
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 
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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 

c 



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 

40 



I 

1 SEPARATE 
SOLVENT FROM 
LIQUEFACTION 

PRODUCTS 

,,' P '  

LT. ENDS , 
d 

LET-DOWN 
PRESSURE - 

REMOVE CCDA a ATlftlll I I LT. ENDS YLI rw ICI I IUIU i I  
SOLIDS B 

GENERATE 
HYDROGEN 

ASH 

7 ---a- 
t . 

t 
SOLVENT I 
HYDRO- 

I 'GENATION * 
D I 



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 .  

48 

t, 



c 

P 
40 

GAS COOLING/ 
WENCH SCRUBBI GASIFICATION 

MINEMOUTH 

HIGH 

PIPELINE 
GAS 

TRACE SULPHUR METHANATION BTU 



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 

56 



W 

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. 

. 5 9  



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 

62 



QI 
w 

COAL UTIEltATOON 

OAL 

Q FLUIDIZED BED COMBUSTORS-CLEAN COMBUSTtON ,- - BOILERS, )(EATERS 
- TURBINE COMBUSTORS 

e COAL-OIL MIXTURES 

8) HIGH TEMPERATURE GAS TURBINES 

Q MHD & OTHER NEW TECHNOLOGIES 

- 011 EXTENDERS 

- LOW-BTU GAS FUEL - HIGH AROMATIC COAL-LIQUID FUEL 



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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