This is grslideiﬁhi;h;showé éhe!Various energy,résog;ées
avai}abie‘to:the United Staﬁésﬂdoméétically. ‘The firstithiﬁé;F§7 f
Vconcludg is,'ﬁe doﬁ;t héiétg lack of enéréy feéburces.:i: : -
The units indicatéd are in millions of'barrei,df:oil,gdui-

valent. To put it in some perspective, we are now consuming something

~like 13-1/2 billion barrels of;oil,equivalent per yegr,,so:qqg gas and

petroluem resoufces as indicated in the lower left-hand part of the

_slide would represent about 30 years of current consumption: _consider-

ing the entire energy resources indicated with that kind of scale, you

can see that a lack of energy resources is not a pért.ofrthe problem.

.. The real problem is that our infrastructure is completely tied to the

oil and gas, or very séafce resburces,,and it's going toliake time to
get away from that dependence.
The resources are scaled in order of increasing availability

and recoverability, Withrgas'gnd,pettoleum,.the most scarce, on the

_left-hand side, and the virtually infinite resources, solar and

"fusion, on the right-hand side.

The area of the rectangles are roughly pxoportibnal to the
recoverable resource available.
By looking at this slide, one can easily see what'the

components, of any national strategy to cope with the energy problem,

~are. One, of course, is comnservation, to try and save energyfresdurces,

particularly the scarce oil and natural gas. Second, to attempt the

enhancement of the availability of oil and natural'gas, because our
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econ&ﬁfé'iﬂfrastfuétﬁre'is'sb‘tightly‘fied té'fhgm; and (for that
reasohj‘theré‘ié’é'ldhg'time constant associated With'getting away
from‘thoéé;resoﬁfées;"7
;"Finally, we must de@elbplmethods'tétéﬁitchito the more
‘plentikal resources. -This includes using them directly, for gxampie,
-direcé combustion of céaii‘Oftuéing’them7t6;ﬁrovide“direcf substitutes
fbf“tﬂé 0il and natural gas:thét our system‘is dependéent” on. -Again,
cbélaﬁ§dvi6é3'a*goodlexample with coal 1iqhéfaction;and coal gasifica-
tion;lsﬁ”‘ :
‘I think this slide, displaying the domestic resources,
actually provides a goodibackéféﬁﬁdffor diséuééing the resource-related
ERDA §§6grams}' So I'11'pﬁt"bff”fbf‘tﬁéimOﬁéht discussing conservation.
We'il pick thOSekup'on*d subséquent"slidé.f'“'
ﬁjt’*’biséﬁSéing’the other points of ‘any'national strategy, first,
~ incredsing the availability‘bf‘thﬁseiéﬁeféylrésburcés that we're so
depeﬁdéﬁf'6h;:hamé1ygioil-éﬁ&“ﬁéfﬁ}élféagi?:ERDA,'iﬁdeéd,fhéé”enhahcéd
gas ‘progiams"and‘-feﬁhanced’oil reécovery programs. You'll be hearing -
‘more about those todayfsde w6ﬁ't:bbfﬁer*ﬁehfibning more about -them.
‘The second componeént-is, of course, ‘switching to the more
piéntffﬁl»fﬁéis;?én&<siﬁéélthé7t6pié't6§ay*is fossil,‘iet me'jﬁstf-
quickly touch Ehoée:55You'11'bé”hégfiﬂglmofé defails later ‘today.
" Our ﬁos; plentifuilfoééii fuel is céal;*thé‘fifth‘box‘5f*7
in the ‘array. VAséyouiéanQSée;fthéie‘are Q‘codple of centuries

worth of cbal;’measuting*by“curfent~totéITénergy?conéumptioﬁ.”" o
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The coal program consists gfideielobmen; of .technologies to permit
di;ect combustion of,cqal,and the major problem there is being able
to do it in an envirommentally acceptable manner. That will be
discussed in more detail today and on technologies for making directv
substitutes for liquids and gas fuels from coal.

The final fossil fuel .on-the slide is shale oil.T¢Again,:
ERDA has a program here; énd,égaip, environmental and water resource
;gonstraints are a major problem which face the development and imple-
mentation of that technology. You'll be hearing more about that
today.

Moving to the nonfossil resources on the slidg,lthe 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. The larger area on the slide with the
undetermined upper limit is the geopressure resource which is a vast
resource, principally in the Gulf state regions.

- 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 ;he}state of the art tech-
nology and implementing it.
| ERDA has research programsithat include test facilities to

advance the state of the art, examination of.the environmental problems
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agsociatedﬁwith.geothermgl; and yery‘importpntly,,an attempt to assess
the resource. Very_little has actually been done in‘theipas; to
gssessﬂjuét:hqw,mqgh geothermai;gnergy is gvailable in the United
States._;Thesg are very approximate figures.

Finally, there is a plan for design of 50 megawatt demonstra-
tion plants. . R N

kThgrgeqpressured resources cannot be tapped with state of
the art technology. There is a huge resource there, as indicated. . In
gddition,to the thermal energy, it has recently become clear. that
there is grhuge amount of Qethane,.natural gas, dissolved in the
ggothegma} brines. It haétbeen,estimated,;hat,energy‘in the methane
may besgbout'equalAto that of the thermal energy.in the geopressured
area.

ERDA,}again, hag a program to assess the extent of. that
resource and, in fact, our first exploratory hole in the geopressured
area began p;oduping reSulﬁs about four weeks ago and, indeed,
confirmed the fact -that huge:amquntsrofxmeéhane are dissolved in the
brine, at least in the‘region of the test hole.

Thgﬂnext n9nfossi1,resource;is,u?aﬁium, and>theAextent of
the ;egqu;cg,:ofgcqurse,,depends_op,;he available technology.. The
small box in the left-hand corner represents the amount of energy that
could be recovered with conventional light‘watef,réactors, which, of
course, is an existing technology.

ERDA's program is designed to insure that light water

reactors which do exist and can have a very large, reasonably near-term
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" impact, can be implemented.:”This involves programs aimed at solving
the safeguards and waste disposal kind of problems.
The large bois'}épreséhts;the energy available for ﬁfanium,
if breeder techﬁology isrsﬁCCessfully developed. Bfeed;r réa;tors
" are roughly 100 times 'more efficient than the converter reactors, and
hence the same uranium resource is greatly enlarged.

I should have mentioned also that in support of the LWR
progrém, therg is, again, a’resburce'asseSSment‘progtam'td 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. The Carter Administration recently
cancelled a commercial demonstration program in that area. The
program has been diversifed to consider alternatives and assess which
breeder technology is most compatible with current concerns about
proliferation.

The next, very large resource, is solar. The last two
sources are essentially infinite resources. They're renewable,
inexhaustible resources.

. The solar program, of course, consists of a variety of
technologies. The near-term technology in that area is solar heating
and cooling. The major component of that program is a demonstration
program, to have se§era1 hundred highly visible demonstrations and to

publicize the results of those demonstrations to remove institutional
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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'1977vdemonstrati0ns programs for solar
heating. - IE'S‘hoped,by.J79 to have demonstration programs in solar
.cooling. eTheré are related progfams~for solar heating:applications\in
industry and .agriculture. -

. ‘Solar .energy :is also :potentially useful for generating
electricity. . There are ‘several programs'init§at:drea. "There is
‘directfsolar;thermal‘electric generation Where the sun is essentially
used to producéVsteameﬁo be used 'in conventional turbines to generate
elecﬁricity.‘AAz

ERDA has a test facility, testingfthe'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
energy is converted diréctly into electricity. ' That®technology was
developednfor'spécé applicaﬁioné.fwit is now an expensive technology.
The‘majbrngoal of that program is to getscbst-down°by’ébout-a’factof'
of about 50 to 100.‘,Tﬁé*emphasis isron sﬁéll applications: that have
some -chance bf,beingigbst-effectiVé‘inrthe“relatiVelyfnear _futur“ea."‘-'t
;The:méjor;emphasis is Qnéconvéntioﬁalisiliéon-tedhnology,-élthqﬁgh%’f
'tﬁefe are prqgrams-iﬁ-gallium?arseqide<and26ther less conventiochal |
semiconduétors,rwhefé thére's hope that some cost breékthrough can

OCCUT e
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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 test generator

with ébout a 125-foot blade. . There are two improved versions of that
underﬁay; A l.4-megawatt system is being designed. An initiative of
the Cérter‘Administration in -the ‘wind area is to put greatet‘éhphasis
on small systems which are compatible with decentralized éppliéations
for industrial uses, small communities, and agricultural uses.

Another indirect use‘of solar is an ocean thermal electric
‘application where one exploits the temperature difference between the
surface and reasonably shallow waters in the Gulf region. At the
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. The feasiblity of doing that has to be established before
any kind of large-scale program could be considered. |

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. The ERDA

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

iz

available in huge quantities-in:the oceans. .Fusion of:deuterium of

.course, gives off the 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 impingement:of :liigh density

lasers,;oribeamsfpf,particles.,;In;parallelhwith'thatiprogram, there

_1s .a magnetic .confinement .program where magnetic:fields 'are used to

+.confine charged particles to . obtain the necessary densities and

temperatures to get ‘a fusion reaction with mnet .energy.

.The -fusion program is a lqng—term,program;rdchourse;wand
there -is a plan of sequential events 'to ‘arrive ‘at ‘both :feasibility
and,,hopefully;'in:the?distantffgtdte{afdémonstratidh*ofmthat~technology.

‘i ’i-=I've.used,the;estimatedfresoﬁrces:available in the ‘United

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

‘the production side of ‘energy., ‘fw;r:} Tlneies tennupd ool

‘a-uWe?veldemonstratedéthe various components?df‘any7nati0na1

strategy,»namely;vénhanCingzthe availability of -‘those :resources::on

~which we are very dependent, gas andﬁoil;hpiovidihg substitutes -for
;hthem from our:Véry,abundant<résources,5likeféoa1;fmakiﬁg*greater

‘direct uséfoffthe“méré abﬁndant resourééggﬂlikéicoali«shalé;fét'”'

.cetera}aand gettingvbur‘economiC”infrgstructufe‘unciédffrbmhfhe*schrce
".i-fossil resources and linkédvtofine#haustible;resohrces~iﬂwtﬁe’longh |

,),, -tem.f R .
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.77 The one component of the strategy which I didn't mention in
“my ‘discussions of resources was;”of~¢ourée,/conServatiqn,?ﬁhiéh‘can
have a very important near—-term effect and is cost-effective ‘in many,
“many -‘areage’’
‘May -1 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'transpdrtatidn sector
is virtually all oil. There-is.little 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. But it's unlikely that oil will be
displaéed in the transportation areas, so conservation there is very
important. |

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 sttems where waste heat from»electric generation

plants are used to provide a lot of the residential/commercial energye.
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;Othe; areas include; improvements inbefficiency 6f cbnéumeriprodﬁéts
' aﬁd use of.urban wasté. Thésé are some of the highlights of'the
residential/qommercialrbui}ding area of ERDA's progfgﬁ.' o
In indﬁstry, agaiﬁ; there's a great déal of;dppo:tunity for
s;ﬁings. ‘Thereis hopé'tﬁét by'the ;nd4of the cenfury[oii céuld be
- completely displécedrexgept'for pet;pchemical use.‘ One of Ehé‘méjor
things zhere would bé sﬁitchihg to coal, which isrpartrofﬁtﬁg fossil
program. ﬁut in addition, in pu;,conservation program, we have
projec;s aimed towards the recovery of QasferheatAfof 1bw'temperature
;épplications, and cogeneration, wﬁere again, the waste heat from
electrical generation plants can be used for process heat or direct
heat uses in industr&.
~ Finaily, there are changes in industrial proceés; espedially
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 kiﬁd of

_national problem we seem to have, I've just hit some of'theihighlights,

of our programs. I'd like to now hit some of the highlights'ofrthe
budget that was submitted for FY '78 to the Congress.
The total budget in the energy area is about $3 billion, and

it's divided as indicated. I think the labels are pretty much self-
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' explanatory, based on what I was saying before. The nuclear fuel

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

support the LWR, namely, the safeguards, and waste dispds#l problems.

‘The area marked “fission" is predominately breedérvreactor
research. And the others, I think, are pretty much self—exﬁlanatory.

I should pointrout this is not the entire ﬁRDA,budge;.‘
Pegple get confused thinking when they see the total ERDAibuéget it's
an ERDA energy budget. 7 : -

The total ERDA budget is something like $6-1/25bi1iion, the
directly energy-related RD&D, is less than half of thertotalkbudget.
The remainder‘of it breaks out roughly as fbllows; Abbut:$1;97billion
is for national security reéearqh, essentially weapons development.
About $600 million is associated with basic research and tephnology'

‘development, which is not energy related; high energy physics and
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 productionvof enriched
uranium for both domestic and international contracts. There is a
remaining several hundred million that is associatedrwith ﬁan#gement--
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 wi;h the past,

and to give you some feeling for how we have evolved since ERDA was
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forﬁed, Iet's 1ook atvthe 19?5 budget, ERDA's first budget.
| ;‘nayVI:have the next. | |
(Slide 7) h
Notice it is not asvwell belanced as our preseot budget.
Fissioh breeder research certeinly was a very dominantearea. Fossil

with a very large piece coming from the Department of Interior

o

 &and is a fairly mature program.v'Solar, conservation, geothermal were

telatiyely.new federal R&D progrcms and had not really gotten off the
groucdjet that time. | | |
- Can i have the next vugreph.r

(81ide 8)

Th1s gives you some fee11ng for the kind of growth that has
happened in the various areas. It gives a feellng for where priori-
t1es have been, at least as far as incremental growth is concerned.

The conservation area has grown some 800 percent, consistent

Wlth the fact that it was ‘just getting off the ground when ERDA was'

fvformed. It can have a very s1gn1f1cant near-term 1mpact, and it is

[usually cheaper to save a barrel of 011 than to produce one, -

;Solar,‘nuclear, et cetera have grown.i Safeguards, support-

“'ing LWR has gtoﬁn‘significantly.' You can see the rest of the slide.

‘May 1 have the next onme, please.'

~ (Slide 9) °
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This sl1de, breaks down the growth in a couole of other
“areas. I think the one of most 1nterst 1s the one‘on the rlght-hand
side, which does it by essentlally the tlme'frame in which a technology
‘would have ah“iﬁbaet.“'uoéicé:tﬁat.ne5f4£érm”§éehﬁoi§gi§; have grown
somé 410 percent since ERDA was formed.‘ Mld—term, 110 percent°
1ongeterm; 65 pefcéht; ‘Th1s represents, flrst of a11 our recognltlon
of our problem; it has made us realize that we need a 1ot more emphas1s
on'nearrtermlaolotions. It also represents the fact that before ERDA
was formed before the ‘Arab embargo, the federal role was con31dered

to be pr1nc1pa11y to handle the long-term stuff that would ease our
transition to the 1nexhaust1b1es; Since that t1me;‘there s been a
recognition of the need for the Federal'Government to make sure that

the other technologles, that ‘can get “us away from our dependence

on gas “and o11 needs some federal support to insure that they are

(490

1mp1emented on a t1me1y ‘basis.
I Hink 11 cut off there since T've run out of time. |
DR. KANE}‘ In my rather sloppy introductfon;éljdon'tkheifeve
' 1 madé ‘it ciégrifhat,ﬁroce‘goéahe‘fgf;theKentireraéencyilnot just the
“‘fossil eﬁér§§t,‘§hi§‘wésfﬁeéﬁé to{heajdétkan iﬁé?&d&éﬁoryf géﬁéiéf’
1obk;ieéréf“£hefeafiféfééénéyi So any questlons ‘should be directed in
Athat context, rather than spec1f1ca11y 1n the f05511 energy context.
"""""" Are there any quest1ons. | - ) |

. RAMSEY: Nornan ﬁamsey. Harvard Un1ver31ty.

"Am 1 rlght in 1nferr1ng from your comment that 1f you




iqélpderthe dissolve@ methane in the brine the reserves of natural
'gaslwé;lavg; §g quitgy#zﬁi;,ia fgptor of 5 or mdfe on thg p@fvg..ﬁls
th§F §6frect?\“ 7 | v : |
B Dk3 ROﬁINSON:” That}s;ﬁith:no consideration of how much it
&oulgffost ;; get it out, right. |

s th. KAMSEX: rIs there anyfindication of how gucﬁ thgvgogt
yéli benpo:ext;act it?A ‘

DR. ROBINSON: 'It‘s”e§tra9rdinari1y uncertain étrthe present

time. Part of the ERDA effort is to make assessment of bothrthe .

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

DR. RAMSFY: I see.

DR. ROBINSON: Yes? 7

DR. GREEﬁ:A Leon Green, General Atomic Company.

This is a question for Jim Kane. I notice in the final
program, the item thét was called "the overview of resea:ch’énd
industry" has fallen off. 1Is that your decision to sponsor any
research in industry?

DR. KANE: These parts are not meant to be just arreviewyof
vhat we are sponsoring. What we had intended was to get the viewpoint
Qflindustry, up and out, and we gave thﬁ} up as a,bopelesg»tagk(ig.
th#t‘we cquld'not pick one individual who we thogghg wpu{d speak for
ali industry satisfactorily. So, let me give you,ardi:ect answer. By
my division, you mean basic research. We sponsor a very small émount
of basic:resgarch in indﬁ;t:y. It is growing--it's a very :apidly
growing fracéion, but a small fraction of’our research is in industry.
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Théie,gfe,voflqourse, the usual problems of proprietary aspects/the
industry oftén wishes to.avoid. .
DR. GREEN:. Thank you very much,
DR. KANE: If there are no»fu;ther questions, now the scene
shifts to the real meat of the‘mégtipg._ And the first speaker of the
day wasHmeant to be Dr. Phillip White, who is in charge of the fossil
_energy program for ERDA. I told -you already, he's at a hearing. I
have evé;y»tegsoq to beiieye he'll be here, so what we're going to do
,is»invef; the;program,‘apd go .ahead without him, and when he gets
ﬁere,we will work him into the schedule, because I think it‘s crucial
’that you hear from Dr. White on this subject. It's his program that -
is under discgssion for much of the day today.
,?hehgirst;sﬁegker,ithen,_will.be Dr. Martin Neuworth, who is
~going ﬁé.discqss one of the ;htee,major programs within the'coélvR&D,
and th§£ is5the coal coﬁversiqp?aspect»of it.
;Iﬁ Dr, Keuwo;th here?
‘fVDR.;NEUWORTH:,”Ygsl-
. QR.,KANE:~,Oh, goqdf
,_  Wéﬂpromiseg, Dr.kNguwo:th,,tq give you a:little extra time
since this parﬁicular'ﬁopic ypufrg talking about is»of absolute and
;2ve:y;1arge impprfgnpeito ;his»méeting. T
| DR, NEUWORTH: = Thank you. |
,;TVOICE:,;We};lhéxgeijXOurbtime‘a‘littlé bit. -

- 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 dolwg
stan& and what are the research needs to ‘improve our technology?r
ST Could I have the first slide.

-(Slide 1)

I am going to talk about coal liquéfaction.' We're ‘actually
concerned with the production of three types of fuels:  solid solvent
refined coal which can be burned without the use of fluegas s¢fubbers;

“‘syncrude, which.can be substituted in a petroleum refinery for the
production of gasoline and fuel 0il 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. You must remove the sulphur,
oxygen, and nitrogen as hydrogen sulfide, water, and ammonia. This

is in connection with environmental and stability considerations, as
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s Essential Steps in Coal Liquefaction
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well as compatibility with petroleumyfuéls. Finally, you hévé!to
separate the uncovertedrédal and ash to‘produce a clean liquid fuel.

New slide pleaéé. .

(slide 2)

I've shown a rather busy fldw’sheet there, but I ;ﬁﬂ;-do you
have a poiﬁfer? e

VOICE: No, sir, I don't believe 80.

DR. NEUWORTH: Okay. I'll juét walk you through thié very
quickly. In order to co;vert coal completely to a liduid pféduct,
you have tb‘grind it. Ldoking up at that upper box there; comﬁine it
with a coal derived slurry solvent and'phmp the mixture into a pressure
»vesselvwheré you preheat it to temperature of the ordér of 750
degrees F. .At that point, essentially all the Loal is dissoivgd
except for ‘a small amount of unreactive materialland mineral métter.

Now, you have two alternatives. You ﬁan do the liquefaction
thermally as it is shown in the lower box. This is the technology
used iﬁ solvent refined coal, the so-called SRCI and SRCII versionms;
or you can convert it cataiytically, which is the way we handle the
H-coal or the synthoil technology. At that point--I1 guess wefrel
missing-—Tﬁefe's a loop around. You take ﬁhe effluent from the
dissolver and cool it, separate the gaseous components and then let
it down to atmospheric pressure where you effect fhe solids—liquid
separation. '

The solids containing material can be a source of hy&?ogen

by gasification, and then you separate the liquid products from the
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'éblvent to produce your'export liquid products.and, finally, return
the solvent back to the firsﬁ partiof,tﬁé process.
* Now, in the case of tﬁis dotted box underﬁ"solvent," this
includes still another Qariafion wﬁich,was deQeloped by_Exxon where
the solvent-;it's a distillafe material, is separately hydrogenated
to supply additional Hydrogen. ﬁif you use that system, ydu can
produce a distillate fueliwithout the use of a catalyst. So these
are three variations and'théy represent our most advanced teghnélogy,
that is, H-coal, SRC, aﬁ&Athe EDS pro;eés. 7

| 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
flant for about 2-1/2 years. It has produced at least 3000 tons of
clean fuel. We burned it in a utility boiler. We demonstrated that
yoﬁ can burn this material without a flue gas scrubber. It was
handled, like coal and it was actually shipped in an open hopper
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 boilgr. It did burn with apparently little
difficulty. It requires no flue gas scrubbing and the'Nbx'énd SOX
meet the—curfent standards for J/coal—fired.boiler.

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

stration plant at this point.
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The H-coal and EDS processes are in éarlier stages of
developmenf. We're building pilot plants to demonstrate these tech-
nologies. In the cage 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:ﬁgi
commercial plants. |

Now, some of the problem areas that we see in scalingi@p
coal liquefaction are shown on the next vugraph. ‘

(slide 4)

Oh, you're going too fast.

VOICE: I'm sorry.

DR. NEUWORTH: I Qill 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. The dissolver scale-up
is concerned with the question of three-phase flow.

Then we have the problem of pumping slurry, and the let-dowm
valves., These are concernedrwith the handling of the abrasive mineral
matter components. Then you have the distillation of dirty residues,
and by "dirty", I mean residues which contain unreacted coal and
mineral matter.

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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(Slide 5)

In the case of the pfocess problems, it's developing a
better understanding of the primary liquefaction steps, so that you
can design equipment to maximize the chemistry of the‘cpnyersién.
Hydrogen selectivities are concerned with the fact th#t hydrogen is a
very ex;ensive chemical, and if you use it, you produce varyinéi
amounts of gas, which is a high consumer of hydrogen; ﬁﬁd optiﬁizing
this step is critical. You have to remove the oxygen';ompounds to
produce the material which is stable and compatible with petroleﬁm-
derived fuels. The nitrogen compounds have to be reduced to a level
so that on combustion the product will meet nitrogen oxi&e st#ndards
for fuel oil. And finally, in those procgéses where cbairsees a
catalyst, the catalysts that have been used. have simply been trans-
ferred from the petroleum industry and design of catalyst which can
cope with“the fouling effect of coal, would permit significant iﬁprove-
ment in tﬁe‘technology.

That is a quick look at liquefaction.

‘ﬁow, moving on to our gasiéication program} The objective
there, of course, is to make synthetic natural gas by the reaction of
carbon monoxide with,hy@rogen or the direct reaction of carbon with
hydrogen.

In the low Btu gas pfogram; we'regcpncerned with making
synthesis gas as a chemical feed stock, a fﬁel gas diluted with

nitrogen, which is a significantly cheaper fuel because air is used in

place of oxygen.
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Now, I have shown a typical flow sheet--
(slide 6)

-- for a first-generation or second-generation coal gasifica-
tion process. o

Briefly, starting with coal, we have the c631 preparatioﬁs
and pretreatment in the case of caking coal, and then the gasification
step as you can see iéra minor part of £hevovera11 flow sheet. Ther¢
coal is reacted with steam and air or oxygen. The air:o; oxygeﬁz
supplying heat ?6 comﬁensate for the endothermic heat of reactiqﬁ df
carbon with steam.

The next series of blocks concern themselves with gas
cleanup and finally, going to the lower series of blocks, the sﬁift ‘
conversion is needed to adjust the carbon monoxide h&drogen ratio.‘
Then you have the steps of removing st and Coz, and then trace
sulphur compound removal because of the sensitivity of the methana-
tion catalyst. In the methanation step you react cérﬁon monoxide
with hydrogen to produce methane and water. Finally, you have a
drying step. It'é pretty apparent from’looking at that flow sheet,
it's quite a complex flow sheet. Thevcapital costs accofdingly are
very high, and thé operating costs are affected by the fact that 60
percent of your'operaﬁingréostS'are the recovery of capital.

Now, as most of you kﬁow, ;here is coﬁﬁercially ready
technology to Qarry out this process. The most well-known technology
is that of Lurgi and this is considered to be a candidate for a

commercial syngas plant.
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Now, the Lurgi process, although we comsider it technically
viable, has a:number of liﬁiéatipns, I discuss some of these in the
next vugraph. ‘ | |

(Slide 7)

Specifically; the LurgiAprefefs relatively coafse size coal.
As some of you may know, when you miné,coal in a modefn»mine, aboﬁt
?0 percent of the coal is finércoal,‘ﬁnd the Lurgi is incapable of -
handliﬁg this. |

AIn addition‘to that, the feéding of coal into a pressure
vessel is still artechnique which could be improved upon sighifi;
cantly. | |

Then we have the problem of processing caking coals, which
requifes p;etreatment‘with the loss of carbon. Then you have the
maximum siié vessel one can build to,coﬁvert coal and this requires a
great m#ny vessels to produce a commércial amount of syngas. Then
thereis cost of an oxygen plant. Some second generation processes
use air in blace'of oxygen in a two-step system so that the resulting
methaﬁe is not diluted by nitrogen. You have a very large cleanup
cost,'beéause many processes produce by-product tar andiwater confami-
nated with phénols and fine coal. '

‘Finally, in the primary gas coming out of the gasifier, the
lower the methane content, the more methanation one has to carry out
to produce the finished product with a higher capital and operating

cost.

50




N &

e

Cgaﬂ Gasmca&mn Pmbiems

fCQaI Feedmg

’Processmg Cakmg and Fme Coal
‘Gasifier Capacity | R
fiSubstatutmg Air for Oxygen
;}‘Bypmduc& Tar, Water and Fmes |
Methane Content of Gasmer Output
""Gas Cieamp - |

. T23387M 3/8




Finally, there is the high cost of the ga# gleanup.

May i have the next slide.

(Slide 8) |

wa, in ouffsecond-genera;ion pilot plant;program; what we
have attempted‘to doris take care of all or most of the limitations
of the first-generation technology. 'ﬁhat I've shoﬁalhere is a
summary of the pilot ﬁlantrprogram.w Wé show five pilqt plants.
Under reactor type, we've shown the fluid bed or en;réined bed,:which
aie designed td handle fine coal, the coal types thaﬁ one can use in
these processes. The thréugh—put ranges from 25 to 120 toné‘per day.
The pressures are up to 1000 pounds. The reason fo;ifhat is you'd
like to deliver the methane to'the pipeline at 1000fp§uﬁds pressure;

The first two processes, th; Co, acceptorA;ﬁd the HYGAS
process, have egsentially completed fheir technicalrprograms and
these are considered to bgrpandidatés for either a déménstration
plant or a commercial plant. The HYGAS piant is seriéusly being
considered for a demonstrationrplant. | |

The other three progréms are esééntially 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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This is the so-called catalyzed gasification, which involves
treating the coal with a catalysf liké potassiﬁm;carbonate. Thié,
increases the rate of the gasifiéétidn reactioniSO there is no nééd
for any oxygen or air. And sinceva signif@caﬁt"amount of methane is
produced in the primary step, which is an exothermic reaction, thé
reaction is thermally neutral and you are able to convert the coél to
about 40 percent methane per b@s?.

Now, this eliminates the need for a greatrhany steps iﬁ»the
gasification process, namely, the methanation‘steﬁ; and the water-gas
shift. By using a catalyst like potassium carbonate, all tar’and all
organic materials are eliminated, sorﬁhat there is a consideréble,.
reduction in the whole cleanup system. You substitute the cryogenic
separation of methaﬁe for the need for an oxygenm plant, and thisv
appears to offer a sizable reduction in capital and operating costs.

There is one other process which involves the direct réaction

. (
of hydrogen and coal, but I just didn't feel there would be time
enough to go into‘any detail. |

Finally, I would just like to completé the discussion by
mentioning in our low Btu gasification program we're not:concerned 50
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‘three’programsbin that area. One of them is a so-
calleorgasifier in-industrp,program, whlch involves the substitution
of low Btu gas for methane in those industries which»gere curtailed
from.having acontinuedAsnpply'ot’methane;»allom Btu gas combined
cycletelectrlcrpower procuction, whlch appears to offer one of the :
lowest'costoptlons forvmaklng electricitydfrom coal.';

. Finably, a hydrogen from coal project,‘which is‘concerned
with producing chemical hydrogen, a very crlticalyingredient in both
gasiflcation and liquefactlon»technology.q»

» Ih,a,nk you.

o KANE.' A;e:therelguestiOnsfgrlpr, Neuworth?

DR ZUCKER: My name lsrAlex Zucker, from_oak Ridge.

Do you see any need foria'oeeper nnderstandlng»ofpany of
the phenomena involvec in these processes before the engineering
problems and some of the process problems can be solved?

DR. NEUWORTH' Well I th1nk that the solutlons that are .
be1ng carr1ed out, as you know, are completely emp1r1cal and u31ng i
the wholerarray of“technologles;that have been oeyeloped in the ’l

petroleum industry. Adjnst it for‘thepfact-that:coal has these 'Wf.

s Tige

problems, but if'you are concerned about doing something in a short_
. t1me frame, that s the only practlcal solut1on., p,'::w

Now, I would certa1n1y encourage an understandlng of‘all
the bas1c phenomena in all th1s technology as a gulde to 1mprov1ng

- future scale-up of these technolog1es.,
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DR. ZUCKER: Do you Hévé é priority for somé as opposed to
others? . ’ 7

DR. NEUWORTH: Well, I thought I highlighted what I con-
sidered to‘be some of the key'ﬁroﬁlems in‘all this teéhhology.r i,:
should“explain that'hy rééponsibilify is for pilotvplant scalé;up of
technologies which have béenjbfought to a level that you can justify
that scale-up. I think Alex Mills is more concerned with the phenom-
ena that you ﬁre speaking to. v

MR. SHANNON: My name is Robert Shannon.

You do not address the SRC facility operations which is
currently in operation oﬂ coal. Do you intend to covéf thét; and if
so, will this be part of the demo plant?

DR. NEUWORTH: Well, I tried to explain that I had origin-
ally thought I have seven minutes on liquefaction. The.SRC—Z process
which you are referring to is essentially a thermal liquefaction
involving recycle of the slurry effluent from the dissolvers. So, in
effect, you have increased the mineral matter level, and you've
increased the residence time. The reiationship of that process,
which is now a distillate fuel producer to the H-coal and Exxbn
process, will determine whether there is any interest iﬁ puféuing

that. I think the fact that the process operates is not enduéh; As

you might have mentioned if you are familiar with the technology, you
* .

pay quite a price for practicing this process, namely, in reducing

the through-put by a factor of 3 through the liquefaction unit. Its
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an area, that I didn't intend to exclude; I just felt that there
wasn't_ enough time to é&ﬂinto detail about,ailéthe ;echpplogy.
MR. SHANNON: Xbu;mepgipﬂedi§ié§jl}ate_as primarily to
produce a No. 4 to No.VGane};for.power,fg |
- DR. NEUWORTH: I feel it's a distillate fuel producer and,
rthérefore, it mustucompete}with the EDS,pro;esg'and H-coal process,
allfof.whiCh are distillate fuel producers. . It must stand or fall in
how it compares with those, and until it's run for a few months, we
just can't make that.comparisq#. ;ﬁéfhave no bias: in ERDA. We have
no in;house technologj ;o:speak of., Wé're ju&t&technical'bankgrs, 1
think, is a good way of describing us. . .. . .. - o _L
DR. BAR(i)N:‘ I'm Tom Baron, Shell 0il Company. B
Wbuld}youlcare‘to;qQOteHyour;latést'esfimate on the cost of
. synthetic natural gas? .. T T T O P
 DR. NEUWORTH: Methame? ... .0 .~/ .
‘DR,;«B:ARONg‘;--_--tne‘t:hane‘.Qf\;.,~ S e e e W s Y
_—DR.,NEUWORTH:f;I'think we -have a speaker who is going. to:
.;cover thisthpic. :It's a;big.number,;,¥,; vi:fVLﬂ*f‘.s_/: e
' .. DRs -KANE: Thére will be;a;speechfonvthatv?ery>to§iC5 L
Dr. Baron. ., - ;,;;w.v;; B N o TS R ;;- ahy';{aﬁf;:
; ;~DR.iBARON: - Thank you-very much, l ~
;" DRs KANE:'¢D:;>White‘has not{yet’arriQed; is. that correct?

It's been-suggested that we take;a;Break\anduhage.SOmeucoffée;‘and?

await-Dr. White's. arrival.
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" (Short recess.)

'DR. KANE: Before we get on to the next'spéaker wﬁo wi11
discusé the research needs in another aspect of coal utilization, I
would like to have Dr. Phillips come up and give you a brief discus-
-sion of a Subjeét that I"khowkybu are all interested in. Bluntly,
you know, this‘is a great meeting. We're hearing lots of talks] but
we asked you to*éome'here,'and;ﬁbw are we going‘to get your reaction
~f;ctqred into this meeting. '
as o ﬁr. Phillips is going to discuss that for a minute.

DR. PHILLIPS:  Jim Kane says the purpose of this*meetihg is
to get the feedback from you, the attendees, representing the American
public.

Our purpose in having the meeting is to get your feedback,
and to provide for that we want to break you up into a set of smaller
groups that would meet tomorrow afternoon, for those of you that want
to do that. The reason for breaking up into small groups, as you
know, is that with a group of this size, only one of us can speak at
a time and get a message across.  While on the other hand, if we can
breakup into groups, like 10 to 20, then each member'of7tha§ group
perhaps can say something and get some of his ideas across.

To provide for that, we're doing two things so that we can

“sort.of organize you a littie—bit'and try to get some balance within
the sub-discussion groups. ~The MITRE Corporation (the monitor of

this meeting) has handed out a form and if you would please check °
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that off it will help us in forming up some discussion groups tomorrow
afternoon.

:,If you furn one of those in, that means tqymé 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
persoq.from)The MITRE Corporation, our contractor, for each of these
_groups. |

You're prébably also céncgrngd about what will be  the for- -
‘mat of anything fhat comes out of this meeting. ERDA wants a summary
report from.this meeting, anything that,wg«can(éqme up}with in the
way of a consensus or a spirit, a set of xecommendations'that you
might believe in. We ﬁént that)by;eérly;Angust_iﬁ §ugh;a‘w3y as
’hopefplly to po§sib1y;iéfluenceJthq:bﬁAgét,éyclé fhhé w?llwbe under
study at. that time. . = = | | | u _

.There will be a formal fryepoﬁrta .‘;includri_.ng all of. tﬁe _papers
that you're hearing at this meeting, and all of our discussions, and
including the Qutput,frém’;omo:rpwlgf;grqbon'gzdi§gus§ipg g;opng,:
That will be & report availsble to the public and should be out
sometime in September.

Thank you. :

‘EDR..KAQE;%;The:nexg;speaker.i§”D:, Steve Fgeed@én. He 1is

going to talk about the direct combustion aspects of the program. ..

DR. FREEDMAN: Welcome.
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My responsibilities as 'the Assistant Director for Combus-
tion and Advanced Power Development within the Coal Conversion and
~‘Utilization Division of Fossil'Enéféy?include administering the
fluidizedfbed‘combustioh’bdiler“prograﬁgJthe coal-oil“slurry program,
several other direct coal édmbustibn programs, ahd the édvanced power
program which consists of gas tdrbi@e projects designated to indirectly
utilize the products from coal ¢ombustion via closed-cycle turbines or
designed for direct utilization of low Btu gas and liquids'ﬁﬁde from
‘coal via the open-cycle turbine. |

'(slide 1)

During preparation of this meeting, since audiéhcévnéeds
were left undefined,‘it‘seemed'desirable to me to’providé a little
introductory background information. :

There is an interest in coal primérily'because of its
abundance and the diversity of applicétions‘to which it may be put.
Coal is not a new energy source such as nuclear was 30 years ago when
that program began. For those people doing research in the field of
development, it should be remembered that coal has been used as a fuel
for centuries. Our principal goal is to use it more éfficiently and
in a manner that is environmentally acceptable.

I tell pgople that « .

« « o« In contrast our division ié'¢oncefned with engines

that burn coal-based fuel. I am referring td thé'g§é turbines of -
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to&ay which, when modified with low-Btu ;ombustors, meet preéent
utility requirements.

A primary question is: Can we make improved engines (tur—vv
bines) so that the entire system from coal pile to busbar is more
attractive than that woul@ exist withdut the development?

(slide 2)

Here is a rbughréketch that depic;§,utilization of coal
in an energy convérsioﬁ process for pro&uéti9n of cleaﬁraﬁd economical
heat or power. We havé coal to be used as a resource. ,Wé'are”con~
cerned with utili;atidn of heat and p&wervand the minimiz#ﬁioﬁ of
airborne effluents'wﬁile making the éSh_and solid waste p:eduégs as
environmentally benigﬁtas is piacfical;“‘

Fluidized-beds are bf real inﬁerest as coal combustors
both from an economicai and eAvironmental viewpoint: the ineft
material in the coqbus;or Bedféan bélansoz sorbent, such as limestone
or dolomite, which calcines?ffom the hegf of combustion, picks up SO2
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 wifhin the Advanced Power Program, whigh
are operating on 1§w 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 802, particulates, gnd
NOx emission levels than projected.

We have a program for coal-oil mixture combustion which
is aimed at applications within the industrial and utility sectors.
Historically the use of coal-oil mixtures is not a ﬁéwrﬁechﬁplgéy. In
‘fact, back in the 1920s the Cunard lines powered a fé@‘shipSﬂwithvit
and later, the battle ship or heavy cruiser USS Guam operated on a
coal-oil mixture as an experiment in redﬁcing the costiof oils" The ..
‘cdal-oil mixture program is not a new science breakthrough; it‘ié'an
economic practicality.

- Primary areas of concern on the high teméeféture gas
turbines involve the aerodynamic cooling mechanisms. This topic has
been a subject of research for at least 30 years. The gas turbine
performance has been continuing to incréase and we believe that
further advancements are possible. These aerodynamic/cooling refine-
ments have to be coupled with new combuétor development to burn low
Btu gas.,

The liquid fuels from coal are of a structure other than
conventional petroleum based fuels. The molecules are comprised of
aromatic rings rather than molecular chaiﬁs 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

fuels in a practical, low emission combustor.
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- MHD and other new technologies will be covered by Mike
Raring and other speakers immediately following_me.
(slide 3)
~.&he history and status of the technologies that we are
\work§ng qnfisrfascinat;ngf—fluidized-bed‘bombustors, for example; ha§é
been ,used e; waste products incinerators{for some time. Fluidized—bede

were firstfnsed in the Winkler gasifier Sb to 55 years ago. Following
this early effort, hlgn.octane gas was made for World War II in cat
T:crackers u81ng fluldlzed—beds as a hlgh surface area means . of contact1ng)h
:“components to be reacted. As a- consequence of thl&; the petrochem1ca1
:'1ndustry was burnlng off the carbon that coked out on - the surface of"
;'the catalyst and had some heat recevery, heat exchangers were bu11t in

”Zthese catalyst regeneratlon systems. Between the petrochemlcal
i:exper1ence and the inclnerator expetlence u51ng the thermal inertia nf
;ba flu1d1zed—bed to handle d1ff1cu1t fuels of w1de1y varylng propertles,
the fluidized-bed evolved as a coal combustor able to handle the w1de ;
variation of coal qua11t1es and it also evolved as a reactor vessel.
into whlch to introduce 11mestone, dolomlte, or other SO2 sorbents for
802 suppre881on. ERDA and others have proven Soz»suppression at the
laboratory scale and are presently operatlng p110t plants to obtain
data for supporting demonstrat1on plant operation at the industrial
scale.

| For fluidized-beds the heat transfer and fluid meehanics are

;e .
two—phased and should be a good problem for universities -to work on.
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Howevet,‘fqr about 25 years the flqidizetipn research
commnnityvhes been working on thegbdykleppbenomene}ig?flqidizedebeds
for cat cracking and other reactor operetions. Reseerche;svtehd to
make the work a~contigg@ng drawn outéeffqrtﬁinﬁﬁpbble fotmation,
mixing, end»flqidizetjon&dynaméee.tv‘

_~The R&D area fgt‘gee‘turb;neshis,eqqtheg\sepa:ate art.
Existing ges;turbide btedezmategde}e;end blede cooling technologies
have beenvdeveloped mainly for military‘enginee and then filteredfddwn

into commercial engines for the same manufacturers.. From the commercial

aircraft‘eﬁgines, they filtered further into tbe}utilityiepplicatiohs,

" The turbine work is a continuing research of materials advancement and

advanceddcebling.

- The technology research area for hot gas cleanup is listed

~as a new techn1ca1 area that would allow the combustlon of coal at

. elevated‘pgeseure endetemperetgre,' We would 11ke to feed the direct.

products of\eodbuetigp through a turb;ne fo;_powex generatxon;.howeyer,
thds reqditeeee hptuges.gieanup‘system to remove bothwthe,particulateé‘
and the alkali metals preeeqt,in coel.; There @esrteen,stevprogressf 
made but more . advanced technolog& muét Be developed>to includee

suppre551on of alkalxes by tylng them up chemlcally and: fllterzng of

partlculates to reduce the transport of pattlcles 1n the order of 2 to

10 mlerone to the gas turbines.
. Existing imertial eol}eetoteican sepeﬁete;tbe,lerget e
perticles of aroundrlo microns and up, but this 2 to lD,oruz‘toABT,,

.
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micron size is a beautiful grey zone that inertial collections can
hardly touch and other mééhaniéméifbf’cleaniné them up seem to bé'
quite expensive. '

| Again, if the resdlting systém is too ekpensiverbr*fequires
too much of its own energy for its o&ﬁ'operation; then the resulting
complete pawerplant would not have an economic advantage ovér existing
state of the art conventional steam plants that are used as a baséiiﬁe
‘comparison. |

(Slide &)

One of the items was a list of unsolvéd problems or research
needs for which basic ecomomics have to be brought into perspective.
Many of the gasification/liquefaction»units have little frouble
feeding coal into high-pressure vessels because they dry it first
using large amounts of air-in terms of power and pressure drop-fot
conveyance. However, in a utility operation the enormous quantities
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.

The difficulty is that when coal is mined, it comes out
of the miné with the distribution of sizes, including a lot of fines,
and that plus both inherent moisture in the coal while it is in ﬁhe"
ground as well as moisture that would naturally accumulate dﬁfing
transportation and storage present sizing and moistufé'problems in

'feeding the coal.
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