration process that the SO2’or H2S given 

off (depending whether it is an oxidizing or reducing atmosphere) may 

have to be passed on to another plant. 

be economical and dispose of the sulfur in an environmentally accept- 

able manner as we have seen in that first diagram where the solid 

waste product had to be acceptable. 

This regeneration plant has to 
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The capital cost of equipment is of concern again (as 

in any utility operation) where coal-oil mixtures are concerned. 

Coal-oil mixtures are feasible, however the only question is: What is 

the cost of the preparation of the mixture, and the reliability of 

operation with a mixture because, whenever you have coal, you have 

ash. That is the way it comes from the ground. That's the reason for 

its low price. It h been de-ashed yet and the fate of this ash 

11 it' compromise boiler reliability? he boiler is of concern. 

wn-rating? 

e mixture? 

And what are the prospects of the 

il, make a mixture, put various 

tabilize it so that it will not settle out and 

remain in a pumpa o m ,  but the cost of surfactants adds to the. 

cost of the product when we are concerned with making stable mixtures. 

(Slide 5 )  

This slide is presented to review the roles of technology 

development and implementation. 

There are different roles. Government has to have RDGD 

in industry, where the big equipment is built, so that resultant 

projects will proceed to low-cost reliable products which can be 

rapidly implemented. When we look at the energy picture and the 

urgency to switch over to coal, we really cannot afford an extra 

10 years for industry to learn from the national laboratories and 

research communities. 
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There is a support role in the scientific communities 

falling between basic and applied research which includes the dissemina- 

tion of information and cross-fertilization of technologies. 

in point is that of the boiler manufacturer learning about fluidized- 

bed combustion from the cat cracker and incinerator industries. 

A case 

. (Slide 6) 

I assume that someone else on the Program Agenda will 

discuss the Energy Research Centers that were previously part of the 

rior. They have 

g and processing. 

high-powered scien 

I used to refer 

roblems such as 

they (sorbentsj exist, when, and to which phases they may go, and the 

nature of their pore structure--these research problem areas, for 

example, are appropriate for the Laboratories. 

The universities have their traditional basic knowledge, 

new ideas, and the training of the next generatiolp of engineers and 

scientists.*This is an important role because we have to have new 
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people coming into development areas who can identify the real prob- 

lems and can utilize real elements in providing solutions to these 

problems . 
Industry plays an important role serving an implementor. 

Next . 
(Slide 7) 

Okay. Whenever I have a meeting of this nature and identify 

usually inundated in about 6 weeks with 

point that Dr. Mills's 

the novel new ideas 

a list of researc 

research proposal 

group is for expl 

usually are worke ic feasibility 

has been proven, t'group gets t projects for determina- 

tion of engineeri this level. Following that level 

is the Demonstrat r demonstration of a project in an 

actual commercial 

So we are concerned about competition for the research 

budget, and those are some thoughts that I had about research expanding 

to fill the available budget. 

I did a doctor's thesis once, and it was explained to me 

that every thesis has to uncover more problems than it solves. 

I think I h.ad one more slide for wrap-up. 

(Slide 8) 
I 

Yes. In "Researcher Horizons," in the near-term, you 

can't do much in five years, All you can do is improve what you have 
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and make evolutionary improvements on existing technology. 

mid-term we can get some new processes going and apply what's already 

in the basic research inventory now. 

in the long-term, which is after the.year 2000 anyway, we have 0ppor.r 

tunities for revolutionary improvements and ideas that we haven' t 

In the 

And then, the way I see it, 

worked on yet. 

Thank you. 

DR. K h E :  

Dr. Baron. 

DR. BARON: 

frightens us most is 

able transportation. 

in the technical and 

Are there questions? Yes, sir. 

As a potential large-scale user of coal, what 

the problem of transportation; assured and reli- 

Where in the Government are studies being made 

legal aspects of assured continuous supplies? 

DR. FREEDMAN: Has anyone given the overall fossil-energy 

organization? 

DR. KANE: 

DR. FREEDMAN: Okay. In the Office of Fossil Energy there 

No, Dr. White has not yet given it. 

is an Office of Program Planning Analysis, which has an Office of 

Long-Range Plans -- if that's the correct name -- or Strategic Plans. 
I forget -- one name or the other, headed by Martin Adams. 
the group that does the overall total systems analysis. 

That is 

\ 

I look at a utility plant as a system, not as a collection 

of components. He looks at the entire coal process, which includes 

i 
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mining, limitations on new equipment for mines, the five-year lead 

time for drag lines, how(,long it takes to open a deep mine, the 

transportation limitations and potential bottlen 

economic .advantages of newer competing modes. 
6 9  as as the 

You have rails, slurry pipelines, barges -- how do they 
compete with each other? 

Then the utilization aspects, be it conversion to liquid 

or gas, or utilization directly, as coal; and then the interaction 

with the waste disposal. 

So it's Martin Adams, in either strategic plans or long- 

range planning in the Office of Program Planning and Analysis, in 

- 5  

Fossil Energy. I-trust that answers the question. 

DR. KANE: Could you come to the microphone and give your . 
name, please. 

MR. CROSS: I'.m Jim Cross. I'm from ERDA also. 

Would.you care.to say anything about possible utilization 

of coal in heating of private homes? 

DR.,FREEDMAN: Right now L .  something like 1 percent; an 

But it's less than 1-112 whether it's .8 or 1.1, I don't know* 

've seen the. number - Of in domestic appli- 
cations. CEQ had a study done on'coal for residential/ commercial 

9 applications. 
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Their conclusion was that the difficulties associated 

with coal -- handling it, getting rid of ash -- as well as the 
environmental problems -- because when you burn, if you burn in a 
small residential combuster, you would not have a reasonably high 

stack for dispersion, and the sulfur emissions were serious problems 

and that for ordinary economic reasons they did not see the residen- 

tial coal market expanding. 

Now there are some people who in the last winter wanted 

coal because they couldn't get natural gas and they considered coal 

as readily available. That's more a people problem than a national 

energy problem; and we would be assisting those people in finding out 

what domestic coal furnaces are now available. The home stoker has 

gone up from about 25 units a year to about 300 units a year being 

sold. 

But when you turn that in terms of quads, it's negligible. 

The British Solid Fuel Advisory Service have a collection of brochures 

showing the extremely attractive architect-designed home fireplaces 

that include both hot-water heating for baseboard heating and some 

of them also include stoves and combined heaters', to use coal. 

We would make this information Available to people in an 

information dissemination mode, but I do not see us doing anything 

in R&D. 
6 

li 
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DR. NEUWORTH: You should tell them about that smokeless 

fuel they're talking about, which doesn't have a counterpart in the 

U.S. 

DR. FREEDMAN: We don't have the smokeless fuel here yet, 

and I think it might be ironic if we wound up importing coal. 

(Laughter) . 
But using coal in a residential application is more 

difficulr than using wood. 

put up with a lot of inconveniences and a lot of emissions that I do 

not think we'd put up with today. 

People who used it 30 and 50 years ago 

MR. CROSS: -Does that mean you don't have any programs 

for domestic fuel? 1 -  

DR. FREEDMAN: We'have no"program on domestic use. We're 

trying to put together an information-dissemination program, so that 

we'll just provide information for those people who are interested. 

The chairqan ha6 a question. 

DR. FREEDMAN: Go ahead. . 

DR. W: Neuworth point that solvent-refined 

coal was-shipped 

boilers. Is' the 

pulverized and fed ihto at least large industrial 

ny luck at all in doing this in domestic-size? 

DR. NEUWORTH: I ,don't think so. 

DR. KANE: None. "None" was-the answer. 

DR. NEUWORTH: We'll be very happy if we can get some of the 

industry to use it, I think.. That would be quite an accomplishment. 
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DR. KANE: Any f u r t h e r  ques t ions? .  

MR. BORIS: Boris,  IGT. 

J u s t  t o  comment i n  t h i s  regard,  g e t t i n g  coa l  i n t o  the  home i s  

You can accomplish it by shipping the  coa l  d i r e c t l y ,  as a 

You can a l s o  gas i fy  the  coa l  and burn it as a gas i n  the  form 

a problem. 

so l id .  

t h a t  you're a l ready equipped t o  use. 

may be a more acceptable  solut ion.  

I th ink  t h a t ,  i n  the  long term, + 7  

DR. FREEDMAN: I would stress: Direc t  combustion is  used as 

a s o l i d  not  gas from coal  or a l i q u i d  from coal.  

DR. KANE: Yes. 

DR. REYNOLDS: Lou Reynolds, Stanford. 

The programs you're working on now seem t o  m e  t o  be the  

long-term programs of an e a r l i e r  era. 

from the  bas i c  research t h a t  was done some t i m e  ago. 

And you are benef i t ing  them 

With t h i s  i n  mind, can you t e l l  us a l i t t l e  b i t  about how 

your people are guiding the  bas ic  research t h a t ' s  going on today? -- 
t o  be sure  t h a t  it w i l l  be useful .  

DR. FREEDMAN: That ' s  a d i f f i c u l t  question. L e t ' s  see. 

The bas ic  research r e a l l y  winds up being communicated t o  I 
t he  p i lo t -p lan t  and possibly the  demonstration-plant peo#le i f  i t  

might a f f e c t  components -- by the  program managers who handle the  

con t r ac t s  f o r  the  bas ic  research -- and I'll c a l l  it the  exploratory 
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research -- where i t  may be of value to  a p a r t i c u l a r  program I ' l l  

have somebody from D r .  Mills's group o r  occasional ly  from D r .  Kane's 

group come and say, "Hey, Steve,  t h i s  may be of i n t e r e s t  t o  you." 0 

It 's  t h i s  information broker,  i n  the  terms of the  research 

manager wi th in  the  Government, who plays a key r o l e  in making su re  

t h a t  t he  use r s  of h i s  oduct are aware of it. 

And the  formal r epor t s  as they ge t  bound i n t o  ove ra l l  

doeuments a r e  d i s t r ibu ted .  

b a s i s  of saying "Here's something t h a t  may be of i n t e r e s t  t o  you -- I 
th ink  it  f i t s  i n  -- t h a t  has a key role.'' 

t h a t  way. 

But i t ' s  usua l ly  a personal one-to-one 

I th ink  i t ' s  always been 

I th ink  you missed Dr. Reynold's question. 

A r e se rvo i r  of bas t c  research accomplishments, based on an e a r l i e r  

genera t ion ' s  e f f o r t s ,  has not  been u t i l i z e d .  

Is' t he re  'a mechanism wi th in  ERDA to guarantee a c e r t a i n  

budget level, or whatever 

being used? 

to ensure the input to reflect what is - 

DR, FREEDMAN: Well; between D r .  M 

ch, and D r .  Kans, i n  Divis ion of Physical  Research, t h e i r  

budgets -- I r e a l l y  can' peak from the  adminis t ta tor ' s  l e v e l  as to  

cred t h e i r  budgets are But t he re  i s  'every ind ica t ion  t h a t  i t ' s  

intended to continue, and the  r a t e  of growth is the  only thing t h a t ' s  

r e a l l y  something of concern. 
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We have these organiza t iona l  areas, t o  support the  research 

and nur ture  it through its infancy, so t h a t  it w i l l  be ava i l ab le  i n  

10 or 15 years  when we need it. 

Bi l J ,  a m  I on the  top ic?  

DR. REYNOLDS: What I ' m  cur ious about: f o r  example, 
.- 

I think you sa id ,  "There's been 25 years  of research i n  f lu id i zed  

bubbles, and i t ' s  been on s ing le  bubbles; and it hasn ' t  been very 

re levant  t o  US." A l l  r i gh t?  

Now I'm asking you, what are you doing t o  t e l l  the  research 

community now, t h a t  you th ink  w i l l  be re levant  t o  you i n  15 o r  20 

years? 

What you've to ld  us ,  I th ink ,  is you're l i s t e n i n g  t o  

what's going on i n  research now. 

you're l i s t en ing .  

And i f  i t ' s  usefu l  to  you now, 

I ' m  asking you t o  look ahead a b i t  more. Looking down 

the  road, what are you doing t o  t e l l  the  research people t o  do now 

t h a t  w i l l  g ive you some i n t e r e s t i n g  r e s u l t s ?  

DR. FREEDMAN: Well, t h e r e  are two kinds of areas. There's 

one area; i t ' s  c a l l e d  "new ideas ,"  and I c a n ' t  t e l l  the  research 

people what new ideas  t o  come up with. 

t he  f l u i d i z a t i o n  o r  before  the  cat-cracker people decided to apply 

Winkler's f l u i d i z a t i o n ,  t h e r e  w a s  nobody around t o  t e l l  them what 

t he  next thing,  t h a t  w e  don ' t  know about today, w i l l  be discovered i n  

the  future .  

Before Winkler came up with 

84 



With the  exc ion of Arthur Clarke and Herman Kahn and the  

f u t u r o l o g i s t s  who may ge t  involved i n  t h a t  -- a l l  t h a t  I can do, 

r e a l l y ,  i s  descr ibe  the  technology as I see it 15 years from now. 

cher has t o  do h i s  thing,  

could r e a l l y  t e l l  what t o  do, I wo n t h a t  f i e l d ,  not 

i n  

(Laughter) 

DR. KANE: There was a gentleman here  t h a t  had a question. 

Where was it? Yes sir. 

DR. HOLLOWAY: Holloway, from Exxon. 

More s p e c i f i c a l l y  t o  t h i s  bas ic  research question. What 

are you doing t o  fund bas i c  research i n  un ive r s i t i e s .  How does your 

l e v e l  compare with t h a t  of o ther  mission-oriented agencies and with 

the  National Science Foundation? 

DR. FREEDMAN: Do you want t o  answer t h a t  one?--because 

you have a l l  t he  cha r t s  with the  pies.  

a whole bunch of 

budget breakdowns and p i e  cha r t s  as t o  how much goes where. 
J 

DR. KANE: I be l ieve  both D r .  H i l l  and D r .  Holloway's 

w i l l  f ace  them t h i s  afternoon, 

tomorrow i n  my pa r t  of it. 
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Let me pursue B i l l  Reynolds's quest ion a l i t t l e  b i t  fu r the r ,  

Steve, and not  look t o  the  fu tu re  but today. 

We have a bunch of unsolved problems here. A l l  of the  

problems are divided i n  terms of the  app l i ca t ion  you need. 

Now who i n  ERDA, you o r  Kane, i s  responsible  f o r  saying 

what is the  s c i e n t i f i c  research t h a t  should be undertaken t o  solve 

these  problems? These things are not defined i n  terms of the  science 

t h a t  unde r l i e  the  problems, i n  the  areas of research t h a t  should be 

supported. 

Is there  anyone i n  ERDA who has t h a t  r e spons ib i l i t y?  

DR. KANE: As f a r  as the  bas ic  research,  I have i t ;  and 

as f a r  as the  more appl ied,  Alex H i l l s  has tha t .  

our .turn about how we do i t  and how we t a l k  t o  each o ther  about 

And w e ' l l  t a l k  i n  

t h a t  problem. That ' s  subsequent ta lks .  

A good poin t ,  again. I think you're a l l  asking d i f f e r e n t  

aspects  of kind of the  same question. We deserve t o  be asked those 

questions.  So don' t  forge t  them when our t i m e  comes. 

Yes? 

Paul Scot t .  

MR. SCOTT: I j u s t  had one add i t iona l  comment t o  he lp  

t o  answer Steve 's  quest ion on the  guidance t h a t  we g e t  from the  p i lo t -  

p lan t  people i n  terms of doing research. 

I th ink  one of the  most valuable  things we ge t ,  both from 

t h e  energy cen te r s  and from the  people a t  headquarters,  i s  review of 
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t he  proposals t h a t  we receive from un ive r s i t i e s .  And we look 

a t  how our p i lo t -p lan t  people and how our f i e l d  people view these 

proposals;  and t h i s  helps  us keep our course s t ra i  

So t h i s  i s  another kind of guidance on an ad hoc pa r t i cu la r -  

event basis .  

VOICE: J i m .  

DR.'KANE: GO on* 

Again I say t h i s  as I preface each of these ta lks .  D r .  

White has not  y e t  a r r ived ,  so w e ' l l  go on t o  the  f i n a l  one of the  

th ree  technology presenta  ons f o r  t h i s  morning. 

Mike Raring is  going t o  t a l k  about the  magnetohydrody- 

r 
. I  

^ I  

namics program. 

MR. RARING: I hope you nd I ' m  s u b s t i t u t i n g  

f o r  B i l l  Jackson who w i l l  r e t u r n  tom ploscow where he has 

spent  the  p a s t  week. He de l ivered  a f i v e  Tesla superconducting 

magnet t o  the  U 

MHD cooperative' program. 

ch will be use e j o i n t  U s k o v i e t  magnet t o  the  U-25 f a c i l i t y  ch will be use e j o i n t  U s k o v i e t  

MHD cooperative' program. 

I w i l l  a t t e m p t  t o  exp la i  i n  MHD: what 

t he  purpose is ;  

t ry ing  t o  accomplish t h a t  work 

equired; how we're 

cordance with p r i o r i -  

$ 
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If there is time, we have a film on the U-25 pilot plant in 

Moscow which I know Dr. Jackson and Mr. Licarrdi, the Deputy Director, 

would like you to see: 

However, if we put that on now, there will be little or no time t 

outline the program. So, if anyone would like to see the film an 

don't have time now, I would suggest that we may be able to show it 

during the lunch hour: 

it makes an excellent introduction to MHD. 

it is interesting. 

After that introduction, let me say that MHD is somewh 

different from most of the programs in Fossil Energy. 

specific power conversion mission. 

turbine development project. 

power systems work, development requires strict engineering and 

economic disciplines. We've got to identify engineering problems in 

the correct environment, that is, with realistic electromagnetic, 

fluid dynamic, electrochemical and thermal stresses. Then we've got 

to work to solve those problems through development of designs which 

get to the root of the difficulties. 

It has a 

It's an advanced Electromagnetic 

As in a11 And it has a clear purpose. 

And we've got to avoid being 

sidetracked into non-productive research, no matter how well qualified 

the available resources or how alluring the path. Engineering goals 

cannot be met when efforts are fragmented in peripheral research. 

The design concept we're following is different from the 

Our systems which have been considered for military applications. 

work is directed predominantly to the coal-fired, open cycle system 
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i n  which coa l  is  burned i n  a combustor t o  produce a high temperature, 

potassium seeded plasma. 

through the  channel where it i n t e r a c t s  with a high s t r eng th  magnetic 

f i e l d  t o  generate  e l e c t r i c i t y .  The plasma i s  analogous t o  the  roeor 

of a conventional e l e c t r i c  generator.  

The high conduct ivi ty  f l u i d  is passed 

The f i r s t  s l i d e  (Fig. 1 )  summarizes the  objec t ives  of t h e :  

MHD program. The e s s e n t i a l  ob jec t ive  i s  to  achieve an ove ra l l  

e f f i c i ency  of 50% or more i n  a combined cycle  MHD-Steam commercial 

power plant .  

conducted by NASA under ERDA and National Science Foundation Sponsor- 

ship. 

I n d u s t r i a l  developers and manufacturers of heavy e l e c t r i c a l  generat ing 

equipment were represented. 

conversion systems, based upon coa l  f i r i n g ,  and found t h a t  open cycle  

MHD looked about t he  b e s t  from both e f f i c i ency  and c o s t  of e l e c t r i c i t y  

standpoints.  

power t o  e x i s t i n g  g r ids  a t  competit ive costs .  

You are probably aware of t he  ECAS s tud ie s  which were 

The s tud ie s  were made by both NASA and i n d u s t r i a l  ana lys t s .  

These s tud ie s  compared advanced power 

Of course, coal-f i red MHD p lan t s  w i l l  have t o  supply AC 

They w i l l  need t o  meet 

appl icable  environmental standards.  I n  t h i s  resp  , MHD possesses 

an i n t r i n s i c  advantage: 

used t o  "seed" t h e  plasma. 

can be drained o f f  a t  a downstream s t a t i o n  i n  the  gas path and the  

potassium can be converted back t o  carbonate f o r  reuse. 

s u l f u r  i s  captured by the  potassium which is 

The potassium su lpha te ,  which is  formed, 

This advan- 

tage means t h a t  MHD could burn high sulphur coa l  with minimal 

c a p i t a l  c o s t  penal ty  i n  s t ack  gas scrubbing equipment. 
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The next f igu re  (Fig. 2) 

t y p i c a l  MHD-steam system. 

represents  a schematic of a 

The combustor i s  a t  t he  l e f t  i n  t h i s  f igure.  Work on 

combustor development i s  being pursued pr imari ly  a t  the  Pi t tsburgh 

Energy Research Center (PERC). Current design envisages two s tages .  

The f i r s t  s t age  i s  a cyclone combustor i n  which 80 o r  85% of the  ash 

is  r e j ec t ed  as molten s lag .  Combustion condi t ions are maintained on 

the  substoichimetr ic  s ide ,  which minimizes NO, formation. 

i s  completed i n  a second s t age  combustor t o  produce a plasma a t  

Combustion 

around 4800" F . 
The plasma flows down through the  channel where it i n t e r a c t s  

with the  magnetic f i e l d  t o  produce an e l e c t r i c  f i e l d .  

charges are co l l ec t ed  by e lec t rodes  placed on the  w a l l s  p a r a l l e l  t o  

E l e c t r i c  

t he  magnetic f i e l d  d i rec t ion .  This D.C. cur ren t  is inverted t o  A.C. 

and conditioned t o  s u i t  t he  u t i l i t y  gr id .  The hot  gases then flow 

through the  d i f f u s  a rad ian t  b o i l e r  where thermal energy is  

t r ans fe r r ed  t o  b o i l e r  d water. The cooler  gases,  s t i l l  around 

ove next i n t o  the  regenerat ive a i r  hea te r  where 

s l a g  are drained o f f .  na l ly ,  t h e  cooled gases,  a t  around 2000°F, 

enter the  bottoming 

ha rac t e r  of the  generator.  

This component has no precursor i n  power conversion machinery. There 

are no moving pa r t s .  The stresses a r e - e n t i r e l y  d i f f e r e n t  than the  

high temperature mechanical and corrosion condi t ions encountered i n  
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L J  

gas turbines or steam generators. The problems .are electrochemical, 

electromagnetic, and thermal. Heat fluxes are high. Development 

work must take into account these combined environmental conditions. 

ss conditions must be 

esign variables - whether material, geometric, thermal, or 
istically simulated in the evaluation 

i 

electrical. 

wer equipment development like this, as the history of 

gine, steam turbine, and gas turbine development shows, work 
\ 

progresses through clear1 marked stages. After rudimentary proof - 
principle is achieve 

to show that t concept works; comercia1 feasibility 

demonstration phase. The final 

commercial demonstr 

first, or engineering feasibility demonstration phase as shown in 

this slide (Fi . 3)- We are developing components for engineering 

feasibility testing at the 50 megawatt thermal level. 

designated as the Component 

CDIF, is being c a. After,we pass this 

program hurdle, we advance to a rcial feasibi ty demonstra- 

tion pilot plant. We have d t as the Engin 

A test facility, 

or ETF for sh 

ot' plant. - abou ermal. Design s 

tion of the power train will, of course, be derived from the CDIF 

experience. 

w 
I 
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-. > The MHD program i s  organized i n  accordance with these 

$ reali t ies . Work is c l a s s i f  ied i n  accordance with a Work Breakdown 
5 

Struc ture  designat ion t o  i d e n t i f y  where it f i t s  i n  t h e  t o t a l  e f f o r t .  

hese i d e n t i f i c a t i o n s  spa 1 a c t i v i t i e s  from bas ic  design support 

research,  a n a l y t i c a l  s tud  engineering evaluat ions t o  resolve 

bas i s  component design is  , then on t o  major engineering tests t o  

v a l i d a t e  the  development work and f i n a l l y  i n t o  commercial demonstra- 

t ion .  This s l i d e  (Fig. 4) n t i f  ies the  bas ic  development require- 

ments and a c t i v i t i e s  by Work Breakd n S t ruc ture  designation. 

I 

he next s l i d e  (F  tes the  s h i f t  i n  program emphasis, by 

work breakdown s t r u c t u r  work moves through the  successive 

phases. 

To i l l u s t r a t e  port  research and 

engineering work w e  are doing - i t  has been necessary t o  e s t a b l i s h  

e l e c t r i c a l ,  thermal, physical ,  and chemical proper t ies  of coal  s l ags ,  

electrode materials, i n su la to r s ,  and o the r  materials of design 

i n t e r e s t ,  under condi t ion l y  representa t ive  of the  MHD 

eed recovery experimental work has been 

f t he  thermal and fluidynamic condi t ions 

under which seed and s l a g  condens 

ga t ing  bas ic  MHD 

phenomena t o  provide a bas is  f o r  b e t t e r  a n a l y t i c a l  understanding 

of generator  performance. MIT i s  studying combustion k i n e t i c s ,  

w 
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evaluating electrode and insulator materials under simulated channel 

design conditions, and so forth. 

This slide (Fig. 6) shows the general course of component 

development. The left hand column of boxes represent the more 

significant component development efforts. The University of Tenne 

Space Institute, at the top, is at present upgrading their facilit 

Dr. Dicks, who directs the work for UTSI, has been active in MtfD w 

for a number of years. The AVCO-Everett Research Laboratories, ne 

in line in this Figure, are doing the bulk of the channel developme 

work which will determine the design of the first CDIF test channel 

PERC is responsible for development of the first coal combustor which 

will be tested, in tandem with an AVCO channel, in the CDIF. They 

r d  

are basing their development work on a five MW thermal experimental 

model of the projected CDIF design. Westinghouse is using bench test 

facilities to evaluate electrode designs. 

small channel facility which can provide test environments more 

nearly duplicating power generating duty conditions. 

They are also upgrading a 

The Reynolds effort has been aimed toward advanced electrode 

engineering development and to the evaluation testing of more conven- 

tional designs. The USSR U-02 facility has provided valuable test 

experience on ceramic electrode designs under channel operating 

conditions. 

The next column in Fig. 6 represents major test facilities, 

where designs developed by the first column activities, can be tested 
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at a larger scale and under more stringent engineering conditions. 

The first box here is the Arnold Engineering and Development Center 

in Tallahoma, Tennessee. 

plan to perform important tests to first, investigate power extraction 

- ' t  

They have a 250MWt facility in which we 

in a large channel under re 

This, we hope, will be foll 

y high magnetic field conditions. 

extended duration testing of 

selected designs which prove -to- be superior in the smaller scale 

development rig tests. Both ctivities are important to scale-up 

considerations, that is, in s aling first to the CDIF but mostly from 

the CDIF to the ETF scale. 

The CDIF is shown in this figure as the middle box. The 

U-25 facility, in the USSR, is available to the program as a part 

of the joint agreement. 

important test requirements. 

tests will be conducted in the by-pass loop, for which a super- 

conducting magnet, which I mentioned before, has been provided by 

the U.S. 

designs in large sizes - equivalent to the ETF size. 

This facility will be used to meet two 

First, high magnetic field strength 

And next, the facility will be used to test selected U.S. 

This next slide (Fig. 7) indicates the flow of activities. 

The top left hand box represents MHD power trains for CDIF testing. 

This includes the combustor, channel, inverter, and so forth. 

Related combustion activity, represented by the next box, is intended 

to look ahead to advanced coal combustor designs which would lay the 

ground work for an advanced CDIF test train. These activities are 
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intended a l s o  t o  support  

of-plant systems - t he  rad ian t  b o i l e r ,  a i r  hea te r ,  and seed recovery 

systems. 

ment i n t o  high B f i e l d  regime. 

work from a 2 t o  3 Tesla range t o  the  5-6 Tesla range. 

The cha r t  a l s o  shows ex t rapola t ion  of the  power t r a i n  develop- 

This involves extension of experimental 

Our i n i t i a l  

e f f o r t s  here  w i l l  probably take advantage of the  U-25 by-pas8 loop. 

This, I be l ieve ,  vers the  s a l i e n t  f ea tu re s  of our program. 

A s  you see, we are attempting t o  keep our e f f o r t s  focused on a f i rm 

objec t ive ,  namely, development of a sound design f o r  t he  ETF combined 

MHD-steam p i l o t  p lan t  t o  prov commercial f e a s i b i l i t y .  The next 

s l i d e  (Fig. 8) simply repea ts  t he  l a s t  one except i n  g r e a t e r  d e t a i l .  

This f igu re  ( F G .  9) i s  an ar t is t ' s  drawing of the  CDIF f a c i l i t y  'in 

Butte - we're w e l l  i n t o  construct ion.  Next is a p i c t u r e  of the  

superconducting magnet which was de l ivered  t o  t h e  U-25B s i te  (Fig. 

, 

10). It was designed and b u i l t  by Argonne. 

VOICE: I want t o  ask a very obvious question. Why is  i t  

t h a t  our very bes t  device goes t o  Russia? 

@ MR. RARING: I ' d  l i k e  t o  de fe r  t h a t  quest ion t o  M r .  Liccardi ,  

t he  Deputy Director .  

MR. LICCARDI: The only e x i s t i n g  f a c i l i t y  i n  the  world 

today of a s i z e  t h a t  can accommodate t h e  present  magnet is located i n  

t h e  Soviet Union. 

t h a t  we w i l l  ge t  a l l  t he  da t a  from t h e  operat ion of the  U-25B f a c i l i t y  

The quid pro quo t h a t  we have with the  Soviets  is 

with the  loan of t h i s  magnet. There i s  no magnet f ab r i ca t ion  technology 

Lid 
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Ld 
t r ans fe r ,  i f  t h a t  is your concern, because, as you a l l  know,.technology 

t r a n s f e r  comes primari ly  from t h e  know-how i n  t h e  f ab r i ca t ion  of equip- 

ment, t h a t  i s  f ab r i ca t ion  techniques. This is a scaled uni t .  We f e e l  

t h a t  we w i l l  not be i n  a pos i t ion  t o  g e t  t h a t  da t a  from a l a rge  s c a l e  

MHD f a c i l i t y  f o r  about another two years. So t h i s  w i l l  h e l p n s  

immensely i n  designing our channels and fu tu re  MHD power systems. 

VOICE: Good answer. 

DR. KANE: Dr. Green. 

DR. GREEN: I have a quest ion regarding the  e f f i c i ency  

w i t h  which t h e  thermal energy is  converted i n t o  e l e c t r i c a l  energy 

i n  our  MHD duct. 

MR. RARING: The enthalpy ex t r ac t ion  genera l ly  considered 

as necessary t o  commercial success is t y p i c a l l y  15% minimum. 

ing t h i s  i n  a s m a l l  channel with a high sur face  t o  volume r a t i o  i s  

very d i f f i c u l t .  

under condi t ions which simulated combustion gas chemistry, d id  achieve 

14% OR two successive tests, shock tube tests. 

plasma phys ic i s t s ,  a t  least, t he  experiment i s  r e l a t i v e l y  independent 

Achiev- 

However, a recent  test a t  AVCO on a d i sk  generator  

In  the  view of some 

of the  configurat ion - i t ' s  a plasma experiment and t h e  r e s u l t s  are 

appl icable  t o  a la rge  l i n e a r  channel. 

any experimental evidence t o  show t h a t  15% or more is impossible i n  

a l a rge  l i n e a r  channel. 

MR. LICCARDI: 

So, there  has not  ye t  been 

We do have what we c a l l  a high-performance 
I 

demonstration experiment t h a t  w i l l  be done a t  the  Arnold Engineqring 

106 
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e a sho r t  dLration 15 t o  20 second 

and t h i s  w i l l  al low us t o  go t o  s teady s ta t  

t ion and turb ine  ef  f i c i e  That's 'about a year 
r I *  

o r  more away. 
1 

I .  
M R b  RARING: That's the  purpose of t h a t  test ,  as I mentioned 

e x t r a c t  ion and 

ing i s  a g rea t  example of the  best- la id  

e n ice  log ica l  order  we l a i d  i t  out  i n ,  

so you can con t r a s t  t h i s  with what's happening here. 

t he  o v e r a l l  p i c t u r e  of the  f o s s i l  energy 

of t a l k ,  i t ' s  d i f f i c  

por t ions  i n  context.  

t h e l e s s  they were necessary en t  comments 6; 



Now, you s t i l l  haven't had Dr .  White's ta lk .  I ' m  s t i l l  

desperately hoping t h a t  h e ' l l  make it, because I think he ' s  an essen- 

t i a l  ingredient  t o  t h i s  meeting. 

We have one more t a l k  t h a t  was supposed t o  give you the  

background on the  meeting today, and I think i t ' s  equal1 

t o  the  technology, and t h a t  is the  probable c o s t s  of synthe t ic  fue ls .  

Now, you understand t h a t  the  purpose of t h i s  me  

how much research, what kind of research, ought we t o  hav 

c e r t a i n l y  one of t he  dr iv ing  forces  t o  do more or  less r 

the  s ta te  of what you already have. So the next t a l k  is by Dr. Chris 

Knudsen, and he  w i l l  d i scuss  the  subjec t  of estimates of synthe t ic  

f u e l  cos t s  from f a i r l y  well-known processes. This is  another t a l k  

which is  supposed t o  put i n  context t h e  quest ion,  "What research,  how 

much, and what kind should we  do?" 

So, it.'s a l l  backward today. I ' m  so r ry ,  bu t  we couldn't  

avoid it. Is Chris here,  so he can go i n t o  t h i s  aspect  of it. If 

he 's  not ,  we're i n  real trouble.  

See, Chris too i s  up a t  the  H i l l  today. 

We do have a pinch-hi t ter  fo r  D r .  White, who could give h i s  

t a l k  from t h e  s l i d e s  and so on. 

Leroy Furlong. Leroy, I h a t e  t o  do t h i s  t o  you a t  the  

last  minute. I hear  somewhere t h a t  you can -- i f  we've l o s t  him, 

we're i n  real trouble.  

L e t  m e  t e l l  you what t he  top ic  of t he  H i l l  is  today, 
I .  

because it  r e a l l y  i s  a ser ious  one. It has something d i r e c t l y  t o  do 
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with t h i s  me t ing .  L a s t  week there  wa an enormous fu ro r  i n  th  

ome est imates  of a v a i l a b i l i t y  of f o s s i l  energy as a 

funct ion of p r i ce ,  e x i s t i n g  sources--natural gas ,  predominantly. The 

ich p r a c t i c a l l y  everyone i n  f o s s i l  energy has 

been occupied more o r  less continuously,  t h a t ' s  the  one t h a t  has,  

today, D r .  White, M r .  F r i ,  Chris Knudsen, and Harry Johnson up there .  

y ' r e  not here. 

t e rna t ive ,  except t o  our f i r s t  speaker 

ex, could w e  do t h  

up j u s t  a minute and t e l l  you the  why and 

the  reasons 

he r  hold o f f .  The 

v i ce  on what w e  ought 

He*'s d i r e c t o r  of nd Exploratory 
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Ld 
Rather than describe what Alex does, I'll let him describe 

it. 

move it forward now. 

This is the talk that was to have been given this afternoon-we'll 

Alex, sorry to do this to you on such short notice. 

DR. MILLS: Thank you. 

(Slide 1) 

I'd like to begin with the first vugraph, which lists 

objectives of the division. 

seen the overall distribution of divisions, that we are one of the 

divisions, budgetarily one of the smaller divisions, but naturally we 

think one of the most important divisions in fossil energy. 

Materials and Exploratory Research Division has these objectives. 

These bullets are not quite equally distributed, but the point is 

that we are to serve in concept as the central research management 

for all program areas of fossil energy. 

I need to tell you, since you ha 

The 

And I hope, incidentally, Gerry, that while you stressed 

coal, I would believe that our discussions today should cover all 

fossil energy, so that oil shale is also a candidate. 

function that we have is to insure that we lay the foundation for 

innovative technology, which is an aspect we haven't heard in our 

discussions so much today. 

And a chief 

To do that, we ought to develop a technology for processes 

we have listed; gasification, liquefaction, and also refining and 

chemicals. 

reliability and efficiency of synthetic fuel plants through materials 

We want, on the other hand, also to improve the operational' 

i d  
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and components research. So this is a little different from the 

chemical kind of processing. 

niques for combustion and direct utilization. 

And we want to develop advanced tech- 

(Slide 2) 

The next slide lists some special concerns for university 

programs. These are listed as the objectives to locate and use the 

talents of university 

manner--give them the 

that we've recognized 

people, and I hope we use them in a constructive 

opportunity to come 'forward. 

of great significance is that we have 

One of 

cations channel. 

cating with the public at large, and also with special groups, and we 

think that the universities is one segment of our United States 

We have had great difficulties, I think, communi- 

community that can communicate what the realities are. 

And, of course, the last, and in some ways we would 

think the most important of these, is to assure an adequate manpower 

base. This was mentioned once before. 

(Slide 3)  

The next slide deals with the distribution of funds. And 

you see under "Advanced Research and Supporting Technology," in 

1977 some 7.7 percent and 6.1 percent in the '78 budget. 

Division of Materials and Exploratory Research is a major part of 

that, but not all. 

So this gives a distribution of the various divisions that I mentioned 

earlier, and which will appear in Dr. White's talk. 

The 

There is a planning function within that budget. 
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FOSSIL ENERGY BUDGET ESTIMATES 
DISTRIBUTION OF FUNDS 

ADVANCED RESEARCH 
AND SUPfORTING 

TECHNOLOGY 

PETROLEUM AND 
NATURAL GAS 

OIL SHALE 

CI 
CI 
lb 

CONVERSION 

BUDGET AUTHORITY 
(DOLLARS IN MILLIONS) 

INCREASE - FY 77 FY 78 QECREASE 
COAL CONVERSION $150.3 $233.3 S +83.0 
COAL UTILIZATION 74.4 79.1 + 4.7 
ADVANCED RESEARCH AND 

SUPPORTING TECH 40.3 +3.2 
125.9 + 25.6 

MAGNETOHYDRODYNAMICS * 

(MHO) 40.0 50.5 + I 0 5  
PETROLEUM AND NATURAL 

GAS 43.2 76.7 + 33.5 
O I L  SHALE AND 

IN SITU TECHNOLOGY 31.0 41.5 t10.5 
MODIFICATIONS AT ERC'S 6.9 9.6 +2.7 

TOTAL ~ 4 8 3 . 2  $656.9 W73.7 1.4% 
1 .ti% 
- 

PERCENTAGE DISTRIBUTION 
OF FOSSIL ENERGY BUDGET 
ESTIMATES IN FY 1977 AND 
FY 1978 SHOWN AS FOLLOWS: 

FY 1977% 
FY 1978% 
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(S l ide  4) 

The next vugraph--and I want t o  go over some of these 

t o  ge t  t o  the  end few, which I think a r e  &ore s igni f icant - re la ted  t o ,  

t h e  share  of funds f o r  t h i s  p a r t i c u l a r  d iv i s ion  i n  percentage, and 

I ' m  no doubt somewhat self-serving t o  i l l u s t r a t e  it t h i s  way. 

It shows a diminution. To bring it  i n t o  focus,  our 

budgeting has been e s s e n t i a l l y  constant ,  constant  p lus  8 percent,  

over t h i s  period of t i m e .  

development of power p l an t s  

a t  t he  same time I w i l l  make the  point  t h a t  the  research a c t i v i t i e s  

The reason it has t h i s  form i s  t h a t  the  

d large-scale  a c t i v i t y  has gone up, bu t  

yed e s s e n t i a l l y  constant.  

(S l ide  5 )  

The next vugraph comments on two things,  programwise and 

where w e  do work. You see  t h a t  $31.6 mi l l i on  f o r  t h i s  d iv i s ion  i s  i n  

the  coa l  a rea ,  There i s  some add i t iona l  research a c t i v i t i e s  i n  o i l  

ter  bar depicts the fact that our act i -  

v i t i e s  are divided i n t o  three  pa r t s :  d i r e c t  u t i l i z a t i o n ,  materials 

and components, and processes. bar  graph represents  the  

r e l a t i v e  funding. And theylire w n  i n t o  subgroups. A t  the  

r i g h t  i l l u s t r a t e s  what organ s used t o  ca r ry  out  the  a c t i -  

v i t i e s ,  and you see indus t ry ,  $10 mil l ion ;  u n i v e r s i t i e s ,  $8.6; energy 

research cen te r s ,  $7.7, na t iona l  l abs ,  $3.4. So, a t  the  l e f t  is the  

general  th ings  we're doing, and a t  t he  r i g h t  where we're doing t h i s .  
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FY78 FUNDING DISTRIBUTION (MILLIONS) 

PROGRAM COAL PROGRAM 

OILSHALE 

/ 
PETROLEUM 
AND 
NATURAL 
GAS 

- 
S0.6 

s1 .o 
7 

- 

COAL 
S31.6 - 

DIRECT 
UTI t EAT1 ON 
s5.97 

MATE RIALS 
AN0 COMPONENTS 
S9.26 

PROCESSES 
S16.4 

BENEFIGATION S1.23 
~~ 

COMBUSTION S1.96 

POWER & SUPPORT ~ 2 . 7 8  

COMPONENTS S3.26 
~~ 

MATER I ALS S6.00 

REFINING S4.50 

GASES S5.00 

L l  QU IDS S6.90 

0 R G AN I2 AT1 0 N 

/OTHER 
S1.3 

NAT LABS 
s3.4 

ERCS 
SI .I 

JNl VE RSlTlE 
S8.6 

IN DUST RY 
S10.5 



We can d iscuss  somewhat more our a c t i v i t i e s  r e l a t i v e  t o  , t he  univer- 

s i t ies  o r  r e l a t i v e  t o  industry.  

(S l ide  6 )  

The next s l i d e  comments on the  a c t i v i t i e s  i n  terms of i' 

how we're organized: processes with D r .  Podal l ,  power and mater ia l s  

and components, D r .  Frankel; and I j u s t  want t o  comment t h a t  we 

regard our un ive r s i ty  programs s i g n i f i c a n t l y  enough t h a t  these are 

organized under Paul Scot t ,  who is here.  Their a c t i v i t i e s  ac tua l ly  

are across  the  board. 

Now, i f  I may tu rn  t o  the  next vugraph. 

(S l ide  7) 

This dep ic t s ,  as mentioned, the  un ive r s i ty  programs 

1 where these are d i s t r ibu ted ,  and you ' l l  no t i ce  t h a t  t he re ' s  wide 

geographical d i s t r ibu t ion .  

f i s c a l  year  t o  have about 150 pro jec t s  a t  un ive r s i t i e s .  I thought 

t h a t  w e  could add t o  t h i s  p a r t i c u l a r  map where the  energy research 

cen te r s  a re ,  and we're doing work a t  f i v e  centers ,  t he  na t iona l  labs ,  

about seven, and, of course,  industry,  a number of locat ions.  

We expect a t  the  end of the  cur ren t  

So, from a viewpoint of geographical d i s t r i b u t i o n ,  we 

have come a long way i n  de l ibe ra t e ly  involving a d i v e r s i t y  of groups, 

seeking t a l e n t ,  of course,  t o  ca r ry  out  the  programs i n  research,  

p a r t i c u l a r l y  on coa l ,  but  on fos s i l - - a l l  f o s s i l  energies.  

(S l ide  8) 
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FY/76 PROPOSAL/CONTRACT SUMMARY 

- BENEFSCATION 
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- SUPPORT STUDIES 

,- 

I.' 

. .  

."i 
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37 
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13 * -  
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15 . 
3 . "  

1 
2 - 
3 
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. "  

11. 

,. . 
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~- 24 

20 
2 

4 
r 2  

2 
12 

7 
73 

- GOV'T 
11 
11 
9 

10 
2 

> 4 -  
2 '  
2 

55 

TOTAL - 
50 
44 
13 

29 
7 

7 
18 
2 

12 
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The next &graph comments on how we get suggestions 

for research. And I must say we come to a sort of an issue as to 

whether we ought to be a reactive group in ERDA or one which does 

more positive planning. 

described here, we took the trouble in '76, the last complete year, 

From a reactive point of view, which is 

to list where we were getting proposals. These are unsolicited 

proposals from the national labs, et cetera. And, at the b'ottom, 

where the contracts or projects are. So we have, at the end of '76, 

some 54 with industry, 73.with universities, 55 with government 

labs--about 200 projects'. 

The plan of work which we do is then balanced in part by 

the projects which are proposed from various institutions-univer- 

sities and others--but more importantly, I believe, our activities 

are fashioned on a consideration of what the needs are, and then by 

reacting to unsolicited proposals on the one hand, to issue either 

requests for proposals or so-called PERDAs, and we have three PERDAs 

out at the present time, one for novel, innovative research on 

refining, on coal gasification, on liquefaction. 

So we go to the community with a discussion'of needs 

and the PERDA has got more latitude in it than a request for proposal 

in the sense that it's not as well defined except as to objectives. 

So we have unsolicited proposals on the one hand, we have our concern 

for what is needed, and I'm going to come to that later. 

some discussion today, of course, on how the power plant or larger 

There was 
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s c a l e  a c t i v i t i e s  are descr ibing t h e i r  needs i n  terms of 

which they have . 
(S l ide  9 )  - 

Next vugraph. I would say today t h a t  i f  you want 

t o  l ea rn  about what we're doing i n  the  Divison of Materials and 

Exploratory Research, there  a r e  th ree  sources. 

book, copies of which have been ava i l ab le ,  which descr ibes  a l l  f o s s i l  

energy a c t i v i t i e s .  

F i r s t  i s  the  gold 

The second is  an annual r epor t  which is  ava i lab le ,  and , :  

a new one i s  t o  come out  i n  the  middle of July.  

And the  t h i r d  i s  t o  look a t  what we would ca l l  our f a c t  

We have a book t h a t  each pro jec t  has a p a r t i c u l a r  one-page sheet .  

80 on, so I w i l l  

n the  average, $200,000 

(S l ide  10) 
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MAJOR RESEARCH AREAS 

RESEARCH AREA/MAJOR PROJECTS 

0 MORE ECONOMICAL SYNFUEL PROCESSES 

- CATALYTIC'GASIFICATION (EXXON) 
- METHAN OL-TO-G ASOLIN E (MO BI  1) 

FLASH HYDROPYROLYSIS (GULF, IGT, SUNOIL, BNL) - 
- COAL STRUCTURE/REACTION MECHAWISMS 

NEW CATALYSTS FOR COAL LlQUlFACTlON 
2 REFINING OF COAL AND SHALE OILS 
- 

0 RELIABLE MATERIALS AND COMPONENTS 
- 
- COAL GASIFICATION (MPC, ANL, ORNL, NBS) 

FIRESIDE CORROSION (COMB. ENG., BATTELLE, G.E., 

- VALVES FOR COAL GASIFICATION (CONSOL. CONTROLS, 
EX X ON, W ESTlN G H OUSE) 

FAIRCHILD, MERC) - FAILURE ANALYSIS - TECHNOLOGY TRANSFER - NEWSLETTER 

0 IMPROVED DIRECT UTILIZATION OF COAL - BENEFlClATlON (SRC, PERC, AMES, PERC) 
- COMBUSTION PROCESSES (MRI, GFERC, MERC) 

0 EXPLORATORY RESEARCH AT UNIVERSITIES 

c. 

. CONTRACT VALUE 
(MILLIONS) 

55.4 

} 14.6 

7.6 

5.8 

24.5 

NUMBER OF 
CONTRACTORS 

107 

29 

7 

39 

(INCLUDED ABOVE) 
77 
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MAJOR PROJECTS , 

COAL TO METHANOL, 
METHANOL TO GASOLINE 

I. 

0 CATALYTIC GASIFICATION 
P 
h) 
v) 

0 FLASH HYD 

BASIC APPLIED RESEARCH 

0 REFINING OIL FROM SHALE & COAL 

i ;  

P I  

- METHANOL AS A FUEL 
- CRUDE METHANOL TO HIGH OCTANE GASOLINE AT LOWER COST AND 

LLUTION EFFECTS 

ASIFICATION OF COAL USING POTASSIUM CARBONATE AS 
CATALYST - ELIMINATES OXYGEN PLANT, SHIFT AYD METHANATION 

- HYDROPYROLYSIS OF COAL IN SECONDS TO MORE-AROMATIC LIQUIDS 
AND FUEL GAS WITH SIGNIFICANT POTENTIAL TO REDUCE INVESTMENT 

- RELATIONSHIP OF COAL CHARACTERISTICS TO L - KNOWLEDGE OF KEY STEPS AND INTER 
- CRITICAL CATALYTIC EFFECTS OF COAL MINERALS; ESSENTIAL 

CHARACTERISTICS OF CO-MO CATALYSTS 

- APPLICATION OF PETROLEUM TECHNOLOGY AND SEARCH FOR IMPROVED 
CATALYSTS FOR COAL AND SHALE OILS 
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MAJOR PROJECTS (CONT'D) 

COAL BENEFlClATlON 

0 MATERIALS 

0 VALVES 

UNIVERSITY 

c 

- BENCH SCALE OXYOESULFURIZATION HAS SHOWN RELATIVELY SIMPLE 
AND INEXPENSIVE PROCESS TO REMOVE ALL INORGANIC AND 40% OF 
ORGANIC SULFUR 

-. COAL GASIFICATION - DATA BASE ESTABLISHED FOR ALLOYS AND 
CERAMICS ABLE TO WITHSTAND GASIFICATION CONDITIONS 

INCLUOING NEWSLETTER 

SYNTHETIC FUELS, FLUID BED COMBUSTION, HIGH TEMPERATURE COAL 
C OM BUSTI 0 N 

- FAILURE ANALYSIS SYSTEM ESTABLISHED, TECHNOLOGY TRANSFER 

- FIRESIDE CORROSION PROGRAM FOR MATERIALS FOR COMBUSTION OF 

- INITIATE0 PROGRAM FOR IMPROVED CERAMICS AND ALLOYS 

- DEVELOPMENT OF IMPROVED VALVES FOR FEEDING COAL AND WITH- 
DRAWING CHAR CAPABLE OF RELIABLE OPERATION, COLD OR HOT 

- IN ADDITION TO THEIR CONTRIBUTIONS TO THE ABOVE, ABOUT 1,000 
STUDENTS AND FACULTY RECElVE TRAINING IN FOSSIL FUEL SCIENCE 
AND ENGINEERING 
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Now, I'm somewhat i n  the  dilemma of t ry ing  t o  t e l l  you 

a t  job  we are doing, on the  one hand, 

I he things t h a t  need t o  be done. 

l i k e  t o  poin t  out  t h a t ,  e spec ia l ly  i n  the  las t  couple years ,  

surge of funding and i n t e r e s t  on the  p a r t  of the  technica l  

So on t h e  great-job a c t i v i t y ,  

1 -i , 

communities a t ' va r ious  loca t ions ,  t h a t  we have uncovered what we 

th ink  a rb  some promising a c t i v i t i e s  f o r  p ro jec t s  which we'd l i k e  t o  

th ink  of as kind of third-generation a c t i v i t i e s .  

* ;  ~ 

>. 

L c 

I 
I 
I 

* '  . 

And, t o  give you some sense of r e a l i t y ,  I 've  l i s t e d  here  
' J  i 

o a l  t o  methanol, and then t o  gasoline.  The point  

being here  i s  t h a t  we'd l i k e  t o  think,  f i r s t  of a l l ,  t h a t  methanol i s  

coa l ,  and t h a t  w e  should not be lacked i n t o  the  

a t  gaso l ine  is our only t r anspor t a t ion  fue l .  

he  people from t h e  roleum indus t ry  see 

t h e  need t o  br ing  some added c o s t s  i n t o  t h i s ,  because there  are g r e a t  

problems i n  d i s t r i b u t i o n ,  the  quest ion of 

methanol is  an . 
doing work on the  

t i b n  cont ro l .  SO 

oppor tuni t ies  there .  

rt relates t o  

the  Mobil people, i t  has been d i  

transformed i n t o  high-octane gasol ine,  

l ead ,  i n  almost quan t i t a t ive  fashion. And t h i s  gives  another option, 
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from coal to high-octane gasoline, which we think, first of all, is 

much superior to the SASOL process--the only process in the world 

being used, which is in South Africa. 

I would like to comment that, interestingly enough, this 

is achieved by a novel concept of a catalyst which acts as a molecular 

sieve, which only lets gasoline molecules get out. 

there is that you have a very select product of high qualit 

And a key feature 

Catalytic gasification, the second item in the slide, 

has already been mentioned by Martin Neuworth, and the fact 

eliminates the oxygen plant, shift and methanation steps. We think 

that inherently this is the right direction to go, how to do gasifica- 

tion at a lower temperature and, of course, more rapidly. 

Flash hydropyrolysis, the third activity, refers to the 

fact that in a second or even less, if coal is pyrolyzed you get a 

significantly different product distribution, and in some instances 

relatively high aromatic products. 

The third is basic applied research, I find myself trying 

to use some term, such as basic applied research which refers to an 

investigation of an applied research, but looking somewhat more into 

the scientific or chemistry and engineering of it. 

the relationship between coal characteristics and its behavior to 

liquefaction. 

things are being found. 

We need to know 

And I might mention already some very interesting 

L 

L' 

. 
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For example, i t ' s  been discovered t h a t  

coa l ,  which you h a r d  about earlier, i s  examined, a f t e r  i t ' s  been 

procetised under hydrogen pressures  f o r  long periods of time, t he  

darned s ' tuff  has less hydrogen i n  it than there  i s  i n  coal.  

we have a few dilemmas t h a t  we're discovering. 

t h a t  solvent-ref ined 'coal  goes most of the  way'to dissolved ' l iquid i n  

So t h a t  

I t 's  been discovered 

I. t h e  f i r s t  minute or'two, and then you bea t  it t o  death fo r  'the rest 

o f  the  time. So t h a t  there  i s  a b e l i e f  t h a t  by understanding some of 

t he  mechanisms of t he  chemistry t h a t  t h i s  w i l l  provide th  

people to  have ideas  t o  make s i g n i f i c a n t  *improvements. 

The second p a r t ,  which is 'ment  

c a t a l y t i c  e f f e c t s .  ',It is  being diskovered t h a t  t he  minerals are 

highly a c t i v e  as f a r  as c a t a l y s t s  

of ob jec t  when t h i s  i s r c a l l e d  k ^thermal r eac t ion  when i n  f a c t  i t ' s  

been discovered t h a t  t he  minerals a r e -ac t ive .  

case that the minerals  as found in coal  

re 'concerned therefore  1 s o r t  

I 

And su re ly ,  i t ' s  the  

t h a t  it ought' t o  be possible  t o  improve t h i s  s i t u a t i o n  

by Vtudying t h i s  i n  some d e t a i l .  

, 6 f  o i l - f r o m  shale .  I have l i s t e  

appl ica t ion  of pe h 

s o r t  of as a base case and thetu on 

The next and las t  group of t h e  i ius- 

trate some of the  i n t e r e s t i n g  things t h a t  I think are happening, coa l  

. W  I 
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benefication turns out to be a device which is sort of not synthetic 

fuel, but has great opportunities. 

Research Center recently it's been discovered that by a relatively 

simple process of heating coal under pressure with air and water that 

And at the Pittsburgh Energy 

all the pyrite can be converted to sulfuric acid, and as much as 40 

percent of the organic sulfur also. 

sulfur that's interesting. And so this looks like it might.be a way 

to bring into compliance a very high percentage of eastern coals and 

It's this news about the organic 

is certainly, I think, an exciting possibility. 

As far as materials are concerned-- 

DR. BARON: What is the cost of this? 

DR. MILLS: We have an engineering study. It's a good 

question and obviously must be attractive. 

We have two numbers. One is very low, and one is very 

high. One is $7, and the other is $27 a ton. 

Materials research we regard as a very serious part of 

activities. 

from materials of construction, both alloys and ceramics, obviously, 

no matter how good the process is, it's not worthwhile. So we have a 

very substantial program OR materials research applicable to coal 

gasification which we can elaborate on. 

analysis system, so that when failures occur these are looked into 

systematically. And the question of technology transfer that came up 

If the plants don't run because they have difficulties 

We have installed a failure- 
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earlier, 

wide circulation. 

he information is disseminated in a newsletter which has 

”.  

We have fireside corrosion activities in three parts: 

synthetic, fuels, fluidized bed combustion, and high-temperature coal. 

ust to add one thing about the univer- 

the 1000 students and faculty that we 

culty members can go to 

alve program. 

ity, in addit 

now have in active progr 

nters or othe 

program similar t in past years practi 

have, for example, about 10 faculty members at Pittsburgh, and about 

the same number 

we have unde 

important slide, the most important consideration. 

.As far as criteria are concerned, I think we need to 

define our objectives more accurately--the objectives, I am saying, 

of ERDA. What are the objectives? We need to define these much more 
/ 

accurately than we have in the past. 
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RESEARCH MANAGMENT ISSUES 

0 DEFINE OBJECTIVES 
0 CRITERIA FOR SELECTION 

SIZE OF BUDGET 

INTERACTION WITH OTHER DIVISIONS/AAS 
0 ORGANIZE - CENTRAL/MISSION 

PLAN N I N G/TE C H N 0 L 0 G Y TR ANSF E R 
IMPROVE QUALITY 

0 TRAINING FUNCTION 
WHERE - ERC/NL/UNIV./IND. 

0 FUNDING SECTOR - PRIVATE/GOV'T AGENCIES 

c c 



The second item there, how do we set criteria for selection 

of projects. 

problem. 

You make your selection on criteria based on objectives. 

Now every company or research group has that kind of a 

In general, of course, it ought to fall from the objectives. 

I think something surely has to do with the fact that 

an assessment has to be made of the part that fossil fuels will play 

in the next'50 years. So that's one basis for considering what the 

importance of fossil energy,activities are, technology and research. 

So what part will fossil energy play in the next 50, 75 years. 

The other is an assessment of what the needs are. Obviously, 

if the situation is well in hand, that's different from s 

kind of activity which is ve 

some sort of 'a priority n balance relative to-sh 

long range, and I might object, if I may, 

who had a triangle that said we all know t 

concentrated on the near term, and if I personally can take issue 

with that and 

much undetermined. There needs to be 

, medium, and 
one of the early speakers 

nd where the need is 

ink the long-term , 
the long-term ars from now. 

support and how 

previously name rting Technology. In 

some ways I liked that, because it made you think there were two 

ght mention, was 
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object ives .  You must he lp  g e t  the  p l an t s ,  t he  power p l an t s  and the  

syn the t i c  f u e l s  p l an t s  t h a t  a r e  being b u i l t  operat ing,  but  then the  

o the r  p a r t ,  you must de l ibe ra t e ly  decide what you a r e  going t o  do 

about advanced research. And, of course,  t he re  i s  another concern, 

as t o  the  s p l i t  between bas i c  and appl ied research. 

What is  it ,  i f  i t ' s  long-term, o r  bas i c ,  what g e t s  i n t o  

one p a r t i c u l a r  group? 

choose one o r  t he  other.  

O r  i s  it the  f a c t  t h a t  t he  organizat ion should 

Well, obviously i t ' s  a concern of ,having 

both. 

Another f ea tu re  t h a t  i s  of importance i n  t h i s  c r i t e r i a  

i s  qua l i t y ;  the  qua l i t y  of research. J i m  Kane mentioned earlier 

t h a t  t h i s  was a key issue.  

I do have a couple more things.  

I j u s t  want t o  touch b r i e f l y  on t h i s ,  and 

I f  I may have t h a t  back, p lease ,  Gerry. I know you have 

a piranha p i t  here. 

The s i z e  of t he  budget, whether i t ' s  organized a l l  i n  . 
c e n t r a l  o r  mission-oriented, the  i n t e r a c t i o n  with o ther  d iv i s ions ,  

t h e  q u a l i t y  I j u s t  mentioned, where research should be done, t he  

balance; obviously i t ' s  not going t o  be one o r  the  other.  ~ The 

t r a i n i n g  funct ion,  and the  las t  i t e m  there-- t ra ining of people a t  

u n i v e r s i t i e s  o r ' o t h e r  loca t ions ,  t o  what degree should t h a t  e n t e r  

i n t o  judgment about funding the  s e l e c t i o n  of pro jec ts .  b 

hi 
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And, f i n a l l y ,  t he  quest ion is  open. What should the  

government do, and what is  it not proper f o r  the  government t o  

The next s l i d e  says something about fu tu re  research,  

e s t i o n  I want t o  raise i s  the  need f o r  major improvements. 

need? And then, can research do it? And the  last  i s ,  

we l l ,  okay, i f  you decide t h a t ,  what i s  the  s t r a t egy?  

And I have the  next s l i de .  

(S l ide  12) 

We haven't  heard from Chris Knudsen, but  I have here  * .  

some economics t h a t  Frank .Fer re l1  and o thers  have l i s t e d ,  and the  

s khat with the  50,000-barrel-a-day p l an t ,  which cos t s  a 

b i l l i o n  d o l l a r s ,  t h a t  using these  c a p i t a l  charges plus  coa l  and the  

operat ing cost, t h a t  the  s e l l i n g  p r i c e  f o r  10 percent r e t u r n  on 

investment a f t e r  taxes, I say i t s  $5 a mil l ion  Btu or  $31 a barre l .  

And, D r .  Baron, you asked about p r i ces  earlier. I ' d  say I th ink  t h a t  

if you've got a b i l l i o n  d o l l a r s  of c a p i t a l  

ar l ier  t h i s  p 

ow i f  I have you 

ss of bi l l ion-do conclusion is 

n t s  are operated,  l i c  then, the  corpora- 

ced a t  now t h r e  what t he  Arabs are 
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charging. 

something about major improvements?" 

Everyone is then going to say, "Well, why aren't we doing 

So, I have a concern that this puts emphasis on new 

processes. 

(Slide 13) 

ecide we need to do 

is it theoretically possible, just like thermodynamics. 

to that? 

Can you go 

And the first equation here says that if coal was reacted 
- .  

with water, you should get methane and CO quantitatively with no 2 

energy loss. 

And so this is what the research scientists should strive 

to do. Therefore, it is pos 

should do a trade, an-equal trade, with no energy loss. 

Convert c-al.to methane, and you 

(Slide 14) 

The next slide which we have here 

situation, if you take a coal molecule of bituminous coal and would- 

have a chemical scis 

and it's not necessa 

pressure, or we, doing it at several thousa 

to cut this apart, 

L 

ounds, So it should 

be possible to accom 

Now, the last slide which-- 

(Slide 15) 
x 
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MATERIALS AND EXPLORATORY RESEARCH 

SPECIFIC RESEARCH NEEDS 

IDEAS FOR INVENTIVE RESEARCH 

0 CHEMICAL AND ENGINEERING KNOWLEDGE OF COAL, OIL SHALE, LIQUEFACTION, GASIFICATION, 
REFINING, AND COMBUSTION 

e RESEARCH ON ESSENTIAL CATALYST PROPERTIES AND REACTION MECHANISMS 
TO PROVIDE ACTIVE' STABLE AND SELECTIVE CATALYSTS 

w 
lb 
0 * COAL BENEFlClATlON - CHEMICAL PROCESSES FOR REMOVAL OF Sand N; 

UNDERSTANDING OF STRUCTURE AND REACTIVITY OF COAL 

e COMBUSTION - KNOWLEDGE OF COAL COMBUSTION, ADEQUATE DATA BASE 
FOR FLUID BED COMBUSTION, SCIENTIFIC FACTS OF SO REMOVAL 

2 

* MATERIALS - EXPANDED DATA BASE, FAILURE ANALYSIS - CORROSION/EROSION RESISTANT ALLOYS - CERAMICS FOR SLAGGING GASIFIER, POWER 

0 COMPONENTS -SOLIDS FEEDING IN AND OUT OF PRESSURE VESSELS 
-SEPARATION OF SOLIDS FROM GASES AND LIQWIDS 
-INSTRUMENTATION OF CRITICAL PROCESS ELEMENTS 

* POLLUTION CONTROL IN ALL OF ABOVE c- c 



--lists specific research needs. You can read them. 

I begin by emphasizing that the first 

research. 

for ideas for inventive 

, '  

We need--and I'm repeating some a1 and engineering 

knowledge of coal. There's a etter catalysts 

spoke of something from 

Freedman about the opportunities in combu ecause after 

all people decide, you know, not a bad thing to do with coal is to 

burn it. 

a base, to have improved 

nd, of course, pollution 

Well, Jerry, I thi 

realize, I heard the dinger go off a long t So this is the 



Do you have a comme about those general  p r ices?  This 

i s  not  a long economic evaluat ion w e ' l l  hear  from Chris. 

t he  s i m p l i s t i c  viewpoint about these  numbers. 

I j u s t  give 

DR. BARON: I ' m  a l i t t l e  astonished. Not c r i t i c a l .  

a l i t t l e  surpr ised.  I wou have thought more f o r  coa l  li 

t i o n ,  $ZO-plus, say. And the  30 f igu re  j u s t  shocks me  a l i t t l e  b i t .  

But I d idn ' t  see the  breakdown, you know, what you assume f o r  coa l  

pr ices .  ~t went too f 

. .  

'DR. MILLS: 

DR. BARON: 

This is a l l  equity.  

I c e r t a i n l y  w i l l  agree with you t h a t  coa l  

l i que fac t ion  i s  very much more c o s t l y  a t  t h i s  po in t  than the  imported 

p r i c e  of Arab o i l  o r  something l i k e  tha t .  

DR. MILLS: That ' s  t he  main poin t ,  I think.  

Thank you. 

DRo HOLLOWAY? 

DR. HOLLOWAY: I wonder i f  you'd put  t h a t  economic s l i d e  

(12) back on. I ' d  l i k e  t o  ask a quest ion o r  two about it. 

The f i r s t  question, I 'll go ahead, you showed two c o s t s ,  

one a t  50,000 b a r r e l s  a day, and the  o ther  a t  100,000 ba r re l s .  

t he  f i r s t  one-- 

And 

DR. MILLS: Can I comment on tha t ?  I ' m  s o r r y  i n  a sense 

t h a t  i d i d n ' t  c ross  o f f  the  100,000 b a r r e l s  o r  expla in  it. 

put on as what I would say a s e n s i t i v i t y  ana lys i s .  

This was 

It s a i d  i f  you 

would take  the  same plan t  and be ab le  t o  put twice as much through 
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it, how would this$help you. And the answer i s  YOU would go from $31 

. .  
, I  

down to $21 a barrel. . ,  
9 

DR. HOLLOWAY: 11, that answers my first question, why. 

capital charges are,just half,for a plant.twice as big. What is 

this thing called - -  "manufacturing cost" t 

ing cost? 

s separate from operat- 
" I 

< 

DR. MILLS: That's merely a summation, and,if you'd had 

an opportunity t o  examine the table you'd have realized.that the 

first threecare added up to $3.34 per million Btu-or;$20 per barrel. 

DR. HOLLOWAY: I-just had one other comment. You cam- 
* 

pared it with Arab prices. You shouldn't comparehit with prices in 

the Persian Gulf. You should compare i with price delivered to the 

United States an nverted into usable product, comparable to what- 

you get from this. ,.I 

DR. MILLS: Thank you. 

DR. NELSON: Norton Nelson, Institute of Environmental 

Medicine, New York University Medical 

My question is a rather general one, and perhaps is as 

Kane as to you. 

As the - <  descriptions of, technolog 

discussion of exploratory research proceed 

are, obvious1 

sorts in the plant and operational unit and 6ource.o . L  

and, finally, to consumers and to disposal problems. My question 

health menaces and will require c 
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comes down to this:' What mechanism is there now for following 

through the identification of decision points as to when health- 

pelated research or environmental research needs 60 be done to 

determine the acceptability of these various technologies? 

Is that done by you? Is it done through Jim Liverman's 

group? And when finally the decision is made, who monitors it? 

Where do the funds come from? 

DR. KANE: 1-think I will defer answering that question 

and let our environmental man, who is on the program later, speak to 

that one. Is that all right? 

DR. NELSON: That's tomorrow. 

DR. KANE: Yes. Because I might not be able to answer 

it well enough if I tried to answer it off the cuff. 

DR. NELSON: I would be interested in hearing your point 

of view. 

(Laughter.) 

In other words, if you depend fully on them-- 

DR. KANE: I think that--I'm a proprietor of thk basic 

research business, and my empire is exclusively defined as physical 

research only. So I am not concerned--the two people that would be 

concerned are Jim Liverman and the fossil energy people. And so 

let's have Alex try it first, and then--Jim Liverman is the person' 

who can do it tomorrow. 
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DR. MILLS: Yes. I t 's  a very pe r t inen t  question. F i r s t  

of a l l ,  Dr.- White has one of the  d iv i s ions  s p e c i f i c a l l y  concerned 

with the  environmenta Singer as head, so t h i s  

focuses a t t e n t i o n  wi th in  f o s s i l  energy on the  environmental s i t ua -  

But much f u r t h e r  than t h a t ,  we have f o r  each of the  p ro jec t s ,  

t o  a g r e a t e r  o r  less degree, experimentation s p e c i f i c a l l y  designed 

from. an environmental viewpoint. 

This begins with i d e n t i f i c a t i o n ' o f  the  products i n  d e t a i l ,  

with spec ia l  a t t e n t i o n  t6 those t h a t  are of environmental concern. 

So t h a t  each of t he  p i l o t  p l an t s ,  fo r  example, has a por t ion  of the  

budget and a por t ion  of t h e  a c t i v i t i e s  s p e c i f i c a l l y  designed f o r  

providing information as t o '  what 'products are of e 

concern. And, of course,  from an ove ra l l  viewpoint, each of t he  

p i l o t  p l an t s  has had t o  have an environmental impact statement and 

h a d - t a  conform with f ede ra l  

' From a research v i e  

t h e  u l t ima te  importance of t h  

have thought -as t o  t h e  relevanc 

which doesn ' t  make tars, t o  1 

hzgh and low 

But I th ink  the  mai 

p ro jec t s  ail having' an 

t h e  add i t i ana l -  p a r t  i s  that 'w 

group as t o  i den t i fy ing  f u t u r  

ironmental compon 

Bd 
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So, t h a t ' s  the  view, a t  least as I see  it. 

DR. NELSON: What I ' m  r e a l l y  concerned about,  I guess, 9 

maybe i t  w i l l  develop during the  course of the  day and tomorrow, what 

s o r t  of pa r t i c ipa to ry  techniques one has t o  judge accep tab i l i t y ,  a t  

t he  same t i m e  you a r e  judging f e a s i b i l i t y .  

important t h a t  once a p i l o t  p lan t  i s  b u i l t  t h a t  it comply with 

ex i s t ing  standards.  But t h a t ' s  not my question. My question was: 

How do you iden t i fy ,  i n  e f f e c t ,  accep tab i l i t y ,  which i n  some cases  

could be a major complement i n  f e a s i b i l i t y .  

I th ink ,  of course, 

DR. W E :  I understand your quest ion pe r fec t ly ,  and 

I think any answer I would be a p t  t o  give would be dangerously wrong. 

I ' d  p re fe r  t o  have the  pro who is going t o  t a l k  tomorrow on t h a t  

p rec i se  subjec t  answer the  question. 

Are there  any fu r the r  quest ions? 

VOICE: From t h e  meetings las t  week I heard some comments. 

t h a t  seemed t o  imply t h a t  r e f in ing  of sha le  o i l s  and coa l  o i l s  were 

not i n  the  o f f i c i a l  ERDA,mission, and ye t  t h i s  morning I ' ve  seen 

where you have described r ecen t ly  some bas ic  research p ro jec t  i n  the  

a rea  of re f in ing .  

Could you please c l a r i f y  f o r  me the  o f f i c i a l  ERDA r o l e  

i n  the  a rea  of r e f in ing  of these fue l s?  

DR. MILLS: It is i n  the  mission. We have p ro jec t s  on 

coa l  r e f in ing  a t  Universal O i l  Products, a t  A i r  Products, and Chevron. 

There is  d iscuss ion  of what we should do and what t he  petroleum 
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industry should do, so that is a valid ivity, and"we would like to 

think that the things that we are supporting have 'to do with research 

aspects .of unsolved problems. 

.r: VOICE: 

demo& t r at ion-pl ant leve 1 ? 

So then, would there be any'applied research at the 

DR. 'MILLS: Ultimately, yes, but it's at the research 

and .lab development'stage at the present time, plus catalyst work 

which.Uould have an implication, especially how to keep catalysts 

active. 

DR. KANE: We'll take one more question, and Dr. White 

is finally here. We will put him on. 

Let's take the gentleman there in the gray suit. 

DR. KELLER: Bruce Keller of Oak Ridge. 

In terms of research now going on, Dr. Mills, and in 

terms of developing new economic processes, can yo'u look in your 

crystal ball and -say ,which research areas look like they may improve 

the economics and give better processes' for the future? 

DR. MILLS: My salary doesn't pr 

L '  

t we decide why'do th 

much from an investment viewpoint? 

pressure,.too low a throughput, too much hydrogen consumption. 

They are too complex, too high a 

So 

each time we have a new activity, we loo the viewpoint, 

can it simplify the process? Can it have less hydrogen consumption, 
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be more se l ec t ive?  

gas i f i ca t ion ,  on the  one hand, f l a s h  hydropyrolysis,  and some of t h e  

o thers ,  are ones we hope; bu t  the  research business,  as you know, i s  

t h a t  you hope you have t en  good candidates and one winner. 

Now obviously the  ones t h a t  I l i s t e d ,  the  c a t a l y t i c  

DR. W E :  Thank you, Alex. 

DR. KANE: I'm del ighted  t o  be ab le  t o  introduce a t  t h i s  

t h e  D r .  P h i l l i p  White, who is the  Ass is tan t  Administrator f o r  F o s s i l  

Energy, and who is going t o  d iscuss  the  goals  and o the r  aspec ts ,  as 

he chooses, of the  fossil-energy program. 
- 

DR. WHITE: Thank you, Jim. 

L e t  m e  apologize f o r  a r r i v i n g  a t  t h i s  hour f o r  an 8:30 

meeting, bu t  a f t e r  spending four  hours i n  a hear ing under the  tele- 

v i s i o n  l i g h t s ,  i t ' s  n ice  t o  g e t  i n  here  where i t ' s  cool  and take o f f  

my jacket .  

i a l s o  want t o  express my personal welcome, and thank 

you f o r  your he lp  i n  tack l ing  t h i s  very d i f f i c u l t  subjec t .  

I ' m  going t o  run through the  same s o r t  of b r i e f i n g  t h a t  

we've given our budget committees i n  Congress, which is as good a job  

as we can do of summarizing our  t o t a l  f o s s i l  energy program. . 
And i f  we could have the  f i r s t  sl ide-- 

(S l ide  1) 

Here is  the  d i s t r i b u t i o n  of our Foss i l  Energy pie ,  which 

i n  t h i s  F i s c a l  Year, t o t a l e d  as you see i n  t he  f i r s t  column on the  
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COAL UTILIZATION 
ADVANCED RESEARCH AND 

OEMONSTRATION PLANTS 
SUPPORTING TECHNOLOGY 

MAGNETOHYDRODYNAMICS 
(MHO) 

GAS 
IL SHALE AND 
IN SITU TECHNOLOGY 

PETROLEUM AND NATURAL 

MODIFICATIONS AT ERC'S ' 

TOTAL 

. ELUDGET AUTHORITY 
(DOLLARS IN MILLIONS) 

F Y  77 
$150.3 

74.4 

37.1 
100.3 

40.0 

- F Y  78 
$233.3 

79.1 

40.3 
125.9 

50.5 

- 
INCREASE 
D EC R E AS E 

+ 4. 

+3.2 
+ 25.6 

+10.5 

43.2 76.7 + 33.5 

31.0 - 41.5 +10.5 
6.9 9.6 +2.7 

$483.2 $656.9 $+173.7 

P E RC EN TAG E D IST R I BUT I ON 
OF FOSSIL ENERGY BUDGET 
ESTtMATES IN FY 1977 AND 
FY 1978 SHOWN AS FOLLOWS: 

FY 1977% 
FY 1978% 

. 



left, some 483 million dollars, approved for '78. 

count some actions by Congress this last week, this 656 million 

dollars. 

am not real sure of that 'till I see all the report language. 

is of that order of magnitude. 

This does not 

I think what they did, netted out, we hope, positive, but I 

But it 

Most of those funds are for coal because, of course, the 

demonstration plants are all, at this point, on coal processing. 

Since MHD is also a coal process, in reality well over 

three-quarters of the work of fossil is directed to coal. 

tion much of the advanced research and supporting technology, as 

previously described by Alex, is coal-related. 

In addi- 

So really, only the shale and petroleum and natural gas 

parts are not coal-related, and the work in these areas constitutes 

some 20 percent of our budget. 

Of course, the reason for this budget-split is twofold. 

First, it is a reflection of the considerable private sector work 

J 

done in oil and gas and, to some degree, in shale. Second, our 

domestic coal resource is so large and thus so important in terms of 

national interest, it's clear that we need to know more about it. 

The next slide which shows where the work is done, is 

a matter of some interest to this group. 

(Slide 2) 

--We do have a breakdown by each sector, but I don't 

have that detail here this morning. This is not changing much. 

150 
ctd 



. .. . . .  - _  ... " ~ . . ... .. . 

FOSSIL ENERGY BUDGET ESTIMATES 
BREAKDOWN OF FUNDS BY W&D AGENCY 

BUDGET AUTHORITY (5OLLARS IN MILLIONS) 

FY 1977 TOTAL) FY 1978 TOTAL) 

ENERGY RESEARCH CENTERS S 47.0 (9.7) $ 60.9 (9 -3 1 

(5.2) 

(4.0) 

(80.1) 

. 
NATIONAL LABOR AT OR1 ES 35.2 (7.3) 34.0 

UNlVERSlTl ES 18.2 (3.8) 26.1 

375.9 (77.8) 526.3 INDUSTRY , 

r 
GENERAL PLAN7 AND EQUIPMENT, . ~ 

VI 
P 

CONSTRUCTiON, OSHA AND 
- ENVIRONM AT ENERGY 

ESEARCH TERS 6.9 9.6 - 
$656.9 

, -  

OTAL - $4832 



Almost a l l  of t h i s  work is done outs ide  with industry,  r e f l e c t i n g  

very l a rge  cost-shared con t r ac t s  with the  p i l o t  p l an t s  and demonstra- 

t i o n  p l an t s  pa r t i cu la r ly .  But the  o ther ,  the  in-house work, a t  the  

energy research cen te r s ,  accounts f o r  about 50 percent more, almost 

twice as much a year as the  na t iona l  labora tor ies .  This was, I 

think,  an e a r l y  f igu re  on na t iona l  labs.  That i s  l i k e l y  t o  change. 

The u n i v e r s i t i e s ,  account for about 4 percent i n  both 

years. This was our es t imate  a t  the  time we put the  budget together.  

One of the  things we are doing i n  ERDA Foss i l  Energy i s  t o  t r y  t o  

increase  the  work done out  i n  the  f i e l d .  

We,expect t o  do a l o t  more i n  the  f i e l d  as w e  go through 

the  r e s t  of the  year and FY '78. Therefore, I think these  numbers on 

how much i s  done i n  the  na t iona l  labs  and energy research centers  are 

q u i t e  l i k e l y  t o  grow. Now, l e t ' s  look a t  some of the  d e t a i l s .  We'll 

t a l k  about coa l  conversion f i r s t  . 
(S l ide  3) 

Here are th ree  bas ic  subprograms: l i que fac t ion  of coa l ,  

g a s i f i c a t i o n  t o  produce high Btu o r  p ipe l ine  q u a l i t y  gas ,  and t h e  

g a s i f i c a t i o n  t o  produce low Btu o r  f u e l  gas f o r  use i n  indus t ry ,  the  

s o r t  of gas w e  got  out  of the  o ld  coa l  town g a s i f i e r s  many, many 

years ago. 

Funding f o r  each type of g a s i f i c a t i o n  i s  about the  same 

and t h e  t o t a l  f o r  g a s i f i c a t i o n  exceeds t h a t  f o r  l iquefac t ion .  

Lid 
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COAL CONVERSfON 
BUDGET AUTHORITY (DOLLARS IIN MfLLiONS) 

STEAM IRON ~ I L O T  PLANTS 
P 
VI 
w 

d INITIATE DONOR 

ISSUES/PROBLEMS 

@ EXTENT OF FUTURE DEVELOPMENT WORK 1N HIGH BTU GASIFICATION 



I 

There are some pertinent accomplishments. For example, 

the H-coal pilot plant is under? construction. 

H-coal is a process developed by the Hydrocarbon Research 

Corporation, who teamed up with a number of companies to help support 

that contract, which is cost-s 

The other pilot plants, which a year ago were in the 

construction stage, have all st 

Homer City, Pennsylvania; Synthane a 

a process which IGT is developing in Chicago. 

We are still struggling to finish retrofitting the Cresap, 

facility for advanced technology testing in liquids. 

What do we see for ' 7 8 1  We see a continuation of some 

of these projects--and the operation of the fluidized bed gasifier, 

under development at Westinghouse. 

coal facility, we will probably choose a contractor shortly. 

plant will a'im at the production of hydrogen for industrial use. 

We expect to start the Donor Solvent process developed 

With respect to the hydrogen-from- 

This 

by Exxon Company. 

ments will certainly take place in '78. 

The pilot plant design and long lead item procure- 

We also expect to build the low Btu gasification plant 

at Powerton, in Illinois, in which low Btu gas will be fed to a 

gas/steam combined cycle. 

efficiency for electricity power generation. 

This gives promise of an increased 
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What are our problems? The two listed here probably 

One is the utilizing of our existing pilot give us the most concern. 

facility. 

parallel than we really need, and spending too much*of the taxpayer's 

money this way. 

each of those pilot plants was justified for somewhat different 

purposes, and at the time seemed to be the correct thing to do. 

But as we bring in new processes we want to use the old 

We've been criticized for having more facilities in 

I think it's a somewhat valid criticism, although 

facilities, shut them down when appropriate and put in something new. 

It may be just a change of the gasifier, t much of the supporting 

system can be used and have a great deal of money and a great deal of 

t ime . 
Then, there is the whole question of how much more ERDA/ 

FE work to do on high Btu gasification. 

all right, we now have a process 

demonstrating it can be done? Second generation processes, there are 

At what point should we say, 

-line, maybe a commercial plant, 

ts being piloted. There is labor ry work on third 

generation processes. Is it now time to end the Federal Government's 

role and say, private industry, you take it from here? 

process improvements earch, that is your 

logical sophical question which 

If there are 

we haven't really resolved. 

The other par of the coal prog is utilization, as 

you see in the next slide. 

w 
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(Slide 4) 

Here is a much smaller program. There are two major 

parts: 'advanced power systems and direct combustion. 

Coal utilization involves hooking up either a gasifier 

or a fluidized bed combustor to a.turbine combination. In either 

case, the two major problems are (1) the control of the system, 

because it is a system that has to be very carefully integrated, and 

(2) the cleanup of the gas after it leaves the gasification or 

combustion zone, because turbine blades and vanes are very sensitive 

to corrosion and erosion. 

The question then is how far do you clean up the gas 

and how much can you improve the blade technology in order to make 

them more resistent? And that is the thrust of the matter. 

Now as far as the accomplishments, we did issue a coal- 

This is a sort of quick and dirty way to conserve oil slurry PON. 

petroleum by replacing part of it with coal in the form of a coal/oil 

slurry. 

industrial installations with minimal retrofitting and, if so, will 

they meet air pollution standards. 

The point now is to see if these slurries can be fired in 

It is a way to use coal without much retrofitting. 

We have awarded a number of contracts for small atmospheric 

fluidized bed combustors to burn high sulfur coal mixed with lime- 

stone so that the sulfur oxides are absorbed in the bed rather than 

by scrubbing stack gas. Some of these units are available in the 

156 



COAL UTILIZATION 
BUDGET AUTHORITY (DOLLARS fN MIL 

FY 1977 FY 1978 CHANGE (%l 

POWER SYSTEMS $22.5 $25.7 +14.2 
$51.9 + 2.9 

7 977 ACCOMPLISH M E NTS 
4 0 COMPLETED 10 ST OF COAL-OIL SLURRY IN A 

a MULTIPLE CONTRACTS AWARDED ON INDUSTRIAL AND INSTITUTIONAL APPLICATIONS OF AFB COMBUSTION 
MPONENT AND 

OJECT IN RIVESVILLE, W. VA. 
N OF COAL-OIL' MIX"1URES IN EXISTING BOILERS 

IZED-BED COMBINED CYCLE PILOT PLANT 
AL APPLICATIONS - -- E- 

I SS U E S/C HA N G E S 

6 FEASIBILITY OF COMBINED CYCLE 
0 FLUIDIZED BED COMBUSTION, STACK GAS SCRUBBING, COAL BENEFICATION TRADE-OFFS 



country today, and we're t ry ing  t o  simply push them and demon- 

s t ra te  them because they can be applied t o  d i f f e r e n t  indus t r ies .  

We have had a number of j o i n t  cont rac ts  t o  introduce these. 

To ge t  higher  thermal e f f i c i ency ,  t h e  temperature a t  
- t  

t h e  i n l e t  t o  t he  turbine must be r a i sed  seve ra l  hundred degrees. 

This necess i t a t e s  developing techniques t o  cool those blades and 

vanes. The e f f i c i ency  of a gas turbine combination i s  much b e t t e r  i f  

you can raise the  temperature. By r a i s i n g  it  from 1600 t o  2400, one 

can achieve more eff ic iency.  

on, and much of t h a t  advanced power system budget fo r  '78 i s  going t o  

be devoted t o  t h a t  s o r t  of work on turbines .  

So, there  i s  a good dea l  of work going 

We have a big f lu id i zed  bed u n i t  i n  Rivesvi l le  operat ing 

i n  an ac tua l  u t i l i t y .  

i n  t he  f i r s t  l i n e ,  bu t  a number of awards on coal-oi l  mixtures i n  

ex i s t ing  boi le rs .  

We have not only t h a t  test  we mentioned 

We plan next year t o  bui ld  what we c a l l  a CTIU,  a 

component test  and in t eg ra t ion  u n i t ,  designed t o  be ab le  t o  change 

things back and f o r t h ,  t o  be the  s o r t  of workhouse f o r  developing 

both pressurized and atmospheric f lu id i zed  bed work. 

w i l l  be a t  t he  atmospheric one a t  Morgantown, and the  o ther  w i l l  

be a pressurized one a t  Argonne. 

One of these  
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Flexibility must be built into a study of atmospheric 

fluidized bed combustion Flexibility was the main thrust behind 

creation of CTIU at Argonne. A similar kind of work'for pressurized 

fluidized bed combustion i s  ongoing at combustion engineering in 

Windsor, Connecticut. And we're doing the same thing on taking 

data on the small fluidized bed as I mentioned for this year. 

Next year we hope to actually start some fabrication of a full, 
j .  

ed fluidized bed combustion system, and even the long lead 

ents of a prototype turbine. 

An issue in this case is the feasibility of this combined 

combined cycle is not being pr 

the world except London .and Germany, and that one doesn't 

tic& on coal today 

work very well. 

There is a real problem of feasibility. Th 



ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY 
MATERIALS AND EXPLORATORY RESEARCH 

BUDGET AUTHORITY (DQLLARS IN MILLIONS) 
FY 1977 FY 1978 CHANGES (%) 

$29.3 $31.9 +8.9 

1977 CCOMPLISHMENTS 

G9 DEVELOPED SIGNIFICANTLY LOWER COST, ENVIRONMENTALLY ACCEPTABLE PROCESS TO MAKE GASOLINE 

49 COMPLETED PROCESS RESEARCH ON NOVEL, SIGNIFICANTLY CHEAPER CATALYTIC COAL GASIFICATION 

&9 CORROSION STUDY ON CONSTRUCTION ALLOYS UNDER COAL GASIFICATION CONDITIONS 

FROM COAL 

PROCESS 

MADE SIGNIFICANT PROGRESS IN DETERMINING RELIABLE MATERIALS AND VALVES FOR COAL 
CONVERSION PLANTS 

P 
QI 
0 

8 INITIATED STARTER GRANT PROGRAM TO STIMULATE FOSSIL ENERGY RESEARCH AT UNIVERSITIES 

1978 CHANGES 

Q NEW EMPHASIS 'ON EXPLORATORY RESEARCH TO REDUCE COST OF PRODUCIN 

0 COMPLETE L A B  DEVELOPMENT OF PROMISING PROCESSES FOR SCALE UP OF FOSSiI; TECHNOLOGIES 

SYNTHETIC FUELS FROM 
COAL 

ISSUES/PROBLEMS 

8 RELlABLE MATERIALS AND COMPONENTS FOR COAL CONVERSION 
8 ACHIEVEMENT OF MAJOR PROCESS IMPROVEMENTS 

c 



--The budget here  i s  about $31 mil l ion  f o r  '78, not 

enough t o  keep pace with in f l a t ion .  

l i t t l e  more.money, and I th ink  w e ' l l  make it go. 

probably covered t h a t  p 

t h i s  meeting. I don ' t  t 

time on it o the r  than t 

We are t ry ing  t o  ge t  them a 

I think he ' s  

t t y  w e l l  because it i s  r e a l l y  a subjec t  of 

nk it i s  necessary for'uie 

give a p i c tu re  of where i t  is i n  the  t o t a l  

s i z e  of t he  budget. 

The next one-- 

(S l ide  6 )  

--is q u i t e  t he  contrary,  a much bigger  one. We have 

spectrum of p l an t  s i z e s  f o r  f u e l  gas demonstrations and appl icat ions.  
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D E M  0 N STRATI0 N PLANTS 
BUDGET AUTHORITY (DOLLARS IN MILLIONS) 

FY 1077 FY 1978 CHANGE (%I 
OPE RAT I NG EXPENSES S 53.0 s 50.9 - 4.0 
PLANT AND CAPITAL EQUIPMENT 47.3 75.0 + 58.6 

S100.3 S 125.9 + 25.5 
- - - 

1977 ACCOMPLISHMENTS 

Q RE-EVALUATED CLEAN BOILER FUEL PROGRAM 
Q INITIATED CONCEPTUAL DESIGN OF HIGH-BTU SYNTHETIC PIPELINE GAS DEMONSTRATION PLANT 

1 0 INITIATED CONCEPTUAL DESlGN OF INDUSTRIAL LOW-BTU FUEL GAS DEMONSTRATION PLANT 
' Q INITIATED CONCEPTUAL DESIGNS FOR SMALL INDUSTRIAL LOW-BTU FUEL GAS DEMONSTRATION PLANT 

1978 CHANGES 

Q BEGIN CONSTRUCTION OF HIGH-BTU SYNTHETIC PIPELINE GAS DEMONSTRATION PLANT AND LOW-BTU 
FUEL GAS DEMONSTRATION PLANT 

QD START DESIGN FOR DIRECT COMBUSTION DEMONSTRATION PLANT 
@ START DESIGN FOR SOLVENT REFINED COAL DEMONSTRATION PLANT 

lSSUES/PROBLEMS 

d COST SHARING FOR MAXIMUM INDUSTRY PARTICIPATION 
Q OPTIMUM PROJECT MIX TO MAXIMIZE PROGRAM 8ENEFIT.S 
Q RELATIONSHIP TO ALTERNATIVE FUELS DEMONSTR~TION PROGR +- 



In  ' 78  w e ' l l  c r t a i n l y  begin the  f i r s t  s tages  of cons truc- 

t i o n  on both these  

p lan t  f o r  t he  f lu id i zed  bed d i r e c t  combustion and, we hope, on 

so lvent  re f ined  coal .  

l a n t s ,  and we w i l l  s t a r t  design on a demonstration 

I d i d n ' t  mention, l iquefac t ion .  We have a major p i l o t  

p l an t  on so lvent  r e f ined  coa l  a t  Takoma, Washington, which has run 

a s t  year  we made 3000 'tons of solvent  re f ined  

p l e  of weeks ago, we ted  burning it a 

evera l  years  . 
< +  

This is the  f i r s t  t i m e  

i k e  coa l  except i t  is  

very f i r a b l e .  It rn s very s t icky.  'It has 

n ice  if it w i l l  burn 

and w e  seem t o  be 

o a l  f o r  power genera- 

advanced power 

ne takes  coa l ,  

onduct ivi ty .  The 
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MAGNETOHYDRODVNAMDCS (MHD) 
BUDGET AUTHORITY (DOLLARS IN MILLIONS) 

FY '1 977 FY 1978 CHANGES (%I 
$40.0 $50.5 +26.2 

1977 ACCOMPLISHMENTS 

8 INITIATED CONSTRUCTION OF CDlF TEST BUILDING 
0 IN'ITIATED DEVELOPMENT OF FIRST CDlF GENERATOR CHANNEL 

0 INITIATED MHD SUPERCONDUCTING MAGNET FOR CDlF 
8 INITIATED ETF SYSTEMS ENGINEERING AND CONCEPTUAL DESIGN 

1 

8 DELIVERED BY-PASS SUPERCONDUCTING MAGNET FOR SOVIET U-25 FACILITY 

< 

1978 CHANGES 

Q INITIATE DEVELOPMENT OF 2ND CDlF POWER TRAIN 
0 INITIATE HIGH PERFORMANCE GENERATOR CHANNEL TESTING AT AEDC 
@ INCREASE iSYSTEMS AND DESIGN ANALYSIS TO SUPPORT AND GUIDE COMPONENTS' DEVELOPMENT AND 

I NT E G RAT1 ON 
d DELIVER MHD GENERATOR FOR TESTING IN SOVIET U-25 FACILITY 

I SSUES/PROBLEMS 

o COMBUSTOR AND CHANNEL PERFORMANCE 
0 SEED/SLAG MANAGEMENT 

G 



surrounding part of.the channel produces a current in the electrodes. 

The overall efficiency will probably be somewhat over 50 percent with 

a possibility of attaining 60 percent. 

The,Russians are doing a lot of MHD work. You may have 

seen an announcement in the paper in the last few days about our 

shipping them a super-conducting magnet. 

to Moscow in the first C5A ever -to go to Moscow. 

That magnet was just flown 

It refueled in the 

air twice on the way over. 

our joint project produced some useful results. 

That made a great story, and we hope that 

We have 'started to build the buildings at Butte, Montana, 

on this and we're:building a generator channel for it. 

this coming along next year in a program which I believe Congress has 

now raised, and it's for '78, from 50 million up to about 65 or 70, 

if my advanced'information is correct. 

We see all 

There isha lot of MHD work going on in a number of places, 

not only at Butte, but also at Avco Laboratories at Everett, Massa- 

chusetts, at the University of Tennessee, 

around the country. 

that magnet over-in Moscow but also a generator working on a slip 

stream of the U25 magnet. 

Eventually, we' 11 not only have that channel, 

* r  The problems here are still very much technical ones. 

MHD is a very tough technology.to develop, requiring very high 

temperitures. Materials problems "are troublespme. Other difficulties 
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include air preheating; seed recovery/regeneration developing optimum 

combustion to minimize nitrogen oxides, and components problems. 

The Soviets were delighted when they got the channel 

to run for 250 hours; but in the case of a utility, that is not very 

long. 

there is going to be success. 

One must recover the seed and recycle it out of the slag.5f 

Petroleum and natural gas--the next slide-- 

(Slide 8) 

--is about a $75.million program, a6 we saw earlier. 

Here we work almost entirely in the oil side of what we refer to as 

enhanced oil recovery, getting at the oil which is left in the ground 

by conventional production and water flooding through one of three 

major techniques-waming it up, either with fire or with steam; 

lowering its viscosity with carbon dioxide, and finally, washing it 

out with a detergent just like you wash a dirty greasy spot out of 

clothes . 
8 

Managing this 5,000 or 10,000 feet underground though, 

is a little tricky, and we have a lot of pilot tests going on with 

industry. 

talked about adding another one. 

The number is steadily increasing; and just yesterday we 

We have had some criticism from the Office of Management 

and Budget on this because of Fhe large private sector activity ia 

this area. Sometimes we've gotten into these piograms, we just sort 
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of respond to targets of opportunity. 

and if we think it looks good, we go ahead. 

Some company makes a proposal, ' 

OMB asked us if we had a systematic plan. For the first 

time, we sat down and tried to work out exactly what the total 

program should be, and just what types of formations should be 

tested, and how many tests should be' involved; 

last year. 

and now we have that in-house, now we're doing the same thing for 

c >  

? 

That is what we did 

We found all of us le with a wh 

gas . 
In the case of gas, we're looking at not what is left 

in the ground, but at -some gas reserves that normally aren't con- 

sidered gas reserves when one hears about 10 years or 20 years of 

natural gas. In that case they're talking about conventional gas 

that flows out by itself. But in the Devonian shale, the western 

tight sands of the Mesa Verde formation in Colorado, and in the coal 

seams in the East, there is a lot of natural gas. It has usually 

just been stripped out and wasted for a safety measure, and now we're 

going after it as a resource. Using those unconventional resources 

gives us about 50 years of gas, and if you believe Wall Street 

Journal headlines about 1000 years of gas. 

that could be, and that is in that geopressured zone in the Gulf 

where there is a lot of salty water saturated with methane. 

There's only one place 

Maybe it 

is there and maybe we can get it out. We don't know what it will 
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cost, -but it po-sn 

importance. 

ially coul be a very large resource of great 

r .  So we are .working on that. 

I think you probably had a chance to read what we did 

pretty much as far as nominal improvements 

bit of drilling research here as well, trying to improve drilling 

speed, and reduce 'eome of the 'instrumentation to reduce the so-called 

doh-hole time. 

some is work leaning very heavily on Sandia and other national labs 

where there is this type of technology developed as an offshoot of 

the nuclear program and its need to drill for nuclear shots in 

Nevada.. For that reason, they have developedr a lot 'of drilling 

We are doing a little 

, 
Some of this work is cooperative with ind 

technology. 

continue much the same way for '78. 

We are particularly'pointing at 'that last bullet under '78, the 

acceleration of Easterd gas, where we are trying to beef up testing 

of Devonian Shale. 

but there are a lot of them. We' 

fracture them, knd if we can'hprov 

valuable. They have the attract 

the East where we need the gas.' 

The wells are shallow,"and not 

Our problems here are the ementation. , 

We don't have good 'resource data 

increase our general knowledge of that field. 
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Another one i n  t h i s  same d iv i s ion  is--on the  sl ide-- 

(S l ide  9 )  

--the o i l  sha l e  and the  underground coa l  g a s i f i c a t  

These two may not seem t o  f i t  together ,  bu t  i n  o i l  sha l e  w e  

working exc lus ive ly  on what i s  r e fe r r ed  t o  as i n  s i t u  r e t o r  

where we  r e t o r t  underground r a t h e r  than mining of sha le ,  b r  

up and r e t o r t i n g  it. 

technology, we've handled them i n  the  same organizat ion.  

r a t h e r  modest area. 

And because they both involve the  same s o r t  of 

Bu 

They are increasing s i g n i f i c a n t l y  f o r  next year ,  

bu t  are s t i l l ,  a minor p a r t  of the program. 

We have had a number of con t r ac t s  under negot ia t ion  now 

f o r  i n  s i t u  r e t o r t i n g  of shale--shared con t r ac t s  with industry.  

t h e  f i r s t  t i m e  we completed a test  a t  Rock Springs,  Wyoming of what 

For 

we  c a l l  t r u e  i n  s i t u .  We d idn ' t  do any mining. We j u s t  s tuck a 

s h a f t  down, set i n  some explosives ,  d id  some rubbl iz ing t h a t  way and 

then set o f f  a f i r e ,  and co l l ec t ed  o i l  out  of an adjacent  w e l l .  

worked, bu t  not very w e l l .  

It 

The Antrim sha le  i n  Michigan i s  a d i f f e r e n t  s o r t  of pro jec t .  

Here's an odd type of sha le ,  which doesn ' t  produce o i l ,  b u t  which w e  

can gas i fy .  

have now joined them t o  t r y  t o  improve t h a t  technology. 

Dow Chemical has done a l o t  of work i n  t h i s  f i e l d .  We 

Moving t o  i n  s i t u  coa l  g a s i f i c a t i o n  t o  the  so-called linked- 

v e r t i c a l  w e l l ,  i n  which severa l  wells aye f i r s t  l inked by combustion 

and then by gas i f i ca t ion .  We burn some of t he  coa l  with a l o t  of 

170 



- _  
I_ 

OIL SHALE AND IN SITU TECH NO LOGY 
BUDGET AUTHORITY (DQLLARS IN MILLIONS) .. - 

FY 1977 FY 1978 

$22.8 ' $28.9 26.8 
IN SITU COAL GASIFICATION $ 8.2 $1 2.6 53.7 

1977 ACCOMPLIS 

0 COMPLETED 
Q COMPLETED DIRE 
0 INITIATED MICHI 

HARING CONTRACTS FOR SEVERAL IN SITU RETORTING EXP 
MBUSTION SHALE-OIL PRODUCTION TEST AT ROCK SPRl 

TRIM SHALE GASIFICATION PROJECT 
Q COMPLETED LINKED VERTICAL-WELLS PROCESS (LVW) TEST 
Q INITIATED FIELD GASIFICATION TESTS ON PACKED-BED PROCESS 
8 STARTED FIELDING FIR COMBUSTION TEST ON DIRECTIONAL 
d DESIGNED STEEPLY-DIP G-BED (SDB) PROJECT WITH INDUSTR 

1978 CHANGES 

0 COMPLETE DESIGN 
Q BEGIN HANNA IV L FIELD TEST 
Q CONDUCT THE FIRST STEAMlOXYGEN IN SFTU GASIFICATION TEST AT HOE CREEK 2 
8 START SDB FIELD TEST PROGRAM 

A MULTI-TON OIL SHALE GASIFICATION FACILITY 

@ ENVIRONMENTAL IMPACTS AND ACCEPTABILITY 
0 FUTURE OF IN SITU VS ABOVE GROUND SHALE OIL PRODUCTION 
8 DEVELOPING ACCEPTABLE ECONOMIC INCENTIVES FOR OIL SHALE 
8 MARKETS FOR IN SITU COAL GASIFICATION PRODUCTS 



steam present  and have a typ ica l  water g a s i f i c a t i o n  react&an of t h a t  

coa l  and can take a good 175 Btu gas out  of the  o ther  w e l l s .  We d id  

t h i s  i n  Wyoming very successful ly  las t  year producing a good q u a l i t y  

gas, a very even composition, which is one of t he  t r i cks .  

We have some o ther  approaches t o  d r i l l i n g  the  w e l l s  and 

t o  f i t t i n g  o ther  formations a l i t t l e  b e t t e r ,  and t h a t  i s  one of the  

things we hope t o  look a t ,  including s teeply  dipping beds. 

t o  keep on doing t h i s  same s o r t  of thing next year. 

We expect-  

Now both of these p ro jec t s  have t r i c k y  environmen_tal 

problems, which we are t ry ing  t o  address. We know t h a t  they are 

p o t e n t i a l l y  there ,  but  i n  cases l i k e  t h i s  where you've got  t o  do 

the  work i n  the  f i e l d ,  t he re ' s  no way t o  know the  ex ten t  of the  

problem, u n t i l  you g e t  out  there  and t r y  it. 

Groundwater i s  one problem. I f  t he re  are underground 

aqu i f e r s ,  you r e t o r t  the  sha le  which is leachable,  and t h a t  leaching 

can ge t  i n t o  the  aquifer.  . 

I f  you do e i t h e r  of these,  and a l o t  of i t ,  you obviously 

have a subsidence problem, and the  ground l e v e l  begins t o  drop above 

your r e to r t ed  formation, and t h a t  i s  not acceptable i n  most locat ions.  

How bad i s  it? What we can do t o  cont ro l  i t ?  These are the  things 

we s t i l l  have t o  learn.  I ' m  su re  i n  the  discussions t h i s  afternoon 

and tomorrow, w e ' l l  have a chance t o  explore what some of those 

areas are. 
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This gives you a sort of general picture of the total . -  
program; where the emphases are; and some problems, as I see them. 

I'm not sure that question that Alex said he didn't , 

I .  

I might offer -- toss in a few things as we get through. 
Thank you very much. 

(Applause). 

DR. KANE: He has a car waiting, but he will answer a 

few questions. 

MR. LODEL: In the demonstration plants program ERDA 

had been considering three categories for low Btu fuel gas. 

industrial category, I believe, is going ahead. 

sort out from your plans whether in fact you plan to go ahead with 

the utility category? ' 

The 

I wasn't able to 

DR. WHITE: I'm waiting until I get the language of 

the conference report on the appropriations to be able to answer 

that question. I asked it myself yesterday, and I couldn't get 

an answer. 

we've got money, but maybe we've got language that says, don't do it, 

or maybe we've got language that says, do it. I don't know. 

just hanging in that balance right now. And if we are told not to do 

it, we will have to drop that project. It is too early to answer, I'm 

sorry. 

I think we have -- I know we have authorization, maybe 
. 

It is 

Within a few days, we should know. I just haven't been 

informed. 
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DR. W E :  Thank you very much, B i l l .  

DR. WHITE: Okay. I ' l l  be back right af ter  

DR. KAME: Very good. He's been on the g r i l l  since 7:OO 
. a  

this  morning, enjoy your lunch. 
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DR. U N E :  S'vq decided t o ,  w i t b  your forbearance, juggle  

t h e  program one more t i m e .  

t o  t a l k  t o  you 

And we have another gentleman here  who i s  

!O : 
on t h e  g r i l l  f o r  a long t i m e .  t h i s  morning, and he'd l i k e  t h  ge t  out 

of h e r e  8 0 ,  I th ink  I ' l l  impose on you, and we ' l l  have a t a l k  now by 

Chris '  Knudsen. 

DR. KNUDSEN: Thank you very much. 

about the cos t  of var ious proe- 

cesses  t h a t  we are d nd development on i n  ERDA. Copies 

ho r t  t a l k  so t h a t  you can ge t  on 

with your l,uncheon plans. 

with me a l l  morning, and I asked permission 

t o  go ahead and g ive  

me, and I promised t o  take 

has been sweating it out  with 

and t h a t ' s  the  most important 

th ing  t o  me a t  t h i s  moment. 



CURRENT AFE ECONOMIC ESTIMATES 
PROCESS COST ESTIMATES 

DETAILED 
($20-50 X 10") 

0 EFI N IT W E  
($2-5% 10") 

PRELIMINARY 
($2-5% 10') 

ORDER OF 
M A G  NlTU DE 
($2-5 X 10') 

STUDY 
($2-5 x 1041 

LABORATORY 
(BENCH) 

MORTGAGE 
MODEL 

USBM 
PEG 

J 
W 

USBM 
PEG 

ORNL 
FLUOR 

PARSONS 
BRAUN 
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KELLOGG 

ORNL 
BRAUN 

AMOCO 
PA R SO" s BADGER 

M 0 RT*G A G E 
MODEL 

USBM 
PEG 

'CONOCO 
ICGG 

PI LOT 

MORTGAGE 
:MODEL 

DEMON-. 
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~~ 

COMMER- 
CIAL 
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of both the engineering effort that is put into it, and the data 

available . 
Hardware development level is indicated vertically on the 

As shown, data quality ranges between laboratory and commer- slide. 

cial. 

indicated by order of magnitude. 

Horizontally, the cost levels of various types of estimates are 

For example, a study design might 

cost $20,000 to $5 00 of engineering effort, a preliminary study 

$200,000 to $500,0 

detailed study $20 

estimate needed for, actual construction of a project where detailed 

a definitive study $2 to $5 million, and a 

$50 million. The detailed study is the type of 

mechanical drawings are needed. 

The order of magnitude type of estimate or "Mortgage Model'' 

has been developed within ERDA based on past information. We have 

made correlations of gasification, liquefaction, enhanced oil recovery 

and other processes based on R&D experience. These correlations allow 

us to make a crude estimate of the cost of a proposed process develop- 

ment unit (PDU) or pilot plant 

(Slide 2) 

detailed cost estlm 

estimate, of course, is the design 

require the same 

that the site spe 6 .  For example, a 

s done in any cost 

n, with the exception 



PRELIMINARY ($0.2-0.5 X 10') DEFINITIVE ($2-5 X IO') 

0 PRODUCT SPECS 

0 FEED SPECS 

e DESIGN ASSUMPTIONS 

4' Y a PROCESS DESCRIPTION 
P 
4 

a UTILITY SPECS 

e GENERAL SITE 

e DO 

e DO 

e DO 

0 DO 

0 DO 

DETAILED ($20-50 X 10') 

0 HYPOTHETICAL SfTE 

0 

0 

0 

0 

0 

0 

DO 

DO 

DO 

DO 

DO 

ACTUAL SITE 
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de ta i l ed  design, including de ta i l ed  mechanical drawings, requi res  

s p e c i f i c a t i o n  of an ac tua l  s i te  with core  d r i l l i n g s  t o  determine 

f ounda t ion des  ign  . 
( S l i d e  3) 

The next phase of a process es t imate  i s  the design i t s e l f .  

Differences in estimate accuracy a r e  most obvious from considerat ion 

of the  varying e f f o r t s  expanded i n  t h i s  s tep .  

In  a prel iminary design, the  e f f o r t  ends with an equipment 

l i s t ,  but i n  a d e f i n i t i v e  design, piping and instrumentat ion spec i f i -  

ca t ions  a r e  prepared. This addi t iona l  information requi res  a g r e a t  

dea l  more engineering e f f o r t  t o  develop. A de ta i l ed  est imate  includes 

the  l a t t e r  plus  de t a i l ed  engineering drawings and plans which may 

r equ i r e  hundreds of  thousands on man-hours. Process p l an t s  contain 

piping and instrumentat ion t h a t  may represent  40 percent of the  

c a p i t a l  investment, so t h a t  p repara t ion  of P&I diagrams, f o r  example, 

s i g n i f i c a n t l y  improves es t imate  accuracy, 

For preliminary estimates, c o s t  curves,  experience f a c t o r s ,  and r u l e s  

of thumb a r e  used; whereas e est imate ,  a more de t a i l ed  

es t imat ing  procedure is r equ i r e  

indexes, and pro jec te  

de t a i l ed  study, one seeks vendo 

t i o n s ,  and look i n to  ac tua l  lab 

cri 
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PROCESS DESIGN 

PRELIMINARY ($0.2-0.5~ 10") DEFlNlTtVE ($2-5 X j O e )  

E 

0 DO ' 

0 ENERGY BALANCE 0 DO 

0 OPERATING CONDITIONS 0 DO 

0 PLOT PLAN 0 DO 

0 ENVIRONMENTAL ASSESSMENT 0 

* .  
ii 

P'. 

7, i M A J O  ED 0 A L  UIPMENT WED 
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A vendor b id  i s  usual ly  much more accurate  than a quote and 

may r equ i r e  payment f o r  the  engineering time required t o  make it. 

Actual labor  c o s t s  and product ivi ty  extremely important 

f a c t o r s  which are genera l ly  overlooked. 

craftsmen and u 

have a l a r g e  e f f e c t  on the  f i n a l  cos t  of a plant .  

T 

r u l e s  vary i n  d i f f e r e  

P ro jec t  cont ingencies  and process contingencies can be 

assigned t o  account f o r  the  inaccuracies  brought about by the  esti- 

mating process and the  uncer ta in ty  of the  ava i l ab le  da t a ,  respec- 

t i v e l y  - the  hor izonta l  and v e r t  

These cont ingencies  r equ i r e  anal  

determine and w e  have v i s i t e d  companies l i k e  I f ,  and Mobil 

t o  begin developing them. es a r e  therefore  a r e f l e c t i o n  of 

what we have learned because w e  are not a l a r g e  cons t ruc t ion  o r  

operat ing company. We are m e n t ,  and we 

are r e ly ing  on ava i l ab le  i n d u s t r i a l  information. 

the  f i r s t  s l i de .  

g experience t o  

The p ro jec t  cont in  

be typ ica l ly  g r e a t e r  t 

mate l e v e l ,  a 15 t o  20 perce 

15 t o  20 percent  p 

d e f i n i t i v e  estimat level, a 10 t o  15 perce 

indicated.  F ina l ly ,  f o r  the  de t a i l ed  type 

contingency would be appropriate.  

ass ign  t o  a study estimate 

j e c t  contingency might be-app 

17 8 



Note t h a t  the pro jec t  contingency r e f l e c t s  only t h  

t a i n t y  of construct ing a given design f o r  a given c o s t  and i n  e f f e c t  

assumes known technology. Therefore, even f o r  a de ta i l ed  estimate 

la te  i n  the  ac tua l  construct ion period the  p ro jec t  continge 

s t i l l  typ ica l ly  about f i v e  percent t o  account f o r  the  b i l l s  y e t  ‘ to  

a r r i v e ,  l abor  and mater ia l  problems i n  completing construct ion,  and 

poss ib le  s t a r t -up  problems. 

% -  

Turning t o  the  process contingency, some experience 

ind ica t e s  t h a t  an est imate  based on labora tory  da t a  r equ i r e s  a 

contingency of  approximately 100 percent t o  account for addi t iona l  

equipment later found t o  be necessary during the  PDU, p i l o t  p lan t  

and demonstration development s tages  leading t o  commercialization. 

Perhaps a 25 t o  5 0  percent contingency i s  appropriate  f o r  the  PDU 

s t age ,  only a 15 t o  25 percent  contingency a t  the p i l o t  p l an t  s tage ,  

about 10 t o  15 percent a t  the demonstration s tage ,  and as l i t t l e  as 

5 percent  a t  the commercial state. 

Applicat ion of the  contingencies i s  made a s  follows. The 

process contingency i s  added as a percentage on the  on-site process 

equipment, whereas the  p ro jec t  contingency i s  appl ied t o  t o t a l  

investment, including o f f - s i t e s  and the  process contingency. 

cau t ion  t h a t  these types of  add-on contingencies should be used with 

care, as they a r e  meant f o r  guidance. 

I would 

(S l ide  5 )  

17 9 
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L e t  m e  t a l k  now about some recent  c o s t  estimates. This ’ 

i , 

c 

s l i d e  shows es t imates  f o r  var ious g a s i f i c a t i o n  processes using western 

subbituminous coa l  t o  produce 250 mil l ion  standard cubic f e e t  per day 

of SNG. 

t he  investments, operat ing c o s t s ,  and s u l t i n g  p r i ces  of the  HYGA 

BI-GAS, CO 

f igu res  f o r  Lurgi  g a s i f i c a t i o n  technology. 

can be p lo t t ed  as s t r a i g h t  l i nes  to  a c lose  approximation. 

, .  
This r epor t  was published i n  October 1976, and it examines 

Acceptor and Synthane processes compared with s imi la r  2 

Note t h a t  constant  p r i ces  

One sees t h a t  the HYGAS steam-oxygen case seems t o  be the  

most a t t r a c t i v e  process a t  approximately $4.25 per  mi l l i on  BTU. 

Lurgi i s  p lo t t ed  a t  about $5.50 per  mi l l i on  BTU. 

I want t o  caut ion t h a t  these are est imates  of process a t  

varying l e v e l s  of  development and t h a t  w e  w i l l  continue t o  review 

them. Conditions o the r  than those assumed i n  the  Braun study a f f e c t  

t h e  r e s u l t s  and some f e e l  thaf- the HYGAS Steam/Iron and the  Synthane 

cases  could be c a s t  i n  a more favorable  l i g h t  by a new bas is .  L e t  m e  

po in t  o u t ,  however, t h a t  although a 15 percent p ro jec t  contingency 

was included i n  a l l  of the  Braun es t imates ,  no process contingencies 

were appl ied t o  r e f l e c t  the  varying technical  information ava i l ab le  

f o r  the  processes. 

processes have d a t a  of PDU o r  p i l o t  p lan t  qua l i ty .  

process contingencies accordingly,  one would f ind t h a t  a l l  of the  

es t imates  would change pos i t ions  on the  p l o t  i n  a d i f f e r e n t  manner. 

Lurgi,  of course,  would have the  lowest process contingency of about 

Lurgi da t a  i s  commercial q u a l i t y  while the  o ther  

I f  one appl ies  

L 
180 



f i v e  percent. As a r e s u l t  of t h i s ,  new p l o t  would show much less 

e advantage f o r  t he  newer proc 

We do not have a compara 

t h i s  t i m e ,  although we have made c 

Exxon Donor Solvent and Solv 

accounting b a s i s  was used - 

ses compared with Lurgi. 

e c i a t i o n  rate, and so 

t h a t  are a funct ion of t he  

r e s u l t  of having d i f f e r e n t  firms produce the bas i c  designs. 

now planning t o  v i s i t  S t e r  

d i f f e rences  i n  des 

o n s i s t e n t  basis.  

We are 

Un t i l  we have co 

on a cons i s t en t  b a s i s ,  we 

However, on a p r  , l i que fac t ion  processes are 

indicated t o  produc 

f u e l  o i l  product ma 

u t i l i t y  basis .  They are 

with f u e l  cos t s  added. 

The ba r s  i nd ica t e  c a p i t a l ,  operation, and maintenance, and f u e l  c o s t s  

181 
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. 

components, respec t ive ly .  

a range of fue 

The f u e l  cos t  component i s  s lan ted  t o  show 

a cos t  f o r  No. 6 f u e l  o i l  of $2.12 t o  $2.86, t he  cos t  

n a t u r a l  gas whic 

t o  24 m i l l s  per  

d ,  both esti- 

c o s t s ,  bu t  the  f u e l  cos t  is less. 

Low Btu gas on s i te ,  requi res  add i t iona l  c a p i t a l  and oper- 

a t i n g  and maintenance c o s t s ,  but  again the  f u e l  i s  the  cheaper high 

W 
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sulfur coal. Solid SRC, without flue gas desulfurization, is assumed 

to cost $3 to 

of elec without flue gas desulfurization, uses 

high sulfur coal and is very competitive with low sulfur coal. High 

sulfur coal in fluid bed combustion is also a 

as is the cas 

at ive al erns ive 

application. 

flue gas desulfurization adds about 10 mills per kilowatt hour. Solid 

SRC adds quite a bit. Clean coal adds the least of the three. 

For liquid fuel plants, the retrofit of $3 to $5 per million 

a small saving results. 

al, replacing No. 6 

d cost. Finally, 

ff site adds about 10 mills. 

slide was a study done a year ago 

the of new industrial boilers. As you see for h 

sulfur coal, and low sulfur fuel oil, there is.not a lot to choose from 

on the basis of overall cost. &e plot makes the point, however, that 
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c a p i t a l  and operat ing c o s t s  can be minimized by us,.ig low su fu r  fue l  

o i l ,  which may not be ava i l ab le  i n  the  f u t u r e  a t  cur ren t  c o s t  l eve ls .  

Otherwise, l a r g e  c a p i t a l  and operat ing c o s t s  are incurred i n  order  t o  

u t i l i z e  coal.  

That i s  a l l  I planned t o  say. 

(Applause. 

Thank you f o r  your a t ten t ion .  

DR. W E :  Any questions? , i !  i 

VOICE: Those l a s t  four s l i d e s ,  are they ava i lab le?  

DR. KANE: They are i n  the  handout. 

VOICE: Very good. 

DR. KANE: Yes. 

DR. BARON (Shell):. 

I thought t h a t  the  f igu res  you showed were very r e a l i s t i c  

and so were your contingency f ac to r s .  

i n  the  be l ievable  -range. 

a r e  deal ing with not  a f r e e  market s i t u a t i o n ,  but  with a monopoly 

s i t u a t i o n  i n  which the  OPEC count r ies  ac t ing  as a monopolist have a 

problem of s e t t i n g  t h e i r  pr ices .  

And the  numbers you showed are 

The point  t h a t  I want t o  make i s  t h a t  w e  

In  a s i t u a t i o n  normally, when a monopoly i s  permitted t o  

a c t ,  they set  t h e i r  p r i ces  somewhere between the  f l o o r  and the  

c e i l i n g ,  the  f l o o r  being whatever competit ive source t h e r e  may be t o  

compete with t h e i r  product. 

can ge t  away with,  without a revolu t ion  of some kind. 

may be due t o  economic causes,  d i s r u p t i o n  of soc ie ty ,  o r  other.  

And the  c e i l i n g  being the  m a x i m u m  they 

The revolu t ion  

184 



The major point I want to make here is that in our case, 

the floor will be set by the prices you have sho 

as much as $30 a barrel, on the order of $5 per million Btus, some- 

thing like that. 

ay, minimum $20, 

But interestingly enough, the ceiling which normally would 

be the ceiling, which the OPEC countries have chosen, even after you 

allow for importation and everything, is more like about $14, $15 a 

barrel. 

below the floor. 

make the point of terrible danger, and that any government action 

that would arbitrarily and unnecessarily widen the gap between the 

ceiling and the floor, will contribute to increased instability. 

So we have a fantastic situation, in which the ceiling is 

I'm using this poetic way of expressing myse'lf to 

Thank you. 

DR. KANE: Further questions or comments? 

. If not, Dr. Phillips has an announcement, then we will let 

you go. 

DR. PHILLIPS: Well, the 

we can all be back in an hour and seven minutes, namely, at 1 : 4 5 ,  

please, for the afternoon session. 

I point out to all of you that there are restaurant facili- 

ties available, both in this Quality Inn and across the street at the 

Hyatt Regency. 

Would you please fill in the forms if you wish to participate 

in tomorrow afternoon's smaller discussion groups . 
185 
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(Whereup, a t  12:38, the meeting was recessed, to  reconvene 

a t  1:45 p.m., th i s  same day.) 
I - - - - _ - -  
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