 PROCEEDINGS

ﬁR;'KAﬁE::jMy:némé'ié Jim Kane. I'm going to chair this
morniﬂg'sgséégibhl

The meeting is an open public hearing, andee are going to
haYé'dueétidﬁ and” answer séééioﬁs‘éféé; éacﬁtspéékef; I'11l ask each
of you,vto éS to one ‘of the ﬁiéréphonesﬂénd idehfiff &ourselves before
you ask yoﬁf Qﬁésfioﬁé; |

| -'Thé”eﬁéire'pfdcéédingg are beiﬁgbtapéd; YSu:shoﬁld;know

that ahead of time. ‘ » o

'Wé’;e‘very fdfiuﬁéfe<t6 have 9§r‘welééme iﬁtfoduction
speaker here this mbfﬁiné;”bédaﬁsé ﬁisvpiéséﬁge was feqﬁeéted;fathér
preemptorily'Byjthexéenété; and he{; Bgeniup on:tﬁéfﬂilirsiﬂce 7:00
o'clock fhiéﬁﬁérﬁiﬁé. ‘He has ékﬁfééSééﬁfoﬁﬁé,priéatelyrfﬁ;t it vas a

great, great pleasure indeed to be here to giﬁeiyou these welcoming

" remarks.
Exquse me, I thought yourall,kneﬁ;him.fﬁl_&idniéjévén

"intfoduCé'hih.‘;Hé'ié>ﬁylﬁd§s£l1ibﬁ°ifi;ﬂAEEidéuAﬁﬁiﬁistfator 6f ERDA.
K “Mkf?Fﬁi:}‘ihéﬁk(;sﬁ,sjém.‘iii{iéiiﬂdéed;é éréét'ﬁiéééﬁfe'to

P

be héré.f“ﬁé’atévbgﬂdudt1ng?éhié”héégihéiiﬂféﬁébﬁkﬁél‘Wasﬁinggohv7'
fashion. Ve have Virtually everybody that oughi to be talkisg to you
testifying‘béforé'ihéfééﬁafé inéfé#& gffbgiﬁgaﬁ;;;;f%ﬁi>ﬁé étégfriiﬁg
to run*§ 1itt1é“£é1éy fééékiéékténd-fdféﬁ: ;iédig}3;i§fa¥féﬁjbiééiér
The hearing ‘should be over by 10:00, so I think, we have ourselves

reasonably covered. -
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First of all, let me just thank you all for coming. This
project that we are embarked on is.terribly important to us, and we
can use all the help we can get, both from inside and gutside the7‘

agency.

1

I might give you a li;t}érbégkground on it.; You should;kpow
‘that although ERDA may berwgl}anownrfo: getting into,cqgt;dve:éiéé,
such as whether or not to build high Btu gas plants gnq Q;gede; e
reactors it also has bgsicrreseatcb responsibility}in energy. Indeed,
the basic research responsibility for all energy sourgesirggggrhefe.

We inherited a substantial basic research program from the
constituent agencies, but primarily from the Atomic Ener317¢oqgi§$ion.
Our people have worked over the last two years to reshape the; pfbgram
in a way that provides the fundamental science underpinnings of our
entire range of projects.

A little over a year ago, we set forth a series ofrmggéggment
goals for the agency.

One of those was to make sure that our bgsic energy sciences
program was in fact, a sound one. Not only in the.organization that
Jim Kane runs, which conducts mugh of, that operatioﬁ and has that
Fitle, but also in the Fupporting research functions19f a variety of
our other program offices, all of whom virtually have someAyggiq;
research responsibilities and sponsor research in those areas. o
Jim approached this very difficult problem Qf_shap%gg,g

basic research program in, I think, a very good way and set up a




prpject‘ﬁith,a,gquplegof,distinguishgd.péoplgif;om outside the agency. %
to spend a year with us and help us understand'how we could do ;
better. . They have in fact.done that, §

One of the results of that project was t°;P°i“t~9“F.t?aF %

fossil energy research.was one of our most imPo:tgn;ﬁprpdqgts, and one
in which the fundamental research base requires—-in a kind of program
that we ought to be running-rsome clarification. It's important
because, you know at least.as well as I, that fossil energy is
terribly important,to the United States,.and it's important because
the research.base for. that program was not one of;;hg_pjgfgbipgsithat:
was,b:ought;pyerg;octhé;agepcy.uvA ?igPifi?ﬁnF$PF93r3?7w§§ b:?ugh;!f
from the Depa;pment;ofilncetiqf,rbp; it had pever been at the AEC.
The confluence of thSg,;wo;opgefvationsfga;lyiledfpgg;q_gﬁy,,wg”
need to do the best job we can; and to take a hard look at the fossil
energy research base, - . .. ni4@:¢f;'f;j::%_éqj Dot Lt
We,though;;pne,goog;way{tp éetvg,fix,dpg;hq:gigﬁipf research
that needs to be, d_oné. and the kind of rclé.&.,f,ede,ral, agency could
play was ‘to bring ;pgether,;in;ahpubligymeeting,-g gggup.ghathcogld_w
help, us out.. . As}itSegxfrpm;the~agenda;wgfl};;;y tohgiyerypphsoqé_, |
background thisfmorniﬁg; thgp.tuxq,arggndglatéqﬁqnﬁip the afternoon
-and -look to;those 6f?you whq,hay¢~come_;95givg;;he¢§dY;qu§nd help
that we frankly seek ig{this,ma;te:ﬂgyi _‘;_ﬁéA;iﬁ;';,{,l\é,A_{EH .
 So you'te\}_yer)’ kind to have come,. It's going to be. a gr@,-é@ :

‘help to us.  We are doing this for a selfish reason, .to help put ., .




together our fesearch'brogtamj“bﬁtﬁwé'hbpe you find some interest in’
it, too. ; B |
Unfortunafely, I ﬁa?é to go back to tﬁe‘Hill; but*ag#i;;f'
thank you, and I hope you have & successful meeting. | o

(Appiahse;)' :

‘We are going'to;ttyiéé'kéép'this on scﬁedule,'so we L;vé’a‘"
couple of people with a clack down here to keep us all on tiﬁe.nv'

I'm gbing’tb'fépéat a lot of the thingé Bob said.- ﬁéjtookra
lot of my opening talk, but I'thiﬁk it's”proﬁably important'thagﬁl o
repeaf some of the things he said because in my few minutés:offééening
here, I would like to tell you, again, why you're here precisely; and
what this meeting is expected to cover and what, by implication%lit is
not ‘expected to cover. So, some of ‘this will be repetitive of Qﬁat
Bob just said, but I think it's worth it that I go over it again.

This is a mandate given to me by the Administrator of ERDA
to assess the--I will have to be careful to explain some of these
words--the quality of the Basic Energy Sciences Program. And ndﬁ I
have to explain very carefully what I mean by "quality" and "Basic -
Energy Sciences Program," because that's really why we're here.

Subsequent discussions with'Mr. Fri and Dr. Seamans, whénihe
was here, defined this in the following way. By "basic energy sciences,"

I mean the basic relevant sciences, the applied sciences, and the kind -

of broadly applicable generic sciences that pertain to ‘energy technolo-

gies. . gi';




i

Today we are going to limit this to fossil energy but the
,pqhé?teF theyvgave me wasnft,limited'to justrfossid'energy. So it's
the very basic}work,,the appljed,acience work and the broadly relevant
genericrtype norh, yhdch ia‘not‘apecific to one(particular technology.

Let me describe what Dr.‘Seamans and Mr. Fri meant’by
"adequacy."» They didn't mean by "adequacy," the usuai idea; Is this
1nd1v1dua1 piece of ‘work of h1gh sc1ent1f1c qua11ty? They meant by

adequacy" that from the v1ewpo1nt of the agency, Was the research
acrosa the agency 1ntegrated? Remember, 1t s done by d1fferent

4 : Y

kplayers sometimes.Z}Were these people ta1k1ng to each other? Was the
research program balanced’ This is a questlon you w111 hear again and
aga;n today. Do we have a balanced program? Are there parts that, in
your opinion, are rece1v1ng far less emphas1s than they should? Are
we d01ng too many th1ngs 1n one area and not enough in others? Isbthe
program comprehens1ve? Are we overlooklng great opportun1t1es for
research? That's really what they meant by "adequacy. - So that's the
thlng I’ 11 ask you to concentrate on today. Iherba}ance, the comprehen-
v81veneaa, the»;ntegrat1on,‘aa qelbras,«ofzcourae,_auggeationa on

subject mattermr | |

| ,NQY; to.do thie:forzthe agency,rofwconrse, would be an
, _enormonsrjob'and I‘decided that it was highly:improper tovdo‘it‘with
onr onn’peopie,:and our onnureaonrceaf _To aak'an_organization to look
at rtseif‘criticallyvis,kind of‘arriaky busineea{,:SQ I thought it

best to use outsiders, whoer, Fri told you about. _They7re not




full-time ERDA employées;fadd'tﬁéj are the two gentléﬁén you will see
more of during this meeting, Dr. Gerald Phillips, who's on leave from
" Rice University, whererhé'sfa'b}ofeEQOr‘Of physics, é;ibngtimé head of
" the Bonner Laboratory there and a man who has at least a passing -
acquaihféﬁcé with the oil patch. o

The other parfici%éﬁt'is Dr. Richard Kropschoé} who is a
c;mmérce science fellﬁw; :He}é'Chiéf‘of the Cryogenié Teéﬁﬁologj
Section of the National Bureau of Standards at Bouldef;fCoidfaéd.

I gave these fﬁo'péoplé Qéry broad guidanée,'jﬁéi what 1'd
been told by Mr. Fri aﬁd';;ked‘cﬁém to come back and tell me what they
thought needed doing. |

This was their three months progress réport: they fdund
much they liked about ERDA. They had two principal observations -
relevant to this area I'm talking about.

One, they sensed théré was an unevenness in emphasis on
applied sciences.

Secondly, because of the unique organization of ERDA; the
vertical organization of ERDA, in which one assistant administrator is
given responsiblity for a specific technology they found Whatﬁfhey
thought was a neglect of crbsscutting technologies. Ones that weré of
interest to many peopléraéross'the agency;-and yet ddroﬁe adﬁiniétrator
felt his career rose or fell on their success. And théée had a
tendency to drop through the cracks. K

' That was their preliminary report to me. As I sgy,ifhéy
found much they liked; they found some things that concerned thém.

6
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"My ‘guidance to them at that time was to concentrate their

efforts on fossil ‘energy rather than the entire agency. For two

people to ‘try to do the entire agency,'of‘éourse; would be folly.

The reason we chose fossil energy was because the agency has given
such enormous--well,. the country for that matter--such enormously high

riority to coal, in the nation's future, and particularly, the
P y :

. critical shortage of liquid fuels that may occur. So fossil energy

was chosen because, in our opinion, it was a high priority topic,
particulérly‘the aspect of utilizing coal. And, again, I'm narrowing
down here--I've told you‘already‘wefre“néfrowiﬂg into one end of this
broad continuum what ERDA's responsible for in research. Reﬁémber;

ERDA's responsible for everything from basic research to commercializa-

tion. 1I've told you 'we're going to concentrate on one end of that

~gpectrum today. And I'm saying'we're going to concentate on fossil

energy and, specifically, we'll try to keéprifyhigﬁly focused on coal,
coal to liquids and coal to gas.

. " Now, I realize with an audience of this quality, I don't

want to focus you too narrowly. We appreciate your comments on any

subject, but the general purpose of this méetihg is to focus as narrowly

'ds possible on the topics I've mentioned.

Al right.  The two of them came back in the spring and re-

~ported the following: they had concern about the balance of the over-

< all fossil energy program. Particularly;”theylwefé”ébﬁcerﬁed about




a gap between the basic research program, which is .under my jurisdic-
tion,,and the applied science programs. Let me explain a little bit
abdut responsibilities in thevagency; . My organization ié reéponsible
for the basic research for the entire agency. In .other wofds; basic

research related to solar, fission, and fusion sources, and fossil

energy, the whole gamut.

I am not responsible fér the applied science.',The';pplied
science is left to each of the assistant administrators, angiit's his
,:decision on the emphasié he gives to the applied scieﬁce, thélyleads to
;hé goals that he has defined for his particular cut of tecﬁﬁology.

So they percnived what they thought to be a gap in between tﬂe basic
work and the applied science.

They also perceived what they thought ~and, again, f will put
this in qualitative term; because this is a supposition on their part,
but they at least expressed concern over what they perceived’to be a
lack of novel applied science directed toward concepts that would
appreciably lower the cost of converting coal to liquid and gas. I

guess kind of a slang way of saying that would be--well, maybe you'd

_want to call them high risk, high pay out approaches.

I don't know what you'd prefer to call it, but at least I'm
trying to put in words the opinions they gave to me. They réported
these opinions to me and of course, the first thing we did was talk: to

the people in fossil energy about this. And I want to emphasize this

again. This is not in any way an adversary hearing today in which we ) i

are saying one approach is right, and another one is not right.
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" . We have had the ‘total cooperation of the fossil"énétgy
5'«peoplefin'this_‘"Réther:thﬁn'anJadGeréary hearihg;“this is a construc-
‘tive session in which we hope to solici£4bp{nibns on how we can make
Our»pfégrams better. -

' Dr. Kropschot and Phillips reported their opinions to me.
We explained them to Dr. White, who is head of the fossil éﬁergy
proéram5 and I've been--by the way, let me digress'a‘ﬁinutejhefe--
while'ﬁe're‘waiting ~--three of the participants on this morning's
progrém are'up at .the Hill right now. Dr. White is one bfqthem, and
‘we're‘éoing-‘because he is so important to this program, we're going
to work“ﬁim in as he.COmeSEahd delay his part of the program. So our
: agenda‘this'mérﬁing'iS'apt”to be allittléféut’of order becausé there
are three absent participants; Chris ‘Knudsen, Dr: White, and Harry
Johnson. I think we have -a substitute for Harry Johnson because he is
. 80 early on»the?prdgrém}'bnt the other two, we'll try to ‘work around
thenm. R |
=A11~tight.i’We“iéldﬁdﬁr7bpinib§ ‘to Dr. White, ‘and ﬁhiél;

meeting resulted. It's an honest seeking of diversity of opinions

ST G p Lend

aand‘Viéépoints.“‘Wé,aék*yOurfhelp,7'7 S -
Now, ‘let me- tell you what it is ‘not. T have said this

‘twice, biit I want ‘to make'itfvery-éiedfi:thfis'£Ot a review of the
*_entire*fossil'éhergy prograﬁl”’AS‘13Saiﬂ;fa giﬁub‘liké'this iS'gsing

to make their opinions felt on any subject they wish tbl"It's*;’




an open hearing. But weflljt;y to keep it away from specific discus-
sions of the technology, coﬁmgpqializétion, and’demonstfatipn program,
and the advanced technology. ;Thishis not meant to be a review. On
the other hand, in order for you to give us yoﬁr opihidn, you have to
understand the program. . So you're going to hear .a lot. this morning
gbout'the entire prograq,rmqte,gshpggkground,material,@so that- the-
format is_a presentation of the qusillenergy program. ,Thenj—ﬁfter
that, a‘rgpo;t’on;the research p;ogggﬁ, and ‘a time for a discussion
and criticism, N et LT R PR

Now, although I'm going to be on the standzthisﬁmggning, I
want to make one final comment and that is, from now on, I'm really a
participant in this; my program is as much under scrutiny as;.any other
program here today{ and I invitgzyourjcomments. I'm really more of a
Mr. Interlocutor than I am rpnning;this thing from now on.

I'd like to, before I go any further,. introduce Dr. Phillips
and Dr. Kropschot, who_have been responsible for this review. They're
sitting in the front row here. Dr. Phillips is in the brown suit, and
Dr. Kropschot in the blue.

Our first speaker then on this morning's session will be a
pinch hitter for Harry Johnson, of ERDA's Planning Office. Let me
expiain a little bit about what Harry does. Harry is a planner, the
one who outlines the missions, the programs, and advises on the budget
for the agenpy's energy prbg;ams. His place @s;being taken by Bruce

Robinson, who will give you the first ﬁresentation of the morning.
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DR. HILL: Dr. ‘Kane?

‘DR.VKANE:.“Yes.

DR. HILL:. While he is setting up, would you describe for
us thé—functiqhs that NSF kANﬁ; and NSF used to carry that are no
longer carried by them and must be by ERDA?

DR. KANE: >1 don't believe I can really do that. I'm not

well enicugh acquainted.
S Bruée, do you know aﬁy of those'fuctions that were trans-
ferred in from NSF or terminated over in NSF and RANN, ﬁhiéh have
Beenﬁpicked up ky ERDA?
DR. ROBINSON: The programs that come to mind are solar,
geothermal, biomass. . |
DR. HILL: There was & lot of coal research.
DR. KANE: -- there was a lot of coal. Alex Mills then
could perhaps address that one. k
DR. MILLS: We had 23 projects from RANN, which were trans-
ferred to‘ERbAe 1'd like to‘éay, invgli frankness, they were tréns-
ferred with no moneﬁ; no personnel, and they are now:cdhing(in for
renewal, ° |
CDR..HILL:_ §o it;is:eipected thét:your'éhbp will éick:up
evgiytpigg;NSFiwas doing?'..;.‘ ' |
¢ DR. MILLS: Coalj right.'
DR. ROBINSON:V’Well, my task, as I understand iﬁ‘thié

morning, is to give you a brief overview of ERDA's programs and budget,
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to give you some context for the more focused discuésibﬂiyou are
going to have during the course of the day. So what I{iiéend to do is
give you a very abbreviated;indi¢af10n of how ERDA's pfdgrams are
consistent with a stratégy'whzchrdériQeéllagicélly‘ffaﬁ ESHSidé;afion of
national energy probleﬁs}'”iﬁ the course of that, to hit on some of the
highlights of:the programs; and then to*giﬁe &ou:a quiék'overview of
ERDA and the ERDA budget that was submitted to the Conérééérfecéatiy E
for fiscal year 1978. R
I might say that a more detailed discussion of the kind of
topics I will bg covering and related topics will be iﬁclddéd:iﬁbtﬁe %
ERDA Annual Plan, which is ‘due to come out in about fworééeks and will
be available from the Technical Information Service in Dak Ridgé;at
that time.
Can I have the first slide, please.
(Slide 1)
- Of course, the major component of the national energy'problem
is the fact that our entire economic infrastructure is depéndent on

0il and gas. As this slide indicates, about 75 percent dfifhézébnéump-

tion in 1976 was in oil and natural gas.

" As you know, and as we'll see in a éubsequént é1ide these
are our least plentiful resources, and our fix ‘to déte:ﬁasﬁbééﬁ;impbrt-
ing. As indicated, in 1976, wé imported sbmefhing like 40 percent

of our oil.
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Our domesticrrééggrgés'simpiy cannot Suppqr§rtﬁefkind>of
7groduction required fo mee;,ouf,demands, and we caﬁnctrd;pénd 6n the
tempofary import fi# beég&ééjthere is a similar worldwidé pil problem
not ‘too far down the ro#d.},’ | N

Can I see tﬁerﬁeié Vugréph.

(slide 2) T |

This slide projects a cumulative consumption wbrld&ide. The
| upper band indicates estimates of world oil resources.  Iﬁe1§e11ow
bar is the halfway mark; a typical bell-shaped productioﬁ,curve. You
begin to level off productiénrat the halfway mark. As.you can see, if
the world continues this present 8 percent growth, produgtion will be
leveling off in the late 1990s. Even if there is no growth at all, we
will reach the leveling off point very early in the next cedtury. So
the import fix, even if we are willing to ignore problems of national
security and balance of payments, is at best a temporary fix.

_The next slide, please.

(Slide 3) |

This is the result of a recent CIA report where they have
projected that the proBiem we are projectiﬁg in the '90$'§oﬁld
actually occur in the '80#. There is some disagreemenﬁ a; térgxactly
when it will occur, but there's no doubt that imports, at'best,7are a
temporary fix.

Could I have the next slide.

(:T.

(Slide 4)
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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 ofioil,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

18
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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 boib'}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

22

s
s s e 8




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. - It's hoped by .'79 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

OCCUTr 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 was”meant 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:~,Ohi 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

38

(i';

I W

S ——




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 exéensive chemical, and if you use it, you produce varyingi
amounts of gas, which is a high consumer of hydrogen; éﬁd 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 programQ 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.
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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 shoﬁ%lhere 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 demonstration plant. | |

Ihe 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-
calledrgasifier in-industrp,program, whlch involves the substitution
of low Btu gas for methane in those industries which»gere curtailed
from.having acontinuedAsupply'ot’methane;»allom Btu gas combined
cycletelectrrcrpower production, 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 crltical ingredient in both
gasiflcation and liquefactlon»technology.q» v

» Ih,a,nk you. ,

| KANE' Are:theretguest;onsfgrADrs Neuworth?

DR ZUCKER: My name is Alex Zucker, from Oak Ridge.

Do you see any need for a deeper understand1ng of any of
the phenomena 1nvolved 1n these processes before the englneerlng
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 emp1r1ca1 and u31ng i
the wholerarray of“technologles;that have been deyeloped in the ’h

petroleum industry. Adjnst it for‘theAfact-that:coal has these

s Tige

problems, but if'you are concerned about doing something in a short_v
. 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 gurde 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 #re 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 c§ncgrngd 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 §uph;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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S

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

advanced“cebling.

- 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,particulatee‘
and the alkali metals preeeqt,in coel.; There @esrteen,stevprogressf 
made but more . advanced technologﬁ 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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For sorbent utilization, limestone and dolomite are used to &~,ﬁ.

absorb the $0,, forming a dry granular solid that sets up witﬁ the ash
and the coal as low-grade cement. A contractor to the EPA,:who was
conductihg sorbent 1eaching:c01umn work, experienced a problem with
the columns setting up solid thereby bloéking all water throughput.
So, we believe that we have a;oncthhrough disposal technique that is
both economical and‘environmentally‘accéptable. However, when you
look at the enormous quantities of limestonme and sulfated limestome
tﬁét come out of a fluidized;bed combustor oberation, it appears th;t
the amount of lime%tone froquuarries that wili be requiredrcomparédi
to the amount of disposal area reqqired is undési:able.

So, we are cqncefned as to whether‘or not we can practically
‘regenerate the liméstone of sulfated limestone into lime again fof,‘
reuse iﬁ the process.

We have to be very much concerned as to the fuel that
we use for regeneration. w?eéple ha?e made prototype regenerators that
are natural gas fired, But that is premium fuel aﬁd we would pfefer
having to use direct coal combustion products. There is concern also
during the limestone regeneration process that the S0, ‘or H,S given
off (depending whether it is an oxidizing or reducing atmosphere) may
have to be passed on to another plant. This regeneration plant has to
be economical and dispose of the sulfur in an environmentally accept-
able manner as we have seen in that first diagram where the solid

waste product had to be acceptable.
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The capitai cost of equipment is of concern again (as
in any utility operation) where coal-oil mixtures are concerned.
Coal-o0il mixtures are feasible, however the only question is: What is
the cost of the preparatlon of the mlxture, and the: re11ab111ty of |
operatlon W1th a mlxture because, whenever you have coal, you have’
ash. That is the W&Y'lt comes from the_ground. That's the reason for
itsviow'price.ijlt hasnftfbeen de-ashed yet and the fate of this ash
in the boiler is of concern. Wiil it“compromise boiler reliability?
Requ1re a b011er down-ratlng? And what are the prospects of the
stabllxzatlon of the m1xture?

You can take coal and o11 make a mzxture, put various
surfactants 1n to stab111ze 1t 80 that 1t w111 not settle out and .
rena1n in a pumpable form, but the cost of surfactants adds to the -
cost’ of»the product whenrwe are,concernediw1th mak1ng stable mixtures.

 (Slide 5) S |

This slide is presented to review tnerroles of technology
development and implementation.

There are different roles. Government‘has to have RD&D
in industry, where tne big equipment‘is built, so that resultant
projects4wi11 proceed to low-cost reliable. products which can be
rapidly imnlemented. When ue look at thevenergy picture and the
,urgencyrto switch over\torcoal, we really cannot afford an extra
‘10 years for industry to learn from the national laboratories and

research communities.
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There is a support role in the scientific communities
falling between basic and applied research which includes the digssemina-
tion of information and cross-fertilization of technologies. A case
in point is that of the boiler manufecturer learning about fluidized-
bed combustion from the cat cracker and incinerator industries.

(slide 6) |

I assome that someone else‘oﬁ'the Program Agenda will
d1scuss the Energy Research Centers that were prev1ous1y part of the
Bureau of Mines - and of the Department of the Interlor. They have
expert1se 1n~coal handllng and processrng.

- 1 As’ 1. see them, the Natlonal Labs are places for big,
h1gh-powered sclence f 11ke development of synchrontrons, cyclotrons

and whatever else 1s be1ng made these days under what I used to refet

L3

to as fatom,smashers.giafff

i,:,‘ Instrumentat1on,7se1ected sc1ent1f1c problems such as
sorbent regenerat1on, chem1stry of sorbent mater1als, in what phases
they (sorbents)'ex1st, when, and,to which phases they may go, and the
‘nature of ﬁheir pore structore--these‘research problem areas,.for
‘example, are appropriate for the Leboratories.

The universities have their traditional basic knowledge,
new ideas, and the training of the next generatiop of engineers and

scientists., ~ This is an important role because we have to have new
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people coming into development areas who can identify the real prob-
lems and can utilize real elements in providing solutions to these
problems.

Industry plays an important:role serving an implementor.
Next.

(Slide 7)

Okay. Whenever I have a meeting of this nature and identify
a list of research needs, I?am usually inundated in‘gbout 6 weeksf&ith
research proposals;; ?lease be reminded{at this?poiﬁt that Dr. Millsis.
group‘ié for expldfétbry;fesearch;-whe;é.mosfA@f th; noQéI new ideas’v
usuéliy are worke&iput fi;s#. Wﬂenjor”éftef'séientific4feasibility
has been7proven, iﬁé fiipf?plant(groép;get;-thé prdjééfs for detgr@%né-
tiop'bf engineeriﬁéupéﬁéficality4af this lgvéls vFoIiow;ﬁg thatflévgl
is the Demonstrati;n ?laht‘iéVel f§r~demons£ratioh‘of a project iﬁfan
actual copmercial ;&peiéhfiiSﬁmenf; ‘ - |

So we are concefned abouf ééﬁ;etition for\thé research
budget, and tﬁose are some thdughts thﬁt 1 had abouﬁ research expanding
to fill the available budget.

I did a doctor's thesis once, and it was explained to me
that every thesis has to uncover more problems than it solves.

I think I had one more slide for wrap-up.

(Slide 8)

-

Yes. In "Researcher Horizons,"

in the near-term, you

can't do much in five years. All you can do is improve what you have
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and make evolufionary improvements on existing technology. In the
mid-term we can get some new processes going and apply what's already
in the basic regearch inventory now. And then, the way I see it,

in the long-tefm; which is after the year 2000 anyway, we have oppors
tunities for revolﬁtionary impro#ements éﬁd ideas that wé paven't
worked on yet.

Thank you.

DR. KK&E: Are there questions? fgs, sir.

Dr. Béron; 7 |

DR. BARON: As a potential large-scale user of coai,jwhat
frightens us most is the prdblem of transportation; assured gﬁd reli-
able transportafion. ‘Where‘in théi&overhmen; are studies—being made
in the technical and legal aSpgcts of assured continuous supplies?

DR. FREEDMAN: Has anyone given tﬁg overall fosSil-eneréy
organization?

DR. KANE: No,‘Dr. White has not yet given it.

DR. FREEDMAN: Okay. In the Office of Fossil Energy there
is an Office of Program Planning Analysis, which has an Office of
Long-Range Plans -~ if that's the correct name -- or Strategic Plans.
I forget -- one name or the other, headed by Martin Adams, That is
the group that does the overall total systems analysis.

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

of components. He looks at the entire coal process, which includes
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mining,slimitatidnsJon,new equipment for mines, the five-year lead
time for drag lines, how. long it -takes to ~open a deep mxne, the
tranSportatlon limitations and potential bottlenecks, as well as the
economic- advantages ofwnewer,compgting modes,

-You have rails, slurry pipelings,_bgrges{-e how do they
compete with each other?

Then the utilization aspects, bg‘it;cpnyergion_to,liquidf
or gas, or pfilizatipn»di:gctly, as coal; and then the interaction
with the waste disposal,

8o it's Martin Adams, in eithei strategic plans or long?
.range Planning'in,the~0f£i¢e~0f Program ?laqning:and Analysis, in
fossil Energy. I«trust:thap,answefs_the;question.,v

- DR.. KANE: Could you come ;outhe«mic:ophone{andﬂgivg,ydur
name, please,
<. MR/ CROSS:;. I'm Jim Cross. I'm from ERDA also,
Would-you care . to say. anythlng .about poss1b1e ut1112&t1on

'of coal-in heatlng of prlvate homes? .

=+ . . DRy :FREEDMAN: ,nght:ngy‘gomgthing like l_percgqt;_and‘; :

whether it's..8 or 1.1, I don't know. _But it's less than 1-1/2
percent.i.I've%seenfthe,numberpwérjof;cog}jugeﬂfiy~§9mestic appli-
cétiohs;- CEQ.had . & studygdpneronhcoal~for.rgsjdgntial/ ppmmercia};

) » L N ‘\,
applications.
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Their conclusion was that the-difficultieé associated
with coal =-- handling it, getting rid of ash -- as well as the.
environmental problems -- because Whén you burn, if you burn in a-
small residential. combuster, you Vould'not have 'a reasonably high
stack for dispersion, and the sulfur emissions were serious problems
and that for ordinary economic reasons they did not see the rgsiden—
tial coal marketiexpanding.

Now there are some péople who ‘in the last winter wanted -~
coal because they couldn't get natural gas and they considered coal
as readily available. That's more a people problem than a national
energy problem; and we would be assisting those people in finding out
what domestic coal furnaces are now available. The home stoker has
gone up from about 25 units a year to about 300 units a year being
sold.

But when you turn that .in terms of quads, it's negligible.
The British Solid Fuel Advisory Service have a collection of brochures
showing the extremely attractive architect-designed home fireplaces
that include both hot-water heating for baseboard heating and some
- of them.also include stoves and combined heaters, to use .coal.-

We would make this information available to péople,in an
information dissemination mode, but I do not see us doing anything

¢
in R&D.

80

R S .




DR. NEUWORTH:.’You'should tell them about that smokeless
fuel they're talkiqg about, which doesn't have a counterpart in the
U.S. ‘ ? _

- 'DR¢ FREEDMAN:  We don't have the ‘smokeless fuel heré yet,
and I think it;might,Be ironic if we wound up iﬁporting coal.
“(Laughter). '

But using coal in a residential‘application is more -
difficglﬁ than using wood. : People who used ‘it 30 and 50 years ago
put up with a lot of inconveniences and -a lot of emissions that ‘I do
not think we'd put up with today.

‘MR. CROSS: -Does that mean you don't have any programs
for domestic fuel?

B ﬁR:iFREEDMAN:i We have no program on'domestic use.  We're
trying to put together an infdrmatibn—dissemiﬁation}program, so -that
we'll just provide information for ‘those people who are interested.

" “DR. KANE: ' The chairman has ‘a question, -

DR. FREEDMAN: Go shead. - |

rﬁR;}KANEil:DfI‘Néﬁwdrth?bointédiodt that'sdlventérefined'
coal“wés‘shippédTQnd‘pulverized7and;fgdiiﬁt9 at 1eaét~1afge industrial
boilers. Iéithéfé?aﬁy‘luck‘at all*iﬁ‘doing‘this’in'domestic-size?

.:DR;‘NEUWORTH:”I“dbn't think so. |
*"“DR."KANE: ‘None., "None" was-the answer. '
DR. NEUWORTH: We'll be‘very happj if ﬁé can get some of the

industry to use it, I think.. That would be quite an accomplishment.
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DR. KANE: Any further questions?-

MR. BORIS: Boris, IGT.. .

Just to comment in this regard, getting coal into the home ig
a problem. . You can accomplish.it by shipping the coal directly, as a
solid. You can also gasify the coal and burn it as a.gas in¢the.form€¢
I think that, in the long term, .,

that you're already equipped to use.

may be a more acceptable solution.’

DR. FREEDMAN: I would stress: Direct combustion is used as

a solid not gas from coal or a liquid from coal.

‘DR. KANE: Yes.

DR. REYNOLDS: Lou Reynolds, Stanford.

\The programs you're working on now seem to me to be the
long-term programs of an earlief»era. And you are benefiting them

from the basic research that was done some time ago.

With this in mind, can you tell us a little bit about how
your people are guiding the basic research that's going on today? --

to be sure that it will be useful.

DR. FREEDMAN: That's a difficult .question. Let's see.

The basic research really winds up being commuﬁicated to
the pilot-plant and possibly the demonstration-plant people if it
might affect components —- by the program managers who handle the

contracts for the basic research -- and I'll call it the exploratory
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 fes§arch -~ where it may be of value.tp a particular program I1'11
have somebody‘ffom Dr. Mills's group or occasionally from Dr. Kane's
éroup'comeland say, "Hey, Steve, this’ﬁay be of interest to you."

“ ©° . It's this information broker, in the terms of4;he research
manager within the Government, who plays a key fole in making sure
that ‘the users of his ‘product ‘are aware of'it;ii"

.- - And the formal reparts as they get bound into overall
documents are distributed. .But it's usually a personal one-to-one
basis Qf saying "Here's something that may be of interest to you -- I
think it fits in ;~ that has a key role.” I think it's always been
that waye.

fDR.’MiLLS}17I“thihk you missed=ﬁr.YReanid's/question.
A reservoir of basic research aécomplisﬁménts;Vbased:On an earlief
generation's efforts, has'notfbeen.utilized; >
""-'”stthere5a”mechanismswithin ERDA to guarantee a certain
budget ‘level, or wh‘éte\ier’,* to’ ensure ‘the. i‘xiputv—'t‘:o ‘reflect what is -
being‘used? | 7 ,

" DR, FREEbMAN; SWell; between Dr. Mills, of FossiinEnergy
Reséérch}*aﬁd‘Df; Kane}*in"DivisiohjofuPhysiCal_Resear¢h, their
bﬁdgeté'--'lfreallyﬁcan’t‘Speak~from.the,aqministrator's,level,as to
how ‘sacred ‘their budgets are. >'But -there iSfeveryjindicaﬁion that it's
iﬁténded to continue, and the rate of growth is the only thing that's

really something of concern. . :
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‘We have these organ@za;iqnal,areas, to support the research
and nurture it through its infancy, so that it will be availablé in
10 or 15 years.when we need it. . -

Bill, am I on the topic?

DR. REYNOLDS: What I'm curious about: for example,

I think you said, "There's been<25,ygars of research in fluidized
bubbles, and it's been on single bubbles; and it hasn't been very
felevant to us.," All right?

Now I'm asking you, what are'you doing to' tell the research
community now, that you think will be relevant to you in 15 or 20
years?

What you've told us, I think, is you're listening to
what's going on in research now. Ana if it's useful to you now,
you're listening.

I'm asking you to look ahead a bit more. Looking down
the road, what are you doing to tell the research people to do now
that will give you some interesting results?

DR. FREEDMAN: Well, there are two kinds of areas. There's

one area; it's called "new ideas,"

and I can't tell the research
people what new ideas to come up with. Before Winkler came ﬁp with
the fluidization or before the cat-cracker people decided to - apply
Winkler's fluidization, there was nobody around to tell them what

the next thing, that we don't know about today, will be discovered in

the future.
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’ With’the exception‘of:ArthnrACIarke and Herman‘kahn and the
futurolog1sts who may get 1nvolved in that’—- all that I can do,
really, is descrlbe the technology as I see it 15 years from now.

Then the researcher has to do h1s th1ng, because if I
could really tell h1m what to do, I would be in that f1e1d, not
in the pllot plant f1eld. |

o (Laughter).

” R. KANE. There was a gentleman here that had'a questlon.
QhWhere was it? ,Yes’Sir.

'DR, HOLLOWAYt 'Holloway,zfrom‘ﬁaxon,yl

More~speciflcally‘to.this haslc researchkonestlon. What
are yon doiné‘to fund'basic research in universlties. How does your
level compare w1th that of other m1551on-or1ented agenc1es and w1th
the National Science Foundstlon?‘ - k A

DR. FREEDMAN: Do you want:to‘;nsmer that one?--because
you have all'the charts with‘the'bies,kr ’7 |

That will be gang'erf.’ And therels‘a whole'hnnch of
budget breakdowns and pie charts as to how much goes‘where.

. RANE: I be11eve both Dr. Hlll and Dr. Holloway s
quest1onsrare excellent, and Alex will face them thls afternoon,
'and I will face them tomorrowlln my part of 1t,7 o

'VOICE: Roland. o |

DR. SMITH: Roland Smith,‘General Electric.
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Let me pursue Bilereypolds's question a little bit further,
Steve, ané‘not look to the fu}ure buf today.’

K We have a bunch éf unsolved problems here. Alirof the
problems are divided in terms ofrthé application you need.

) ‘Now who in ERDA, you or Kaﬁé, is requnsible for saying
what is the’scientific researéh that shoﬁld be undertaken torsolve
these problems? These things are not defined in terms of ﬁﬁe science
that uﬁderlie the problems, in the areas of research that should be
éuéported. | ’

Is there anyone in ERDA who has that responsibility?

DR. KANE: As far as the basic research, I have it; and
as far as the more applied, Alex Mills has that. And we'll talk in
our turn about how we do it and how we talk to each other about
that problem. That's subsequent talks.

A good point, again. I think you're all asking different
aspects of kind of the same question. We deserve to be asked those
questions. So don't forget them when our time comes.

Yes?

Paul Scott.

MR. SCOTT: I just had one additional comment to help
to answer Steve's question on the guidance that we get from the piloq—
plant people in terms of doing research.

I think one of the most valuable things we get, both from

the energy centers and from the people at headquarters, is review of
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the proposals that we receive from universities. And we look
at how our p1lot-plant people and how our field people view these
proposals°’and th1s helps us keep our course stra1ght.
| So th1s is another kind of gu1dance on an ad hoc particular-
event basis.
VOICE: Jim.
DR KANES Go on.
- Again i say this'as I preface each'of these talks. Dr.
White has not yet arrived;aso we'li{goron to the final one of the
three.technoiogy presentations:for“this’norniné.r
Mike.ﬁaring is going to talk about the magnetohydrOdy-.
nanics program; | - | | |
| | Mk; RARING:VI hopeﬁyou will understand I'm substituting
for Bili'dackson who wili return‘tonorrowarom Moscowvwhereahe has
spent the past week. ﬁé deliwered-a‘fiwe fesla'superconductingd'

magnet to the U—25 fac111ty whlch w111 be used in the 301nt US-Soviet

MHD cooperat1ve program.'

1 w111 attempt to exp1a1n what we're do1ng ‘in MHD: what

the purpose 15' the nature of the work that S‘requ1red‘ how ve're

trylng to accompllsh that work loglcally, in accordance w1th prlor1—

t1es necessary to meet the goals we've set° and f1na11y who s d01ng

the work.

And 1 w111 try to 1nc1ude a little about what ] be1ng ‘done,

and'why. Flnally, I'11 try to say somethlng about where we stand.
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If there is time, we have a film on the U-25 pilot plant in

Moscow which I know Dr. Jackson and Mr. Licarrdi, the Deputy Director,

would like you to see:r it makes an gxcellent introduétion to MHD.
However, if we put that on now, there will be little or no time to
outline the program. So, if anyone would like to see the film aﬁd;We
don't have time now, I wbuld suggest that we may be ablé»to show it
during the lunch hour: it is interesting. |
After that introduction, let me say that MHD is somewh§t 
different from most of the programs in Fossil Energy. It has a
specific power conversion mission. It's an advanced Electromagnetic
turbine development projegt. And it has a clear purpose. As in all
power systems work, development requires strict engineering and
economic disciplines. We‘ve got to identify engineering problemé in
the correct environment, that is, with realistic electromagnetic,
fluid dynamic, électrochemical and thermal stresses. Then we've got
to work to solve those problems through development of designs which
get to the root of the difficulties. And we've got to avoid being

sidetracked into non-productive research, no matter how well qualified

the available resources or how alluring the path. Engineering goals

cannot be met when efforts are fragmented in peripheral research.
The design concept we're following is different from the
systems which have been considered for military applications. OQur

\

work is directed predominantly to the coal-fired, open cycle system
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in whichvcbal is burned in é combustor to produce a high temperature,
potassium;éeeded plasma. The high Fonductivity fluid i; passed
through the channel where it interécts with a high strength magnetic
field to génerate eleétficity. Tﬁe plasma is analogouérté the rotor
of a convehtional elécftic generatof.

. The first.s;ide (Fig. 1) sﬁmmarizes-the objectives ofA;he%'
MHD program. The essgntial objective is to achieve an ogerall Sk
efficienéy'bf 50% or more in’a combined-cycle MHD—Sﬁeam~éommercia1;:
‘power plant. - You;are'probablyiaware of £he ECAS sﬁudies which were:
conductediby NASA under ERDA and Natioﬁal Science}Foun@étion Spoﬁsor-
ship. The studies were made by both NASA and industriai analysts.
Industri#l developers and manufacturers of heavy electrical generating
equipmentf&ere represented. These gtudies compared adQénced power:.
conversion systems, based upon coal firing, and found ﬁhgt open cycle
MHD lookéa about the best frém bofﬁ efficiency and cost of‘electricity
standpoints. Of course, coal-fired MHD piants will have to supply AC
power to existing grids at competitive costs. They wiil ﬁeed to .meet
applicable'en§iroﬁme#ta1 standards. In this respect, MHD possesses
an intrinsic advantagé: sulfur is captured by therpotaséium which is
used to "séed" thejplésmé. vThe potassiﬁm sulphate, whiqﬁ is formed,
can be drained off at a downstream station in the'gés path and ther
potassium can be converted back to cérbonate for feuse;f'This advan-
tage means that MHD.could burn high suiphur coal with minimal

capital cost penalty in stack gas scrubbing equipment.
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. The next figure (Fig. 2) repreéents a schem;ti§ of a
typical MHD—éteam s&stem.
| ihe combusthviézat thé left in this figure. Work on
combustof deveibpmeﬁt is being pursued ﬁfimariiy’at.the Pittsburgh
Energy Research Center (fERC). Current design enviéages two stages.
The first stage is a cyclone combustor in'which 80 or 85% of the ash
is rejected as molten slag. Combustion conditions are maintained on
the substoichimetric side, which minimizes Ndx formatién. Combustion
is'completed in a sécondfstage combustor to'ptoduce a plésma at
around 4800°F. |
The plasma flows downxthrough>the ch;nneivﬁhere it interacts
with the magnetic field fo produce an elect;id field. Electric
charges are collectéd by,electrodegiplécedvon the walls parallel to-
the magnetic field direction. This D.C. cﬁfrent is:inverted to A.C.
and conditioned to suit Fhe utility grid. The hot gases then flow
through the diffusg?wint§ a radiant bqileriwhere thermal energy is
transferréd to boiler fe;d water. iThe,cooler'gases,‘stilllaround
3000°F,7m9ve,nextvinfo tﬁe regenerative'éi;rheaterfwhere ;ééd and
slag arebdfained gff. F?nally;‘fhé codled‘gases, étlaroun& 2000°F,
enter the bottomipg;s?ea@ plant.
I.want to:Stre§s3thelunique gharacter of the generator.
This component hasvﬁo précuksor iﬂ bowér conversion machinery. There
are no moving parts; 'fhe‘stressés arg?gntifely different tﬁan the

high temperature mechanical and corrosion conditions  encountered in
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MHD Schematic — Coal-Fired/Directly-Fired Air Preheater
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?gas turbines’or steam generators. Thedproblems,are electrochemical,
electromagnetic, and thermal. Heat fluxes are high. Development
4work mustrtake intovaccount‘these comhined environmental conditions.
Stress conditions must be realistically 31mu1ated 1n the evaluation
of des1gn variables'— vhether material, geometric, thermal, or’

) . o
electrical.

In pcweriequipment development like this, as the history of
~ piston engine, steam turbine, and gas turbine development shows, workf
progresses through clearly marked stages. pAfter,rudimentary proof -

of - principle’is achieved there is an engineering development phase
'tovshow that the concept works' then comes a commercial fea31b111ty
demonstration phase. The final phase is directed to full-fledged
commercial demonstratlonf Our program is presently well into the
first, or engineering feasibilityfdemonstration phase as shown in
‘this slide (Fig. 3); We are developing components‘for engineering
feasibility testing;at the 50 megawatt thermalflevel. A test facilitv,
designated as the Component Development and Integratlon Fac111ty, or ’
CDIF, 1s be1ng constructed in Butte, Montana. After we pass this
program hurdle, we W111 advance to a commerc1al feasibllity demonstra—
‘tion pilot plant. We have de31gnated th1s prOJect as the Engineerlng
Test Facillty, or ETF for short. This w111, in effect, serve as a

" commercial pilot plant - about 250 megawatts thermal. De51gn selec-

‘ tion of the power train W111 of course, be derlved from the CDIF

rexperience.r;,,
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The MHD program is organized in eccordance with these

;reelities. Work is clanified in accordance éith a Work Breakdown
;ﬁStructure designation to‘identify where it fits in the total effort.
;gTheSe identifications snan ali activities from basic design support
‘iresearch analyt1ca1 studles, englneerlng evaluatlons to resolve |

4b381s component design 1ssues, then on to major engineering tests to

v

;val1date the development work and f1na11y into commercial demonstra-
Ltion. This slide (Flg.f4) ‘identifies the basic development require-
» ments and act1v1t1es by Work Breakdown Structure deslgnat1on.

'The next sllde (Flg. 5) 1nd1cates the shift in program emphas1s, by

work breakdown structure, as work moves through the successive

phases.

To illustrateAthe kinuvof Phase;I'support research and

engineering work we are doing - it has been necessary to establish-

electrical, thermal, phieicai, and chemical properties of coal slags,
electrode materials, 1nsu1ators, and other materials of design
1nterest,runder condltlons\as closely representatrve of the MHD
env1ronment as poss1b1e. Seed recovery exper1mental work has been
1n1tlated - determ1nat10n of the thermal and f1u1dynam1c conditions
under which seed and‘slagiCondensationroccurs.

Stanford Uninersityiheelheen investigating basic MHD
phenomena to'prOVide a:hasis for betterﬂanalytical understandiné

of generator performance. MIT is studying combustion kinetics,
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evaluating electrode and insulator materials under simulated channel
design conditions, and so forth.

This slide (Fig. 6) shows the general course of component

development. The left hand column of boxes represent the more

B

significant component dgvelopment efforts. The University of Tennessép

Sk
R 14

Space Institute, at the top, is at present upgrading their facilitiégz

3

Dr. Dicks, who directs the work for UTSI, has been active in MHD woéﬁr
for a number of yeagé. The AVCG-Everett Research Laboratories, nexfg
in line in this.Figure, arerdoing the bulk of the channel developmeé?
work which will determine the design of the first CDIF test channeléi
PERC is responsible for development of the first coal combustor whiéh
will be tested, in tandem with an AVCO channel, in the CDIF. They ‘
are basing their development work on a five MW thermal experimentalf
model of the projected CDIF design. Westinghouée is using bench tes£
facilities to evaluate electrode designs. They are also upgrading a
small channel facility which can provide test environments more
nearly duplicating power generating duty conditioms.

The Reynolds effort has been aimed toward advanced electrode
engineering development and to the evaluatién testing of more conven-
tional designs. The USSR U-02 facility has providedlvaluable test
experience on ceramic électrode designs under ¢channel operating
conditions. =

The next column in Fig. 6 represents major test facilities,

where designs developed by the first column activities, can be tested
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at a larger scale and under more stringent engineering conditionms.
The first box here is the Arnold Engineering and Development Center
in Tallshoma, Tennessee. They have a 250MWt facility in which we

plan to perform important tests to first, investigate power extractiom

in a large channel under relaéively high magnetic field,condiiibns.

This, we hope, will be folloﬁéd by extended duration testing of

selected designs which prove to_be superior 'in the smaller scale

development rig tests. Both ;ctivities are_important to scale-up
consideratioqs, that is, in séaling’first to ;he CDiF but mosfly from
the CDiF‘poAthg ETF scgle; o | |

Thé CDIF is shbwhriﬁ,this f{gure as the middle box. " The
U-25 facility, in the USSR, is avgilapié to the program as a paft
of the joint agreement. ‘Thisbfécility‘will be used to meet two
important test'requiremeﬁis.AﬁFi:st,'highwmagnetic“field strgngth
tests willfbe ponducted inttherby-pass loop;'for‘ﬁhigh aﬁéupgg-
conducting magnet, which I mentioned before; has beep p?bvided by
the U.S. And next, the'facility will be used to test selectéd U.S.
designs in large sizes - equivaleﬁt to the ETF size.

This next slide (Fig. 7) indicates the flow of activities.
The top left hand box represents MHD power trains for CDIF testing.
This includes the combustor, channel, inverter, and so forth.
Related combustion activity, represented by the next box, is intended
to look ahead to advanced coal combustor deéigns which would lay the |

ground work for an advanced CDIF test train. These activities are
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intended also to support;dqwnstfegp,;omponent dgvelopmentror balance-
of-plant systems -vthe ré&ianf soiler, air heater, and seed recovery
systems. The chart also showsiextrapolation of the powerrtrain develop-
ment into high B field regime. This involves extension of experimental
work from a 2 to 3 Tesla range to the 5-6 Tesla range. Our initial
efforts here will probably take advantage of the U-25 by-pass loop.
~ This, I believe, covers the sglient features'ofiour program.,
. As you see, we are attgmb;ing,to;keep our efforts focused on a firm
;dbjeétive,:namely. developﬁehflof a sound design for the ETF éombined
MHD-steam pilot plant to‘prbve”éommerciél feasibility; The nekt
,slide’(Fig..B) simply repéaﬁs'thé last one except in greateé detail.
This figure (Fig. 9) isran:artist's dfawing‘of the CDIF faéility in
Butte - we're well into construction. Next is a picture of the
supercondﬁcting magnet which was delivered to the U-25B site (Fig.
10). It was designed and built by Argonne.
VOICE: I want to'ask a very obvious question. Why is it
that our very best device goes to Russia?
*  MR. RARING: 1I'd like to defer that questidn to ﬂr. Liccardi,
the Depﬁty Director. T ’
MR. LICCARDI: The only existing facility in the world
today of a size that can accommodate the present magnet is located in
the Soviet Union. The quid pro quo that we have with the Soviets is
that we will get all the data from the operation of the U-25B facility

with the loan of this magnet. There is no magnet fabrication technology
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transfer,’if that is your concern,.because, as you all know,;technology
transfer comes primarily from the know-how in the fabrication:of equip-
ment, that is fabrication»techniques.g This is a scaled unit. We feel
that we will not be in a position to get that data from a large scale
MHD facility for about another two years. So this will help .us
immensely in designing our channels and future MHD power systems.

VOICE: Good answer. ‘ 3

DR. KANE: Dr. Green.. | ;

DR. GREEN: 1I have a quéstion reg&rding the efficiency
with whiéh the thermal energy is converted into electrical energy
in our MHD duct.

MR. RARING: The enthalpy extraction gemerally considered
as necessary to commercial success is typically 15% minimum. Achiev-
ing this in a small channel with a high surface to volume ratio is
very difficult. However, a recent test at AVCO on a disk generator
under conditions.which simulated combustion gas chemistry, did achieve
14% on two successive‘tests, shock tube tests. In the view of some
plasma physicists, at least, the experiment is relatively independent
of the configuration - it's a plasma experiment and the resultsrare
applicable to a large linear channel. So, there has not yet been
any experimental evidence to show that 15% or more is impossible in
a large linear channel.

MR. LICCARDI: We do haQe what we call a high-performance

demonstration experiment that will be done at the Arnold Engineering
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DeveIOpment Center, and this w111 be a short duratron 15 to 20 second

run ona channel the size of the ETF, wh1ch is 250 megawatts thermal

“and this will allow us to go to steadyvstate cond1t1ons and va11date

‘the enthalpy extraction and turbine efficiency. That's about a year

or more away.-' o
5 j el T : AR H o B [ Tl 4 . ‘ : .
3 RARING. That's the purpose of that test, as I mentioned

ear11er. Thls is 1ntended to va11date enthalpy, extractlon and

- i, ¥y

turblne eff1c1ency, in a large channel test.

DR KANE: “Are there<other questlons?

I th1nhrth1s meetlng is a great‘example of the best-1a1d
schenes.‘ Let me te11 you the nice log1ca1 order e 1a1d 1t out 1n,J
so you>can contrast th1s Wlth what's happenlng here. |

1 was snpposed EL g1ve you a focusxng talk whlch told you
the area we were Spec1f1ca11y go1ng to aim at for the rest of the
meet;ng. And the remalnder of the mornlng wasrto contaln, f1rst, a
talk by Dr. Wh1te, in wh1ch he would g1ve the goals, the strategy,
the overall p1cture of the fossil energy program. Wlthout that klnd
of talk, it's d1ff1cu1t to do what I asked you, to put the research
portlons in context.‘jwh ; . AR

After that, we were going to have, and we have‘had, some
talks on the technologles.' 1 told you speclflcally that these

echnologles per se were not the top1c of th1s meetlng, but never-F

theless they were necessary if you were to make pertlnent commentsyoh

the meeting.
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Now, you still haven t had Dr. Whlte s talk. I'ﬁ still _
desperately hop1ng that he' 11 make 1t because I thlnk he § an essen-
tial 1ngred1entmto:th1s‘meetrng.r 7

" Vhethare“one‘more te}klthat was supposed to giver§oo:ther
backgrounc.on the meetingrtoday; ahd I think rt's equally essehtialiw
tobthe techhology,’and that is the probable costs of synthetic_fuels.

Now, you understandwthat;the,purpose of this meeting is;
how much resesrch, what~kinc of research, ought we to‘have' ahdr

certainly one of the dr1v1ng forces ‘to do more or less research is

the state of what you already have. So the next talk is by Dr. Chris

Knudsen, and he will discuss the subJect of estlmstes ofrsynthet1c
fuel costs from fairly well-known processes;' ihis is'another‘talk
which is supposed to put in-context the questioh, "What resesrch, how
much, and what kind should we do?" -

So, it's all backward today. I'm sorry, but we couldo;t
avoid it. 1Is Chris here,rso he cah go into this aspect of it. If
he's not, we're in real trouble. |

See, Chris too is up at the Hill today.

We do have a pinch-hitter for Dr. White, who could give his
talk from the slides and so on. 7

Leroy Furlong. Leroy, I hate to do this to you at the
last minute. I hear somevhere that you can -- if he'yeylostrhim;
we're in real trouble, ‘ N

Let me tell you what the topic of the Hill is today,

because it really is a serious one. It has something directly to do
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with this meeting. Last week there was an enmormous furor in the

Senate over some estimates of availability of foe§i1 energy as a
function of price, existing sources--natural gas, predominehtiy. The'
sﬁbject;iezohe in hhiehApractieally everyOhe“in fossil energy has
been occupied ﬁore or less continuously, ehd;thatie the one that has,
today, Dr. Whlte, Mr. Fri, Chris Knudsen, and Harry Johnson up there.
That's the reason’ they re not here. ‘ |

T eeebhocalternetive, except to go to our first speaker

~of the 'afternoon. 'Aiek, cohld we do that to y&d?'

o

Let me back up Just a m1nute and tell you the why and
the reasons for th1s. ‘ | |
© VOICE: Why don't you run the £ilm?

“'DR. KANE: The MﬁD'film? I would rather hold off. ihe
subJect of thls meet1ng is really to glve us adv1ce on what we ought
to do. The MHD film, we'll haﬁe’it here; we'iljshoﬁ it during-the
noon hour. I haven t seen 1t but I m sure 1t s a good f1lm. But
the real purpose is the cr1t1que, and I thlnk ‘that's probably less
valuable for the cr1t1que than some of the other thxngs.

Now, the next speaker is Dr. Alex Mllls.’
“He's dlrector of the D1v1s10n of Mater1als and Exploratory

Research, wh1ch means that in fossil energy,'he is the man in charge

of the development of the intermediate, and in some cases long-range

researchs =~

109




Rather than describe what Alex does, ;'1}:1¢t him describe
it. This is the talk that was to have been giyen Fhis afternoon--we'll
move it forward noQ.r |

Alex, sprry>to do this to you onlsuch<short notice.

DR. ﬁILLS: Thank you.

(Slide 1) »

I'd like to begin with the fi;st vugrgph, vhich lists
objectives of the division. I need to tell you, since you hayen't
seen the overall distributionrof divi;ions, thatrwe are one o%,;her
divisions, budgetarily one éf the smaller divisions, but natufally we
think one of the most important divisions in fo;sil energye. v?he
Materials and Exploratory Research Division has these objectives.
These builets are not quite equally distributed, but the point is
that we are to serve in concept as tﬁe central research management
for all program areas of fossil energy.

And I hope, incidentally, Gerry, that while you stressed
coal, I would believe that our discussions today should cover all
fossil energy, so that oil shale is also a candidate. And a chief
function that we have is to insure that we lay the foundation for
innovative technology, which is an aspect we‘haven't heard in our
diséussions so much today.

' To do that, we ought to develop a ;gchnology for’procegges
we have listed; gasification, liquefaction, and also refining;and
chemicals. We want, on the other hand, also to improve the operational

reliability and efficiency of synthetic fuel plants through materials ( ,
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~
and compbnents research. So this is a little different from the
chemiéal kind of processing. And we want to develop advanced tech-
niqugs for combustion and direc§>utili£ation;

(slide 2)

Thé next slide lists some special concerns for uni?efsity
programs. These are listed as the objectives to locate and u§§ the
talents of university people, and I hopé we use them in a cbngtructive
manner--give them the opportunity to come forward. One §f ghégﬁhings
that we'vevrecognized of great significaﬁée is that we have aééommunif
cations channel. We have had great difficﬁlties, 1 thinﬁ, coﬁﬁuniﬁ
cating with the public at large, and also with speciél groups,;and we
think that the universities ié one segment of our United Staée;
commgnity that can communicate what the realities are.

And, of course, the last, and in some ways we would
think the most important of'these; is to assure an adequate manpower
basé. This was mentioned once before.

(Slide 3)

| The next slide deals with the disfribution of funds. And
you see under "Advanced Research and Supporting Technology,".in
1977 some 7.7 percent‘and 6.1 percent in the '78 bﬁdget. The
Division of Materials and Exploratory Research is a major part of
that, but not all. There is a planning function within that budget.
So this gives a.distribution of the various divisions that I mentioned

earlier, and which will appear in Dr. White's talk.
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(slide 4)

The next vugraph-—end I want te go over some of_these
to get to the end few,(which.I’think are more significant--related to,
the share of funds for this'particﬁlar divisipmlin percentage, and
I'm no ‘doubt somewhat self-serving to illustrate it this way.

It shows erdiminution. To bring it into focus, our
budgeting has been essentialiy consfant, constant plus 8 percent,
oner this period of,time. The reason it has th1s form is that the
development of power plants and large-scale activity has gone up, but
at the same time I w111 make’the‘polmt'that the research activities
have séeyed essentially constant,

 (slide 5)

The'next vugraph comments on two things, programwise and
wﬁere &g deimork. You see that $31.6 m1111on for this d1v181on 1s’1n v'
the,coei ames,‘ There is. some add1t1ona1 research activities 1n oil
shale >a‘xA1'd'p"etA:':‘:oleum. The'c_enter bar'depj’.cts the »fact that our act;ij— :
vitiesieme dividea into‘ﬁhree parts: edimect mtilizatiom,.meterials“v
and components, and processes. eAmd»éhismbar graPh represents the a
relative funding. And they'feiﬁfekem down into subgroup3a At the
right illustrates what organlzatlon is used to carry out the acti-
vities, and you see 1ndustry, $10 m1111on°‘un1ver51t1es, $8.6; energy

research centers, $7.7, nationa1~1abs, $3.4. So, at the left is the

general things we';e‘doing, and at the right where we're doing this.
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. I\IIATERIALS AND EXPLORATORY RESEARCH
~ FY78 FUNDING DISTRIBUTION (MILLIONS)

PROGRAM . - . COALPROGRAM © ' ORGANIZATION

OILSHALE = -
$0.6

s /omen GOV'T.

s | BENEFIGATION = - s123 513
PETROLEUM |7 -1 piRect " COMBUSTION 196 NAT LABS

AND UTILIZATION SO : s34

NATURAL | s ~ POWER & SUPPORT . s

 comPoNENTS . $326

R - : — ERCS
MATERIALS T e _ | | A
| AnD COMPONENTS | : . - ‘
] s926 . MATERIALS ; ~ $6.00

REFINING : o sas0. UNIVERSITIES
‘ S | $8.6

 GASES | . ss00

coat |- | pmocesses | | | | INDUSTRY
$316 S164 ‘vauis - - © $6.90 $105




We can discuse somewhat mqré ;ur activities relative to}ihe univer-
-sities or relative to indﬁstry. |

(Siide 6)

. e e i m - L

The next slide éomﬁgnts on the activities in terms of
how wé're organized: ;procésses wifﬁ Dr. Podall, power and matérialsk
and components, Dr. frankel; and I:just want to comment that we
regard our university programs significantly enough that thesevare
organized under Paul Scott,'wﬁo isvheré; Their activities actually
are acrbss the board.

Now, if I may turn'fo the next vﬁgraph.

(Slide 7)

This depicts, as mentioned, the university programs
where these are distributed, and youiil hotice that there's wide
geographical distribution. .Wé expect at the end of the current
fiscal year to have about 150 projects at universities. 1 thought
that we could add to this particular map where the energy research
centers are, and we're doing work at five centers, the national labs,
about seven, and, of course, industry, a number of locations.

So; from a viewpoint of geographical distribution, we
(have come a long way in deliberately involving a diversityrof groups,
seeking talent, of course, to carry out the programs in tésearch5
-ﬁarticularly on coal, but on fossil--all fbséii energies;,

(Slide 8)
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‘ FY/76 PROPOSAL/CONTRACT SUMMABY

° PROPOSALS

.NATIDNAL LABORATORIES
ENERGY RESEABCH CENTERS
"‘UNIVERSITIES |
""INDUSTRY AND OTHER

X CONTRACTS/PROJECTS

'PROCESSES

— GASES

~ Llauins . o
- REFINING & CHENIICALS

{,MATERIALS & COIVIPONENTS :

— MATERIALS
‘~ COMPONENTS

'DIRECT UTILIZATION
— BENEFICATION =
'~ COMBUSTION =
~ ENERGY TRANSFER
— SUPPORT STUDIES

123
37
230

509

UNIV -
B N

NS

-—b
E"olsn | NN

GOVT

1

alvovveaee NS

TOTAL
50

a4
13

29
7

7
18
2
12
182




The next #ugraph comments on how we get suggestions
for research. -And I must say ﬁefpome to a sort of an issue as to
whether we éugﬁf to be arreaétiéé group in ERDA or one ﬁhich doeé
more positive planning. From a reactive point of view, which'is"
described here, we took the trouble in '76, the last compléfézyeér,:
' to.list where we were getting ﬁrqposais. These are unsolicited
proposals from the national labé, et cetera. And, at the bottom,
where the contracts or projects are. So we have, at the end of '76,
some 54 with industry, 73 withkuniversities, 55 with government
labs--about 200 projects. | | A

The plan of work which we do is then balanced in part by’
the projects which are proposed ffom various institutions=-univer-
sities and others--but more importantly, I 5elieve, our activities
are fashioned on a consideration of what the needs are, and:then by
reactiﬁg to unsolicited proposals on the one hand, to issue either
requests for proposals or so-called PERDAs, and we have three PERDAs
out at the preseﬁt time, one for novel, innovative rgsearch on
- refining, on coal gasification, on liquefacﬁion.
So we go to the community with a aiscussioﬁ'ofrneeds
~and the PERDA has got more latitude in it thén a.reguest.fof proposal
inﬂfhe éensé that -it's not as well defined exceét as to objectives.
So we have ﬁnsolicitedrpfopdsals oﬁ the one hand, we have ouf concérn
"for what is needed; ana i'mlgoing to come :6 that later;  Théfe was

some discussion today, of course, on how the poﬁer plant or larger
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f‘scale,‘é{eltctl;’.vit:iesrare deseribing their needs in'terma of;th; nroblems
éwhichsthey have. ‘

;(Slide 9) -

VNext vugraph. I would say today that if you want
Zto learn about what we re d01ng in the Divison of Materlals and
'Explonatoty Research, there are three sonrces. F1rst~1s~the gold
fbook,ﬂeppies ofrwhieh’have'been available, which descrihesiall fossil
‘energflaetivities.i&'”" |

f?he second is an annnal report which is available, and
a new onebis to come. out in the middle of July.

_And the third is to look at what we would eall oﬁr fact

‘'sheet. We have a book that each project has. a partieulat one-page

i

.edescrlptlon obJectlve, fundlng, who does 1t, and 80 on, SO I will
’glve you that 1nformat10n to delve into. You can p1ck up the

ésheet, see what the prOJect 1s, and~then.you can: go and get progress
1reports and so on.ff |

‘ 5 0bv10usly, 51nce our‘prOJectsrare on the average, $200, 0007-
iper project, and we have seen that there were 182 last year, and we
’are go1ng to p1ck up another 30 starter grants, it's: 1mposs1b1e to
:dlscuss these 1nd1v1dua11y.-

f ;i;ﬁi, So,pwhat I d 11ke\to do new 1s,x1n the ‘next sllde, to
.d1acuss a few partlcular prOJects w1th the 1dea of 1ett1ng you see
what these are 11ke. % »

(Sl1de 10)
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- MAJOR RESEARCH AREAS

RESEARCH AREA/MAJOR PROJECTS

. CONTRACT VALUE
(MILLIONS)

NUMBER OF
CONTRACTORS

© MORE ECONOMICAL SYNFUEL PROCESSES

- METHANOL-TO-GASOLINE (MOBIL)

—~ CATALYTIC GASIFICATION (EXXON)

-~ FLASH HYDROPYROLYSIS (GULF, IGT, SUNOIL, BNL)
—~ COAL STRUCTURE/REACTION MECHANISMS

= REFINING OF COAL AND SHALE OILS

— NEW CATALYSTS FOR COAL LIQUIFACTION

55.4

107

® RELIABLE MATERIALS AND COMPONENTS

— COAL GASIFICATION (MPC, ANL, ORNL, NBS)
- FIRESIDE CORROSION (COMB. ENG., BATTELLE, G.E.,
EXXON, WESTINGHOUSE)
- = VALVES FOR COAL GASIFICATION (CONSOL. CONTROLS,
FAIRCHILD, MERC)
- FAILURE ANALYSIS

. — TECHNOLOGY TRANSFER — NEWSLETTER

148

16

29

e IMPROVED DlRECfUTIL’IZAfION OF COAL: -

- BENEFICIATION (SRC, PERC, AMES, PERC)
— 'COMBUSTION PROCESSES (MRI, GFERC, MERC):

5.8

39

C

o EXPLORATORY RESEARCH AT UNWERSITIES

245

n

(INCLUDED ABOVE)




SCT

MATERIALS AND EXPI.ORATORY RESEARCH
MAJOR PROJECTS

TN "

e COAL TO METHANOL, - METHANOL AS A FUEL

METHANOL TO GASOLINE '~ CRUDE METHANOL TO HIGH OCTANE GASOLINE AT LOWER cosr AND
msnucen PDLLUT!ON EFFECTS o

- @ CATALYTIC GASIFICATION e CATALYTIC GASIFICATION OF CUAL USING POTASSIUM CARBONATE AS

CATALYST — ELIMINATES OXYGEN PLANT, SHIFT AND METHANATION

o FLASH HYDROPYROLYSIS - HYDROPYROLYSIS OF COAL IN SECONDS TO MORE AROMATIC LIQUIDS.
RN AT ~ AND FUEL GAS WITH SIGNIFICANT POTENTIAL TO REDUCE INVESTMENT

e BASIC APPLIED RESEARCH — RELATIONSHIP OF COAL CHARACTERISTICS TO LIQUEFACTION BEHAVIOR;
e . - KNOWLEDGE OF KEY STEPS AND INTERMEDIATE PRODUCTS “

— CRITICAL CATALYTIC EFFECTS OF COAL MINERALS ESSENTIAL
CHARACTEHISTICS OF CO-MO CATALYSTS

® REFINING OIL FROM SHALE & COAL — APPLICATION OF PETROLEUM TECHNOLOGY AND SEARCH FOR IMPROVED
- : CATALYSTS FOR COAL AND SHAI.E OILS
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MATERIALS AND EXPLORATORY RESEARCH

e COAL BENEFICIATION

® MATERIALS

e VALVES

© UNIVERSITY

MAJOR PROJECTS (CONT'D)

BENCH SCALE OXYDESULFURIZATION HAS SHOWN RELATIVELY SIMPLE
AND INEXPENSIVE PROCESS TO REMOVE ALL INORGANIC AND 40% OF
ORGANIC SULFUR

-COAL GASIFICATION — DATA BASE ESTABLISHED FOR ALLOYS AND

CERAMICS ABLE TO WITHSTAND GASIFICATION CONDITIONS

FAILURE ANALYSIS SYSTEM ESTABLISHED TECHNOLOGY TRANSFER
INCLUDING NEWSLETTER

FIRESIDE CORROSION PROGRAM FOR MATERIALS FOR COMBUSTION OF
SYNTHETIC FUELS, FLUID BED COMBUSTION HIGH TEMPERATURE COAL
COMBUSTION

INITIATED PROGRAM FOR IMPROVED CERAMICS AND ALLOYS

DEVELOPMENT OF IMPROVED VALVES FOR FEEDING COAL AND WITH-
DRAWING CHAR CAPABLE OF RELIABLE OPERATION, COLD OR HOT

IN AOOITION TO THEIR CONTRIBUTIONS TO THE ABOVE, ABOUT 1,000
STUDENTS AND FACULTY RECEIVE TRAINING IN FOSSIL FUEL SCIENCE

“AND ENGINEERING




’E;Now,’Ibn somewhat in the dilemma of trying to tell you
what a Ereat job we are doing, on the one hand, and then later tell
you all’the things that need to be 'done. So on the great-job activity,

we would like to point out that, espec1a11y in the last couple years,

‘w1th the surge of fundlng and interest on the part of the technical

(S

commun1t1es at’ var1ous locations, that we have uncovered wvhat we
think are some_prom1slng act1v1t1es for prOJects which we'd like to

think offée kind of third-generation activities. '

i:‘And"to'give you some sense of reality, I've listed here
L1}
the flrst one, ‘coal to methanol and then to gasol1ne. The point

being here is that we'd like to think, flrst of ‘all, that methanol is

a v1ab1eéprodnct from coal,,and'that we should not be locked into the
concern that gesoline isioﬁr on1y transportotion'foel.

Now, Iiéee‘the”péopie fron the‘petro}eﬁmiindustrj see
the need to bring some added costs into this, because there areigreat

problems in distribution, the question'of:whether methanol is mixed

with gasoline or used alone. We would feelxthat'methanol‘is an

option‘thet:ne'nee&ito‘have feote'eboutJ:’So ve're doing work on the’
use of nethanoi {nfterns&of.poﬁer ootpnt'and'poilution'oontrolt So
therehare opportunities there. | |

The second part relates to the fact” that work1ng w1th

the Mob11 ‘people, ‘it has been discovered that crude’ methanol can be

‘transformed into high-octane gasoline,‘954octanefreseareh, without ™

lead, in almost quantitative fashion. And this gives another option,

127




from coal to high-pctanergasoline, which we ;hink, first of all, is
mugh superior’to‘the SASOL:p;OCess-—;he only process in the world
being used, which is in South Africa.

I would like to comment that, ipterestingly enough,:this
is gchieved by a novel concept ofla cafalyst which acts as armqlecular
sieve, which qnly»lets gagplipe poleculeg get out. And a key;fgaturg
there is that you have a very select product of high quali;yf_:

Catalytic gasifi;atipn, the second item.in the slidg,
has alregdyubeen mentionedAby Martin Neuworth, and the factughat it
eliminates the oxygen plant, shift and methanation steps. We think
that inherently this is the right direction to go, how to do gasifica-
tion at a lower temperature and, of course, more rapidly.

Flash hydropyroljsis, the third activity, refers to the
fact that in a second or even less, if coal is pyrolyzed yoh,get a
sigqificantly different product distribution, and in some instances
relatively high aromatic products.

The third is basic applied :gsearch, I find myself trying
to use some term, Quch as basic applied research which refers to an
investigation of an applied research, but looking somewhat more ‘into
the scientific or chemistry and enginee;ingkqf it. We need to‘know
the rela;ionship between coal characteristics and its behavior to
liquefactiopﬂ And I might mention already some very intgresting

things are being found.
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'~ For example; it's been discovered that; when solvent-refined
coal, which you heard about earlier, is’ examined, after it's been
processed ‘under hydrogen pressures for long péfidds'bf”timé,'the'
darned stuff has less hydrogen in it than there is in coal. So that
we have a few dilemmas that we're discovering. It's been discovered
- that solvent-refined ‘coal goes most of the way to dissolved liquid in
"the first minute or ‘two, and then you beat it to death for the rest

“iof the time. So that there is a belief that by understanding some of
the mechanisms of the chemistry that this will ‘provide the basis for
people to have ideas to make significanf“iﬁpfOVgﬁents.

The second*paft, which'is?ﬁeﬁtfbﬁéﬂ here; 'is ¢ritical
catalytic'éffects;t’It ié7being'di§bové:éd‘that’the minerals are
higﬁly'active as far as catalysts:arégédhéétneﬁ;“&hd'therefdfe I sort
of ‘object when this iégcailed a ‘thermal reaction when iﬁ;fact it's
been discovered that the minerals aré’éctive.i:AndLsﬁrely;fit'sﬁthé
case that the‘ﬁine;als'as found'in'COaIlshﬁhlﬁépoE5be in their best
catalytic form, that it ought to be possible to improve this situation

~b&”§tu&Yihg'this in some»ﬂetéil.“'f PR e

'””Refihiﬁgfﬁéicil‘fféﬁ{éﬁalé;'*l‘have“listed'here>thé“”’ ¥
apbliCation'éf'pétroléﬁm"tebhnbibéyjénarihefééaiéh fbfiimbt6Vedg"
V“catalysts; 80 that we begin sort of as a base éasé'éhdAEhéh5§656n"'
from there;é‘fl*riﬂ**i R

”T‘hé'héxt“a’nd last group of these inajpi:'-projécés;'£65’ii1us-
trate some of the interesting things‘thatil think are happening, coal

-~
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benefication turns out to be a device which is sort of not synthetic
fuel, but has gfeat opportunities. And at the. Pittsburgh Energy
Research Center ;ecently it's been discovered that by a relatively
simple proéess of heating coal under pressure with air and water that
ali ;heApyrite can be converted to sulfuric acid, and as much as 40
percent of the organic sulfur also. It's this news about the organic
sulfur that's interesting.. And so this looks like it might'be a way
torbring into compliance a very high percentage of eastern coals and
is certainly, I think, an exciting possibility.

As far as materials are concerned--

DR. BARON: What is the cost of this?

DR. MILLS: We have an engineering study. 1It's a good
question and ogviously must be attractive.

We have two numbers. One is very low, and one is very
high. One is $7, and the other is $27 a ton.

Materials research we regard as a very serious part of
activities. If the plants don't run because they have difficulties
from materials of construction, both alloys and ceramics, oniously,
no matter how good the process is, it's not worthwhile. . So we have a
very substantial program on materials research applicable to coal
gasification which we can elaborate on. We have installed a failure-
analysis system, so that when failures occur these are looked into

systematically. And the question of technology transfer that came up
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earlier, the information is disseminated in a newsletter which has
wide circulation.

‘We have fireside corrosion activities in three: parts:

‘synthetic fuels, fluidized bed combustion, and high—temperature coal.

We have.a: valve program. And:just to add one thing aboutrthe:univer-
sity commun1ty, in add1t1on to the 1000 students and faculty that we
now have in active programs; faculty members ‘can go to the energy
research centers or other locatlons during summer monthSyh This is a
program 81m11ar toﬁthe one that AEC in past years practrced rand we
have, for example, about 10 faculty members at P1ttsburgh, and ‘about
the same number at Morgantown and other locatlons. And I th1nk this
is being rece1ved on both barts w1th a good deal of enthuslasm.
I hope I haven t overdone thls b1t about the prOJects
we have;underway. ,(511de;10);-‘5; v L
mNow;;I havefa‘coupletmore.things to:saytr First; I’hpuld
like to turn to the next vugraph, 1f I may. : | o
(Sllde 11) | | |
?Issues., And perhaps thls, for some; may be the most
important slide; the most 1mportant cons1deratlon.
. As far as criteria are concerned, I think we need to
define our objectives more,accurately-—the'objectives, I am saying,
of ERDA, What are the objectives? Werneed to define these much more

/

accurately than we have in the past.
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RESEARCH MANAGMENT ISSUES

DEFINE OBJECTIVES

CRITERIA FOR SELECTION

SIZE OF BUDGET :
ORGANIZE - CENTRAL/I\MSSION

INTERACTION WITH OTHER DIVISIONS/AAS
PLANNING/TECHNOLOGY TRANSFER

IMPROVE QUALITY |
WHERE — ERC/NL/UNIV./IND.
TRAINING FUNCTION
FUNDING SECTOR — PRIVATE/GOV'T AGENCIES




The second item there, how do we set criteria for selection
of projects. Now every company or research group has that kind of a
probiem. In éenerél; of course, it ought to fall from the objectives.
You make your selection on‘Critgria;based on objectives.

" I'think something sﬁfély has to do with the fact fhat |

an assessmenﬁ:has tb be ﬁade'of'the part that fossil fﬁels.willrplay
in the next 50 years. So’that'srone basié for considering what the
importéﬁce Of>f038i1:éhérgyractivities are, technbiogy and research.
' So what part will fossil energy‘play in tﬁe next 50, 75'yéars." |

The other is an assessment of what the needs are. Obviously,
if the situatioﬁiis wellAin.haﬁd, that's different from séﬁe other
kind ofKActifity Vhich'is'Vefylmﬁéh“;ndétegminéd;"Thére needs:to be
some sort of a bribtity*in balance relativeitojéhoft, medidm;yan&
long range, and I might'ébjéc;,:if:i‘may, fo onéfoffthe‘ééfiy speakers
who had a triangle that said'ﬁe éll khdﬁ‘thét oﬁr researchjmust be
concentrated on the néarnterm,'ahd'ikarﬁerg§ﬁaiiy'can take issue
with that and say he.had the trianglé inverted,ﬂénd Qheré';ﬁe need is
in the long-term for fossil energy résearch, I think the long-term,
the’loﬁg;term'béihg{ﬁhét'été'we going to détibjyeafs from now;xkf

So;aﬂ§wéy;ltha£§sja'cdﬁménfwonrthaéi"

‘ The'quéstion*ishafso: in setﬁing ériée:ia, hd&gﬁucﬁ'fo'

suppdrt‘and hé&vmhéﬁfféf'aJVahce. )Opt'divigioﬁ; 1 migﬁt:ﬁentidn; was
previdﬁély:namé&>hdvaﬂéédeeéé#rch“ahdfédpporting Technology;i In

some ways I liked that, because it made you think there were two
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objectives. You must help get the plants, fhe power plants:and the
synthetic fuels plants that arebbeipg built operating, but then the
other part, you must deliberately decide what you are going to do
gbout advénced researgh. Anﬁ,_of»cburse, there is another-concerh,
as to the split bgtween basic and applied research.

What is it, if iﬁ's long-term, or basic, what gets into
one particular group? Or is it the fact that the organization should
choose one or the other. Well, obviously it's a concern of ihaving
both. |

Another feature that is of importance in this criteria
is quality; the quality of research. ‘Jim Kane mentioned earlier
that this was a key issue. I just want to touch briefly on this, and
I do have a couple more things.

If I may have that back, please, Gerry. I know you have
a piranha pit here.

The size of the budget, whether it's organizedrall in
central or mission—oriente&, the'intergcgion with other divisions,
the quality I just mentiongd, where research shoﬁldvbe done, the
balance; obviously it;s not going to be one or thezogher,. The
training function, and the last item there-—;raining of people at
univeréities or other locations, to what deg;ee should.thatrenter

into judgment about funding the selection of projects. ’
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; And,;flnally,lthe;question is open. - What should the
government do,jand whatlds lt not proper for the‘governnent to
- do? |
. The next slide‘sayS'something about future research'
- and the questlon I want to raise is the need for maJor improvements.
Is there a need? And then, can research do 1t? And the  last is,
well, okay, 1f-you decide that, what is the strategy?
And I have the next slide.
(Slxde 12)
. - We haven t heard from Chris Knudsen, but I have here
some econom1cs that Frank .Ferrell and others have llsted, and the
po1nt‘1s,that with the 50,000-barrelﬁa-day“plant, which costs a
billion dollars: that using these capital charges plus‘coal and the
operating cost,,that the selling price:for'lo:percent return on
investment after taxes, I say its $5 a m11110n Btu or $31 a barrel.ii
And, Dr. Baron, you-asked about prices earlier. I d say I th1nk that.
you start by saying that if you've got a billion dollars of capxtal
charge, and we heard ear11er this" puts a burden on’ some 65 “percent of

the selllng pr1ce, ‘now 1f I have your agreement that it's $31 a

barrel for the process of b11110n-d011ar plants, my concluslon is

that when these plants are operated and the pub11c then, the corpora=

t1ons, are then presented w1th good processes that produce, reflned

.011 th1s oil will be pr1ced at now three ‘times what the Arabs are
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COAL CONVERSION ECONORICS

PLANT SIZE

COST * 50,000 BPD | 100,000 BPD
__ u $/MILLION BTU  $/BBL $/BBL
o CAPITAL CHARGES —16% 1.47 8.8 44
o INTEREST (4.5%) o
o DEPRECIATION (5.0%)
o MAINTENANCE (4.0%)
o INS. AND TAXES (2.5%) _‘ .
© COAL AT $25/TON 167 10.0 10.0
© OPERATING COST 0.20 12 1.2
© MANUFACTURING COST 3.34 200 | 156
o PROFIT 10% ROl AT 1.83 11.0 55
_ SELLING PRICE 5.17 310 | 211

*Based on 2.5 BBL Oil/Ton Coal, Net,Plant Cost of $1 Billion

C

TABLE 2.,




charging. Everyone is then going to say, "Well, why aren't we doing
something about major improvements?"

So, I have a concern that this puts emphasis on new

processes.

(Slide—lB)

Once we declde we need to do somethlng, the thing is,
is it theoret1ca11y poss1b1e, ‘just 11ke thermodynam1cs. Can you go
to that? And the flrst equatlon here says that 1f coal was reacted
with water, you shouldAget merhane‘are CO2 quant1tat1ve1y with no f
energy loss. | |

And SO«tﬁis is what”the researéh scientists should striye
ro do._ Therefore, it is posslble to convert c¢a1 to methane, and you
should do e ‘trade, an, equal trade, w1th no energy loss.

(slide 14) )

The next sllee whlch we have here says for the 11que£act10n
s1tuat10n, if you take a coal molecule of b1tum1nous coal and would
have a chem1ca1 sclssors, that ought to be able to cut th1s apart,
and it's not necessary ‘to use, as the Germans dld, 10, 000 pounds
pressure, Or we, do1ng it at several thousand pounds. So it sheuld
be p0381b1e to accompllsh 11quefact10n selectively.

'Now, the last slxde wh1ch-- ' ‘

(slide 15)'¢ |
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CATALYTIC GASIFICATION

COAL +H,0 — CH,+CO,

(1)

o IDEAL:
© GASIFICATION:  COAL +H,;0 —> CHa +CO; +H,+CO @
(HIGHLY ENDOTHERMIC)
© SHIFT: CO  +Hz0—>H; +CO, (3
CO + 3Hz —>-CH, +H30 (4)

© METHANATION:

(HIGHLY EXOTHERMIC)

FIGURE 4
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MATERIALS AND EXPLORATORY RESEARCH
SPE'CIFIC RESEARCH NEEDS .

® |DEAS FOR INVENTIVE RESEARCH

° CHEMICAL’AND ENGINEERING KNOWLEDGE OF COAL, OIL SHALE, LTQUEFA‘CTION, GASIFICATION,
REFINING, AND COMBUSTION ‘

® RESEARCH ON ESSENTIAL CATALYST PROPERTIES AND REACTION MECHANISMS
TO PROVIDE ACTIVE' STABLE AND SELECTIVE CATALYSTS . |

® COAL BENEFICIATION - CHEIVIICAL PROCESSES FOR REMOVAL OF S and N,
UNDERSTANDING OF STRUCTURE AND REACTIVITY OF COAL

e COMBUSTION — KNOWLEDGE OF COAL COMBUSTION, ADEQUATE DATA BASE
FOR FLUID BED COMBUSTION, SCIENTIFIC FACTS OF SO2 REMOVAL

© MATERIALS — EXPANDED DATA BASE, FAILURE ANALYSIS
— CORROSION/EROQSION RESISTANT ALLOYS :
- CERAMICS FOR SLAGGING GASIFIER, POWER GENERATION

° COMPONENTS ~SOLIDS FEEDING IN AND OUT OF PRESSURE VESSELS _
~SEPARATION OF SOLIDS FROM GASES AND LiQUIDS :
—~INSTRUMENTATION OF CRITICAL PROCESS ELEMENTS

e POLLUTION CONTROL IN ALL OF ABOVE

C ‘ ' ' C




--11sts spec1f1c research needs.- You can read them.
I beg1n by emphas;zlng that the f1rst need 1; for)ldeas for inventive
research. E | o o - ”

Welcome, Dr. Wh1te.

| We need——and I'm repeatlné somewhat-—chem1cal“andleng1neer1ng

knowledge of coal. There s a great opportunlty for better catalysts.
Coal benef1cat10n we spoke of before. You ve heard someth1ng from
Steve Freedman about thevopportun1t1es 1n\combust10n, because after

all people dec1de,'you know, not a bad thlng to do w1th coal is to

burn it.

‘Materlals, ue need to expand our data base, to have improved
ﬁmaterrals for the known systems, components, and, of course, pollut1on
control in all of the above.‘ o N iVAV | “

Well, Jerry, I th1nk I could elaborate more.‘ As you
reallze, I heard the dlnger go off a long t1me ago. So th1s is the
last act1v1ty. o “ |

o (Applause.) : v 4 “

DR. BROWN Yourlslldefwent b& too qu1cklj on shale.

Can fou tell me what dollars those were? Are they '75 or '77 or
future dollars?’ | il [

DR. MILLS'.'Current dollars.r"

DR. BRQWN - Current dollars. ff

DR. MILLS nght. e
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" Do yeu have a commeht abeut those éeneral pr1ces? Thls

”18 not a long economic evaluat1on we'll hear from Chrls.r I Justugrve
~ the simplistic viewpoint about these numbers. 7

DR. BARON: I'm a little astodished. Not crirical.
'vJaarra.littleksurprised. I would have thought more for coal 11quefac—
tlon, $20—p1us, say. And the 30 f1gure Just shocks me a 11tt1e b1t.
But I d1dn t see the breakdown, you know, what you assume for coal
prices, It went too fast. R

‘DR. MILLS: This is all equ{ty.

DR. BARON: I certainly will agree with you that cdal
liquefaction is very‘muchrhate ceatly at this poiat than the imported
priee of Arab oil or something like thar.

DR. MILLS: That's the main point, I think.

Thank you. ) |

DR. HOLLOWAY?

DR. HOLLOWAY: I wonder if you'd put that economic slide
(12) back on. 1I'd like to ask a question or two about it.

The flrst questlon, I'1l go ahead, you showed twe costs,
one at 50,000 barrels a day, and the other at 100,000 barrels. And
the first one-- B |

DR. MILLS: Can I coﬁhehf Bh'ihaﬁ? I'q serry in a sense
that I‘didn't cross off the 106,000. barrels or eapiain it,' This was
put on as what I would say a sensitivity”analysrs.rVIr aaid if you

would take the same plant and be able to put twice as much through E' ‘
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it, how would this-help you. - And the answer is you would go from $31
dowﬁ ﬁo‘$21 a barrel, |

- DR. HOLLOWAY:,,ﬁeil, chat‘answerAmy _fix:sj:gquest:ion,»Why;‘e
capital charges ggg,jgst_hglfﬁfor,avplant»;wice~as big.‘that~is<‘
this thing called vqanufac;uring'cost"g:hat\is<separaﬁe from operat-

AN

ing cost?

of

DR. MILLS: That's merely a summation, and if you'd had
an.;pportﬁnity;to‘examine the table:you'd have realized that the
first .three, are added up to $3 34 per m11110n Btu-or $20 per. barrel.

DR. HOLLOWAY: I just had one other comment. You com- :
pared it with Arab prices. Ygu:shouldn!ttcompare,it;with priées in
thedfetsian.éuif. You should,comparegit;withvpricq4delivered to the
United States andg¢0n§erted:intq usable.product; qo@parable,to what
you get from this..

DR, MILLS: Thank you.

DR. NELSON. Norton Nelson, Inst1tute of . Env1ronmenta1
Med1c1ne, ‘New York UanGISIty Med1ca1 Center.g e ,1‘

| 5 yy,questhn 15A§3rqtherwgenega1 one,;andgperhgps is as
m‘??*"ﬁ?;-—%’?‘;? Kﬁne:@%:‘-tO;youe‘.;;-  il e
I'As thezdéscfiptions'ofdtechndlogy and.nOW'juStkrecently.

d1scu361on of exploratory reseatch proceeds, many 1ssues .arise whxch
are, obvxously health, menaces and w111 requxre control of varlous

sorts in-the plant and operat1ona1 unit and source .of extract:on,,

and, f1na11y, to consumers and to d1sposa1 problems. My question
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comes down to this: What mechanism is there now for following
through the identification of decision points as to when ﬁealth-
grelated fésearch or environmental research needs to be dome to
determine the»acceptability of these various technologies?

Is that done by you? Is it dbne'tﬁfbugh Jim' Liverman's
group? And when finallj the decision is made, who monitérs it?
Where do the funds‘come from?

DR, RANE:- ‘I'think I will defer answering that question
and let our environmental man, ﬁho is on the program léterg speak to
that one. 1Is that all right?

o

DR. NELSON: 'That's ‘tomorrow.

'DR. KANE: Yes. Because I might not be able' to answer
it well enough if I ftied to answer it off the cuff. -

‘DR. NELSON: I would be interested in hearing your point
of view.

(Laughter.)

In other words, if you depend fully on them--

DR. KANE: I think that--I'm a proprietor of the basic
research business,‘and my empire is exclusively defined as phySiéal
research only. So I am not concerned--the‘two people that would be
concerned are Jim Liverman and the fossil energy people. And so
let's have Alex try it first, and then—--Jim Liverman iS'thé person’

who :can do it tomorrow.
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DR. MILLS: Yes. It's a very pertinent question. First

of all, Dr. White has one of thefdiviSions‘sﬁecifically'COncerned

“with the environmental® factor with Marvin Singer as head, so this

focuses attention within fosail enérgy on the environmental situa-
tion. - But much furthér:thahzthat, we have for each of thé'pfojects,
to a greater or lessrdegfeé;tékpefimentatiéh specifically designed
from- an: environmental viewpoint.
f?i“‘2~This‘begids‘with;identification’of the pfdducts in detail,
witﬁ'épeciéi attention to those that are of environmental concern.
So that each of the pilot planﬁs,\for’example, has a ﬁortion of the
budget ‘and a portion of the activities ébeé{fically designed for
providing “information as t6'WHéf’pfoducts afe of ‘environmental
concern. And, of course, from an overall viéwpoiﬁt;‘eachvof the
pilot plants has had to have an7eﬁvir6nmenta1 impéét statement and
had ‘to conform with federal laws and the state and lqcél activities.
| -!;ﬁrrbm*a’reseafchIViewbdiét;‘we‘hre:also concérned with
the ultimafe;imbofféhce"bf:the;ehvirohﬁéntgl féétof;:iFo}'exémplé;'wé

have fhought“éé‘fo the relevance of highifémpératufé"éaéificaﬁioﬁ;"

‘which doesn't make tars, to lower temperature, which does, as to the

ultimaté:potential for high and low temperature processes.

But I think the main part is that we regard each of the

projects-ag having an environmental component and examining that, and

“the additional part is that’ we havé close coordination with Liverman's

group as to identifying future environmental standards for gasification.
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So, that's the view, at least as I see it.

~ DR. NELSON: What I'm really concerned about, I guess, .
maybe it will develop during the course,of«the~day and  tomorrow,: what
sort of participatory techniques one has to judge acceptability, at
the same time you are judging feasibility. I think, of course, -it's
important that once a pilot plant-is built that it comply with
existing standards. But that's not my question. My question.was:

.How do you identify, in effect, acceptability, which in some cases
could be a major complement in feasibility.
- DR. KANE: I understand your question perfectly, and
I think any answer I would be apt to give would be dangerously wrong.
1'd prefer to have the pro who is going to talk tomorrow on that
precise subject answer the question,
Are there any further questions?

- VOICE: ' From the meetings iast week I heard some comments .
that seemed to imply that refining of shale o0ils and coal oils were
not in the official ERDA mission, and yet this morning I've séen
where you have described recently some basic research project in the
area of refining.

Could you please clarify for me the official ERDA role
in the area of refining of these fuels? |
DR. MILLS: It is in the mission. We have projects on
coal refining at Universal 0il Products, at Air Products, and Chevron.

There is discussion of what we should do and what the petroleum
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industry>shou1d>do; so that is a vaiia aétivity,ﬂénd“ﬁe would like to
thiﬁk‘that the things that we are supporting haVéito do with research
aspécté“of unsolved problems;v

-7 VOICE: So then, would there bé‘anyiéppiied research at the
demonstration-plant level? |

DR. MILLS: Ultimately, yes, but it's at the research

" and 1ab development ‘stage at the present time, plus catalyst work

which: would have'an'iﬁpliéation, éSpecially'hdw to keep catalysts
active.

- DRe KANES We'll take one more Queétioﬁ;‘and Dr. White
is finally here. We will put him on.’

Let's take the gentleman there in the gray suit.

'DR. KELLER: Bruce Keller of Oak Ridge.

In terms of research now going onm, Df.‘Mills, and in
terms of developing new econmomic processes, can fdh”ldok in your
crystal ball andfséy;which reséarch areas look like they may improve
the economics and give better proéésses“fdf”tﬁe future?

DR. MILLS: My salary doesn't :p'i;pv"id.e'i that.

" (Laughters) .~ - N

" 1 think fhat‘we‘deCiﬂe:Why‘db"thésé’procésséé“ébst so

much from an investment viewpoint? They are too complex, too high a

pressure, -too low a throughput, too much hydrogen consumption. So
eacﬁ?tiﬁe‘wéihave‘axneﬁ activity, we look at it from the viewpoint,

can it simplify the process? Can it have less hydrogen consumption,
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be more selective? Now obviously the ones that I listed, the catalytic
ggsification, on the one hand, flash hydropyrolysis, and some of the
others, are ones we hope; but the research business;,as you know, is
that you hope youfhave ten good candidates and one winner.

DR. KANE: Thank you, Alex.

DR. KANE: I'm dglighted to be able to introduce at this
time Dr. Phillip White, who.is the Assistant Administrator for Fossil
Energy, and who is going to”discpss the goals and other aspects, as
he chooses, of the fossil-energy program,

DR. WHITE: Thank you, Jim. )

Let me apologize for arriving at this hour for an 8:30
meeting,.but after spending four hours in a hearing under the tele-
vision lights, it's nice to get in_here.where it's cool and take off
my jacket, |

I also want to express my personal welqome, and thank
you for your help in tackling this very difficult subject.

I'm going to run through the same sort of briefing that
we've given our budget committees in Congress, which is as good a job
as we can do of summar%zing our total fossil energy program.

And if we could have the first slide--

(Slide 1)

Here is the dis;ribution of our Fossil Energy pie, which .

in this Fiscal Year, totaled as you see in the first column on the
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C Fossu. ENERGY BUDGET ESTIMATES

DISTREBUTB@N OF FUNDS

PETROLEUM AND

NATURAL GAS ~ AND SUPPORTING

TECHNOLOGY -

OIL SHALE
AND INSITU
TECHNOLOGY
" COAL
UTILIZATION
15.4%
12.0%

DEMONSTRATION
PLANTS -

6vT,

COAL
- CONVERSION
3%

- 355%

MODIFICATIONS
AT ERC'S
1.4% -
15%

ADVANCED R ESEARCH

. . BUDGET AUTHORITY
: (DOLLARS IN MILLIONS)

' INCREASE
FY 78 DECREASE

oo RY 77{'
' COAL CONVERSION $150.3

COAL UTILIZATION 744

ADVANCED RESEARCH AND N
' SUPPORTING TECHNOLOGY 37.1.

DEMONSTRATION PLANTS 1003
MAGNETOHYDRODYNAMICS ‘
< (MHD) © - 40.0
PETROLEUM AND NATURAL

GAS 43.2
ou. SHALE AND K

CINSITU TECHNOLOGY 310 -
MODIFICATIONS ATERC'S = 69

$2333 S 183.0

790 v a7’
403 +3.2
125.9 +25.6
505 +10.5
76.7 +335
415 +10.5
9.6 +2.7

TOTAL - . = $4832

$656.9  $+1737

. PERCENTAGE DISTRIBUTION
" OF FOSSIL ENERGY BUDGET
_ESTIMATES IN FY 1977 AND
FY 1978 SHOWN AS FOLLOWS:

FY 1977%
FY 1978%

77-2656M/1-4




left, some 483 million dollars, approved for '78. This does not
count some actions by Congress this last week,.thié 656 million
dollars. I think what they did, netted out, we hope, poéitive, but 1
am not real sure of that 'till I see,ail”the'report language. But it
is of that order of magnitude. |

Most of those funds are f§r”coél~because, of course, the
demonstration plants arérall, at this point, on coal processing.\

Since MHD is also a coal proCess;‘in reality well over
three-quarters of the work of fossil ié ditecte& to coal. In addi-
tion much of the advanced research and supporting technology, as
previously described by Alex, is coal-related.

So really, only the shale and petroleum and natural gas
parts are not coal-related, and the work in these areas constitutes
some 20 perce;t of our budget.

Of course, the reason for this budget-split is twofold.
First, it is a reflection of the considerable private sector work
done in oil and gas and, to some degree, in shale. Second, our
domestic coal resource is so large and thus so important in terms of
national interest, it's clear that we need to know more about it.

The next slide which shows where the work is done, is
a matter of some interest to this group.

(slide 2)

-~We do have a breakdown by each sector, but I don't

have that detail here this morning. This is not changing much.,
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FOSSIL ENERGY BUDGET ESTIMATES
BREAKDOWN OF FUNDS BY R&D AGENCY
- BUDGET AUTHORITY (DOLLARS IN MILLIONS)
= | s % OF S . (%OF
CEY1977  TOTAL)  Fv1978  TOTAL)

ENERGY RESEARCH CENTERS 8470 @7 - $608 = (93)

NATIONAL LABORATORIES U382 73 30 (52)

UNIVERSITIES. w2 @8 21 (40

INDUSTRY . = = 3189 (78 5263 - (80.1)

 GENERAL PLANT AND E("AJT’UIP-‘MENT,

CONSTRUCTION, OSHA AND
 “ENVIRONMENT AT ENERGY R S P
‘RESEARCH CENTERS ' 69 0 1 . 96 (14)

TOTAL. - sa832 ' $656.9




Almost all of this work is done outside with industry, réflecting
very large cost—-shared contracts with the pilot plants an&'demonst;a-
tion plants particularly. But the other,vthe in-house WOrk, atthe
energy research centers, accounts for about 50 percent mdre, almpét
.twice as much a year as the national labbratories; This was, IV
think, an early figure on national labs. That is likely to change.

The universities, account forrabout 4 percent in both
years. This was our estimate at the time we put the budget togetﬂer.
One of the things we are doing in ERbA Fossil Energy isrto try to:
increase the work done out in the field.

We _expect to do a lot more in the field as we go through

the rest of the year and FY '78. Therefore, I think these numbers on

how much is done in the national labs and energy research centers are

quite likely to grow. Now, let's look at some of the details. We'll

talk about coal conversion first,

(Sslide 3)

Here are three basic subprograms: liquefaction of coal,
gasification to produce high Btu or pipeline quality gas, and the |
gasification to produce low Btu or fuel gas for use in industry, the
sort of gas we got out of the old coal town gasifiers many, many
years ago.

Funding for each ﬁype of gasifigation is about the same

and the total for gasification exceeds that for liquefactiom.
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COAL CONVERSION

BUDGET AUTHORITY (DOLLARS IN MILLIONS)

EY 1977 T Ry 1978

LIQUEFACTION = 3730 $107.4

© . HIGH BTU GASIFICATION sa42 $ 515
T Low BTU GASIFICATION 8331 . 5744

—

1977 ACCOMPLISHM ENTS

© H-COAL PILOT PLANT CONSTRUCTION UNDERWAY
o COMPLETE CONSTRUCTION 10 TON PER DAY SYNTHOIL PDU L '
o SUCCESSFULLY START UP BIGAS SYNTHANE AND STEAM IRON PILOT PLANTS

L+ COMPLETE REFIT OF CRESAP TEST FACILITY FOR ADVANCED TECHNOLOGY TESTING o

1978 CHANGES : ::’7 :

e ?\CONTINUOUS OPERATION OF PRESSURIZED FLUID-BED GASIFIER Qﬂﬂa W-j"‘-m‘“)

MAJOR CONSTRUCTION OF HYDROGEN FROM COAL FACILITY Ss(a,-\k

‘INITIATE PILOT PI.ANT PHASE OF CATALYZED GASIFICATION PROCESS

©e0 o

ISSUES/PROBLEMS

© CONTINUED UTILIZATION OF EXISTING PILOT PLANT FACILITIES
© EXTENT OF FUTURE DEVELOPMENT WORK IN HIGH BTU GASIFICATION

- CHANGE (%)

+ 47.1
-+ 165
+124.8

~INITIATE DONOR SOLVENT PROCESS PILOT PLANT DESIGN AND LONG LEAD ITEM PROCUREMENT

‘MAJOR CONSTRUCTION OF LOW BTU GASIFICATION COMBINED CYCLE PILOT PLANT (POWERTON)




k4

There are some pertinent accomplishments. For example,
the H-coal pilot plant is under . comstruction. |

H-coal is a precess-developed by tﬁe Hydfocarbon Researeh /
Corporation, who teamed up with a number of companies to- help support
that contract whlch is cost—shared with us. o

‘The other pilot plants, which a year ago were in the
,coﬁsfructien7stage, have all stefted up this last.year, Bi—Ges at
:Homer City, Pennsylvania;-Synthaneheygo at Bruceton; and Sfeam IFbﬁe'.
' ;a processuﬁhich”IGT is developieg in-éhicago. >'

We are still struggling to finish retrofitting the Cresep“
‘facility for advanced technology testing in liquids.

What do we see for '78? We see a continuation of some
of these pfojects——and the operation ef the fluidized bed gasifier,
under deve}oﬁment at Westinghouse.  With respect to the hydrogen-from-
coal faciiity, we will probably choose a contractor shortly. This
‘plant will aim at the production of hydrogen for industrial use.

We expect to start the Donof Selvent process developed ,
by Exxon Company. The pilot plant design and long leed item procﬁre-
ments will certainly take place in '78. |

We. also expect to build therlow'Btu gasification plant
at 2pﬁerton,~in<111inois,'in which low Beh gas will be fed to a
gas/steam combined‘cycie. This gives prqgise of an increased

‘efficiency for electricity power generatibn.
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What are our problems? The two listed here probably
give us the most concern.  One is the utilizing‘of,our existing pilot
facility. We've been criticized for having more facilities in
paraiiel than we really need, and spending too much ' of the taxpayer's
mdney:;his way. I think,if's a somewhat valid criticism, although
each of those pilot plants was justified for somewhat different
purposes, and at theﬁtiﬁe;seemed ;o,be thechrréct.thing to do.

| But as we b;ing in new processes we want to use the old

faciiities,‘shut them déwn when appropriate andiputnin.something new.
It may be just a change of the gasifier, ,f much of the supporting
systeﬁ‘cgn be used and b.;e a great deal of money and a great deal of
time. |

.Then, the:g:is‘the whole question of howimuchrmore ERDA/
FE work to do on high Btu gasificatién.t At.what;poiﬁt should we say,
all right, we now have a process on-line, maybe a commercial plant, .
demongtrating it can be doné? ‘Secpnd gepefationlprocesses, there are
,pilotjplantg being piloﬁedg There isglgbora;ory work on ;hird‘!.
genergﬁiqn‘ppocggsgg, Is it now time to end the Federal Government's
role and say; private industry, you ;gke.i; from here? If there are.
process imp;ovements to befmadg by further_fes?érﬁh, that is youf
1ogica1 job, angvyop,dobthap,t}This is a‘?hilpgpphical question which
we hgvenft‘;eal}y’rgsplyed,_4‘ o ,;

The other part of the coal progrggﬂis,upiiizgtion,”as

you see in the next slide.
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~. (Slide 4)

Here is a much smaller program. There are two major °
parts: ~advanced power systems and direct combustion.”

Coal utilization involves hooking up eithér a gasifier
or a fluidized bed combustor to a-turbine combination. :In either
case, the two major problems are (1) the control of the system,
because it is a system that has to be very carefully integrated, and :
(2) the cleanup of the gas after it leaves the gasification or
combustion zone, because turbine blades and vanes are vefy‘sénsitiver
to corrosion and erosion.

The question then is how far do you clean up thevgas
and how ﬁuch can you improve the blade technology in order to make
them more resistent? And that is the thrust of the matter.

Now as far as the accomplishments, we did issue a coal-
oil slurry PON. This is a sort of quick and dirty way to conserve
petroleum by replacing part of it with coal in the form of a coal/oil
slurry. The point now is to see if these slurries can be fired in
industrial installations with minimal retrofitting and, if so, will
they meet air pollution standards.

It is a wéy to use coal without much retrofit;ing;

'We have awarded a'nuhber of contracts for small afmosphefic
fluidized bed combustors to burn high sulfur coal mixed with iimé-;
stone so that the sulfur oxides'are'absorbed in the bed rétﬁer than

by scrubbing stack gas. Some of these units are available in the

156




COAL UTILIZATION
BUDGET AUTHORlTY (DOLLARS IN MlLLlONS)

Y 1977 EY 1978 : CHANGE (%)

ADVANCED POWER SYSTEMS . = $225 . $257  +142
DIRECT COMBUSTION .- 8519 ¢ $534 -+ 29
ADER T  N SRA /lvv
1977 ACCOMPLISHMENTS coa g yu

@ COMPLETED 1000 HR COMBUSTION TEST OF COAL-OIL SLURRY IN A ILER ° @\—j\C—)
© MULTIPLE CONTRACTS AWARDED ON INDUSTRIAL AND INSTITUTIONAL APPLICATIONS OF AFB COMBUSTION

~© OPEN CYCLE GAS TURBINE EFFORTS UNDERWAY ON VANE AND BLADE COOLING CERAMIC 'COMPONENT AND
S "MATERIAL TESTING - :

© BEGIN OPERATION OF 30 MWe FLUIDIZED- BED BOILER PROJECT IN RIVESVILLE ‘W, VA :
© MULTIPLE CONTRACTS AWARDED 0. QEMONSTRATE COMBUSTION OF COAL-OIL MIXTURES IN EXISTING BOILERS

1}76 cianges o L%WS W\‘\&L F\H T
/ © BEGIN CONSTRUCTION}OF ATMOSPHERIC SSURIZBD FLUIDIZED@MBUST!ON cTIv
749 OF THE 13 MWe PRESSURIZED, FLUIDIZED-BED COMBINED CYCLE PILOT PLANT

FABRICATION OF PROTOTYPE AFB’ COMBUSTION SYSTEMS FOR INDUSTRIAL APPLICATIONS. :
L @‘tON G-LEAB—:P—ROCU REM ENT‘:FORW E“ GAS-TURBINE-TO-PERMIT-VE| RfHGAﬂUN‘TESﬂNS-_

ISSUES/CHANGES

o FEASIBIL!TY OF COMBINED CYCLE
© FLUIDIZED BED COMBUSTION, STACK GAS SCRUBB!NG COAL BENEFICATION TRADE-OFFS




country today; and we're trying to simply push them and demon-
strate them because they can be appliéd to different induStriéé:‘
We have ha& a number of joint contracts to introduce these. o

To get higher thermal efficiency, the temperétuie ét
the inlet to the turbine must be raised séveral hundred’degréééf:
This necessitatés deQeloﬁing'techniques to cool‘thoserbladeé éﬁd;
vanes. The efficiéncy of a gas tufbiﬁg ¢bmbinﬁtionris much bettér if
you can raise the temperature. By réisiﬂé it from 1600 to 2400,Vone
can achieve ﬁore efficiency.n So, there is a good deal of work going
on, and much of that advanced power systeﬁ budget for '78 is‘going’to
be devoted to that sort of work on turbines.

We have avbig fluidized bed unit in Rivesvillé operating
in an actual utility. We have not énly that test we mentioned
in the first line, but a number of awards on coal-oil mixturés in
existing boilérs. |

We plan next yeér to build what we call a CTIU, a
component test and integratiénvunit, designed to be able to change
things back and fofth, to be the sort of workhouse for developing
both pressurized and atmospheric fluidized bed work. One of these
will be at the étmospheric one at Mofgéntoﬁn, and the éthei will

be a pressurized one at Argonne.
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'slide—4

A‘Flexibility must be built into ajstudy of atmospheric
fluidized’bed combustion.: Flexibility_was the main thrust behind
creation of CTIU at Argonne. A 61m11ar k1nd of work" for pressurlzed

flu1dlzed bed combustron 1s ong01ng at combustion eng1neer1ng 1n

Wlndsor, Connect1cut. And we re d01ng the’ same thing on taklng

data on the small f1u1d1zed bed as I mentioned for this year.

Next year we hope to actually start some fabr1catlon of a full,
larger 81zed f1u1d1zed bed combustxon system, and even the long lead
procurements of a prototype turb1ne. | |

An issue in thls case is the fea51b111ty of this comblned

_cycle. The comblned cycle is pot being practiced on coal today

anywhere ih the world except London and Germany, and that one doesn't
work very well.

There is a real problem of feas1b111ty. There's also

‘m%ithe question of where do‘you clean up sulphur? 1f you clean the ¢{v7b\

coal do you use a f1u1d1zed bed or. do you put 1t on a Scrubber? -

That s the last line there. And th1s problem is comp11cated by the

fact that we are worklng on flu1d1zed beds, EPA has stack gas scrubb-”

”i 1ng, and the Bureau of M1nes has coal cleanlng.v Maybe if ve got a

Department of Energy start1ng next week, or ‘the week after, we could
qulckly resolve that amblguzty.

Advanced tesearch and supportlng technology is the next
(Slide 5)
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ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY
MATERIALS AND EXPLORATORY RESEARCH
BUDGET AUTHORITY (DOLLARS IN M!LLIONS),

FY 1977 FY 1978 | CHANGES (%)
$203 $31.9 +89

1977 ACCOMPLISHMENTS

©® DEVELOPED SIGNIFICANTLY LOWER COST, ENVIRONMENTALLY ACCEPTABLE PROCESS TO MAKE GASOLINE
FROM COAL

@ COMPLETED PROCESS RESEARCH ON NOVEL, SIGNIFICANTLY CHEAPER CATALYTIC COAL GASIFICATION
PROCESS .

© CORROSION STUDY ON CONSTRUCTION ALLOYS UNDER COAL GASIFICATION CONDlTIONS

©® MADE SIGNIFICANT PROGRESS IN DETERMINING RELIABLE MATERIALS AND VALVES FOR COAL
CONVERSION PLANTS

@ INITIATED STARTER GRANT PROGRAM TO STIMULATE FOSSIL ENERGY RESEARCH AT UNIVERSITIES

1978 CHANGES

© NEW EMPHASIS ON EXPLORATORY RESEARCH TO REDUCE COST OF PRODUC!NG SYNTHETIC FUELS FROM
COAL
© COMPLETE LAB DEVELOPMENT OF PROMISING PROCESSES FOR SCALE up OF FOSSIL TECHNOLOGIES

ISSUES/PROBLEMS

® RELIABLE MATERIALS AND COMPONENTS FOR COAL CONVERSION
© ACHIEVEMENT OF MAJOR PROCESS IMPROVEMENTS

C | o C




--The budget here is ahont $31 million for 178, not
enough to keep pace witﬁ inflation.- We are trying tozget them a
little more. money, and I think welll make it go. I think he's
probably covered that pretty well because it is really a subject of
this meeting. I don t th1nk it is necessary for: me to spend any more
time on it other than to give a p1cture of where it is in the total
s1ze of the budget. | |

v _ The nert one-e

(Slide 6)

—is qulte thejcontrary,;e nueh bigger one. We have |
demonstretion plants. And here we'yephsn a sort of a rough go in
trylng to get going on this whole‘aree.l?we started with a cleani
boiler fnel plant. fThis“year weltookvenother look “at it, and decideo
there were some pretty serious weaknesses in the bas1c data, and we
essentlally stopped work on that’ plant except for small—scale stud1es.

‘Butvthere is no work now other than paper Studles on the bu11d1ng of
a demonstrat1on plant for the so-called Coalcon progect.

U:i; We did, however, s1gn the contracts just- the other day
on the synthetlc p1pe11ne gas demonstratlon plants; two of them. One
w1th Conoco and the other Wlth the 1111no1s group. We have two
kothers under negot1at10n for a fuel (low Btu) gas, and we're startxng
much smaller ones on an 1ntermed1ate level.; We're aiming to have a

spectrum of plant sizes for fuel gas demonstrations and applications.
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 DEMONSTRATION PLANTS
BUDGET AUTHORITY (DOLLARS IN MILLIONS)

FY 1977 FY 1978 CHANGE (%)

OPERATING EXPENSES $53.0 $50.9 - 40
PLANT AND CAPITAL EQUIPMENT 473 75.0 .+ 58.6

$100.3 $126.9 d + 255
1977 ACCOMPLISHMENTS

- @ RE: EVALUATED CLEAN BOILER FUEL PROGRAM
© INITIATED CONCEPTUAL DESIGN OF HIGH-BTU SYNTHETIC PIPELINE GAS DEMONSTRATION PLANT
. © INITIATED CONCEPTUAL DESIGN OF INDUSTRIAL LOW-BTU FUEL GAS DEMONSTRATION PLANT
- @ INITIATED CONCEPTUAL DESIGNS FOR SMALL INDUSTRIAL LOW-BTU FUEL ‘GAS DEMONSTRATION PLANT

1978 CHANGES

O BEGIN CONSTRUCTION OF HIGH-BTU SYNTHET!C PIPELINE GAS DEMONSTRATION PLANT AND LOW-BTU
FUEL GAS DEMONSTRATION PLANT .

@ START DESIGN FOR DIRECT COMBUSTION DEMONSTRATION PLANT
© START DESIGN FOR SOLVENT REFINED COAL DEMONSTRATION PLANT

lSSUESlPROBLEMS

© COST SHARING FOR MAXIMUM INDUSTRY PARTIC!PATlON
© OPTIMUM PROJECT MIX TO MAXIMIZE PROGRAM BENEFITS : '
Q HELATIONSHIP TO ALTERNATIVE FUELS DEMONSTRATION PROGRAM Moo

77:2656M/2.4




In '78 we'll certainly begin the first stages of construc-

tion on both these plants, and we will start des1gn on a demonstrat1on

plant for the f1u1dlzed bed d1rect combustion and; we hope, on

.
[

solvent refined coal.
I didn't mention, liquefaction. We have a major pilot

plant on solvent refined coal at Takoma, Washington, which has run

o

for several years. 1Last year we made 3000‘tons of solvent‘refined

eoaI; And Just a couple of weeks ago, we started burning it in a
ut111ty in Albany, Georgla, which I am happy to say, provides the

power for P1a1ns. It is working beaut1fu11y.i This is the fxrst time

we've taken a solvent ref1ned coal, wh1ch is l1ke coal except it is

very f1rab1e. It melts at about 400°F—~1t gets very sticky. It has

very . 11tt1e sulfur, ‘very 11tt1e ash,'so, it is nice 1f it will burn 1 -

r1ght, but it is a problem of how you handle 1t, and we seem to be
able to handle 1t. | H -
Magnetohydrodynamlcs, the next s11de-;1
(Sllde 7)

We see three competxng ways to burn coal for power genera-

tlon w1th 1mproved eff1c1ency. I prev1ous1y mentloned advanced power:

systems. MHD 1s another advanced power system.‘ Here one takes coal
burns it at a very hlgh temperature 'passes 1t through a channel
wh1ch has electrodes under ‘a very h1gh magnetlc f1e1d- and uses

pota531um carbonate seed to raise the electr1cal conduct1v1ty. The

hxghfveloclty conduct1ng gas pess1ng through the magnetic field
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MAGNETOHYDRODYNAMICS (MHD)
BUDGET AUTHORITY (DOLLARS IN MILLIONS).

FY 1977 = FY 1978 CHANGES (%)
$400  $505 262

1977 ACCOMPLISHMENTS

© INITIATED CONSTRUCTION OF CDIF TEST BUILDING o

© INITIATED DEVELOPMENT OF FIRST CDIF GENERATOR CHANNEL : ' .
- DELIVERED BY-PASS SUPERCONDUCTING MAGNET FOR SOVIET U-25 FACILITY 8
L) INITIATED MHD SUPERCONDUCTING MAGNET FOR CDIF :

© INITIATED ETF SYSTEMS ENGINEERING AND CO_NCEPTUAL DESIGN

1978 CHANGES

© INITIATE DEVELOPMENT OF 2ND CDIF POWER TRAIN -
© INITIATE HIGH PERFORMANCE GENERATOR CHANNEL TESTING AT AEDC

© m%ggéil_in%\f’“STEMS AND DESIGN ANALYSIS TO SUPPORT AND GUIDE COMPONENTS DEVELOPMENT AND

© DELIVER MHD GENERATOR FOR TESTING IN SOVIET U-Zo FAClLITY

lSSUES/PROBLEMS

© COMBUSTOR AND CHANNEL PERFORMANCE
O SEED/SLAG MANAGEMENT




- surrounding part of ithe channel producesaa current in the eleetrodes.
The .overall efficiency will probably be somewhet over 50 percent with
a possibility of attaining 60 percent.

. The ‘Russians are doing.a lot of MHD work. - You may have
seen_an announcement. in the paper in the,last few days about our
shipping them a supef-conducting magnet. That magnet was just flown
to Moscow in the first C5A ever to go to Moscow. It refueled in the
air twice on the way over. That made a great'story, and we hope that
our joint project produced.some useful results.

‘.,We“have‘started‘to build the buildings at Butte, Montana,
on this and we're -building. a generator channel for it. 'We see all
this coming along next: year in a program which I believe Congress has
now‘ﬁeised; and-it's for '78, from 50 million up to. about 65 or 70,
if my?advancediinforma;lonlis cOrreet.: -

| <There is-a lot of MHD work going on in a number of places,
not only at Butte, but also at Avco Laboratoriee at Everett, Massa-
chusetts, at the University of_Tennessee,,end Stanfogh,.and elsewhere
afound-the country.f'E§entually,;we'11:notfooly have that channel,
that: magnet over; in Moscow :but _also aygeneratorrworkingfon a slip
stream of the U25 magnet. |

'MThe,proolems'hereiare still very much-technical ones.,

MHD is:a very tough technology to develop, requiring :very high

\

:temperatures. Mater1als problems -are troublesome. Othervdlfflculties
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: inciude 5ir preheating; seed recévery/regenération developing optimum
combustion to minimize nitrogen oxides, and components problemsi

The Soviets were delighted when they got the channel -
to run for 250 hours; but in the case of a utility, that is not'very
long. - One must recover the seed and recycle it out of thejslaghif
‘there is going to be success..

- Petroleum and natural gas--the next slide--

(Slide 8)

--ig gbout a $75:million program, as we saw earlier.:
Here we work almost entirely in the oil side of what we refer to as
enhanced oil recovery, getting at the oil which is left in the:ground
by conventional production and water flooding through one ofAtﬁree
major techniques~-warming it up, either with fire or with steam;
lowering its viscosity with carbon dioxide, and finally, washing it
out with a detergent just like you wash a dirty greasy spot out of
clothes.

Mani%ing this 5,000 or 10,000 feet underground though,
is a little tricky, and we have a lot of pilot tests going on with
industry. The number is steadily increasing; and just yesterday we
talked about adding another one.

We have had some criticism from the Office of Management
and Budget on this because of the large private sector activity in

this area. Sometimes we've gotten into these programs, we just sort
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PETROLEUM AND NATURAL GAS
BUDGET AUTHORITY (DOLLARS IN MILLIONS)

EY 1977  py 1978: CHANGE (%)
- %32 g167 +775

1977 ACCOMPLISHMENTS

INITIATED THREE COST-SHARED FIELD TESTS FOR ENHANCED OIL RECOVERY |
DETERMINED CHEMICAL SUPPLY AND DEMAND FOR MICELLAR-POLYMER AND CO, PROCESSES ~

COMPLETED PROJECT PLAN FOR CHARACTERIZATION AND STIMULATION OF EASTERN GAS SHALE (DEVONIAN
SHALE PROJECT) R A , " e

INITIATED TWO PROJECTS TO INCREASE DRILLING SPEED AND REDUCE DOWN TIME .
IMPLEMENTED IMPROVED MANAGEMENT PLAN FOR ENHANCED OIL RECOVERY o
COMPLETED PROJECT PLAN FOR CHARACTERIZATION AND STIMULATION OF WESTERN TIGHT GAS SANDS

000 000

1978 CHANGES SRS P : b A

o PILOT TESTING TO DETERMINE ECONOMICS OF MICELLAR-POLYMER PROCESS
o EMPHASIZE STEAM FLOODING EXPERIMENTS AT VARIOUS LOCATIONS

ISSUES/PROBLEMS

© KNOWLEDGE BASE VS IMPLEMENTATI_ON FOR ENHANCED OIL RECOVERY
© DEVELOPING VIABLE TECHNOLOGY FOR ENHANCED GAS RECOVERY

77-2656M/4-4




of respond to targets of opportunity. ‘Some company makes a proposal, '
and if we think it looks good,rwe go ah;ad.

. OMB asked ﬁs if we had a systeyé;ic plan. For the first
time, we sat down and-tried tovw0rk out eXéctly what the total
program should be, and just whftvtypes éf:formations shbuld be ...
tested, and how many.tests shou}débé‘in§bl§ed; That is what we did
laéf year. .We found gil of us mofei;omfortgble with a whéie program - .
and now we havg that in-house,-héw wé'ré:dding the same'thing for
gas. | | ‘

o In.the’ca;e of gas, we'fe looking at not what is lgftr

in fhe grouqd, but at some gas feserves that normally greﬁ‘t con~
;idéred gas reserves Qhen one hears about 10 fears or 20 fears of
ﬁatural gas. Iﬁ ghat case they're talking about conventional gas
that flows out by itself. But in the Devonian shale, the western
tight sands of the Mesa Verde formation in Colorado, and in the coal
seams in the East, there is a lot of natural gas. It has usually
jusf been stripped out and wasted for a safety measure, and now we're
ééiﬁg after it as a resource. Using those unconventional resourceé]
givés us about 50 years of gas, and if you believe Wall Street
Journal headlines about 1000 years of gas. There's only one place
tﬁat could be, and that is in that geopressured zone in the Gulf
whefé there is a lot of salty water saturated withvmethané. Maybe it

is there and maybe we can get it out.  We don't know what it will
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cost, -but it potentialljvcbuld‘be a very large resource of great
importance.
& So we are working on that.
I think you probably had a chance to read what we did
pretty much as far as noﬁinal'impfoﬁeménfé;'Twé are doing a little
bii;ofvdrilling‘research he;e as well, trjihg‘foiimbrOGe'drilling
speed, and_reduce}SOme of the instrumentation to'feduée the'so—cailed
down-hole time. jSome.of this work is cooperative with industry and
some is work leaning very‘heaViiy on' Sandia and other national labs
where there is this type‘of technology developed as an offshoo£>of
the nuclear program and its need to drill for nuclear éhots in
Nevada.~:For,that,reason;'they'havé'déVé10§edra Ibﬁfbf”driiling
technologye - .+ E

A We ‘expect torjuétfcontinﬁe‘muéhfthé same'vaf'fdt‘i78.
We are particularly pointing at that last bullet unéef"78; the
acceleration of:Eastern»gas;:vhére-WE‘afé‘tfiiﬁg ébzbeefiﬁp‘tééting
of Devonian Shale. The wellsvare sha11ow,‘ﬁﬂd*hot¥Véry producfivé;'
but there are Q‘lotf6f~them;"We”fhinkjif wéfcéh/fihd § way to 1 |
fracture them, &nd if we.c#ﬁ*impfOVé fhéif'ﬁfbductiQity,'théy'éh; be
valuable. ~They have the attractibn‘df‘béiﬁg'%lbsé’éo'the market in
the East where~we‘need-the‘gas.““fﬁ*t

‘Our'p:oblems hére‘are“théFkﬁQWIedgé5baééfﬁnd iﬁpiementation.,.

We~don!t”have good’fesource data fdt”gas;’and for biI; wéjnée& t&j"

N

increase our general knowledge~of*thatffié1d.
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Another one in thisvsame division is--on the slide--

(Slide 9)

--the oil shale and the underground coal gasificatipn.
These two may not seem to fiﬁ,tqgether, but in oil shale we're
working equusiyely on vhat is referred to as in situ'retbréfpg, :

where we retort underground rather than mining of shale, bringing it

up and retorting it. And because they both involve the same sort of

technology, we've handled them in the same organization. fBﬁﬁ;it's a
rather modest area. They are increasing significantly_fo¥ ﬂgxt jeaf,
but are still, a minor part of the program.

Wé have had a number df contracts under negotiation now
for in situ retorting of shale——sharedqcontgacts ﬁith indﬁst?y. For
the first time we completed a test at Rock Springs, Wyoming 6f what
we call true in situ. We didn't do any mining. We just stuck a
sh#ft down, set in some explosives, did some rubblizing that way and
then set off a fire, and collected o0il out of an adjacent well. It
worked, but not very well.

The Antrim shale in Michigan is a different sort of project.
Here's an qdd type of shale, Wﬁich doesn't produce oil, but which we
can gasify. Dow Chemical has done a lot of work in this field. We
have now joined them to try to imﬁrove that-technology.‘

Moving to in situ coal gasification to the so-called linked-
vertical well, in which several wells are first linked by combustion

and then by gasification. We.burn some of the coal with a lot of
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OIL SHALE AND IN SITU TECHNOLOGY
BUDGET AUTHORITY (DOLLARS IN MILLIONS)

SRR : FY 1977°  EY 1978 | CHANGES (%)

IN SITU COAL GASIFICATION . $82 $126 53.7‘
1977 ACCOMPLISHMENTS ' R | S

COMPLETED COST-SHARING CONTRACTS FOR SEVERAL IN SITU RETORTING EXPERIMENTS

f COMPLETED DIRECT-COMBUSTION SHALE-OIL PRODUCTION TEST AT ROCK SPRINGS WYOMING
’ INITIAT:D MICHIGAN ANTRIM SHALE GASIFICATION PROJECT !

COMPLETED LINKED VERTICAL-WELLS PROCESS (LVW) TEST =

INITIATED FIELD GASIFICATION TESTS ON PACKED-BED PROCESS

.STARTED FIELDING FIRST COMBUSTION TEST ON .DIRECTIONAL WELLS

DESIGNED STEEPLY DIPPING BED ISDB) PROJECT WITH INDUSTRY )

@900990

1978 CHANGES

o COMPLETE DESIGN OF A MULTI-TON OIL SHALE GASIFICATION FACILITY
© BEGIN HANNA IV LVW FIELD TEST '

© CONDUCT THE FIRST STEAM/OXYGEN IN SITU GASIFICATION TEST AT HOE CREEK 2
© START SDB FIELD TEST PROGRAM

ISSUES/PROBLEMS

® ENVIRONMENTAL'IMPACTS AND ACCEPTABILITY , |

© FUTURE OF IN SITU VS ABOVE GROUND SHALE OIL PRODUCTION
® DEVELOPING ACCEPTABLE ECONOMIC INCENTIVES FOR OIL SHALE
© MARKETS FOR IN SITU COAL GASIFICATION PRODUCTS




steam present and have a typical water gasification reaction of that
‘coal and can take a good 175 Btu gas out of’the other wells. We did
this in Wyoming very successfully last year{brdducing a good ﬁuality
gas, a very even composition, which is one of tﬁe tricks. - |

We have some other approaches to driiiing the ﬁeils,énd
to fitting other formations a little better,"and that is one of the
things we hope to look at, inc}udiﬁg steeplyvdipping beds. We expecf~
,fd keep on doing this same sort ofrthing nexf‘year. §

Now both of these préjecés‘have tri;ky environmental °
problems, which wé are trying fé address. We know that they are
potentially there, but in case;‘like this whéré you've got to.do
the work in the field;kthere's no way to know the extent of the
problem, until you get out there aﬁd try it.k

Groundwater is one problem. If‘thére are underground
aquiférs, you retort the shale thch is leachable, and fﬁat leaching .
can get into the aquifer.

If you do gither of these, and a lot of it, yoh obviously
have a subsidence problem, and the ground leyel begins to droﬁ'above"
your retorted formation, and thgt is not aécepthble in mostrlocationé}4
How bad is if? What we can do‘iaﬁéonttbl it?‘ ihesg are;thg things

 we stiil have to learn. I'm sureVin:théidiscﬁséions;thi; afternoon
;nd tdmorréw, we'll have a chance to;explofe;whét some of those

areas are.
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This gives you a sort of general p1cture of the total
_Pprogram; where the emphases are; and some problems, as I see them.
jI m not sure I could answer that quest1on’that Alex said he didn't
”get a high enough salary to answer and I guess l don t either, but.
I might offer -~ toss in a few th1ngs as we get Lﬁ;oagh. |
Thank you very muoh. .
(Applause).
DR. KANE: He has a car waiting, but he will answer a
few questions. o s |
MR. LODEL: In the demonsrration plants program ERDA
had been considering three categories for low Bru fuel gas. The
industrial category, 1 believe, is going ghead. I wasn't able to
sort out from your plans‘whether in fact you plan to go ahead with
the utility category? °
DR. WHITE: I'm yaiting until I get the language of
the conference‘report on the appropriations to be able to answer
that question. I asked it myself»yesterday, and I couldn't get
an answer. 1 tnink‘we have == l knowjﬁe have authorization, maybe
‘we'Ve got money, but maybe ve've got language that says, don't do it, -
or‘maybe we've‘got language that says, do it. I don't know. It is
just hanging in thar balance right now. And if we are told not to do
it, we will have to drop that project. It is too early to answer,.I'm
sorry. Within a few days, we should know. I just haven't been

informed.
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DR. KANE: Thank you very much B111.
. DR. WHITE: Okay. I 11 be back rxght after lunch. .
DR. KANE: Very good. He' '8 been on the gr111 81nce 7 00

this morning, enjoy your lunch.
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DR, KANE: I've‘deoided to, with your forbearance, juggle

the program one more t1me. And we have another gentleman here who is

'golng to talk to you about synthetlc fuel pr1c1ng. ﬁe, too; hes been

..‘

‘on the grill for a long t1me th1s morning, and he'd l1ke to get out

" of here so, I th1nk I' 11 1mpose on you, and we'll have a talk now by

Chris’ Knudsen.
hDB. KNUDSEQ{ Ulhank you very mueh.\”

I have'been .asked to talk about the cost of various proc—

;'cesses that we sare d01ng research and development on 1n ERDA. Copies

of my slides are here on. the table.

1'11 try to'make th1s a‘short talk so that you can'get on

: w1th your luncheon plans.

My wife has been w1th me all morning, and I asked permission
to go ghead and g1ve 1t now because she has been sweatxng it out w1th
me, and I promised to take her ‘to lunch and that's the most important
thlng to me at this moment. ;

(Laughter.) |

(Sllde 1)

1 want “to beg1n with several slldes about the methods used

- in cost estimatlng.‘ The first sllde 111ustrates d1fferent types of

cost est1mates of differing accurac1es. Many people compare one
estlmate with another of differing quality, a back of the envelope

estimatelwithAone from a detailed study, and*sonetimes draw conclu-

sions fron’this.' We try not to, because an estimate is a function
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HARDWARE DEVELOPMENT LEVEL
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of both the enginéefing effort that is put into it, and;the data
available. |

Hardwa;efa;Qelopmen; level is’indicéted vertically on the
slide. As shbwn, data quality ranges between laboratoryiand commer-
cial. Horizontally, the cost levels of various types;of:estimates are
iﬁdica;ed by order of magnitude.  For example, a study &ésign might

cost $20,000 to $50,000 of engineering effort, a preliminary study

1$200,000 to $500,000, a definitive study $2 to $5 million, and a -

detailed study $20 to $50 million. The detailed stud§ is the typéAof
estimate needed for actual construction of a project vhere detaiiéd

¢ . . - .
mechanical drawings are needed.. ' ‘

The order of mggnitude;type of estimate of‘"Mottgage Model"

has been developed within ERDA based on past information. We have

¥

‘made correlations of gasification, liquefaction, enhanced oil recovery

and other processes baéed on R&D experienée. These cdr;elations allow
us ;o‘make a érude estimate of the coéf of a prdpoSed process develop-
ment unit (PDU) or pilot“élant.‘ |
(slide 2) ’
: ‘Let me define the dif?eiendeé'betwéén'th;eeit}ﬁes of cost
ééfimaﬁeé on the lgst‘élide: gge'prelimihéry, d@finiﬁive,‘and

detailed cost estiqateé.e The first tyﬁng that is?doné,in any cost

‘jeétimate,,of COUrsé; is iﬁe design bééis. All three estimate types
. require the same type of"desigh?basiéﬁinfofmation,fwith_the exception

"that the site specjficatiﬁnﬁfofffhe ﬁhree'differsa For example, a
b i 4 . < ‘ ‘ E
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DESIGN BASIS

PRELIMINARY ($0.2-0.5 x 10¢) DEFINITIVE ($2-5 X 10¢) DETAILED ($20-50 X 10°)

o PRODUCT SPECS . DO e DO

o FEED SPECS e DO | . DO

o DESIGN ASSUMPTIONS e DO .+ DO

o PROCESS DESCRIPTION e DO . DO

o UTILITY SPECS e " po . R e DO

o GENERAL SITE e HYPOTH'ETICAI‘-;SITE’N o ACTUAL SITE




detailed design, including detailed mechanical drawings, requires
specification of an actuai site withkcere drillings to determine
foundation design.

(slide 3)

The next phase of a proeess estimate is the design itself.
Differences in estimate accuracy are most obvious from consideration
of the vary1ng efforts expanded in thlS step.

In a preliminary deslgn, the effort ends with an equlpment
list, but in a deflnrtlve design, piping and 1nstrumentat10n specifi-
cations are prepareda‘ This additional'informetion requires a great
deal more engineering,effort}to develop.: A detailed estimate includes
the latter plus detailed engineering drawings and plans which may
require hundreds of thousands on manrﬁours. Process plants contaiﬁ
piping and instrumentation that may represent 40 percent of the

capital investment, so that preparation of P&I diagrams, for example,

‘significantly improves estimate accuracy.

(siide 4)
. The last step is the esrimate'rtself, process economics.
For preliminary esrimates, cost curves,‘experience féctors;'and rules
of thumb are used; whereas for a def1n1t1ve est1mate,va more detailed
estimating procedure is requ1red.4 Vendor quores, spec1f1c cost
indexes, and progected f1nanc1a1 condltlons are approprrate. For a
detalled study, one seeks vendor blds, flnances under actual condi~

tions, and 1ook into actual labor and product1v1ty.
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PRELIMINARY ($0.2-0.55 10°)

« FLOW DIAGRAM - |

o MATERIAL BALANCE =

. ENERG‘Y\“BALANCE*

o OPERATING comomoms

o PLOT PLAN

o ENVIRONMENTAL ASSESSMENT

o MAJOR EQUIPMENT SIZED
o EQUIPMENT LIST

PROCESS DESIGN

DEFINITIVE ($2-5 % 10°)

. oo

® i ris Al Do

) ALI. EQUIPMENT SIZED

o EQUlPMENT LISTAND -~
DETAILED SPECS o

e P AND I' DIAGRAMS
e PIPING SPECS -

e PROCESS RELATED
STRUCTURAL SPECS

DETAILED ($20-50 %10°)

° DO

* DO

e /DO o
. . DO

i Do

o ENVIRONMENTAL IMPACT
- STATEMENT

.., bo.

e DO, -
o COMPLETE STRUCTURAL

‘DRAWINGS

. DETAILED ENGINEERING
DRAWINGS

o PLANT ELEVATION
DRAWINGS

e PROCUREMENT AND
- CONSTRUCTION PLAN




C-LLT

e COST CURVES
o EXPERIENCE FACTORS

e RULES OF THUMB

e GENERAL COST INDEXES

e ASSUMED FINANCIAL
- CONDITIONS

PROCESS ECONOMICS |

PRELIMINARY ($0.2-0.5 % 10¢)

DEFINITIVE ($2-5x10°)  DETAILED ($20-50 %10°)

e DO e VENDOR BIDS
e VENDOR QUOTES e ACTUAL LABOR COSTS
ON MAJOR ITEMS AND PRODUCTIVITY

e EXPERIENCE FACTORS e DETAILED ENGIMEERING
BASED ON MORE EVALUATION
DETAILED DRAWINGS |

e SPECIFIC COST e FINANCING UNDER

INDEXES “ACTUAL CONDITIONS
o PROJECTED FINANCIAL "

CONDITIONS




A vendOr bid is usually much more accurate than a quote and

may requlre payment for the eng1neer1ngrtlmerrequlred to make it.
| Actual 1abor costs and product1v1ty areAextremely 1mportant

factors wh1ch are generally overlooked. The avallablllty of sk111ed |
craftsmen and unroh rules‘vary in d1fferent parts of the country and
have a large effect on the f1na1 cost of alplant. ‘ |

PrOJect contlngencles and‘process cont1ngenc1es can be
assigned to account for the inaccuracies brought about by the est1;
mating process and the‘uncertalnty of the ava11ab1e data, respec-
tively - the horlzontal and vert1ca1 cateéorles of the first s11de.
These contlngencdes redulre anaiy81s of past est1mat1ng exper1ence to
determ1ne and we have v1sxted compan1es 11ke Exxon, Gulf and Mob11
to beg1n developlng them. 0ur flgures are therefore a reflectlon of
what we have 1earned because we are not a large construct1on or
operatlnglcompany. “We are a- small branch in the government, and we
are re1y1ng on ava11ab1e 1ndustr1a1 1nformat10n.f |

The prOJect contlngency one mlght a881gn to a study estlmate
would be typlcally greater than 20 percent. At the pre11m1nary est1—
.mate level a 15 to 20 percent. At the pre11m1nary estlmate level, a
15 to 20 percent pro;ect cont1ngency mlghtvbe approprlate. For the‘h
def1n1t1ve estlmate 1eve1 a 10 to 15 percent prOJect contlngency 1s:

1nd1cated. F1na11y, for the detalled type of estlmate, a 10 percent

contingency would be appropriate.
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Note that the prOJect cont1ngency reflectsAonly the uncer-
tainty cf constructlng a glven desxgn for a g1ven cost and in effect
assumee known technology. Therefore, even for a deta11ed estlmateA
late in the'actual construction perlod the p:OJect contlngehcy is
still cipically about five percect co‘accoﬁntifofvthercilisryéteto
arcive, labor and material probieme in complecing coﬁetructicﬁ;ﬂen&
possible ‘start-up problems. ’A - | |

:Tufning to the.process cohtingency; some experience
indicates cﬁat an estimate based on laﬁoretory data requiree a:
contingency of approximately 100 percent to account for additional
equipment later ‘found to be necessary durlng the PDU, pilot plant
and demonstration develcpment stages leading to‘commercialization.
Perﬁaps a 25 to 50 percent contingency is appropriate for the PDU
stage, only @ 15 to 25 percent contingency at the pilot plant stage,
about 10 to 15 percent at the demonstration stage, and as little as
5 percent at the commercial state.

Application of the contingencies is made as follows. The
procees contingency is added as a percentaée on the on-site brocess
equipment, whereas the project concingency is applied co total
1nvestment, including off-sites and the process contlngency; 1'woulc
caution that these types of add-on contlngencles should be used thh

care, as they are meant for guidance.

(slide 5)
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< Let me taik‘n°w abOUtrsome receﬁt éoS;'eétim#fes. This
éiiée shows estimates for various gasification proces;es‘uéiﬁg wesf%}n
subsitﬁminous‘coal'tp producé’250 milliqn:stgndard cubic feet per day
éf SNG' This report Gas.PUblishédxin chobef;197§, and it examines'
fhe?investmepts, operating costs, and fésuiting prices of the HYCAg;i

BI-GAS, CO

2 Acceptor and Synthane processes compared with similar

figures for Lurgi gasification technology. Note that constant prices

can bé’plotted as stréight lipeé to afclosé approximation.
One sees théf?the HYGA$ steam-OXYgeh caée é;ems to be tﬁé

most attractive prqces;‘at approximately $4.25 per million .BTU.

Lurgi is plotted”at-abqut $5.50 per million BTU.

I wan;,to qaﬁﬁion that these arezéstimates of process at
varying levels of deVeloéhent and that we will continue to review
them. Cdnditions>other than those assumed in the Braun study affect
therresults andAéomé feel that-the HYGAS Steam/Iron énd the Synthane
casés could be cast in a more favorable light by a new basis. Let me
point out, however, that although a 15bbercent project contingency
» was'included in all of the Braun estimates, no process ébntingencieé
were applied to reflect the varying technical informéﬁion évailable
for the processes, Lurgi daga iS‘commerciélaquality while the other
proéésses have data of;PDUVQr pilotrplant_quality. ff one applieé
proéesé contingenéies accordiﬁgly, one ﬁould find that all of‘the
estimates wbuld changé pqsitions on the plof in a différent mannef.

Lurgi, of course, would have the lowest process contingency of about
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five percent. As a resuitﬁof this, new plot ;ould show much less
priee advantage for the,newer proceeses compared with Lurgi.

We do not have a couparable plot for coal liquefaction at
this time, although we have uEde’comparieons between the H-Coal,
Exxon Donor Solvent and'Solvent Refined Coal processes. A common
accounting basis was used - the eame'discounted cash flow rate,
.depreciation‘rate, and so forthr-’but large differences still remain
that are a function of the ihvestment. _We realize that this is the
regu}t_of having different firms produce.the basic deSigns; We are
now planning to visit Sterus'Roger, Fluor? and Exxou, to attempt to
‘reeolve;differences in.desigu methods and to put'the investments on
a uoretconsistent basis. |

Until we have confldence that the engtneerlng procedures are
on a consistent basis, we Can t make a comparlson of the processes.

However, on a pre11m1nary basls, 11quefact1on processes are
1nd1cated to produce synthetlc crude at $30 per barrel or hlgher, a
fuel 011 product may be $5 per barrel less. Thls assures a 15 percent
rate of return on a d1scounted cash flow, 100 percent equlty basis.

The next three slldes show come comparlsons on an. e1ectr1c
utility basis. They are der1ved from a recent report done by G11bert
with fuel costs added. 4 | f | |

(s1ide 6)
This slide shows neu plents using various liquid tuele.

The bars indicate capital, operation, and maintenance, and fuel costs
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components, respectively. The fuel cost component is slanted to show

a range oflfuel-cost, giving an indication of sensitivity.

Us1ng a cost for No. 6 fuel oil of $2.12 to $2. 86 the cost

of electricity’ ranges from 28 to 33 m1118 per kllowatt hour. For
natural gas whxch costs $.52 to $2 per m11110n Btu, the range is 16

to 24 mills per. k1lowatt.

SRC hot 11qu1d and heavy synthet1c coal 11qu1d both est1—““

mated w1th1n a range of $3 to $5 per m11110n Btu, produce electrlclty

xat a. cost between 35 and 50 mllls per kllowatt hour. The medium Btu.

‘ n,;off—slte case assumes -a cost for the gas between $3 and $4 per m1111on

Btu and produces electr1c1ty between 35 and 42 mllls per k1lowatt
hour. These last three cases are more expen31ve than us1ng fuel oil
or natural gas, but they are based on coal wh1ch is much more secure
as a commodlty. : 7

(Slxde 7

Solzd fuel comparlsons ‘are shown on the next slxde for new
electric ut111t1es.t Low sulfur coal w1thout flue gas desulfur1za-
txon, is very attractive.. The fuel cost range assumed 1s $l to $1 25
for a million Btu. H1gh sulfur coal 15 aSSumed to cost 75 cents to
$l per m1ll1on Btu at the ut111ty and requlres flue gas desulfurxza-
v t1on. Thls.results in greater cap1ta1“aud operat1on and ma1ntensnce
costs, but the fuel cost is less. :

Low Btu gas on site, requires additional cap1ta1 and oper=-

ating and maintenance costs, but again the fuel is the cheaper high
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NEW ELECTRIC UTILITIES
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sulfur‘coal. Solid SRb, without flue gas desulfurization, is assumed
to cost $3 to $S pet m1111on Btu and produces by far the highest cost.
of electr1c1tys‘ Cleaned coal, w1thout flue gas desulfurization, uses
high sulfur coal and is very compet1t1vefw1th low sulfur coal. High
sulfur coal 1n f1u1d ‘bed combustion is also an attract1ve alternatlve :
as is the case of h1gh sulfur coal in a low Btu gas comblned cycle
appllcat1on. |

“(slide 8)

The effect of retrotitfoh'the delta cost ofyelectrici;y in ?,
mllls per kilowatt hour is shown in this sl1de. For sol1d fuel plants,
flue gas desulfur1zat1on adds about 10 m111s per kllowatt hour. Solid.
SRC adds qu1te a bit. Clean coal adds the least of the three.

For llquxd fuel plants, the retroflt of $3 to $5 per m11110n
Btu heavy synthet1c coal llqu1d adds about 20 m1lls. And in the coal-
oil slurry retrof1t, substltutlng coal for part of the No. 6 fuel oil,
a small sav1ng results. |

Low Btu gas on - s1te, u81ng h1gh sulfur coal; replaczng No. 6
fuel 011, produces a savxng that results in no added cost. .Finally,
medium Btu gas bought off site adds about 10 m111s. f;:‘

(Slide 9) |

The last sl1de vas & study done a. year ago that 1nd1cates
the cost of new 1ndustr1a1 b01lers. As you see ‘for h1gh and low
sulfur coal, and low sulfur fuel 011 there is. not .a lot to choose fromv

on the basrs of,overall cost. The plot makes the point, however, that
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capital and operating costs can be minimized by using low sulfur fuel
0il, which may not be available in the future at current cost levels,
Otherwise, large capital and operafing costs are incurred in order to
utilize coal.

That is all I planned to say. Thank you‘féf your attention.

(Applause.) o

DR. KANE: Any questions? | » ot

VOICE: Those last four slides, are they available?

DR. KANE: They are in the handout.

VOICE: Very good.

DR. KANE: fes.

DR. BARON (Shell):.

I thought that the‘figurgs you showed were very realistic
and so were your contingenpy factors., And the numbers you‘showed are
in the believable -range. The point that I want to make isrthat wé 
are dealing with not a free market situation, but with a monopoly
situation in which the OPEC countries acting as a monopolist have a
problem of setting their prices.

In & situation normally, when a monopoly. is permitted to
act, they set their prices somewhere betwggn the flooi and the
ceiling, the floor being whatever competitive source there may be to
compete with their product. And the ceiling being Fhe maximum they
can get away with, without a revolution bf'soﬁe kind. - The revolution

may be due to economic causes, disruption of society, or other.
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The mgjor point I want tqﬁpake‘hgrgris that in our case,
thggfloo¥ willlbé sét b} the priées.you,havé_sbown;i_Say,:min;mpm:$20,
as much as $30 a barrel, on»fhg‘ongr of $5 per million Btué, some-
thing like that.

But interestingly enough, the ceiling which normally would
be the ceiling, which the OPEC countries have chosen, evén after you
allow for impoftation and everything, is more like about $14, §15 a
barrel.  So we have a fantastic situation, in which the ceiling is
below the floor. I'm using this poetic way of expressing myself to
make the point of terrible dangér, and that any government action
that would arbitrarily and unnecessarily widen the gap between the
ceiling and the floor, will contribute to inCreased-instability.

Thank you.

DR. KANE: Further questions or comments?

If not, Dr. Phillips has an announcement, then we will let
you. g0« | | 7

DR. PHILLIPS: Well, the first announcement is that‘I think
we can all be baék in an hour and éévén minutes, ﬁamely, at 1:45,
please, for the afternoon session. | |

i,point out to all of ybu thét there a;e'restaurant facili-
ties .available, both in this Quality Inn and acrpés the street at the
Hyatt Regency. 7

Would you élease fill in the,forﬁs if you wish to participate

in tomorrow afternoon's smaller discussion groups.
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(Whefehp, at 12:38, the meeting was recessed, to reconvene
‘at 1:45 p.m., this same day.)

i
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