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E N E R G Y  R E S E A R C H  A N D  D E V E L O P M E N T  F A C T  S H E E T  (Con t i nued )  

% ~_l~ ,~U~O|.~Pj REOLIIIr~E.V. ENTS . Federal Govornme~! Only (1~ mutt<,,= o/ '~;,R=~) 
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E,~ERGY RESEARCH AND DEVELOPMENT FACT SHEET {Continued) 

L C= FU.'~D:.'qP~ RECUfItEMENTS .Fedora! Government Only ( l .  m(tll,,,t= ofd,,ft=r=) 
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E%:FqGY' ~-.ESEARCH & D ~ V E L C P M E N T  FACT SHEET (Cont inued)  
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: . . -%,_ :4.~+. 

• . - + . : ~ : _ ~ :  , . % . . :  .-., , , :  - . . ~  ~.3 , h . . . ~ , e , ,  o , . ,  0 = o r = , . , ;  ( 2 ) 

I 
C ~ u " : y '  I T r ' C  . * e e l  t ' ~ l l = r , * m )  

:.:~: ~' : . : : ;  fer s.-~c-up o. = nt-os- 

ic - ; ; , ' ~ - ; :% .'i'_o.t-".i censtructicn 
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E : ; E P ,  G Y  R E S E A R C H  & D E V E L O P M E N T  F A C T  S H E E T  ( C o n t i m J o d )  

rA:L ~ F  ~" UNOING RECuIRE.%:ENTS - F,-'Cer.~: ~ov~rnmon[  On:v  ( I .  , . IRI,I,, .  , . ; J .d t . . ' . , l  

t FY 19 7':, 
(No, , -Add)  

O~)s. i O-d.,V$ 
I 

b. --.--.=-- ; 1 . . . .  - 

T O T A L  ~ ' ( ' ~ , ' ~  f . r ~ o n d  
fgJ Ju~nrtlar~ BI:I'~'t) 

;~'C:PC?. ~.~r::icrl fNtafe o,,.! C, mr.,:.l bile| ~'Ot.~! ~s1,,*L~(e{J Co:t 
-,.-,',.-- .-.,.-. I~.-,. (',...cl.u:ii~.l)2. Every |,ri,jP(:t.co~ti~ on,,: 
, ' .L ' . . . ;  ~." ~',.~'1: "~,'~'J:(| I~U ~."J.tt,J!L'.~'~ It.~e*;'.,!.'.J v:=:h ;! bnuf llt:ll~ 
','~ l~ I ~-'-:,v ~', .% FI'.T,~,F.~I N{~. 

I ~. ' I  l ' L ' t i ~ [  ~ [  ( X , . I  t , ,  . '& , ' . ' , ' * l  ~l{~i'll~t.m'f.'t..l,l,l.l*~,','$. (4 ) 

":,.~ p r ~ • - - : ± i ' - ' z ~ d .  2.] : . n=  

. . . . . . .  i . . . . . . . . . . . .  

- : ¢>,~,,:ty ! ! C (,*i , . , rh , . . . )  

::. con~ruc~icn plus equipm.cn~ cos~ 
:!'is -rc~r,~c~ (Gov~_2') is $6.8 millior , 
~:ini: 5t'% ~ndus~ry co-sponsorship. 
r:i-~e u~.na for scale-up of pressur- 

.~ ,.2;" ~"~;CJ~.C." ,.~,'~)t r,, ~ r ¢ ¢ d  30 ¢h.*r~etera an*l  m ~ ' e . . )  I ( ~ ) 

~;.~ a~_ ~'.i:azlc ~la,~: 
"e ; CO~,,:y J T r c  f in mll ; i ,~r~)  

I 

I 
-hi co.-._~ruc:icn plus equip.-..ent co~t 
~_!~is ;rogra~n (Govt.') is $5.4 millio!. 

.~vi._'e data for scale-up of adiaba=Ic 

-L UI" I'~4U:[CT (.%'.*! {.~ e=ece4 Chur.¢l.'m ¢-,J .It~a'i.) 

! " " i Co,.,n~y T~C f i n  m,lZl,~n*) 

~ai cozs~;~c~on plus equipment cost 
~v~.') is $35.0 million, assuming 50% 
~u~tr-., co-sponsorship. Demonstrate 
.~urized systcm. 
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E~EP~GY RESEARCH & DEVELOP?~IENT FACT S H E E T  { C o n t i n u e d )  

-TAIL (~;" "UNDING REC"IRE.%;ENT~,-Fcdcr~! Governmcm O:,ly O., .~{Illo,n, *,fdoltar~) 

C C ' -  .q T .-~'..'C T'f ~ N 

.'TEM 

T O T A L  eC,,rr,~ fnru, ar,J 

' r ' , : i r r '  L o c a t i O n  (S tab -= , , , !  Cc,un'y,. n,l,J To I . I I  L.~.IIITI.I|Cd COS{ 
I "'""l*'=+r 1"*''~ tr4•"| (',,r,lrCu/ll-,';~'2. E%'~tr%" pr,,j,:, t coati. 9 one 

• , '  • .,*: .,t .,),~ ~h'~.ld |*,: ~.~q:;.,ra'~:fv ld.',ll,h,:d w~,th .l bfld| llc.~ 

" C,.,,,,:y [ 
:~ai c~ns.'ruc~ion plus equipl~ent cost 
~:--.'--.:) ~'s $126.0 million, assunling 50: 
.-.d':s : ry co-sponsorship. Demonstra~.e 
~-e.=-~::er~c s y s t e m .  

I , :~:..,. ,,:~=~,~o,,o.....~..~.~,~=...~ .... , c!8) I 

'" : "___~1!1 . . . . .  COu,, I  y [ T L C  ( In~l l [ [ l *Jh*)  

:'_a! ccn.~truc:!on plus equipment cost 
--c.':t. ') is $43.2 .-.-[!!ion, assuming 
D:f Sndus:ry c a-s.oonsorship. DPmon- 
:ra'-c adiabatic system. 

: ;.." C ~" S " ( G J E C T  r,%,): :u r.*¢Ci"t~ ¢,J~m~'t,.re ~nd ~p,]¢,'.%,l 

:b?rat,:~" ~odeliin~ "unit 
. ° _ _ ~ . - -  . % 
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~.XERGY R E S E A R C H  & D E V E L O P M E N T  F A C T  SHEET (Cont inued)  

k;'.. OF F~. . 'ND[ .~  ~ tT .q ' - ,% . ' ~ ' , ' ~S -Fcdv r . , ~ l  ~O,~:rrnrnent O,~tv f in ml]:J,.~,l~ o fdu : i . , r , /  

IT£.~: 
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u.,.:, ~.l..u, d,,:-.,.:~tic fuel ut~iiz~tlcu to su-.Dlv [;.S. energy needs will re~ 
deve!c,-..:,,n ~ . ef -c:~::~.; f~,r i-:".~r.'eJ c-nvircn~:.,::t.~l cencro! in vie'.: of the severe environmen'i 
degra./aLion "chich ~:ou!d oac6r ~'ithout suciz control. 

Bur__u,~ ,, coal for ~'.,~- ~cneration of electricity, cc:'.bined ::ith s~ack gas cleaning, of: 
~h¢ nose assured solution, in the s-~_~t terra_,, t= the problem of ~atisf::inB consumer de=T 
for Dc'.:er un.!er e:.:isni'nz .:n'-irc::n:en=al constraints. In contrast to so.-.,e."solu~-ions '' the, 
have been - ...... <,~-: .~=~.~ z.as c!eanin~ ":as th ~ distinct advan~ae_e of being adaptable to ~- 
e:-:is-i.nz - ::~r Tiants. For :.:&ny of these p!ants~ the on!y current alternative is to bur 
!e'.:-s'~i:'ur :i! or f.~.s~ ::uch of -:hich -ust be izported. "'itbou ~ - ezs cleaning, compliance.' 
c!ezn air sta.~dgrds could D_=~_~=. ~.,-~.,4~ the usa of up to 150 .-,if!ion tons of coal per year by 
Se'~'=rai ~roca~es f~'r stack ;as c!eaning --ru in the process of field develo~.-_en~ and des 

stratioz, but ::ark c;% a=;ii-~a:ion aspects can speed :,'i~[e-sza'_'e applica~.ion, :..~ork is nee 
the areas of ~:aste dis;z_--ai an/ b'/-proiuct prciuction, g~.~!icatien =o smaller indus=rial~ 

hod!ors, ~.~d --' ..... : . . . ..... ~=.,c__ ~rezess deve!oznent kithin the limited time f_'a-_e for neetin~= th" 
increa_~imD d~-a -~ - ~ f~-~_ eleztricitv, ani ac--n~x-:-~.._._~. ~--5 x-.'ith envircnT..~nta! regulations, domestic 
and medi.:-.-su3 fur £czl ~a.-~ be fu!i~" utilized on;," i~ = concentrated effort is made soon 

o ° --2 - "" 

facilltane "-he cm-,n;=r~iaiiza'-ie.n of stack gas cleaning. 

~uture aon,-rol recuire-ents for fine Darlizu!a~e~ and hazardous pollutants require 

control technc!o~y /e':eloznen~ in :hose areas, 

Flue gas c!eanin~ siena :till not ccnple~-eiy sa:lsfv domestic needs. Total retrofi" 
application to reiativaiv snail fuel users ::ill not be oessi'=la. Thus, pro-_.ra-,s for c!z----- 
of coal (both ~hvsicz! a-_6 chenica!) ui!l be deva!o~ed to supply utility requirements ar 
as requirer cn-s for iziustriai and ¢ornercial users,- This technology will r.aincain the 

physical c':aracteri_=[icm of the coal and could titus be inple.~,=_n=ed with little or no ch~ 

of the national energy system. 

__ ~-_m_~.o ..... ~_s 2o...-.e.~t Future dor-estic demand for ~hese fuels- ~ 

provide= trot - o~enz cf environ.-_enta!i,- sound coal conversion and shale oil recover 
systens, Thes, L ~te-.s .:ill be a/equatei-- developed ~¢ insure their environnental int-:: 
at the ti;ne ~- :ech.-.olo~v co~eraializn'_icn. .-'~Iso, zd-=¢ucte ~:aste disposal and by-prod~ 
%ztiliza~i~n ~.e=hods u-ill he developed to e:~hance i_~pleT.entation of these syste.--s. 

This proposal x.Till obtain the a5ove objectives by federal funding of the followf 
"crash" R&D proBram (in nillions): 

FY,-7____~5 FY 76-79 Post-79 [,To~ al ; 

118,694 2 40.696 - 359,390 

This uaxi~un effort, while providin~ tlze funds for the most rapid development of tech- 
noloEy, ".~ili he associated ".;ith ~mjor uncertainties regarding the ~Lnely asse_~..'oly an4- 
utilization of needed persc::nel and hard,.Tare to impJ.e~.~ent the program. This risk may: 
produce a ",.';ste of obligated funds and a lack of i:.~.portant ne'~ technology developmen~ ~ 



L., C. " [  . -  . ' , "  
:.:~ ",:'," . ", 05-OG-fI.~-OJ-]...-~ .,- .)(.. ,) I 

,'ffl :'~'~'."'~ ......... 2" ~:~E'~C~ "1:''.:" : ~"~'-"*'. ~ l"e:r.'i.'::IS:'r:'.~.'~.kl. OL;'!,r," ~'¢:,~:'U-~:~:3,~.1..: i 

, i~ "' I,~ a~d$:~$ '~'r .'. C? ~.~9,~ *"7, ~,: r~ L j. ~-2"; :..: .".:."3 J: ~",| ~-,'~, ..' |3:he f~|e~1,-%'*.n:. 

Id .... I~: e-V.'~: .... u d~:nzsti< fuel utilization to supply U.S. energy needs will require 
~.¢a;'3 ~£.r i-[,r,3vcJ .... ~" ..... .', "" u...,,c ........ t.~l control in vieu of she severe enviro~z:enzal 
:h ~:ou!d ¢cnGr wichout such control. 

! for th~ ~enerarion of electzicity, ee:.-.bined with stack ~as cleaning, offers 
J solution, in the short term..., Zo the problem of satisfying consumer de_-..and 
e:<istiz~ en':ire:~.-:ental constraints. In contrns~ to so.--e. "solutions" that 

sod < " '" , L . = ~ . . _ n ~  .. _ _ c_st_..ct advantage_ of beinN adaptable, to 
zZan[s. _~or ::~y of tL, ese p!an~s, the only current alternative is to burn 
or ~,a~ :z:~,ch of ~:hich must ba inported. Lizhout gas cleaning, compliance wizh 
ard,~ enuld ~raa!ude zhe usa of up to 150 .~il!ion tons of coal per year by 1975. 
es ~cr s-aci: 3as ........ ~ arc the process of field development and 4emon- 
crk cn ~.p~i ~'~'=-u.n aspects ca:: speed, u'iCa-sca!e ~n~l~cnr~On ......... ~':O~.~-'" iS needed ,~n 
ste :' .... ~: and " u~=:,:~_ ~:v-~ro~uct prcdsc~ion, application ~o smaller in;-ustria! 
vanccd 9rccc$s /cveloTmenz. :'i.~hin ~he 1-~i~e ~ - tize fra.-,e for ~eetin~ the 
n~ ~o, eleczriaitv and conDivin~_ with environmental re~aia~ions: domestic high 
sr coal can he f~:!i-: u:!!izc{ cniy if a eoncenZrazed effort is made soon to 
c~. ....... ~,.~_,~n of stack gas c'_eaning. 

re! raquir~-ez~s f~r fine ~arzieu!a~es azd hazardous pollutants require strong 
ogy d~.v~io~ments in these a~-eas. 

eanin~ al0na ~il! .not co,-..plczeiy satisfy domestic needs, Total re~rof!t and 
relatively small fuel users ::ill not be .... ~'-~-- Thus, ores_rams for c!eanin-~ 
~hvsical and c~=~ca ~) wili be d=veln-:d to SUDDIv utility recuire.-..,ents as ~,'ell 
for in£v-szrlni and ce-,_~_erc!a! users,- this teci-nolo~y "~'il! ~..ain~ain =he 

"_teris$ics of the coal and could thus "De ir..ple=ented with little or no change 
enezgy system. 

~ ~zd ~--_~ou.~ inals ~n -,~.=r Suture domestic demand for these fuels will 5e 
:evelcpzent of environnenzeilv sound coal conversion an~ shale oil recovery 

.-4 ~ - svst~_~ ,,-l~ _~e adequately deve!opad ~o insure their envirenme~-tal integrity 
t_u .... o~..=; co----~arcializat!on. ;,~so, a"equate waste disposal and by-product 

:hods *~ill be de%'eloped to enhance i~pler.ahta~ion of ~hese sys~ezs. 

ro-~osal ~eill obt~,in the a'~ove objectives by federal funding of r he follo~,,Ing 
program (in millions) : 

Ff~__-7~5 FY 76-79 :" st-79" f ~  

i18. 694 2 40. 696 - 359. 390 

.~ ~-ffort, while providin~ the funds for the most rapid development of tech- 
! be associated :~i~h ~ajor uncertainties regarding the timely ass~_nbly and 
of needed ner~cnnel and " -,--h -~ • u , . n ..... ,y~,e to i~-~lement the program. This rls~. n:ay 

• ~st~ of o~!iz&bed funds an-/ a lacl~ of J.:.,.portant no:; technology development. 
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Co:~ti~+ued ;~d ~C:l,andud doz;~.cstic fu¢:l utilization to supply U.S. energy needs will re 
dcw'ioi,::~.u= of ~.-.cu:~.~ for i:::puuvud environmental control in vice of the severe enviro~-~e[ 
d'?l'~,':~,'[:.L i,jn ".:itiCh %;otl!'~I oCC:':]" ",:iLl;eriE SUCh C~]nPI'O]. 

]~urI1i~:~: uea[ for the ~en,-.ration of electricity, combined witit stack gas cleaning~ all 
the ;:,u.+t assured solution, in ~!:u sizort tcrz?, to Zi:e problem of satisfying consumer dem~, 
for pe::er un:%er exi~t~nz environmental constraints. In contrast to some "solutions" the 
have been p r o l } o s c ; d  ' stack gas cleanin~ has ~he distinct advantage of being adaptable to 
existing pc:z-~r plants. For many of these plants, tim only current alternative is te bur 
io::-sulfur oil+or gas, uuzh of ~:hich must be imported. I:ithout gas cleaning, compliance! 
c!cnu air st~:ndards could pr',ciude =he use of um to 150 million tons of coal per veer by 
Several proce-:&es for stack gas cleaning are in the process of field development and dee 
..... u~o.~, b,z~ o.~ -p:++_~_+~on a.~pec,s can speed ~'~e-scale appixcatzon, h'ork ~s nee 
+the areas of ::as'.e d.;snc~a! and by-product production, application to s-.aller industrial 
boilers, --::d advancc,6 process develcp:-.ent, l.ithin the limited time frame for meeting th 
intro,:m!:=] d~.:~an~ for eluc~ricJt.; and complyin~ ::iSh environmental regulations, dor~estie 
and :zcd[uz~-~+u~fur co.~i can be fully uti!izcd only if a concentrated effort is made soon 
facili~'ate the cozunerciaiizatio.-, of s~ack gas cleaning. 

Fu~u,_e con=tel requirements for fine particulates and hazardous pollutants require s 
control toehno~_ogy developments in these areas. 

Fine gas cle~-nln?, alone ",:ill not completely satisfy do.-.estic needs. Total retrof~_t / 
applicatlo:~ zo re!a~ivn!y snell fuel users :~ill net be possible. Thus, proBra~.s for cle. 
of cocl (bo~h p.:ysical and c':enica!) t,,ill be deve!o~ed to supply u~ility requirements as 
as require-,~_n~s for industrial and com_merciai users. This technology :;ill maintain the 
phys~c--I characteristics of the coal anH could thus be implemented with lit'~le or no c/~a 
of the nat~+on::i energy system. 

Clean liquid a:~d ~=cneous fuels =o meet future domestic demand for these fuels will 5 
provided from dave!o~.-_en " . of environmentally sound coal conversion and shale oil recover 
systems. These systems :-ill be adequa=ely developed to insure their environmental into[ 
at the tlre of tee'.".no~egy co-::ereializa~_ion. Also, adequate ~'astc disposal and by-produ 
utilizaKion =e=ho~s ~,i]l be developed to enhance i=plemen=ation of ~-hese systems. 

Pisks an'-' uncertainties inherent to the achievement cf the above goals will result f" 
lack of pruBra_~ development fundin S. i Iinir~ization of the program uncertainties will be 
achieved through the initiation of ~he s~rong and orderly federal R&D program sho~,-x belo~ 
(in millions) : +_ 

FY-75 FY-76-79 Post-79 Total 

69.459 187. 6215 4. 599 261. 6765 

This progra'.' ~:ill pro~-ide the technology needed to continue and expand domestic fuel 
reserve u~ilization to ~eet domestic energy needs :'bile maintaining acceptable environmex 
quality- 
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nucd and expanded domestic fuel utilization to supply U.S. energy needs will r~;quire 
:tt of means for improved environmental control in vieu of the s~vere environ:::cnLal 
on '+~[tich would occ~r ::itl-out such control. 

ng coal for the generation of electricity~ combined with stack gas cleaning, of F,_.rs 
assured solution, in the short term, to the problem of satisfying consu~,er demand 
under exisrin8 environ~?ental constraints. In contrast ~,o some "solutions" chat 
proposed, stack gas c!eanin~ has the distinct advantage of being adaptable to  

po+.~er plants. For ~auy of these plants,, tee only curre:~ alternative is to burn 
,r oil or gas= much of Xr+hich mUSt be imported. ~..'ithout gas cleaning, compliance wizh 
s~anderds could prsaiude the us~ of up to 150 million ~ons of coal per year by i975, 

,recesses for stach S,--s cleaning are in ~he process of field develop:aen~ and demon- 
but ,.:o,~k o~I application asp~c.~s can speed x¢ide-scale application. :,:ork is needed ±r. 
of ::asia disposal and by-pz'oduct production, appl!cction to s,-.aller industrial 
and ~dvancad l~recess development. ~.~i~hin the limited mime frame for mee=ing the 
~ deuand for electricity and complyin, 3 :.;ith environz.,ental regulations, do:-estic high 
~n-sulfur coal can he fully utilized only if a concentrated offer= is made soon to 
.e ~he cor.~ercialization of stack gas cleaning, 

e control requirements for fine parP.iculates and hazardous poilu=ants require strcn~ 
:ethnology deve-lop=~nUs in these areas, • • 

gcs cleanin~ alone ~zil! not temple=ely satisfy domestic needs. Total retrofit =-zd~ 
~on to re!ati~;~-ly st, all fuel users will not be possible. Thus~ proBrams for clea'~i.-,~ 
(both phy$ical and chemical) ~,,ill be developed ~o supply utility zequirements as ~-a! l 
reheats for industrial and commercial users, This "technology ~ill maintain the 
c:-aracteristics of the coal and could thus be impiemmnted +.=ith little or no chaage 
~tional energy systesa. 

liquid and ~aseous fuels to meet fu=ure domestic demand for these fuels ~;ill be 
fro~, development of environmen=ally sound coal conversion and shale oil recover}- 
These systems will be adequately developed to insure their environmen=al inte+~rity 

i~e of techn=le~, coz~mercialization. =~!so, adequate ~aste disposal and by-product 
ion methods will b~ developed to enhance i?;plementation of these systems. 

n an@ ~nce~'taint~e~ iiherent to the aehlevement of the above gc-~Is will result from 
program develop,~.ent- funding, ldini~.ization of the program uncer£aLnties will be 
through the ini=iation of the strong end orderly federal R&D program sho~.m helo~¢ 

ions) : 

1Df-75 ~Z-76-79  P o s t - 7 9  T o t a l  

69,459 187.6215 4 .599  26!.67~5 

gra:~ ~ill provide the ~eehnology needed to continue and expand domestic fuel 
utilization to ~eet domestic energy needs while maintaining acceptable environmental 
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de~_o;. ,_,,t of r~-:-.z for !:=no'ted cnv~ron::en:al co;~trol in viev of tl'e severe enviror~ 
d=~rau.~=n ~,:hith ~'ould o=:~r '.:i::.-eut such co;mire!. 

Burning coal for ~hc ..... " - ~-n-r~lo, of electricity, co-S!ned with stack gas cleaning, c 
the ~-.cst assured solution,., in the short tcr~.-, ~o the problem of satisfying consumer de- 
for po;:er un-~er c:-:is-'ing cnviren:.:ental constraints. In centras= =o some "solutions" t~ 
have bee,~ proposed, s=ac'= gem .gleanin& has the distinct a3vanta~e of being adaptable ~¢ 
e.._s~_,~v~ ~.;o':er .~!an=s. For--,-v ...... of these plants,. ~ne" on!v current a!ternazive is to bL 
lo~'-sulfur oilor ~.as, ~..uch of :.:hich must be irmorted. '~:ithout gas cleaning, co=plian= 
clean air s~=ndar!s could preclude the usa of uo to 150 zillion tons of coal per year ~_ 
Several ~rece~_=.cs for s-ack gas cleaning are in the process of field develop=ant and d~ 
strat~on, but ::or:< on appiic.-_.=icn aspec=s =an soeed =:iCe-scale application. '~ork is n= 
the are-s ef ;caste d's=esal and 5v-Droiuct ~.rcd'cction, -~'~ ~: ~.o 

. . ~--=_ca~,cn scalier indus~ri.-- 
boilcrs~ and ai-aneed process ;=,-= .... c-.~lo~ ..... t. :..$ithin the ii:::ited time frame for =eetin= t 
incrcasir.~ de-and for electricity and cc.--~lying ::ith en'-ironmenta! re..3ulaEicns , domesti 
and rciiu--su!fur coal can be fully u=ilized oniv if a concentrated eff=r~ is made seer 
faeilitage the co.-_-..erciaiization of stack gas ciaaning. 

Furl;re con~r=i require:.ents for fine par=iculates and hazardous pollutants require 
control ~echnolo~y dcvelommen$s in 5hose areas. 

Flue gas cleanlng aic:ne :,'ill not -~i= ~.. co~_~__te_: satisf': dc.~estic needs• Total retrofi 
applicazian t m re!a=ive!v small fuel users ;:ill not 5e pcssiSle. Thus, programs for cl 
of coal (be~h zh':sical and ch-~nical) uili be deve!emad ~o supply utility require~..ents 
as require.-:~nt£ for industrial and com,~.erciai users. This technology will r_aintain th~ 
physical characteristics of ~he coal and could ~hus be iqolemente-q "~ith ii~.tle or no c~ 
of the na=ienal energy sys=em. 

Clean liquid and g~saous fuels to m-o-or .fut:,.re i:~es~e ~.and for these fuels will 
provided frc- deve!oT.-_ent of enviren.--anEal!v sound coal c=nversien and shale oil recov• _ 
system~. Thc~e svs=ams ::ill ba aEequataiy developed =o insure :heir envire~.ental in, 
at the ti~a ef te=hnology co_-_-_ercializa~_ion. .~':so, adequate ,,-aste disposal e~-~d by-proc 
utilization ~..ethod~ will he developed to enhance i--p!e-en-ation of these syste_-.s. 

The above progra~ will be f~nded at the fello::ing minimum level =f effort (in 
millions): 

P 
F~ 75 FY 76-79 Post-79 Total 

30.992 141.555 65,039 237.586 

This minimal level of fundi:g obligations for achievement of progra:a objectives will 
the time required for technology :ieve!opnant. The time extensions coupled with fu=ur 
federal funding levels and priorities may produce a hish uncertainty on the adequate 
development of needed energy R&O programs. 

I 
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t o~ ~2an~ for i~p~oved environmental control in vie;; of the severe enviror~.en~al 
-n :<hith uould occur ~ithou~ such centre!. 

g coal for the generation of electricity, combined ~-~h stack gas cleaning~ offers 
~sured solutlen, in the short term.., to the proSle~ of satisfying consumer de.and 
i~ndcr e::is=ing environmental constraints. In central= to some "solutions" that 
,proposed, smack ga~ cleaning has the distinct ~dvantage of being adaptable ~o 
lot:or ~lants, ~or ~any of these plants~ th= only aurren~ al~ernazlve is ~o burn 
oil or ~as~ ~uch of :chich mus~ ~e i~por~ed. Without gas cleaning~ coup!lance ~i=h 

istandgr£s could pr~eiuda the usa of up =o 150 nii!ion tons of coal per year by i~75. 
~ocesges for stack gas cleaning are in ~i:e process of field developzen~ and denon- 
%ut ~cor~ on c~p!icati=n aspeet~ ea~ speed ::iCe-scale application, Work is needed i~ 
of ~as~e disposal an~ by-produc~ prcducLion~ a?piication ~o s~alier in4us=rial 
nd advanced process development. Within the iimi~ed time frame for meetinE the 
denand far electricity and cczplyinB zith ezviron=enta! regulations, domes£ic high 
-sulfur coal can be fully u=ilized only if a concentrated effort is made soon =o 
the cor_~ercia!iza~ion of s~ack gas cleaning. 

control requirements for fine particulates an~ hazardous poilu=ants require s~ron~ 
chnolo~y deveiop~cnzs in ~hese areas. • - 

as cleanin~ ai~ne ~i!! no~ comp!e~eiy satisfy domestic needs. Toga& retrofit an5 
~n te re!a~ive!y c~a!! fuel users ~il! not be ~ossiSle. Thus~ programs for c!eanlnz 
,oth physical and chexica!) ~ill 5e deve!ope~ to supply utility requirements as ~el! 

_~_enzs for !nd~zriai and cov_~_erciai users. This technology will =gintain ~he 
iharacteristics of the coal and co~!d thus he implemente~ wi~h little or no change 
:ienal energy ~ystez. 

liquid and ~6s£ous fuels ~o~-_~er.fuz::r9 i~9~.ri: denand for these fuels will be 
ran devalo;menn of environmentally sound coal c=nversien and shale oil recovery 
£hese systems ~:i!l be adequately developed ~o insure ~heir environmental integrity 

cf technology co_-~__ercial!za~ion. 2~Iso, ndequate Paste disposal and by-produc~ 
n menhod5 will he d~v~luped ~o enhanc~ imp!emensa~ion of ~hese systems. 

above pro~r~ will he funded a= the fellowlng minimum level of effort (in 
;): 

FY 75 FY 76-79 Post-79 Total 

30.992 141.555 65.039 237.586 

~inal level of funding obligations for achievement of progr~ objectives will ~ten£ 
require~ for technology ~ievelopment. The time extensions coupia~ with future 

fundin~ levels and prlorlties may produce a hish unceztainty on ~he adequate 
Jent of n~e~£d e_nergy Pi=O programs. 

2 



~.~.~.:,~: { ;{LZT~A;~C~{ Ak'D DEV~:LO;'LIE,'4T FACT S.~;E~:T {Continue-J) 

m D~%'6 LC~'~' ,E ;4T :. '  ~ LES  TONES (nr~.,,I, . 'r  .'~ch c,.n~,'c,*tit's':yl 

¢r. l . , : t  7-tel.. ,," .~I,/../I.,~H- Irll t;f) ¢,~,.m~Ptcr.~ ~tlsr sp~a-t.,) 

Ff.n .~. F~.rtic'_'!aze F.nzineerizz Eevelopmenr/'Jti!i~" 

Fir.--. -articulate Con=:,ol ..... on ..... ~].on/Url_ity 

Fine 7a.---cu!a=e P'ic~ Fian~/indus:;.~a! 

7!.-.-~ .';~"tlcu_,a-.e : ....... ; T~:,- • • " De ........ at_on~ .... ustrlal 

---:.:-q Fr:!-~iOn ConZrc! Demonstration 
i 

7 : . .  :antra! Dc.-..ons~.~aTion/LimesZone 

I.I':L" i.-.e A~h Pilot Plane Development 

.\i:!z]'ne Arh, s0 x Control Demonstration 

:_..5_nee! !_~ LeveloDrle?~T • ° 

2i-_r'--e £-~x Control Demons%ration 

l--.~.~.'aTed Cat-Ox ,-'emonstraticn 

7:,c.-. ;-ra-.!cn of Advenced $Ox Centre_o! Systems 

,n-f.-.- ..~-i.-.~ Develo~-enz_ of Industrial Boiler S0x Cont-~ol 

f-r:~.-.st~a'~i-~n of induntrial Belle.," SO x Cont_~ol 

.... ---"- -: .... -:e~:~-~ Development. of ~-;ellman--Lord 

"'-~!l:---.-Lc.'d Demonstration fom SO x Control 

7iI_~7 T-i_nZ= go_ ~ Chemical Treatment of Coal 

CL--i'_a! Treatment o: = Coal Demonstration 

::'c- ........... ~-~=-- =c_- Yagrnetic Separation of Pyrite f-r_om Coal 

?ii,3-. Testing of Convemsion Process Control Components 

-nqir~,_'rin S Development for Shale Oil Control 

--~ ...., _.,--er_n~: - for Ref!ne.~y Hydrocambon Recovery 

"='=cns,'r- ation of Fefine.~y Hydrocarbon Recovery 

Fuel Co._version .~rccess Phase SepaPation Technology 

b. DATES ! 
s,. , .  ]l ho-.,;~,~l 

75 

79 

78 

8O 

8O 

75 

78 

8O 

8O 

,j 77  
II 

I 81  

il 7 8  

7c.~ 
I; 
tl 75 
iI 
U 77 

7 5  

81  

"2. 79  

7g  

7 6  

8 0  
II ! 79 



25. 

27. 

28. 

~...... 

00.~D~R'Y 

. . ~ h . [ , . . ~ , + ,  

~" O~-Vr'LOPN:.~NT MIL~STO,~zt.g fer,nti,,,,+d) 
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b~-0~-0~-o~-x2-7~--s-~&___ 

~¢-- (; 

., 
i. 

M 

:1 
i I :  

! 

I I 

, !  

Engineerin£ Development for Refine#y Waste use in CAFB 

~e~onstm+~t{on o~ K~.~inery Wact~ use in CAFB 

Pilot Te~:t[n~ of A!Zcrnative ReducZanzs fom Flue Gas 
Cleaning 

29. Lab Ezperi~nentaZEon on Lime Slugge Utilizazlon 

-,ozn .... ~ o~ Gasification ~y-Product Recovemy 

31. De~o:~trat~on o~ Cacf?ication ~y-?~od~ct U~!!iza~ion 

32. Develcp:nonZ o5 Stmip ;~in!ng Peclamat!on 

33. Enginae~ing Developmenz 5or Ne;¢ Sulfum Uses 

3a. Demonztyaz!cn of Su!fum By-.~2. oducz U~ilizatlon 

35. Znsf~eer~ Develop~enz of High Sulfum Combuszom 

36. Demon~razion of liigh Sulfur Ce:.busto~ 

._ 
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ET'~P, GY !¢ESEARC~ ,-~'~D DEVELOPIVI I~NT F A C T  S H E E T  (Con'~;nue(.J) 

~J'. ' ;~,A~ V OF FUN~I~G R." CU; I~;" ,V,E,%'TS- Fedc'e;~l Go~..'~rnrr, ent Only f in nliltt,)n.~ u [  d~)llo~) 

R ~ r e m e n !  

¢. -'~"~'. ~,% T~.~LC ZS,," p. [ . r  ,:,'$.~tI;" 
TC :.~1 0,7.?, j:~n~ R~x;:u~renlun.'S ( [ rum L;¢IolZ ~hc¢t) 

~_ C~..::,T. ,L:C, ,0,~, r.~c.~, !~. f . r  d,-taJ'l) 

C. "...'~L,;Pr'E,~T r.~,.r,'~. $'~)rrI,-t.~ ') 
T,:." .: Ec,J;:~'~:P'~! ~. '~;rer~, ' , l t ;  r,*roP:. Di.tu/l .~/:rirr) 

C. G.~,.~D TOTAL-OBL IGATIONS 

e. C:RA,~D T O T A L - O U T L A Y S  

( 1 )  12)  

FY 1974 
(Non*Ad~) FY 1975 

oul~. I o=:'~vs c~:s. l O~,~,ovs 

i 

, f 

,3o~9___~2 
i 

I 
m 

(3)" 

FY 1976 

O b ) s .  O u ' : l a y $  

I 
E 

L 
i , 

i 
(4) 

FY 197" 

Obls. :OL 

r - "  

7 

,;3.9 s_..._~s .~s.2D_...j.3 

m 
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H)  

s Obh.. Outl-~,s 

S5.293~ 

I 

(5) 

Obls. O'J'I-"yS 

I 

I- 

! 

Obl$. 

I 
I 

29 3"2 

161 

FY 1079 

Outlays I 

ii 

il 
,I 

Level o f  E!10r',: 

[] ORC~ P.LY 
r.~ I N 1 ,%~.U.'v " , 

[~N,I. ~CA ........ ,.. : 

05.-06-05-05-I  2-75-~'5~0! 

tT] 

FY H '~5 -79  
i 

I 
I 

I " 
t . . . . . . .  
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16S. OS 9 
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ENERGY RESEARCH & DEVELOPMENT F[=CT SHEET (~ontinu=d) 

TA:L C= ~U;= ' ID!N~ R~Q~J IR~ ; . ' .ENT3-Fede ra !  Gov~rnm~r~t O n l y  (I,a m; : ; i~"~  ¢ f  ,Io~'la~'~) 

ITE~Z 

TOTAL fCu.'-~' ,"aru,or(I 
Io ~ . m ~ l o r y  6,'lcr't; ~.. 

:':i:-_c C:nErel T~-chnelo~v 

~.e .;nr-lcuia~e/Zlectricai Power 

7=n=ra:iun ~ 

:e ]nr'_icula[e/Indus~rial & Commercial 
. £-:.-C-L -t: 

"-:~ .'. O-her Pollutcnt Centrol Techno!o 

-.::e " c::i.- E'.~issiun C¢':trel "= 

-.~.-i::~:l Coz=ro!/';O and Trace 
X 

".- ; • .~ ~L,{r 

-r.'. :c i r.,=chnoi0~v 

i0 "'' Pilot ?l--n= 

ka I i.-.a .,'~ h * 

...... "..; S - C . .  

---_ :,~. - ?..~.~eneraS!e 

::e.-.in-T.isu!fate 

~ef.razei Ca t-Ox:': 

:a! O:.:id e s* 

.-an C~ d Svs Z~--~.S * 

-~_~'_ r i.~-i Boiler ~ 

• " - " --~.'Allied.': 

(1") (m 
FY 1974  | FY l g 7 5  

(NOn-~%~d) i 

Ob,s. I Cu:lovsl Ob,s l Ou-:avs 

K 

2. 500 

2.300 

I i.5001 

.460 

).849 

),7 

30 

05 

0,363 

1,0 

0.74 

2.25 

0.4251 

4.5 I 

1 

(3) 
I FY 197G 

I C~ls. OutL~'s 

I 
2.975; 

2.000 

:. 000 

• 500 

0.849 

0.7 

1•5 

2.0 

,0.363 

3.0 

0.74 

2.25 

0.2~ 

8.7 

Obls. 

2. 975 

~2 • 000 

.750 

•500 

i0.849 

i 0 . 7  

(41 

FY ",~77 

0u!19 

4.0 

0.363 

3.0 

0.74 

2.25 

0.!67 

i0.5 

k 
fCun tL t  . . "  ~J. ~4.'l~l#o(c 



.LI o°,:: 

i 

!2.975 

12..000 

.750 

.500 ' 

0.849 

0.7 ] 

4.0 

0..363 

3.0 
0 .74  
2.25 
0.167 

(].5 

(4I (5} 

Outlays; CbIs. Outla~-. Ob!s. 

(6) 

FY 197~ 

O,J¢lay., 

3.5001 13.50' 
E 

2.00~! 12.00( 

.75[ .75( 

1.00C l.O0{ 

O. 84~ 0.84 (. 

0.7 0.7 

2.5 2.5 

0.36" 

3.0 0.3 

0.74 0.74 

2.25 
0.167 0.16 

Lm.":l of Effort :  

E~ MAXIMUM . 
E3 ORDERLY 

• "3 t , I 'N;MUM 
[7} 

SUB'TOTAL 
:-:y ~t -,: 

.. I.o-7. 

Obi:. Ou:tavs 
. 

I IDENTI.'-ICATION ~U'.;5_"- ~ ] 

-_. =, ""m - | , 

L ! 

[,G} [:': 

mALA:=C3 TO i: TOT;.L -~y :t'd:.:'.'. 
CO'.:PLE";£ i! F v =C7.: ;C : ; .'- :': 

". 

3.500 

2.000 

.750 

!. 000 

0.849 

0.7 

0.5 

0.6 

0.74 

I • 



~,~£RGY ~ ' S F . A ~ C H  & D E V E L O P M E N T  FACT SHEET ( C o n t i n u ~ )  

",IL C-" C L ; : ~ ! ~  RE~:.J'tlEMENTS-Fedvr.~I G o v e r n m e n t  Ordy ,~in .',:ltll,,~u o[do|t,lrS) 

ITEM 

OTAL ( C:.'}' "or~,,a.I 

[u~nfn'~ 

~izal ?reaZment of Coal* 

"~ical & Chemical Removal of Sulfur 

h [;rz!ien= Hagne:ic SeparaEion 

C.zv~r*:fon and Proccs~ Control 

~l--'~ :'-'- and l)e~enszra~ion of Control 
~2:-c'---~:£5 

zlc~n-nz and DE~onszra~ion for Shale 
.~[ Ccn:=oi 

:Z.-~l uf -in, Par=icu!,:zcs fro~- Fuel 
::tractic. ~. Processin~ ?lanEs 

:2::err of _~etroieu.-, Refining IIydroca L)~.,.n. 
_2 E - :-.& f:  

~.!iz~;i=n and Disposal of Conversion 
?ia.-.: ::astes 

:'.z-:el gas-soiid-liquid separation 

_" Dis?o~a! and Bv-Produc:s 

~.~osal cf High Sulfur Refinary Naste 
.v CAT~;:: 

_crna:e F.educZan:s from Regen, Flue 
Is Ci=ani--g Sys=ems 

(I} t2] 
FY 1974 I 

(No,~ ~,dd) ~ F'M 1975 
! 

OW.~. Ou'.~vs ~_ Obfs. O,,;toy$ 

I. 819 

0,5 

0,125 

1,0 

,29 

,625 

~,~5 I 
! 

).25 I 
}. 725 

L,O 

9,35 

F Y  1C375 | 

1- 819 I. 81 

5 10.s, 
~325 .2g 

3.0 

.5 

.5 

.0 

.25 

.713 

.0 

! 

L 
0.2 

2.0 

0 . 7 8  
4 

0.71- 

2.2 

0.25: 

0.49, 

!1.25 

.. 

(C,.).t ' ,  :,.. o~ .~ep, 



{3) {.~) 

F'Y 1076 [ FY 1977 
i 

[ 
Obls. OutT-v: ! .... Obl:. Ou~I~vs 

J 
! 

.819 

,5 

• 325 

.0 

.5 

.0 

, 2 5  

.713 

:.0 

.2 

ii.819 

0.5 

.25 

2.0 

0.78 

0. 717 

2.2 

0.25 

0.496 

1.25 

• ( 5 )  

F'V' 1078 

Obls. Ou'laV'¢ 

I. 819 

0.5 

2.0 

0.78 

0. 717 

.717 

0 . 2 5  

0.496 

0.25 

(6 )  

FY '1979 i 

Ob'~. Out'.',y~ , 

Level of  Eflo,"t: 
O ;,'.AX';.:U~', 
E] Oil U-r.R LY 

(/) 
StJI, I D~AL 
FY " " "(" l.)}.J -7.  

O!,1-. fJ.11:J;-= 

I 'DENTI~ICAT~': .'~ .: '. T.i: 

i 
!I. 819 

3.5 

19.0 

O. 7 ! 7  I 

.717 

0.496 

0 . 2 . 5  

(~} "',; 
BALA:'~CE TO ir TOT;,L ;. "-" | ' 
CO.V;"LCTE ~I FY :'~:.: "', "- . 

Page.?. 

~.638 

L9.2 

L2.517 

1 .0  

• 717 

) . 5  

I 
° 

II 
II 
I; 

o:  .3 



E~-RGY RESEARCH & DEVELOPMENT FACT SHEET (Continued) 

;,t,,. ~= F L,-;Dh.~G K~C~ j l [ ~%¶r~S . .Fed¢ . r~ ;  Cou~rnmenl  On:y H. mlltlo,M @ [ d o | h : r : )  

"I (}TAt. ¢Cu.~)" f,'~.-'7,,,fn.~ 
tu* motrl.l~Ir'v Pll~'dl'~',l ]~ 

": -'-~ and Bv-Produc~s 

ef 2'alfur as as;halt substitute ~ 

...... c ..... ~.o. d~cns~ra~ion ~ 

: ~iu: e ~:aste usilization 

:e by-~rcdttcZ from ~asification e 

-a~h surio mining recl~ation 

: a :  obliEazions assume at least 50Z demon 

6~ 
FY '1974 

[No--  %rid} 

Obls. Out lJys 

:tra=iln co-J 

(2) 
FY 1975 ! 

Obls. I Out.lays I 

D.429 

.157 

.985 

I,5 

undin~ by th 

(3) 

FY 1976 

Ob:s. 

3.429 

1.0 

3.157 

i. 9851 

D.75 

priv~ 

| 

(=! 

FY Ib77 

t- 
.429 

.0 

.157 

.985 

.666 

te s e C  ) r .  

f Con t ~ e  u~" On  S e . ' ~ t e  ,~ 



13) 

,' I.~76 FY 1;~77 

Ob:~. i "3wn'.v-. 

3 . 4 2 9  

3.0 

~.157 

£. 985 

.666 

t ' ~  :S P ~ t  0:£- . 

Obl~. 

0.429 
4.4 
0.157 

!. 985 

O. 666 

f ~ ' u n t b  u,, o n  ~,'.-,anJfe .~ITcel) 

(51 (6} 

FY lO7S I FY I°~79 

,: ou,:o.,,~ ! Ob'=. l .Oul 

- - i  I 
I 

0.429! 
6.3 
0 . 1 5 7  

1.985 

0.666 i 

• I o! 

I 

I 
I 

! 

I 

I 
| 

I 

, Lev_~I of Ef.~ort: 
[ ]  MAX I;,; U.',,; 
E30qUEI ILY 
F_: M; ;.,;]:.: U,V, 

r;) 

jJ :.'.-'.J.:, 1 f2'r A L 
; Y 1 { } /6 .79  

OutTO,¢S p 0!~;=. Ou~!ayS 

{~'} :'=: • 

~.-:,:-~ : ° .  ii , ° : : - : '  : ' - : ' , . -  CO' . ' " , ' .ET* . ' ;  F Y  ; ' J r . "  :% "~ ; io 

O;::s. J Ou.'.,v~ ;' I 

. L ~ , [  . . . .  

il 

ii 
P.-:)e 3 o." 

0.858 

12.0 

.97  

I 
I 

I ! 
I 
I 

I 
I 
i 
f 

I 
I 
! 

i 
I 
| - 

! 

I ! 
J 

I 
I 

I | 
.I 
i 
! 
[ 
I 

I .+ 
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FAC ' I  S I I L E T  r.j MA Xl,.~t,'.~ 

[~  (.,I;: ::" ~tI.Y I .  IP,£1"TJFIC[ , I " IOt4 ;:tF.1 

C,'3 P5 55 03 I n  ?,5 F,~, 

2. ;%. |'ILL I('F;''~'''~ 
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RECUI.~E D (2} Ga~,-', ='-.'d " " " - . 

(tL.I ac r¢~. l  (.~) ~ ,~,a: '~:v.e' :v,~'C " " " e, . 

(~) O~5..'r " " " - n 

d. IDTFIFn Rz_SOuRCF_.S N ~ r : D S D  

MAW M A T E R I A L S  

( L i ~ t  n*~ te r ;~L~ a n d  u n i t =  o f  

Ltrl~l'li~x~.. C[¢. .SIIO&:~ c n : u l . l n :  O f  

RESOURCE I I 
FISCAL YE.%8 ~"I  

I 
MAN?O:;'ER ~I) $c , , : . : i t i :  I 

f~n  nmr. ) ' c= r= )  [2) T~cn.-.it:l I 
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I proc~<sing --; ~-~_-'astion are propose. T h i s . - ~ - u b - p r o g r a ~  is an 

-n~-~/r~_al ~ of +_he naticnal progrG-, to ob~=~ain ~n~jy from dome,. 

res~arces cf coal at-_/ shale in ~,n ~nvirc.~.r.~_nt~lly-acceptable n~m; 
~. . . . 

The vmrk in the pres~.t sub-progr=-,, ~:'ill be dene on a laboratory 

scm!e, thus reg..airing only .-Dderate cost ,:.'i~ile sti.~CL pro%riding t/ 

neoessa~ i tests, data on n-ater~als, can2on~nt develc=ment ~,.-d 

~hz~,ica! process de~,e!~nt for ~e national progr-=m, ~v~ich wi]_ 

involve la+-ge pilot ~ d~;-D.~traticn plants. Both imp_rov~-~nt ( 

present conversien e.n~_ ~rbv.--ti0n syst~-.-s and development ~f n e w  
.o 

more ef~=~ci~nt systems are pro:~s_=d. 
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:P+=~ ~+Jc,~,~:rc~, processing -~nd C~--.~LZS~on are propos~d. This-s~b-progr~-n is an 
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= 
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--" necessaz- 2- tests, data on ~+ate~iais, ~[x~n~nt develoz~nent a~ 
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JunL~ficatlon 

'~'n~n subpro~;ram invalvcs tea':no]or-" d,,'.'elopz:ent and supporting research for the far 
T, ro~,ra.~ { c9.,! .~,~ .~,!;:'._o ",rcc.'-:;,i.nz ::.-.J co-!;ustion. }lost o~ the quantitative data sh 
the c~oncnia bcncz~rs cf the program a::~ =!re U. S. foreign policy strategic need for t 
pro];rc:: arc give:: ~n t".2 fact sh~'c:s ;'OF :he coat ?,asificatlo% coal liquefac$ion, coal 
co~,bt,~t~o.~ and carlton-coral sub-progress'& in ".his o--erall program. ~1~ese data ~'ill no 
repca:cd here. The jUSZifiC--~'ica far the pre~en: .~ub-prcgru~ is ~hat the o~hcr sub-prr 
~n thi~ coal a::d .~haie pro.-.ra~ could not 5e --.re, ued economically or rationally without 
teehnc!cgy dcvu!c..-: _':;: and supporti::% recearch in :;.;ego areas. .."-no chemical processes• 
~nd ti.:rn)~y:::,.-.ic da:~, eq'-'ip-:en: co.-,p.%ncn~ and n_~terials required in all the various 
of coal end shale ?rccesgi~..-..<--zte~ have nu_-.crou$ co-_-an lectures nod are not truly ._- 
from one sys[cm to anozher, lhus, tl:ese are all treated togeti~er in this sub-program, 

A]tho~,'F.h the basic feasibility ~f producing gas and oil from coal and shale has alr 

dc':o.-.s:rc-[cd, "~'~.....:_u~--~ cc.~nc.-.;ic zrac'i~ali~-., o~ ~h~s~'ener-.y. co,,rces m-y depend either 
dcv¢]o2:::-::~ of :',c~" ;,rcc,'-du~.es for a~ i~as: ~art of ~hcse procL'.,::es or on the gradual !-- 
of c::'~Sti.nZ ?reccrac3, :-,c:rii.ls and cq::iT-_~n=. Specific areas where technology devel¢ 
and su;::-.c.r[ re.~-.'arch ar.~ needed include: 
A. E ~ - ' I J Z F C . ' ~ [  . q ' k V ' - " ' '  ~ 7 " 2 - ~  t 

1"5c c b j u a : i ' . ' ¢  ,~. z~:a e q u i ? - e n t  d e v e l o p m e n t  p r o g r a m  i s  to  d e v e l o p  , i n d e p e n d e n t  o f  p i i  
demoa.~o'r--z-cn 7!a2:s, no:" tellable tea! injectic::s syste.-.s fez high pressure, char 
w~Lh---'rawl s~._~7~, solids --c;;izc.ring ins~ru.nents, valves and orher key componen'.s r 
for coal procezsi.-.z. 
(i) Loc;: hoppers, zcalin.~ devices, valv_~.~ and slurry pu--..Ds used to fee(/ coal into ; 

reaction v.-s-eis h.~ve been found subject :o frequent failure. .Reliable feed dr 
"are needed a~ %e!! as reliable :'avices to discharge ci,ar and ash from the react 

(2) Improved equi;:ant for fiizratlon and separation/purificazion processes is nee~ 

(3) Instr~ncn~a~ion is needed for continuous zonitoring and managing of solids and 
iu hizh teupera~ure, high pressure sys:er.s. 

(4) l~pruved ~zack aas ...... c~e~..~ devices are needed, as described in the subprogram 
envlro ........ ~- aspects of coal and shale processing and combustion, 

B. ].~tcrlals 
F 

The oSjec~ivm is te develop m~thods for service l i f e  prediction, test methods for m~ 
and improved =mterials for coal processing equipment. 

(i) I~proved ~tcr!~!s are heeled ~hich can wi£hstand the highly erosive, corrosiv~ 
temperature, high ;ressure environ~en:3 used in conversion devices. Critical prope~ 
include: 
(a) Resistance ~c erosive ~ear 
Cb) Resistance tc stress corrosion cracking I 
(c) Resistanae t~ su!fidatien and other general corrosion processes 

I (d) $~abillty ;.'i:~z in con:act with n~izen s[a 3 and coal ash/materials " 
(e) Resistance :c various ty~es ~f slcu mechanical failure 
(f) Insulatiz~ -r-7~ ~ err!as in firebox refractories 

(2) 

m 

Hea: Z:an_,.f-z,r characzerls~!cs in boa" e:.tchnnge tubes 
$hort-:+-.-~ " .--c:.ncda are nc:ed-:-d "-'hich ~'iil pr~dicc long-time mechanical durabili~ 
rellabili=.:, cf :-"uezials in .:iDhly eros.re, ccrrosive environzcn~s. Better .-.ea~ 
and ~,eL.hods cf Treasuring crlzicai prep;antics listed above in Section B.I, a-g, 
needed to allo~, it.proved screenEn& of ma~erials used in conversion doric.as. 
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:a. ~. involves ~echno]oZ'f develop:+:en- ~ ~nd supporting research for the larger 
and shale processinz an./ co.-..~;ustJon. ~ost of the quantirativ~ data ~ho-:~n~ 
~efi~= cf the pro~ra~ and the U. S. foreign policy s~rategic need for this 
-+n in the fact ghc~zs for ~he coal gasifica~io% coal l~quefactiom, coal 
_+nvir~n~ental sub-progra'::s in this overall pro~,.'a:~. These data will not be 
Yhe juszifi=a:icn f~r the presen', sub-program is that the other sub-programs 
shake ,n++-o%ra+~ ~ould not he p:,rsued econcmicnl!y or rationally wiLho-~¼ parallci 

.o-r~-nt n+-+d suTFcr-~zm Z rerazrch i,: those areas. .The che.-..ical processes. ;=ine~ia 
c daze. eq,'ip.-an', comp~nencs end =acerials required in all the various c.~-9, es 
e prm~essinZ s'..'m.-ems have numerous co.-.-on features and arc not cru!y separable 
to another. Thus, these are all Lrea~ed together in ~his sub-program. 

basic feasibility ef producing gas and oil from coal and shale has already been 
fixate crac~ici!!tT.o~ =hece-eneTnT.so:trces mzy depend either on'the 
cw ?r~edures for ea ~uas~ part of ~hese processes or on che gradual i~prove::ez: 
es~cs, =a~eria!s ani eq;;Ep:en~. Specific areas where technology develop=eat 
arc~ are need~! include: 

c cf =;:Z equiF~e:~: ~eve!opzent program ~s to develop ,independent of pilo~ and 
n F!an%3, scw reliable cea! injection, s systems for high pressure, char an~ a~h 
st~, solidm monizJrin~ ins=ruzents~ valves and o~her kay componenzs raquire~ 
cession. 
?er~, ~a~iin~ d~vic~, valve= and slurry pu:ps used ~o f~d coal into ~ressura 
vesmeis hmve been faund subject to frequent failure. Reliable feed devices 

ed as well as reliable devices to discharge char and ash fram the reac~or° 

equipment for fil=ra~ion and 9epara~ion/pur~fication processes ~s needed. 

nit,ion 15 needed for continuous =o~or~ng and managing of ~olids and Eases 
~eni, era~u~e, high pressure sys:ems. 

mtamh Zas e!caninZ devices are need~d,'as described in ~he subpro~ras on 
2n~a! aspects of coal and shale pro=essin~ and combustion. 

h 

is zo develop mm~hods for service li~e prediction, tes~ methods for materials 
materials for coal proce~minz equipment. 

m~teria!s are needed ~:hich can ~ithstand the highly ~rosive, cbrroslve, high 
high pressure environz~n:s use~ in conversion devices. Critical properties 

~nce ~o erosive veer 
~nce to s~res~ corrosion crackin~ 
~nce to su!fidaticn and other general corrosion processes 
~ty vhmn ~n conzac: vi:h moi=en slag and coal ash/materials 
~nc~ to various ~y;es of slo~ mechanical failure 
:inu ~r~perLi~s in firebox r~fraczorles 
~an~r ~harac~ri~ics in h~a~ exchange tub~s 
za me,hods are needed ~hich will predict long-time mechanical durability and 
,t? c~ ~a~eria!s in h~Dhl Y erosive, corrosive ~nvironments. Be~er measurements 
~ds af ~easurin~ cri:ical properties lis:ed above in S~caion B.I, a-g, are 
allow i=proved ~creenin D of materials used in conversion devices. 

'm 
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repeated here. The juszificatlon for the present sub-program is that the ocher sub-progra~ 
~, this coal and shale program ~zould not be pursued economically or rationally ~.,ithout par= 
technology dcvc!o~-c-~..., .. and supportin G research in these areas. The chemical processes, lair. 
mud thernody,~am~e daze, equipment components and ~n~erials required in eli =he various t}~ 
of coal and shale processing syszems have numerous eo.~on features and are not truly scpar.i 
from one system to another. Thus, these are all treated together in this sub-program. 

Althou~h the basic feasibility ef producing gas and oil from coal and shale has already 
demonstrated, ult~rate economic Dracticility.o~ these-e~ergT~.~o~zrccs mr', depend either on'k 
development of :~e,~ procedures for a= least pare of these processes or on the gradual i:.',pro~ 
of existing proccsaes, materials and equi.z-_en~. Specific areas ~'here technology develop==_@ 
and support research ar;, needed include: 
A. Equipzen~ Davei eT--e.~- 

The objective.of uhe equipr_ent deveioprz_ent program is to develop ,independent of pilot a 
demonstration ~!anzs, n=_w - reii=-ble coal injections systems for high pressure~ char and 
withdra~l syste-s, solids monitoring ins~ruments~ valves and other key componen~.s raqui 
for coal processing. 
(i) Lock hoppers, seaiin~ devices, valves and slurry pumps used to feed coal into pres. 

reaction vessels hzve been found subject to frequent failure. Reliable feed devic~ 
"are needed as ~'e!! as reliable devices to discharge char and ash from the reactor. 

(2) Improved equip.ant for fil~ration and separation/purification processes is needed. 

(3) Instrumentaticn is needed for continuous monitoring and managing of ~o!ids and Ease 
in high tezpera~ure, high pressure systems. 

(4) Improved ~tack gas cleaning devices are needed, as described in the subprogram on 
environmental aspects of coal and shale pro=essing and combustion. 

B. ~tcrials 

• he objective is =o develop methods for service life prediction, test methods for ~atez 
and improved =ateria!s for coal processing equipment. 

C. 

(I) . Improved r~-teria!s are needed ~,'hich can wi~-hstend the hi~h!y erosive, cbrrosive, 
temperature, high pressure environ~,en~s used in conversion devices. Critical properti~ 
include: 
{a) Resistance to erosive %'ear 
~) Resistance Zo stress corrosion cracking 
(c) Resistan:e to su!fida=icn and other general corrosion processes 
(d) S~abi!it7 ~m:hen in contact "~ith -olzen slag and coal ash/materials 
(e) Resistance to various types of slo~: mechanical failure 
(f) !nsula=ing properties in firebox refractories 
(E) ~eat transfer characteriszics in hea". exchange tubes 

(2) Short-~i-~ n e~hods are needed u'hich ":ill predict long-time mechanical durability 
reliability of -a~erials in h~gi:iy erosive, corrosive environment's. Better .easur 
and methods of measuring criz~ea! properties listed above ~n Section B.1, a-g, are 
needed to allo~- improved screening of materials used in conversion devices. " 

Dlta Compilations , handhoo'-s and anal';ses 

~le objective is to advance the development of coal proedssing by developing a technica 
.design and economic information data base. "" 

(i) Data collections and measuren'ents are needed on " ~ .  

(a) Properties of coal 
(b) Kinetic end ~herr,oCy~%a:.-.jc d.:~a on process chenzJ.;try of coal conversion 
(c) Kinetic an~=, thur~L,dyn~.:;~ic d,:~,z o:z st,|;t.r co;:q~ot.nds and o[her polluLants 

resulLing from coal conver:,tun 

¢ ' 7 )  l l a t i d h o o T - ~ , ;  ~ n 8  o v : ~ l , ; T r ~ . o , ; , :  r~ e : - ~ : -  r . . . .  e . . . . . .  , . . . . .  , . . . . . . . .  ~ . . . . . . . . .  
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environmental sub-programs in ~his overall prosram. ~ese data will not be 
~he juszlficatien for the present sub-program is that the other sub-programs 
shale program ~ould no~ be pursued economically or rationally without parallel 

~io~nent and supportin Z research in these areas. The chemical processes, kina=ic 
~ic data, equ~pmenn components and materials required in all the various t)?es 
~le processing systems have numerous co~on features and are no~ truly separable 
n ~o another. Thus, these are all treated together in this sub-program. 

basic feasibility ef producin~ gas and oil from coal and shale has already been 
ultimate economic i • " , - ~ . .  n~actzca=l~,~o~ these-energy:sources may de~end either on'~he 
new procedures for a£ leas= pare of these processes or on the gradual i:nprovemenz 

~cesses, =a£eria!s and cquip=en~. Specific areas where ~echnology develop=ant 
~earch are needed include: 
]eve!o~zen~ 
ire of ~he equipment development program is to develop,independent of pilot and 
ion p!anzs, new reliable coal injections systems far high pressure, char and ash 
~yste~, solids ~oni~ring instruments, valves and other key components required 
r e c e s s i n G .  
~ppers, sealin~ devices, valves and slurry pu~ps used to feed coal into pressure 
~n vessels hav~ been found subjec~ to frequent failure. Reliable feed devices 
~ded as well as reliable devices to discharge char and ash from the reactor. 

~d equip=eat for f~l~ra~ion and separation/purifCeation processes is needed. 

nentation is needed'for continuous monitoring and managing of ~olids and gases 
] temperature, high pressure sys=ems. 

~d stac~ gas cleaning devices are needed, as described in the subprogram on 
~nental aspects of coal amd shale processing and combustion. 

P 

ve i$ to develop ~ethods for service life prediction, test methods for materials 
~d ~ateria!s for coal processing equipment. 

~ed ~eria!s are needed ~hich can withstand thl highly erosive, corrosive, high 
, high pressure environments used in conversion devices. Critical properties 

~tance to erosive ~ear 
"tance ~o ~tress corrosion cracking 
farce to su!fidatien and o~her general corrosion processes 
.lit:" when in con=ac= ~ith ~n!zen sia~ and coal ash/ma~er~als 
ta~ce =o varisus types of slow mechanical failure 
~a~ing pro;er~ies in flrebex refrac=ories 
transfer charac~erisz!cs in hea~ exchange tubes 

: i n e  ze~h~ds are needed ~hich ui!! predict lon~-~ime mechanical durability and 
lity cf ~a~erials in hCgnly erosive, corrosive environments. Booter measurements 
hods of zeasuring cri:icai properties listed above ii Section B.I, a-g, are 
[6 allo~ i=proved scrcen~n$ of materials used in conversion devices. 

ations, handbooks nnd anal.:ses 

ve is to advance the develop.-..ent of coal procdssing 5y developing a technical, 
~cono~ic /nform.a~ion Ca=a base. 

~liccaions and measurcr-en.~s are needed on 

"opert ies o f  coal 
'net ie nnd ther.':.c,c::nn:".le d.;t~; on proce.~s chcm]-;try o r coal conversion 
n o [ i t  a n d  t l :~rn:odyn:. : : : ;£c d . ,~a  o'~ - ;u l ; ' , . , r  c o m p o u n d : j  nnd o t h e r  p o l l u t a n t s  
isuitlng f r e t :  coal c o x ~ v e r : . i u n  4 
T I , J  ; ~ ' . ' . ' l ' ] 1 . ~ " t f " ~ m ~ 1  ,', 0 ¢ r l . ~ !  ~ ¢ , , , .  ,-. . . . . .  , . , . . . i  . . . . . . .  . , , , ,  . . . . .  
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(a) Enginec~iug da~a books on coal conversion processes should be published 

C3) 

(b) Computer modeling ~hould be done to evaluation conversion processes amd to do 
where grea~er accuracy is needed in data. 

Standard reference materials are need to aid in chemical anaSyses for trace pollu~ 
and toxic effluents from coal or shale conversion. 

(4) Central information center is neeeded tc provide ready access, probably computer- 
to all data related to c~al conversion. 

(5) knalyses of economic and mmnpower implication of coal conversion programs are neat 

D. Catalysts and chemical kinetics for conversion ~rocesses. 

Improved catalysts are needed for methanation, coal gasification and liquefaction,~ 
the chemical ~iuetics necessary for improved coal processing systems must 5e develc 
(I) Hethnnation catalysts and processes need considerable work, including 

(a) HecharLism of sulfur poisoning or trace metal poisoning of presently used~, 
based cata].ys~s and way of altering the catalys= or Ehe process stream t~ 
such poisoning 

(5) Hethods of increasing heat flew from catalyst 
(c) Hethods of allewinB methanation catalysts to operate at a higher tempera~ 

good methane yield, including methods of preventing carbon deposition at 
temperatures. 

(d) Alternate methods of =athanatlon by catalysts flowing in a process stre~ 
conversion cf producer gas to methane in one s[ep, and non-catalytic met~ 
methods relying on vibrational excitation. 

C2) 

C3) 

(4) 

Catalysts for coal liquefaction processes need work to establish optim~-z conditior 
develop improved ca~a!ysts~ including "~ 

(a) 

(c) 
(d) 

Catalysts for the shift reations in high BTU processes sho:~id be optimized. 

f- 
Basic stu.dies of them-lea! kinetics are needed including studies on: 

(a) 

{b) 

(c) 

(d) 
(e) 
(f) 

(g) 

(h) 

(i) 

Cobalt molybdate cata!Tsts for Synthoil process 
Catalysts to improve hydrocraoking processes and the up-grading of coal f 
liquids. 
Improved catalysts for Fisher-Tropseh process - > 

Other coal liquefaction ca~alys~s 

I 
i 

Physical/chemical modifications of coal to control its reactivity ~retre~ 
c o a l )  
Combus t ion  o f  c o a l  w l t h  p r e - t r e a t m e n t  o r  a d d i t i v e s  b e i n g  a p p l i e d  t o  r e d u c e  
tent emissions. 

Kinetics and mechanis~s of hydrogenation, carbonization and methanatio= r~ 
in conversion of coal 
Reaction of char with carbon dioxide flue gas to yield fuel , 
Extrac~iva-dis£illa~ion process for ash/coal oil separation i 
Daterminatlon of properties and constituents of coal-derived liquids and z: 
of polymerization and dcDclymerization. 
Development of. liquid/solEd separation methods by filtration, precipitatio" 
centrifugation and use of hydrociones. 
Kinetics of reactions 5y solids in contact with gases, including fluidize¢ 
diluEe phase or en~roined beds, and fixed beds. 
Kinetics of coal aggloz,eration 

Side and co-product reactions from ~race amounts of nitrogen and hydrogen J 
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Engineering da:a boobs on coal conversion processes should be published 

Computer modeling should be done to evaluation conversion processes and to determino 

where greater accuracy is needed in data. 

ndard reference materials are need to aid in chemical analyses for crate pollu£an=s 
toxic effluents from coal or shale conversion. 

zral information cunter is neeeded to provide ready access, probably computer-aided, 

hl] ~nt= related to ccai conversion. 

]yses of economic and manpower implication of coal conversion programs are needed. 

lysts and chemical kinetics for conversion processes. 

~oved catalysts are needed for methane|ion, coal gasification and liquefaction, and 
~hemical kinetics necessary for improved coal processin~ systems muse be developed. 
l-:~thanation catalysts and processes need considerable work, including 
(a) }[eehanis~ cf suifur poisoning or trace ~etal poisoning of presently used nicl:el- 

based catalyses and way of altering the catalys= orthe process stream to avoid 

such poisoning 
(b) Methods of ~nc.=~sl..~" ~ "-- heat flow from catalyst 
(e) }iethods of alle~in~ meLhanation catalysts =o operate at a higher temperature ~:k 

good meEhan~ yield, including me=hods of preventing carbon deposition at higher 

£empera 5ures. 
(d) Alter~ate =e~ho~s of methane|ion by catalyses flowing in a.process s=ream, direc 

conversion of producer gas =o methane in one step, and non-catalNtic matha~etien 
methods relying on vibrational axe|ration. 

:alysts for coal liquefaction processes need work to establish op=imum conditions and 

relop i~provad catalysts, including 
(a) Cobalt ~olybdaEe catalysts for Syn=hoil process 
~) Catalysts zo improve hydroeracking processes and the up-grading of coal derived 

liquids. 
(c) Improved cat~l~sts for Fisher-Tropsch process 
(d) Other coal liquefaction caza!yszs 

:alysts for the shirr reatlons in high BTU processes should 5e optimized. 

P 
%ic studies of chemical kinetics are needed ine!ud!ng s=udies on: 
(a) Physical/chemical modifications of coal to control its reactivity (pre~reatment o. 

coal) 
Combustion of coal with pre-~reatment or additives being applied to reduce poilu- 

tan~ emissions. 
Kinetics and =echanisms of hydrogenation, carbonization and methane|ion reac=~cns 

in conversion of coal 
Reaction of char ~ith carbon dioxide flue gas to yield fuel 
"Extrac~ive-distillation process for ash/coal oil separation 
Determination of properties nnd constituents of coal-derived liquids and rates 

of poiymerization and depo!7=erization. 
Devel~p~ent of liquid/solld separation methods by filtration, precipitation, 
centrifuge|ion and use of hydroc~ones. 
Kinetics of reactions by solids in contact with gases, including fluidized beds, 
dilute phase or entrained beds~ and fixed beds. 
Kinetics of ccai aggloz~eration 
Side and co-product reactions from trace amounts of nitrogen and hydrogen in 

(b) 

(=) 

(d) 

(e) 

(g) 

(h) 

-- (i) 
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(4) Central information een~er is neehded ~o provid~ ready access, probably eomputer-z 
to all dat~ related to c~al conversion. 

(5) Analyses of economic and manpower implication of coal conversion programs are nee¢ 

D, Catalv_~ts a~d c,~.e.-.:ical kinetics for conversion processes. 

I~proved catalysts are needed for methana~ion, coal g;,.~;ification and ]iquefaction~ 
the thor.ice! kinetics necessary for improved coal proces*.~inB sys=cms mus= ~e develc 
(i) H,~thanation caca!ys~s a:-~d processes need connie'.arable work, including 

(a) }:t:chazbsn: of sulfur poiscni:~.g or trace r.:e~a! poisoning of presently used 
based ca~alys~.s ani ~.'ay of altering the cntalysu or the process s~ream g¢ 
such poisoning 

(b) :.'ctho<]s of increasing hea~ flew from catalyst 
(o) lathed= of allo'.:ing methana=ien ca~alys~s ~o operate at a hig~,-er temperer 

good :methane yield, ineludi~.g methods of preventing carbon deposition a[ 
~omperatures. 

(d) Alternate r.,e~hods of mathanation by catalysts f!o~..'ing in a process stre~ 
conversion cf producer gas no me~hane in one step, and non-catalytic me~l' 
methods relying on vibrational excitation. 

-- 5 

(2) Catalysts for coal liquefaction processes need work no establish opnimum conditior 
develop ir.p~oved catalysns~ including 

(a) Cobalt :aolybdate ca~a!Tsts for Synthoii process 
(b) Ca=aiysts ~o improve hydrocracking processes and the up-grading of coal d 

liquids. 
(c) Improved cata!ys~s for Fisher-Tropsch process 
(d) 0$her coal liquefaction cata!yszs 

(3) 

(~) 

Catalysts for the shift reations in high B?J processes should ha optimized. 

~asic stu~ies of ehemica! kinetics are meeded including studies on: 
(a) Physical/chemical .-.,edifications of coal to control its reac~£vity (pretraa 

coal) 
(b) Co;abustion of coal with pre-~reatment or additives being applied ~o reduce 

tent emissions. 
(c) }[inmtics and mechanisms of hydrogenation~ carbonization and methanatio.n re 

in aonversiom of coal 
(d) Rea=tion of char ~:ith carbon dio:-:i~e flue gas to yield fuel 
(e) *Ex~rac~ive-dis$illatiom procesm for ash/coal oil separation 
(f) Determination of properties and co:~s$ituents of coal-derived liquids and z 

of poly.neriz-nlon an~ dcpoiy.-..eriza-io,~.. 
($) Develop.tent of liqu!d/soTid sepmration methods by filtration, precipitatic 

centrifugation and use of hydrociones. 
(h) Kinetics of reactions by solids in contact with gases, including f!uidized 

dilute phase or entrained beds, and fixed beds. 
(i) l~netics of coo! a,~ic ....... lo,. 
(J) Side and co-product rest=ions fro~ ~race amouncs of nitrogen -~nd hydrogen 

product_ s~ream following mc~hana~!on, in order to avoid ammonia formation 

E. 1~roeess !!ore. ] o;~7,~ 

. The objec=ivc -~s to advance the devclo'.-'ment of coal processing by research on the u 
opcrat~oT~.~: ~f coal processing (i.e., fiuidized bed techtlolcgy) and by developing no 
processc~ for produch'.~ hydrocarbons from coal. ~ 

Proees~e~ ~'h~¢h should be investigated include 

(1} Fn~t  f l u i , ] J z t ' d  b,ed rt.: ,ct .~on.':. f o r  r~,pid ca rbo t l [ 7 -~ t i on  or  h y d r o F . e n a t i o n  
(t..~ F ] l ' J t ~ l ' : , ' t l  IJ t ' . l  Or" t ' ,~, , ' ." . i~t; : '~]  ~.I,$:W t ' , ' : ' ,~ , ' J : , l . ! t ' , l l  : ' t ' , l d t ' JO . l l . q  W J t l l  : ; l , l l ' t l ~  " ::C;tvt~!l~".l_~rs 

(3) h i , n , v , d  i , l :mt  " f r o , , :  c:,:'." zcch , , , !~ , - .3 ,  Jnc]t:,lJ'.!;" IIt.~/ method:,  f o r  ha tad lSng,  ¢.o,ivcy- 
~.~ll,I l l ; " ' l . "~ . ' , t | I : lC i ; [ .  O1" ~ l : l ]  
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,sos of economic and zmnpcwer implication of coal conversion programs are needed. 

..~ts and chemical %~i~ics for conversion processes. 

,ed c~taiy~tm ar~ needed for me~hanation, coal gasification and liquefac~ion~ and 
~emical ~i;~ctics necessary for improved coal processin~ systems mus~ be developed. 
.i~tlat~ation cnna!yst~ and processe~ nec~ c::~idarable ~:ork, J:1~luding 
]a) ~[euha~m of suZfur pod,:cuing or ~race metal poisoning of presently used nieh~i- 

based cata]ystn and way of aisering the cn~alys~ or the process stream to avoid 
such poisenin~ 

<b) ~:enho~s of increasin~ heec f!¢~ from catalyst 
(¢) }[ethods o[ allc:,in~ methnnatimn catalysts to operate at a hi~her temperature ~:izh 

good methane yield, inc!udi:~g methods of preventing carbon deposition at hi~her 
temperatures. 

~d) Alternnte menhods of methanitlon by catalysts flowing in a process strea~, direc 
convert!on of producer gas to methane in one step, and non-catalytic methanatien 
~ethods relying on vibrational excitation. 

lysts for coal liquefaction processes need work to establish opnimum conditions and 
lop improved . . . . . .  cs, ua~;~ including 
[a) Cobalt mclybdate ca~a!ysts for Syuthoii process 
,b) Cataiys~s to improve hydrocracking processes and the up-grading of coal derived 

liquids. 
~c) Improved catalysts for Fisher-Tropsch process 
(d) Other coal liquefaction catalysts 

lysts for the shift reations in high BTU processes should be optimized, 

!c s~udies of chemical kinetics are needed " I 4~ inc_ud_,.= studies on: 
~) l'hysical/che~-ical modifications of coal to control its reac=iviEy (pre~reatme~,t o 

coal) 
5) CGmbus~ion of coal ~ith pro-treatment or additives being applied to reduce pollu- 

tant emissions. 
c) K/netic.< and .-..echanisms of hydrogenation, carbonization and me~hanatio.n reactions 

in conver3ion mf coal 
d) Reaction of char ui~h carbon dioxide flue gas to yield fuel 
e) Extrac~iva-distilln~'~on process --'or ash/coml oil separation 
f) Deter_~i::ation .nf proper.-i~s and co'nstit~ents of coal-derived liquids and rates 

of polymeriaa~.iou an~ d--.:-,o!y.-.arization. 
K) Deve]op-_un[ of liquid/soild separation methods by filtration, p~ecipi£ation, 

centrifu~ation an/ usa of hydrociones. 
~) Kinetics of reactions 5y solids in contact with ~ases, including f!uidized ~eds, 

dilute phase or entrained beds, and fixed beds. 
i) Kinetics cf coa~ azglc.-/.ra~ion 
j) Side and co-pr=ducz rea¢zio:,s from trace amounts of nitrogen and hydrogen in 

produc~ stream following .ncthanation, in order ~o avoid ammonia formation 

,.m.~ Dove ] o:~z:cnt. 

bjective is co advance the d.zvelo'.:ment of coal processing by research on the unit 
tio,:~: of coal prozcmsing (i.e., f!uidized bed technology) and by developing new 
sses for produc~n. 3 hydrocarbons from coal. 

~ 'h Jch  should be investigared 2uclude 4 f l . ~ d i z t ' d  b e d  r~':.'! i o n s  f o r  r o p i d  o a r ~ ' o n f : - : : t i e n  o r  h y d r o g e n a t i o n  
t : 2 , ' d  [)t',..l o r  t': '~Lt'.til;,~'~,! ~?IO"-' t ' . ':.s, ' i : . t '~ '~,"l l '~ ' . t , , ' l  "~(');1:3 'k'~t.]: : ; t , , l ' . ' t lF  :.-'C:IVt".'II~".(_'Z'S 
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dr~Ir,;~, surface o::i~ation, etc., processes. 

(5) Study of ccai/oil slurrics(formatlon~ stability, flow characteristics, etc.) 

(6) C0z:bur, tion of Chars and synthetic ftcis 
(7) Acc[y]cne [r0c; coal hy the arc-coal process 
(8) }:ethods of handling coal fines in gas!fiefs i 
(9) .~ethods for re.oval of char and tar from reactors 

I (i0) Unit cperaticna involved in liquefaction 
(II) High pressure fiuidizcd b~d reactors 
(12) :-:ulti~!:ame rio'., characteristic= in coal liquefac=ion 
(13) Useful byproducts from coal conversion processes 
(iS) L~isnion control processes, as described in sub-program on environmental aspects o£ 

and shale processing and combustion > : 

F. I{ydrogen production for use in coal conversion processes 

The objective is the development of low-cost on-site processes for producing hydroge 
rich gases from non-petroleum sources for near and ~id-term coal and oil shale proc, 
I. Candidate processes should be investigated on a laboratory scale first with a pi 
plant only for the most promising techniques. 
(a) Steam-o~cyEen process for H 2 production from coal and residue chars (ready for 

plant studi~s) 

(b) }~ethods us!n~ thermochemicai cycles at low temperatures so ~hat heat from moth: 
or other process heit might be used to drive the H reaction (laboratory scale> 
at this time) 2 : 

(=) E!e=trothe.--~.a! generation from coal 
(d) Steam-iron =rotess 

The reco,_-anendad spending rate for YY75 ~anefits and rilks/unccrtainties in each of the 
objectives areas A-F above are: "" 

A. Equipment ~16:,~ ~ in FY75) 

l. ~enefits--Frequent breakdown of equipment or inefficient operation coal and shalel 

version p!anz~ h=causa of poor equipz~nt c0n]~ easilvraise costs IOX.- if eoa! +" 

~%%~q~ &2ri?n_~; souraa.'of.,T. S..~as an~ oil. z !0% redudticn in price would 
l.. o.i:zons or aomlars oz cos~ savln~s. 

2. Risks/uncertainties--Development of equipmann is subject to some uncertainties . 
high temperature reactors under pressure are often involved. X~yer~heless, the 
possibility ef significan= achievement appears good, as high pressure teehnolo~ 
U. S. is an active field. 

B. ~aterials (~4~'[ in .~Y 75) "' 
i. Benefits ~- Fracture, erosion and corrosion of materials used in coal conversion' 

migh= require unnecessarily frequent rebuilding of conversion reac=ors and ~hei{ 
accessories and possibly cause fraquen$ une:,~ected shut do~ms, all of which ¢ou% 
easily raise cos=s 10%. If coal and shale conversion became a primary source o~ 

• gas and oil, a 10% reduction in price would result in billions of dollars of cos 
saving's. 

2 F, isks/Unccrteinties -- ~¢,-:~^~4-- 
• - ......... ~ deterioration and measurement of properties oi 

materials is a straight fo~;ard procedure. ~e maior uncertainty here lies in 
whether new and improved test methods and materials can be developed. Based on 
previous ex;erience, the 2ossibili~y of significant achievement here appears ~o 

C.  Data compilations, handbooks, and analyses ($$H in FY 75) 
l, Benefits -- in designin~ pilot and demons=ration plants, engineering d~ta are n 

on the construction materials used, coal itself and chemical processes. Econom~ 
an@lyses also areneeded. Serious engineerinB problems and inefficient designs 
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urfac~ ozidatlon, etc., processes. 

MY of coal/oil slurrica(formatlon, s~ability, flow characteristics, etc.) 

bustion o~ Chars and synthetic fuels 
tylcne from coal by the arc-coal process 
l ,od : ;  of handlL-.g coal fines in gasifiars 
hods for rc.-.,cvn! of char ~:xd Jar from reacaors 
t o,*era£ion.~ ~nvo!ved it: liquefaction 

...... hea reactors n pressure - ' ~ ' ~ d ~ " o - d  "" 
tiFha~e f!o~" characteristics in coal llquefac~ion 
ful byproduczs from coal conversion processes 
s$ion control processes, as described in sub-program on environmental aspects of coal 
shale processing and co,-bustion 

!~c~ nroduct!en for u.~e in coal conversion Drocesse.s 

~Sjective is ~he  deve!ep=..~n~ of !6w-cost on-.~i:e processes for producing hydrogen- 
gases from non-p2trola'~, sources for nc'ar a.~d .nid-~erm coal and oil shale processing.. 
]andidate ~-o~esscz should be inves~_izatcd on a iahoratory scale firs~ wi~h a pi!oz 
t only for ~ha most .~- - ' "  ~ - '  .~ ~,.IS_,.~ techniques. 
" Stmam-oX}'Zen process for H 2 production from coal and residue chars (ready for pilo~ 
plant szudies) 
}~'ethcds usln; ther~ochemicai cycles at low temperatures so that heat fro.-., methanati~n 
er other process heat might be used to drive :he H 2 reac.'ion (l=,~o.a=o.: scale only 
at this time) 
Electro~her~. z! generation from coal 
St ca.n- iron process 

~nended sp.=nd!n~ rate for -~Y75 benefits and risks/uncertainties in each of ~ha 
.'s areas :-: .~bove are: . 

~x~.i in FY75) 

~_nefi~s--Frequant breahdowa of equipment or inefficient opera,ion coal and shale con- 

i0,o. If coal -.d sam= ,rsiox plant. = k~eau~a of ~oor. ecjaip-.-anz could easily raise costs "/ am." " " 

ei~q ~ ~- or!.-'--*~.'scur~-e, of.~'. S._Z.~s and o~!. a !0X re.;udtien in price would 
-n om±=~oms oz zo--'ars o.- cos: savl.n~s. 

.isks/unccr~aln~ies--D=velop--enK of equlpmen5 is subject t:o some uncertainties since 
igh temnera-ure reaczors under pressure are ofzen involved. Xmver=he!ess, in= 
>ossibi!ity of si~nlficant achievement appears good, as h--'~h prhssura ~cchnology Zn t- 
• S. is an acz.~ve field. 

"one,its =- Fracture, erosion and corrosion of ,ateria!s used in co31 conversion doric 
tight require unnecessarily frequent rabui!¢/in~ of conversion reaczors and ~heir 
:ccessories and po.=sibly cause frecuent unexpected s'.,:u~" £o~-a.s, all of %'h~ch could 
~asil y ra:se costs 10%. if coal and shale conversion 5eca,.-.e a primary source of U. S. 
;as an?, oil, a 10% recuction in price %-enid result in billions of dollars of cos~ 
~vinz's. 
iska]Unccrtainties -- k*onitori.-.g deteriorati.~a a.~.d .-..easure.-..on~ of properties of 
~aterlals is a s~r.-i~h= for'dard procedure. Yhe major uncerrain,y'h.~r~, .~ ~ !ics in 
bother new nnd __:~n~o',ed. . =esc methods an~ materials can 5e developed. Based on 
levious experience, the .o~s1D11_~. of signi'fican~ achieve.-..cnt hare appears ~ooi. 
compilations, handbooks a n d  analyses. ~c~.~tee':':' in .-v.. 7.5) 
.'merits -- [n ~.e.~ignin7, pi!o~ and demons~ra$ion plan=s, engineering data are needed 
1 the construction m.a~crials used, coal its~!f an-;- c'-':cmlcal processes. Economic 
~alyses also are needed. Serious on,zincs-ring problems and inefficien~ designs can 
• . - - . . 1 ,  ~ - ~ . . .  1 . . %  ^~" e,,¢i,k1,, . . - ~ l : , . a . i  A m r .  u h { P h  " ~ ; ' ~ h r  l ~ a ~  tO l n n - -  de]".%'S i.'X aci-,ievil 
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i~) r:uLnou:~ ~or rc.-z.oval el char anti Ear Iro..~ reac~ors 
(I0) Unit o~,eractons involved in liquefaction 
(!I) ]!iZL prehsu~'a f!'aidized hei reae~ors 

(12) ':ul~.i?.hane f!o:,, characteristics in coal liquefaction 
(13) Useful hyvreducts from coal conversion processes 
(14) L~is~on control processes, as described in sub-program on environmental aspects 

and shale processinz and co--.buscion 

.... c o.~.%' r-' rs i --- r sses . 

The objective is the deve!o.-..7.ent of c n cesse oduc~n~ hydro 
rich ga~es fzom non--..~atrol-'_'em sources for near and mid-tat'- coal and oil shale pI-¢ 
i. Candidate pro~esses s':ould be i.-.ve~_iza.ted on a laboratory scale first wi~h a 
pl~nt o:~iV for the .-osu pr~misin~ ~.~chniques. 

(a) plantStc:~=-°xYEenszudie_=)~r°ces$ for H 2 .'Production from coal a~.d residue chars (ready for 

(b) }'e-~hods u~-"n G ~haru-.oche.nlcai cycles a~ low te--z-..-eracurcs so zha. ~ hea~ fro.-., me! 
or other process heat misht be used :o drive ~he 1~ 2 reaction (laboratory sea." 

• at thi~ ~i...-ae) 
(~) Electro~hel-~..-! generation from coal 
(d) SCca,.,-~- iron process 

The reco._-znended spenlin~ rate for FY75 beneiits and risks/uncertainties in ~ach of ~h~ 
objeczi%'es areas A-F above are: " 

J 

A, Equipment .~'i£,-f in FY75) 

1, Bene~its--Fre.-.,uenu brea~-do%'n of equip.-.ant or inefficient operaa-.'on coal and ~na 

version piano= "~eauza of poor equipment could easily raise costs i0,¢~° If coal 

betas- ~ ~. or-'-~r-: ~mu--= e = ;, S .~ ,-a n~ = !0Z redudtlon in Dr'ce would result .... "'-- "-- ;'-~ ....... ~" ............. - - :  ~l--*O-~. TM o~ 2o-±ars or cost Savl~3. 
2. R1s~/uneerzain.-~es--Devalopz.en~ of e%ui.-..-.'ena is subject ~.o some uncertain~le_~ 

high te~era-~re r~aczors under pressure are often in'.-olved. :~e.verzhe!ess, t!' 
poss~b~!~ty of si-znificanz aehicve-_an~ appears ~ood, as high prhssure ~echnoi¢ 
U. S. i5 an ac.-.~ve field. 

~. ~ateri~is [~ C-" .i~n ~/'f 75,] ' ' 
i-- Benefit{ ~-'~ :r~c-ura~ aroslon and corrosion of tutorials used in coai convers~ 

mi~l:t requir~ unnecessarily freq~en.- rebui!~in~ of conversion reac~ors an-: cha 
accessories and pos_~ibly cause frequan." unexpected shut do~-ns, all of which c," 
easily raise costs i0~, if coal and shale con:ersion b=.caz..e a pr~-..ary source 

• gas and oil, a 107 reduce!on in price wouid resul~ in billions of dollars of 
saying's. 

~- Pd.sk~./U:~c~rtain-~es --Monitoring deterioration and measurement of properties 
materials is a s~ra~hr, fo~ard procedure. The major uncertainlyhera lies ir 
%'bather n~%" and i~'.proved ~esc methods and ~a=er~a!s can be develooed. Based c 
previous experience~ che :Dssibil!cy of sign!fLea:,.= achievement here appears e 

C. Data cor..pi!a:ions, ha:idbec'.-'s, and analyses (SSH in FY 75) 

i. Benefits -- in desizn,-'n~ pi!o~ and d~.-.ons~ra~ion D!anrs, engineering da~a ar~ 
on the cons~r~:c~ion ~.a-~e.-~a!_=. used, coal i~self and chc--.ica! proc.-sses. Eceno 
analyses also are needed. Serious en~inoerinz problems and -.'ne.-'f~c!enE d~si-gn 
result free lack of suitably ana'--y.-.ci data, "~-hich ::i~.ht lead to lon~ d~lavs in 
suitable opt.ration. Loss of t~=e even ,~nar " orderly pro:~ram is irreplaceable, 
~neffic."ent de.~i.-n or :-;:unaud Zoo- costly d:-uizn coui~ easily raise, cosls for 
and do::,c.nstra~ion plant.,, by 20 to 50 per cc:'~, c-q~al t o  .--any m~ll~ons of do]!a 

• 2. R~s':~/[l::~ort::in-'ie ~- -- -~,:e co!ieetic:-, and annlysts =f da~a althouzh -'i=e-consu 
i~ m0r~ certain of acco.-..plis]:=en~ &"~a:: mo:~ ..~hD - -'- 

D. C , ~ t a ] v ~ / : ;  ni~d c'rzc.-..~[cnl ' - ' - ~ - ¢  -- . . . . . .  ~ . ~ . c . ,  f o r  c o n v e r s ' . ' o n  ~ r o c e n : : e . ~ - $ 2 5 "  H t n  F Y 7 5 )  
i. ~nc:fit:i -- 5c)::Le o[ Lb., r.:o:It i.-.q:,3rtanL r,-::ct~o::s in cO.~ i  and l.[quc:~'occion dvp 

CnL.lly:;t:~-'~'il cnt.~!y'~c :;'.:;-u.~ r,-,:re:;erl[~::;~ ~'eri:-~'-: 3fi'~ :.he t-n'nl co:; ~ . ~:I :h,., 
procv:~..,-:;. .:?-',-:i :,i:mr _~:,/,:-~,,:,,:.~..:~--; ;:~ c...t:ily:;i~ or" -:n chc:::tcal proce::-:e:; w~,ui 
~n ;~J:i~;,;~':,..%.:vi;:z:; in co.il :rod :.h;~lt: procv.::.in~;. 

2. l:~::~:~/xn:~'~'t.:~:iti,"~ -- A:;'uith .~!! :',.::e:i:'ch [,:'t,,.r.:.-:.:, 11:,, fr:,ctlonn] ~.-.;,rnu,-:::,~ 

! d • . . . 
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- operationn involved in liquefaction 
pressure f!uidized bed reactors 

:iphase flow zharae~eris~ics in coal liquefaction 
:ul byproducts fr=m coal conversion processes 
;sion control processes, as described in sub-program on environmental aspects of coal 
shale processing and combustion .~ 

~ncn 9reduction for u s e  in coal conversion 9recesses 

,bjective is =he deve!opmenn of low-cost on-si=e processes for producing hydrogen- 
gases from non-petroleum sources for near and mid-term coal and oil shale, processing. 
~andida~e proces.~es should be in-'estigmtcd on a laboratory scale firs~ with a pi!oz 
only for [ne most promising techniques. 

S~eam-okygen process for H 2 production from coal and residue chars (ready for pilot 
plant studies) 
Y,e~hods usin~ therzochemical cycles a~ low temperatures so that heat from methanation 
"or other process heat might be used t o  drive the H 2 rent=ion (laboratory scale only 
at this mime) 
Elec~re~hern-._al generation from coal 
S tea,.n-iron process 

=n. ended sNen/in~ rate for FY75 benefits and risks/uncertainties 111 each of =he 
:s areas A-F above are: " 4 
:nefi~s--Fr_~uan~ breakdown of'equipment or inefficient, 0perauion coal and shale con- 

_'rsion p!an~ h~cau~a of poor e~uipzent could easily raise costs I0%. If coal and sha!- 

.ca-~ a ~r!.-~_~:'_=our~a.o.~ ~. S..Zas an~ o41. a 10% redudtion in price would 
"esdl-~ zn Dl~'-=ons oz ao,-iars oz cos~ savings. 
am~-~/unc~rta~n~les--Develop=mnt of equipment is subject £o some uncertainties since 
igh tempera-_ure reaztors under pressure are often involved. X~#erzheless, the 
ossibility ef significant achievamen= appears good, as high pressure ~echnology in th* 
• S. is an act_~ve field. 

~As ~'$ ~4:'~ -~a ~ 757 " 
~-nefi=~---" =~acture, erosion and corrosion of materials used in coal conversion devic- 
Igh~ require unnecessarily frequen= rebuildin~ of conversion reactors and their 
zeessories and possibly cause frequent une'¢pected shuc do%-ns, all of %-hich could 
sily raise costs i0%. If coal and shale conversion boca,no a primary source of U. S. 
.s and oil, a 10% reduction in price would resul= in billions of dollars of cos~ 
ring's. 

Isks/Uncertaln~£es -- Monitoring deterioration and measurement of" properties of 
~terials is a straiBht foz";ard procedure. The major uncer=ainty'here lies in 
ether no%" and improved test methods and ma=erib!s can be developed. Based on 
:evious ex?erience, the 2ossibili=y of significan~ achievement here appears good. 
compile=ions, handbooks, and analyses ($~Yl in FY 75) 

enefits -- [n designiny~ pilot and do.-.onstra~ion plan=s, engineering data are .needed 
m the construction =a~eria!s used, coal i~salf and chemical processes. Economic 
*alyses also are needed. Serious en~ineerin Z problems and inefficient designs can 
:sult fron lack of suiLably anaivzed dab_a, ,wi~ich miPht, lead to lon E delays. ,in ac.._-=:,~.~,-~.. 
,liable operation. Loss of time even inca.orderly program is irreplaceable, wh=rea: 
leffic~en~ icsi~;n or ~he need for =os=ly d=siZn could easily raise costs for pilot 
~d dcm~nstrnrion plants by 20 to 50 per cenE, equal to many m~ll£ons of dollars. 
[sks/UnCerLain'~es -- ,.~ne co!Ice,ion and analysis of dare althou'sh =ime-consuzzng 

, ~ o r c  certain of accomp~lishmen~ ~han mos~ R-GD work. 

ys~5 and chcmical klnctics for convers'on processes$26'LH in FY75) 
'ncfiL,; -- Some of "',,,,,. m~.,;'~ ~ ~Z:l.,ortant r~-ocz.ions in con1 and liquefoction dL, pend o~ 
it.aly.',ts wJ'.h cnta]ytlc :;r_agc.,; rcpre.-;cntJng pcri:ai:.; 30.'~ : h e  total co-;~ in thc:;e 
~cv:i~';v~. L,.'v~: ui~..~)r "-'::q,:'Ov~'.-:,,*'.~t.~; .~'I ~.:t:.'l-::;is o:" £a c5~-':i£coL proccsnc.,; t:,~uid r,,:;,L.~ 
llt~.%.~i~t't • ~..,vJP.:.::; ~it cc~,~Jl nnd . . :h :~ lu  proc .L : : : : . J :~ . -~ .  

i ; ~ : ; / i n ~ c v r t . i J , ' l r . : / v : ~  - -  A : ; ' w i t h  : l l t  r:.:;ca:",:h p : ' o - : r . , . m : ; ,  1l.,.* [ r a c t t o n ; l ]  /.,~.pro..,,-::..r, nr .  t h . - : :  
,1  * . .  , . . . . . .  1 "  t , , . ,  ¢., t u ¢ . :  : , ~ - . . ,  , . : , : : . ' . , ,w  t , , ,  . ' . ,¢ , . ' - , ' :  t r, l v  , : t n : , - , ! .  S t i l l  d , , f J n [ : ~ .  
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~clun.~fiz breakthvo,.:gi,. 

E. ProCess D~'v~lop:::ent ($',OH in FY75) 

F. 

m~ 

I, Benhflts --" Even in existing pilot plants, a nurber of individual processe: 
been optimized, l:~divlduni c?ti:::izatien of various processes as listed ab, 

easily re.duct costs by i0'.J, if coal and shale conversion become a primary 
U. S. gas and oil, a 10[J reduction in price could result in billions of do 
cost savings. 

2. F~is:-:s/uucercait~ties -- Devclc~:-ent prozraz:s have inherent uncertainties, b" 
iiutedJn th~s ~cctien she::!d "yield siznificant results. 

HydrcDen ?ro/'-c=ien for use in Coal Ccn'J~rsion Processes ($u~-'~ in ~"Y75) 
i. Benefit~ -- Yi~e economical produc=io:: cf hTdregan from residue chars or co 

c~aential for t::a eco~ez:ic_al develo:~men: of the Syn'.hoi! coal liquefa==io 
t|~e }l)'drace and nvgas coal gasi~ica=~cn zroces_=e$ in ganerai, sources of h 
neces.=.ary for a~':.., proc-~ss :,'hich con'-errs zzal to gas or oil, since =he chi 
d~ffcr~..:,ce bcu:~een coal ani ~h-~se o~ber fuels is ~he deficiency, of hvdro~e 

2. |:is.t's/unc::rta~t:ties -- A nu.~ber of h)'d~og ~". ,-.. producuion Processes can be sn 
techn'.'cail)" f,--asib]e. :q:e :-ain unccr:~inty lies in lhe selection of an ecc 

for particular coal converslcn s,:s~.e~s. 
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rough. 

pment ($40~| fn FY75) 

Even in e::istJn;~ pilot plants, a number of i-n4ividual processes have r:or 
zcd. Individual opt<-'~ -¢ • _~,2._a~_on of various precessr, s as listed ::bore c-oul~ 
cc costs by .0,. if coal and sh-.le cohversion b_~eome a primary source of 
nd oil, a IOZ reduc"icn in price could result in Billions of dollars of 
s. 

raln~i,2s -- 6evelop.--.ent prozra~=s have ~nherent uncertainties, but all "~ems 

~_ :,,.l .... n~ resu!~s. 
z~ien for use in Coal Conversion Processes ($~-~ in ~'Y75) 

Ti,a economical .greduc=iou of hydrogen from residue chars or coal is 

• -'or ~he economical d,~velov.men - . of the Synzhoil coal !iquef~c~.ion process anl 
and HyZas coal zasifica.'_~on processes in general, sources of ;'"-'" ,A~ 

~r any process :chich converts coal to .~as or oil, since ~he chief chemical 
~euween ccai and. these o.'.her fuels is the def!cienc,:, of hydro<on in coal. 
rainties -- A ::umber of hydrogen production ~rocesses can be shc:,'n to 5n 
f~asibl e. iq'..e main , ~-~--~-- -- un~_~ .... t., i~es in Z'.,:e selection of an economic uroce_s 
!ar coal conversion s-.'s~e~s, "" 

°.. -o 
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al and Shale Processing CemSus=ion 
-'ppor ~ing Research 
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~MAXVMUM 
O~DERLY 

Decision [] ~::~:=u~ 

Decision ""I ,.~_estencs ~or Indlvidual ?re}cots 

I ID=..,,:T ! r-:C;,TIC - ; ,  ..... 

05 05 55 03 !C 55 5:.-, $2 

1, Start of coal procc~sing supp¢r~ing research 
projects. 

2, Initial decision point on coal processing supper= 
projects. 

3. ~ecision poin= on second genera=ion coal processing 
support. 

2;OTE: Haximum, orderly and minimum programs differ 
cram3 . . . .  ~ in level of effort. This resul=s ~n 
varying the number ef projects and ~he options 
e::?!ered 5u~ does no= change =he schedule o f  

j -. . , gezlsion points for _nalvmuual projects. 
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