
V. RECO~HEA~ED PROGPU~! 

A. COAL GASIFICATION 

It ~s contemplated that R&D for low-,~.t.u, gas ~.11 be 

of i~portauce (a) to provlde ~or clean electrlc power senerat~on 

at hIsh efficiency, and (b) to meet industrlal demand for gas. 

These functions are expected t:O help curb excessive reliance 

on i~ported oil and I/G by enabllng hlgh~sulfur coals to 5e 

used for power generation and other purposes wlthout pollution. 

1~Is pro.cram involves research and development directed 

toward fluld~zed-bed, flxed-bed, and entralned-flov gaslflers~ 

Pilot plant demonstration v~ll be constructed to handle up to 

50 tons oE coal per hour. The plants ~II r~nge from 120 to 

200 mega~atrs generating capacity. Each ~11 include a gas 

cleanup system to remove sulfur and pazCieuiate matter. Zn 

addStZon develovment Is proceedlnE on a hot Eas cleanup system, 

operatln~ at gaslflca~/on ~enmer~lures in order to  Increase 

efflclency and Im?~ove the economy of the processes. 

Most o£ this ~rogram was lulti--~ed In -~Y 1973; thus 

the projects are still in an early s~age of develop=ont. Hov- 

ever, some s'~gnlgicant results have alreadF been obtalned, 

lucludlng (a) conviction of deslgn of a 1200-pound-per-hour 

fluldlzed-bed zasifler; (b) concepeual desire of an a~mospheric 

pressure, enrralned-flo~ gasSfler for a 550 mesawatt combined 

po~e.- system; and (¢) completion of  desi~n of a laboretoz7 scale 

pi lo~  plan~ fo r  r e ~ v a l  o f  s u l f u r  from f u e l  gas by means o £  a 

fused s~.~t scrubber system. 



In F~ 1975 in co~Junctlon ,~-th industry fundlng for 

these purposes, the Icr~-B.t.u. gaslflcatlc¢. ~,-111 move 

forward, vlth p l l o t  p lant  construct ion beginning in FY 1975-76 

capable of converting 50 tons ¢£ coal per hour to lov-B.t.u. 

g~S. 

The Federal Government share of this reco-~nended progra= 

fo r  major program elements i s  approx3.mately 2/3 Federal and 

1/3 pt-ivate. The rounded Federal funding levels in mllllons 

of d o l l a r s  a r e :  

FY 1974 PY 1975-79 BaloncerLs Complete Tota l  

25.5 574. S 40.2 615.0 

~ o  co-f~nded p i lo t /demonst ra t ion  p lants are planned ~,dth 

Inltla.1 operation estimated for the FY 1977-78 period, thereby 

D~ov~dlug a b~sis for vide commercial a~. pllcation by the early 

1980's. 

As .With the h igh -B . t . u ,  gas i f t ca t io r ,  p roc te r ,  the develop- 

merit of  ¢e:L~able a~d f e a s i b l e  har~¢are  f o r  p l a n t  o p e r a t i o n  

requ~zes i n v e s t i g a t $ o n  of a va_~et~, of processes, ~'i th the  

poss ib i l i t y ,  tha t  d i£ fe reu t  processes ~ 1 1  be ovt£mum fo r  

~ ££e~t c o a l s .  

A r e s e a r c h  e f f o r t  f o r  l o~ - ]~ . t . u ,  c leau  f u e l  gas from coa l  

a l s o  he i n t e g r a t e d  v l t h  r e s e a r c h  on gas t u r b i n e s .  The 

bulk of  ~be r e s e a r c h  w i l l  be ~ded by c o u t r a c t ,  supplemented 

by ~orl: ~n Government l a b o r a t o r i e s .  The major  e f f o r t s  ~-111 s e e k  

to  develop  l ~ - B . l : . u ,  g a s l f l c a t l o n  techn iques  as an outgco~th o f  

pas t  Departr~neal program. A slngl~_ ~ommerdal-slze gaslfler 

Is ~apable of producing sufflcCent lov-B, c.u. Ras for a 1000- 



megawatt p~;erplant, and the gasifler and its associated 

cleanup en.u~pment can be ta~lored to a conventional plant, 

a gas turbine, plant, or an advanced gas-turblne/steam- 

turbine plant. 

The m/n/~m prod-ram drops a pilot/demonstratlon plant, 

five suB-process effo.-ts, one hiEb-temperature clean-up effort 

but retains supporting lo~er-level R&D. Commerlalization is 

delayed until a ~ _ least the late 1980's. 

The maximum program increases effort on supporting process 

RSD, initiates the L~e@iate construction of two additional 

pilotfdemonstration plants (30 to I00 :~,.~e) and initiate detail 

design and procurement of a 300 NI,Te tO 50Q ~';e demonstrationf 

commercial plant a~ an exlstinE utility. Steam boiler design 

to efficiently L~tillze low-E.t.u. Eas fuel is made and 

fabrication is started. Three additional approaches to 

h~h-~emperature ~as clean-up are ~nitiated. The max/mum 

program delivers co=merclal appl~catlon in 1980. 



B. CAS TUP~ 1 ~  S 

(1) Closed-Cycle Gas Turbine f o r  HTGR 

As ind ica ted  by the already-completed p lan t  

conceptual design,  the p lan t  w-I l l  requ i re  four 

~den t i ca l  converstor, modules coupled to  a s ing le  

3000 ~qt HT.G:R, Therefore,  the pl~ f o r  t h i s  sob- 

p r o f ; r a m  i s  b a s e d  on a n o m i n a l  conversion module 

output  of  275 ~Je. 

Work under this subprogram ~dll be initiated 

in early FY 1975 with prototype conversion component 

desi~a studies using information from the conceptual 

plant design work nm~ available. Preliminary designs 

will be s ta r ted  on rece ip t  o f  ea r l y  conversion module 

specifications from the AEC. 

It will be necessa~, to support the desIEn 

a c t i v i t y  on the pro to type conversion components w i t h  

a developmental t e s t i n g  p r o g r a m  t o  p r o v i d e  c o n f l r m a t o z ~  

d e s i g n  d a t a .  T h i s  t e s t  p r o g r a m  w t l l  b e  i n i t i a t e d  i n  

early TY 1975 beglnnlng +rlth the m o r e  f~danental 

investigations of helium effects on materials and turbine 

and compressor blade aerodynam/cs. This part of the sub- 

program will include the following investigations: 

a. Re]/,-. e£xZects oxi materials ~n hIgh-te~2era~ure 

components 

b. Compressor and t u r b i n e  slngle-stage aerodynamics 



c. Turbomachlnery inlet duets, scrells and diffusers 

aero~]nam/cs 

d, Turbine-blade attachment alternatives. 

e. Gas-duct valve seal~ng and rellab~llty 

f. Compressor and turbine blade vibratory dynamics 

g. Turblne-dls¢ cooling effectiveness 

h. Rotor bearings and seals performance 

i. Compressor and rotor ~ntegrity at overspeed 

conditions 

J. l;ear llfe at turbomachinery mechanical interfaces 

k. Full-scale, partial p~Ter turboP.ac~hlnery testin~ 

i. Recuperator and Intereooler fabrication development 

m. Recuperator and intercooler pressure drop and flow 

vibration tests 

~, F~cuperator and Intercooler tube attachment friction 

and T~ear tests 

The results from the com~onen= developmental testing 

will enable completion of the design of the prototype components 

~-n preparation for fabrication. Long-lead materials and 

£orglngs will be ordered as early as possible. To compress 

the overall subprogram schedule, the component desi~ns ;;ill 

he frozen prior to the completion of those tests related to 

service llfe Investigstlons. Information from these extended 

tests ~_'iI be used to modify desIEns= if necessary, of 

components for the f~rst operational plant. 

The major part of this subprogram is the fabrication of 

the prototype components, their assembly into ~he prototype 



conversion module, the design and construction of the 

conversion module.test facility, and the test of the module 

at 275 ~.~:e output. The test will be conducted usln~ a 

fossil fuel-flred helium heater to provide 750 .~ff.~t to the 

conversion system. B7 including heater controls which 

simulate the reactor, the plant control system can be 

developed and tested as well. The conversion system 

components to be tested are the compressor-turbine unit, 

~ower turbine, generator, recuperator, !nterccoler, and 

duct valves and controls. 

The objectives of the conversion module test program 

are as follc~s: 

a. Couflrmation of all design aspects of the prototype 

components an~ performance determlnatio~ of the 

complete conversion module. 

b. Determination of the interactions be~eeen com,~onents 

and the dynamic characteristics of the conversion 

module. 

c. Development of the control system. 

d. Development of installatlon, assembly and remote 

maintenance procedures and tools, 

The 275 ~,'e conversion module test facility is the 

controlling element i n  the overall schedule. This vla~ 

assumes that plant conceptual design w ' l l l  be accomplished 

In F~ 1974. Plant prellmlnary design and lonE-lead construe - 

tion ~lannlnE and work will begin in FY 1975. The fac/ilty 

will be deslnged to completely meet the objectives of this 

subprogram. However, provisions will be included in the 



design which will enable future testing of improved ~ud 

"higher temperature components ~ as advances are made in the 

HTGR operatin8 temperature through planned ~Y~C development. 

This facility will also be subsequently used to support 

developm.~nt of a fossil fuel closed cycle gas turbine plant," 

The plan is to operate the pilot demonstration tes~ 

facility 5y 1981 seneratlnE 275 }H.~e, 

(2) Combined-Cycle Hizh-Temperatuxeo~Ga S Turbine S~stem 

Work under th/s subD. rogram w~ll be initiated in early 

1975 %~Ith prototype conversion component design studies 

using information from the six to eIsht combined cycle (gas- 

steam) plants that are in operation. 

The support effort will be one of laboratory research 

and development such as water coollnE of turbine blades, 

eata!ytle combustion; application o f  advanced materials in 

the turbine hot end, and the appIicatlon of specific 

ceramic materials wherever produced and possible based on 

the status o~ technology at ~he time of construction of the 

pilot demonstration. 

The pilot plant demonstration at the nominal 18.9 5K.~e 

will be component tested, assembled, and put into operatlon 

in the 1978-1979 time from. 

(3>~T~is ~dou~le'thrust "of the 15.009F" Helium Closed .Cycle 

Can Turbine as the po~er convers!o n syste@, of. a High Temperature 

Gas Reactor in the Direct Cycle Co_nf~urztio, and the 2500°F 

Yndu____s.trlal Gas Turbine a s the prime .~ower source burnin~ clean 

fuels ~n a Comblned Cycle con f~guratlon should at the pllot or 



laboratorT~lenonscrat ion stage be govr-t~nent f~ded  and then 

~ e  to a Joint  venture bet~eeu Covetnment and ~ e  ut£1ic~es. 

Co~nerc_tal~zatice should  be almost e ~ t ! r e l y  funded by 

i n d u s t r y ,  

(4)  The £o l2ou~R c h a r t  £s i n d i c a t i v e  ~f  the lctad o f  

mon:f.es requ£red to  p:t loc deeonstrate the  double  th rus t  i n  

an o r d e r l y  f a sh ion  In m~].ltons of  d o l l a r s .  

FY 1975 FY 1976-1979 .~.:Otrf I~rAL 

~I  584 375 1090 



The ~c~1 of  chis pronoun i~  ~o acce~e.-;~:e .~e ~ l z ~ c n c  

a r e  coocerncd ~:$Ch (2) l fq~,.t =~-[:nZ =ys=e;c; n ~  (~) r.Io~c~ c~cIe 

~n 1983. ~.11 Cb~ec p r ~ . ~  elc~n~-~ ~ ' i l l  h~m I ~ o  e~.Zorc9 ~n 

y c a ~ .  In ~hc o.ex~ cyc~-e :,~D ~cve lc ,~ . .n t  ~ e r e  ~£I.1 ; ~  c c ~ s ~ c r n ~ l e  

eI~ co~$eru¢~ic~ o~ c~ef~oa~:rac~.o~ p l a~cs  and pro~o-. '~e s y ~ e ~  

r e q ~ r e s  a cc~s~er~b]{e  a~o~,.mC o~ ~ y s C c ~  d c ~  ~ an=l.~s~s ,~d 

sup.~orc~n~ .~ & D. ~ o r  ~ . r c s  o~ r.~e p r ~ r ~  c~pcc~lZy c%~i~ 

~he peclod I976-197S ,~ I1  .~ ~voce~ Co C~e c c ~ . ~ c ~ c ~  of I=.,-~ 

sc.a.!e C ~  far . i l" : -= '~ :In o rde r  to  c z r r y  ouC p'~as=n d~.~nosc~cs  

a~td ~ C ~ r i u ~  Ccscin~ ~ d e r  ¢ o a l - f ~ r c ~  co:=aerc£aZ pZ~C coadtC-aon~. 

Both shore  d u r a t i o n  =rid I ce s  rime o p e r a t i o n  f ac~ I£~ ;e s  v£11 be 

cow,erupted .  Fi rml ly ,  du~-l~g ~he L~cer l~r~od of ~he prod:ca=, 

depend:[n~; c~. C~e r ~ t e  o~ ach~evec~nC i n  the  c a r t i e r  ~CZ!'..-"~, • 

~ . ~ m i n ? .  v i ! l  be  ~ e  on C~e dovish, co=C esc~mCes  .~.d scheduIes  

Eor the  coa.cCruet£on o f  ebe e c ~ l - f ~ r e 8  de~0~±~raC~c~ p l a n e  (open 

c y c l e )  and p r o t o t y p e  s y s C e ~  (1~,u'[d ~eCni and closc'~ cycie ~O'~Cc:~s). 

appendix g i v e s  a c o ~ l e t e  hreakdcv~, o~. s c h e d u l e ,  m/ZesCo~es 

amd c o s t  s~edu.les. The ~ollcn, r/,ng c=bte  s u a ~ r i z ~  chase  i cea~ :  



COST IN HILLIONS* 

1975 

Program 
Component O C M 

Open 
Cycle 21 26 1G 

L iqu id  
Hetul 4.5 5 4 

Closed 
Cyole 2.S 4 ,4 

'XOTN~ 20 35 20.4 

1976 

0 H 

47 59 36 

$ 9 4 

2.5 4 

54.5  72 

.4 

40.4 

lgTT 

0 C M 

56 67 AS 

6 11 3.5 

3.1 4 ,5 

65.2 82 49 

1976 

0 C H 

20 37 13 

14.2 26 3.7 

2 12 .7 

36.2 75 17,4 

1979 

0 C M 

14 39 10 

6.2 2G.2 4.T 

2,4  22,4 .8 

22.G 8?,G 15, 

0 

40G 

20 

20 

446 

~ u n  O u t  ~*  

C 

370 

mm 

H 

446 

25.?5 

29.3 

552 

* 0 - O~derly Program 

C - C~a6h Protj~m 

H - Hlnixstnu Program 

**  Rtan out  cost  tncludos demonstrat ion 

(Opon Cycle) o~ Prototype 

(LtquLd Hera1 and Closed Cyole) Plonta 



~. POTASS'L]~.! CtCI.E 

Re e.omm.ended Program. The founda~lon of =hls program ~s dhe 

considerable e_xperience x~lth potassium - vapor p ~ e r  systems fo r  

the space program dur ing the 1950's. A complete potass~rum p ~ e r  

s y s t e m  o .  ~ 150 k i X ~ ] a t t :  o u t p u t  was s u e c e s s f u l l y  o p e r a t e d  ~ o r  o v e r  

a year. Although small in size, thls system ,~as very much llke 

the potsssium system required f o r  eentral-seatlon use. 

This baekgrounc~ of experience has already sham the techulcal 

feaslbll#.~.y of a potassium topplug cyel~., In early ~ 1975, a 

preilminary design and an economic assessment of a commercial-scale 

p~-~t by an industrial team (including an archi~ect-eng!neeri.~g f£rm) 

~-IIi sho:# the economic fea~_bility. At this time, the key ~ssues 

~re to selec~ a design concept that mlnim~zes technical fish and to 

shape the program for both raped progress and minimum flnancial risk; 

~n several ways, ¢_hese goals are mutually compatible and mutually 

supporting. 

The technical risks are dimlnCshed By use of operatlng 

temperatures that have already been successful and through use 

of ax/stiug conventional materials. Clean fuels will be used In 

the emrly phases of the program; a separate phase of ~.he program 

will Investlgate the clean combustlo= of coal~ the removal of f~ne 

pazCiculate matter from the combustion products, and ~he long-time 

compat£billty of the potasslum-containing materlsls and the coal 

comhustlon products. 

~he potassium components (pump~ boiler, turbogenerator, and 

condenser) w111 be designed and built in 30 ~.~q modules. These 



modules are s m ; l l  and thereby o f  1 ~  cos t  ~-u order  e o m~t/~£ze 

f~na~ca.al r i s k  I n  the p i l o t - p l a n t  do=xxL~trat ion. These ~ o d ~ s  

are a l so  smal l  enouRh tha t  they may be b u i l t  i n  a f a c t o r y  under 

eonr.rcl.~ed c o n d i t i o n s  and the~ be sh ipped to the p f l o t . p l a ~ t  s i t e .  

;~oc only  i s  t h i s  f a c t o r y  assembly c~,eaper than £ i c l d  asse=b ly  but  

a lso  the  qual±ey c o n t r o l  i n  th~ r~anufaccuring p r o c e s s  ~_0 .  bet r~c ,  

a f a c t o r  markedly l ( ~ e r l n g  t e c b ~ i c a l  r l s k .  

.~s a means o f  d ie~n tsh ing  the  i t r v e 3 ~ t  and t~ere.by a lso  the 

£ i n a n c i a l  r i s k :  o n l y  the p o t a s s ~  loop w111 b u ~ l t  f o r  the  30 ]L~ 

p i l o t  p l ane .  The e . c~onen t  t ha t  condenses  the  p o t a ~ l u m  and b o i l s  

and superheats the water  v i i _ l ,  o f  course ,  a lso  he bu~_it, bu t  the 

steam ~ 1 1  mere ly  be coud---~nsed by a sCrea= of  cold ~ a c e r  a ~  then 

~eturned  to  the  b o i l e r  f o r  r e u s e .  No add i t£ona l  money v111 be 

~ e n t  f o r  cenv~-nt ional  steam componen~.s f o r  the  p i l o t  p l a n t .  

Though  the  modular  approach in  t he  program,  the  s t e p  f ~ m  pLlo t  

p l a n t  to  c o ~ e r c l a l  demons t ra t lon  can be qu ick ,  cheap_, and 

comparat ' :vely f r e e  o£ r l s k .  Three  b o i l e r  modules,  t h r e e  Curblnes s 

and t h r ee  potass~t~,  condensers  ~r~ll pr~v~de the  f u l l  90 -~,~ from 

the  pocass tu~ loop  ; ~nas~uch as t h e s e  components ~r~ll have  been 

s u c c e s s f u l l y  demonstratoxl In r~e p£1ot  p l a n t ,  no t ~ e  o r  money i s  

~equ~red ~oc des ign  o r  development o f  t h e s e  comnonents ,  ~nd, of  

c o u r s e ,  on~y two r a t h e r  than t h r e e  new cop ies  of  eac- k. component need 

be ~uilt. Thus, the time, cos~ and risk of  developing ne~ com~onen, ts 

can a!l be saved stud the time and money reauired to proceed from pilot 

scale to c~ercial demonstration scale can both be reduced. 

Follovln~ use n~ clean fuel direct combusr.lon of coal would be added 

to further increase e f f i c ~ e n c y .  



" ~ =  ~uadln~ requb'ed for  th~c h~ghly planned preston 

(opt~dzed pcc~r~,  i f  y ~  ~11 )  is  shc~  ~n Ap~ad~  C. 

P-~uced Funding., Zu a pc~:~z~ hart.rig such a ;'ef£ned strater.y 

as U I ~ ,  cos£ =eduction are d i f f i c u l t  to nch~ev~; the rec _o~_mc~d_~.-" 

proL~C~ i s  a l r eady  s e q u e n t i a l  in  na tu re  ~_,-.-~r~r f o r  r~,sk co be 

zeduced.  Annual ~c~cs may be re_duced on ly  through, s lm~n?,  de,an 

the  pc .a~tzm: Cor~t.-uct£on of  the  p t l b t  p l a n t  could he delay.ed a 

y e : r  and i t s  cc¢~: ruc t ion  ~Cr~tched out  a y e a r :  "rot only  ~ u l d  

the  C ~ e  fo r  payof~f t ,  hen be de.Iayed but  a~l~o o v e r a ~  p r o ~  c o s t s  

would be 4ncrea~ed. 

1~e f ~ d l u g  . l~n  f o r  the  re tacded =roErm~ ~s p resen ted  In  

Appendix C. 

Accelera ted  Pro~rr,~=. ,"~.a,s n r o ~ r ~  o££er  a good oppor tun£ty  

f o r  progr~un aece£erat~on ~u the  f o l ~ u g  way: $P~p the  F£!oC- 

plane  ~monstTaci_o=. In  t h i s  ~ay,  the  ~Ime co payoEf ~hrouzh 

~ = ~  use could be decreased by 5 y e a r s  ~nd ceca l  prol~ra~- 

cos t~  a c ~ u a l l y  decreased .  

Inasmuch as  the petassium co~.~oneut~ ~or the  demons t ra t ion  

p ! a a t  a~e to be : t~ent icaI  ~ t h  those o£ the  p~ lo t  p l a n t ,  the  

d e ~ m s t r a t i o n  p~anC could Ju~c as ~.~11 he b~21t as the p£1ot 

p l a n t  i~ ~dequate £und~.n~ ~¢e~e a v a l i a b l e .  The teclm/cal r/sk 

o f  success  or  f a i l u r e  would be no g r e a t e r  ~n e~ the r  ca se ,  f o r  the  

components s~e i d e n t i c a l .  The financial risk would be h~gher ,  o~ 

course ,  because of  the  l ~ z e ~  iuvestment  a t  t h e  t i ~ e  the  f i r s t  

testln~, would begin.  

The f l n ~ c l a l  i s sue  ~s thus  the comparacSve eva lua t i on  o f  the  

u n c e r t a i n t y  of success  of the ~ t r s t  t e s t  and of. the  c e r t a i ~ /  of 



added co.~ and de fe r r ed  payoff  in the recomended buc s lover -paced  

program, Perhaps t h i s  balance o -  ~ r~sh and gain ~ g h c  be a n ~ _ d  

in some deCz~ during 1975 and a deeLsion reached c o n c e r u ~ g  fne 

p re fe rab le  pach. Ac t h i s  time, t~,te opcfon for  a c c e l e r a c i o u  ec[ghc 

be kept open chrc~gh acce le ra t ed  design e f f o r t  and m n ~ U - a c ~ e  

tests during i~75. 

The funding plans for the accelerated progra= are given In 

~ppendlx C. 



E. FJ~L CELLS 

The basic thrusts of the fuel cell RiD program are to reduce 

cos~, ~ncrease llfep and provide greater fuel fle~-lbil!ty. The 

fuel cell systems which show promise for accomplishing these ends, 

zlong with the proposing organlzat~ons, are shown in the following 

table: 

• PROMISING FUEL CELL SYST~.~.S & PROPOSALS RELATING TO S.~},~ 

~Temperature(to400°F) 

H2 

Acid Base 

Methyl 

Alcohol 

EPA " NASA ETA 

High Te, ~ e r a t u r e  (1000OF . . . .  ~ o  2000°F) 

Solid Elec~rolyte Molten Carbonate 

001, _WgS E P A  8 others 

The dispersed fuel cell generator and the total energy fuel 

cell programs should be considered together because they use the s~e 

acid hydrogen-alr cell configuration and operate in overlapping p~;~r 
/ 

-~eEions. The modular nature of the fuel cell emphasizes the underlying 

unity of the approach. The hydroEe~ for the cell may come from fossil 

fuels or nuclear energy. If widespread use of hydrogen.occurs, this 

type of cell becomes very attrac=i,;e because of its slnpliclty. The 

reformer, w.b/ch produces hydroE6m, from the promising fuel is a major 

problem area for this approach. This approach, because of its 

advanced ~ate~ should be pushed to a successful conclusion and may 

provide the flrst-Ee~neration ~ork-horse fuel ceil. 

The molten carbonate cell is in the early development stage 

and has major material problems. If these can Be overcome, it would 

5e attractive, particularly for po~;er plant use because it has the 

potential for using a variety of fuels. 



Due to the electrochemical processes involved, hydrogen 

fuel cells can not reach maximum efficiency using acid cells. 

Tbe 15Z performance advantage of the alkaline fuel cell justifies 

a progTa~ to develop a lon~-llfe lotz-cost alkaline hydrogen-alr 

fuel cell. In addition, silver, silver alloys and perovskltes 

show promise for use as air electrodes in elkallne cells, t~us 

provldin~ a substitute for the expensive and scarce platlnu~u 

electrodes which are so far required in acid systems. The 

a/~.al~ne cell mu~t, of course, provide for cnrbon dio~.-~de control. 

-~1e methyl alcohol cell uses a cheap, pure llq~Id fuel (%-Ith 

all its advantages). Bench-model methyl-alcohol cells ~.IcB have 

operated satisfactorily have been built. Good methyl-alcohol 

electrodes can be prepared; the main problem is wlth the air electrode 

zlnich is poisoned by methyl alcohol which diffuses through the 

e~ectro!yte and oxidizes at the air electrode, reducin~o efflclency. 

The main initial thrust of this prozram w&ll be to develo~ air 

electrodes which are inert to the alcohol, and to develop methods 

of preventing alcohol reaching the air electrode. Once these problems 

are overcome, the methyl alcohol cell development should proceed 

rapidly to the commercial sta~e. If successful, the methyl alcohol 

cell would be expected to have a wide use in both stationary and 

mobile sources and to provide the second generatlon '%~ork-horse" 

fuel cell. 

The Office of Coal Research (OC~O has supported research and 

developm_~nt in a high te~erature (1000oc) solid electrolyte 

(stablized zirconia) fuel cell which culminated in the production 

of a lO0-watt bench-model fuel cell. The development of this cell 



is fraught with severe  materlais problems because of the high 

temperature involved. H~ever, if successful, it could be 

utilized with coal gasification to produce electricity at 80% 

efficlencv using dirty Eas. The high pay-out of this effort, 

if successful, qualifies this prosram for support althoush hiph 

risk is involved. 

The ~roposal of the Nat~onai ~ureau of Standards (h~S) to 

carrF out sunportlng research and development tc develop catalysts 

and solid electrolytes for the solid eiec~rolyte fuel cell should 

be considered an Integral and necessary part of  the development 

pronTam for this fuel cell. 

The recommended fundinB for the fuel cell Drosr~m Is summarized 

in t h e  foll~.rlng table: 

Pror~ran Funding.  Mi,!!!ons 
197___~5 197.__66197.71978 1979 To Completion 
4.5 I0.3 11.6 
2.1 2.7 3.8 

Aeld Hydrogen 
Basic Hydrogen 
~thyl Alcohol + Small 
System Effort 

Solid Electrolyte 
(HI ~h Temp. ) 

Sol~d Eleetrolv=e 
Sunport 

Molten Carbonate 
TOTAL 

Total 

15.2 15.3 50 106.9 
3.8 3.8 15 31.2 

1.4  4 .5  7 .3  7 . 4  7 . 4  0 28.0 

4.0 5.0 6.0 6~0 6.1 50 77.1 

0 .9  0,6 0.7 0.7 0 .7  4 7.6 
F ~ d e d ~ d e r a c i d ~ d r o R ~  

12.9 23.1 29.4 33.1 33.3 119.0 250.8 

Xt =my be noted  t h a t  t h e  e n ~ s i o n e d  prozram i s  broad based ~ t h  

a s imul t aneous  pursuit of a number of fuel cell concepts. This approach 

is dictated by the hip, h-risk mature of the approach and =he realization 

tha= no one fuel cell concept is clearly superior at this time. 

Greatest £unding has Been placed in the acld-hydrogen area because 

of the maturity of the program. 



For a n[nlmumpro~ram the follm,-'£ng adjustment is presented 

for co~slderati~R: 

1975-1979 ~educe  

Acid ~vdro~en Raslc ~vdro~en ~thvl Alcohol Solld Electro!vte 
Yrom: 56.9 16.2 28 27.1 
T0 : 46.9 15.2 26 25.1 

* $3.6 million for solid electrolyte support Is ~ot reduced. 

For a maximum program, t~e recon~endation Is to search out and 

fund new or unexploited fuel cell concepts. This would be done by 

mounting a well publicized '%~sh-beatlng", culmlnatlnR in the 

~ardln~ of 9 contracts based on a ccmpetltlve ~P. Contract 

~anc~ilatlou would occur at any tlme technical or econom/c Infeasl- 

hility !s demonstrated. It is expected that the two most pr~.sing 

concepts ~ould ~o through the pilo~ plant stage at a cost of $50 

to ~75milllon over the 5-year period. 

T o t a l  
128.2:- 
116.8 



F. USE OF W~TE HEAT ~!~ FUEL 

In sequence, closed ~,as turbines -~II be desizned for three 

sets of service conditions appro~rlate to three total-ener~,y re- 

quirements. The appllcatlons are e.s foll~,~s: (i) .wUD's Integrated 

Ut~llty System, (2) DOD's needs for an Energy DepO~ and for newly 

established Army bsses, and (3) for inteKratlon ~rlth food nrocessin ~. 

in the tannin E industry. Clean fuels (natural gas or clean ,~as 

derived from coal) :..,!11 ~e the energ7 sup~lles. Concurrently, the 

com,~ustion of coal for this application as well as mun~.cIDal ~astes 

In combination with either coal or.KaSo 

The recommended program will allow for an orderly developmen't 

of waste-£uel technolo,~y by 1981, A maximum program would all~ 

for development and demonstration of addltlona! competitive pro- 

cesses, ~ut would, a~ b~st, speed full implementation of waste-fuel 

energy recovery systems by 1 to 2 years. Other strategies such as 

re~-ulatlons, tax Ineen~_ives, educational programs and subsidies 

wou/d probably have a greater effect in implement~n~ energy recovery, 

fro~ waste fuels, The nlninum pro.gram would allow for generate.on 

of ~nformatlon necessary to establish pollution re~ulatlons and 

develop processes %-hich effectively minlmlze waste-disnosal costs. 

N~nimization of :qaste-dlsposal ~nd eneri~..-seneratlon costs, which 

is a principal objective of the accelerated and maximum programs , 

would not necessarily be achieved, 

The recommended crderly~rogram is paced as foll~s : 



C~S ~ur]~ines 
T..~as ta fuels 

1975 
7.0 
~.6 

197C--1979 

T o t a l  
35.~, 

I~-nouC 
33.0 

3.0 
7 5 . 0  
54-_--./3 

TOTAL 13.6 79.7 36.0 129.3 



G. IJ3~-TD~PE~.ATURE C~CLES 

In  assoc ia t ion  ~.£th those in  the s o l a r  and gcoCher~,~1 p r  .o~¢ams, 

t h e  r e q u i r e d  c h a r a c t e r i s t i c s  o f  the p o ~ e r  eemvers~on sys tem ~I12 be 

s t u d i e d  and d e f i n e d .  Then development  o f  a 25 Z.~. ~ .e t lo t  sys t em w i l l  

be unde r t aken .  

Although no i~9. rovemenu in  eff~cXency o f  s~eam, pmaer p lan ts  £s 

achtevable through use  o£ botto~Ln~, cyc les ,  t he  cap£tal  cos~ of  the 

s team p c ~ r  p l a n t  ~ h t  be  d e c r e a s e d .  At p r e s e n t ,  t he  max£r~m p ~ e r  

a e h i a v a ~ l e  wi th  a s i n g l e  .~team t u r b i n e  Xs $irz£ted by  t h e  c e n t r l f u ~ . ~ l  

s t r e ~ s  a t  the  ba~e o f  t h e  v e r y  long t u r b i n e  b l ades  requi rec]  f o r  passage  

o f  t h e  l ~ - p r e s s u r e  s t eam at. the  t u r b i n e  e r l t ;  ~n t h e  w i n t e r , ,  t h e  

s t e ~ - e x i t  ter .~.eratura ~ / g h t  be on ly  60 o r  70°F. For  t h e  b o t t o ~ n ~  

c y c l e ,  a working fltL~d would be s e l e c t e d  t h a t  has  a s u b s t a n t i a l l y  

h~gher vapor pressure at these te~pera~u~e.~. The ~e!_4.ef ~ turbine- 

blade stress achieved in tIu~ ~ay m~ht ~erm/t 3000!.~ ro be generate~ 

by a slngle retatlng unit; the result~ns ec~omy of scale wlll 

pr£~a~lly benefit nuclear p~¢er stations. A des ign  study ~i11 be 

made to  quantify t h e s e  c o s t  benefits. 

Recommended program cosns are given be!~.~: 

1976-1979 

"i~Z',,19~5 T o t a l  Runout ToCaZ 

O r d e r l y  1 18 30 49 
]~aximum 3 90 100 193 
Htnlmu~ 0 0 0 0 

I f  a mlnimur~ program i s  r e q u i r e d  f o r  Energy  Conversio~ T e c h n i q u e s ,  no 

e f f o r t  i s  recommended ~n =his  a r e s  b e c a u s e  o f  i t s  low p r t o r i r y .  



H. ADV~;CEO C~INCEPTS 

The goa l  o f  t h i s  sub,re, ram i s  to  suppor t  the  tuves r_ tga t ton  

o f  p roe~s lng  hey  e ~ e ~ y  convers ion  methods a t  t ; le b a s i c  r e s e a r c h  

and development l eveZ,  £or i t  i s  from these  t y p e s  o£ e £ f o r t s  t h a t  

f u t u r e  energy convers ion  sys tems ~JLII e v o l v e .  

An o r d e r l y ,  l e v e l  o f  e f f o r t ,  program of  $5 nLillJ.on per year  

over r~e nex t  f i v e  years Cs recommended. The fol lo~rZug tab le  

s m ~ a r L z e s  c o s t s  f o r  each program segment a t  t he  recommended 

£undlug l e v e l :  

Element FY 1975 FY 1975-1979 ( T o t a l )  

co 2 cyc le  2.0 10.0 

Thermionics 1.3 6.5 

Advanced T h e r m o e l e c t r i c  : - ~ t e r t a l s  0 . 7  - : 3 . 5  

Other 1.0 5.0 

5.0 25.0 

F~t£1 t e c h u i c a l  f e a s i b i l i t y  a n d / o r  s u t t i 0 i l t ~ y ,  f o r  c o ~ n e r c i a l  

appLCca~ion i s  adequatel.v demons t r a t ed ,  i n c r e a s e d  e x p e n d i t u r e s  over  

the  recommended progcam in  a : ' c rash"  program p r o b a b l y  would uo~ 

c o n t r i b u t e  s i g u i f i c a n c l y  t o  a c c e l e r a t i n g  the a~p l~cac ion  o. = these  

c o n v e r t e r s  t o  the  commercial eue rgy  economy. 

An a l t e r n a t e  mlnimum progra~ o f  t~o m i l l i o n  d o l l a r s  per  yea r  

through .=Y 1979 would s e v e r e l y  l~_=it t h e  number o f  advanced c o n v e r s i o n  

methods t h a t  could  be i u v e s t t ~ a t e d .  



I, ENABLING TECHNOLOGY 

(I) Superconducting electz-lcal machinery 

The recommended program emphasizes the development of a.c. super- 

coaductlng Een6rators But includes concurrent efforts on auxiliary. 

equ/pment such as large-sca!e reliable hellu~ refrigerators and 

transfer systems, multimeE-~watt superconductlnE transformers rand 

larger d.c. ~ot0rs. Additiona.lly, the progr~- would iuleude develop- 

ment of superconductors in the form and shape and possessln~ the 

characteristics necessary, to technoloey. 

The goal of the program would Be to design, construct, sm.d test 

a I00 ~..~, 3600 rpm, a.c. generator whose electrlcal pera,eters such as 

voltage, impedance, and time constants would match the needs of exlst~ng 

power dlstz'Ibution ayatems. The areas of study and development ~7ould 

Include machine analyses, materials development, stator and rotor 

development, cryogen/c and refriseration systems, manufacturing 

techulques, and instrumentation. 

The recommended program would develop the ~echnology throu~.h to 

the construction and tess.Ins of a I00 MT{ generator 5y late FY-!979. 

• t this point In tine, commerelal interest in further development 

should be assessed to: determ/ne the value of further federal investment 

in the tee~oloBy. A major portion of the recommended program would 

Be performed By industry under contract to the government with cost 

sharinE ~n the later stages. 

The '~axlmum" program would also provlde for co~mercial testing 

and urel~m/nary designs for larger capacity equlpment. 



The minimum program would be L im i ted  pr imary  t o  ~ork  on 

the 100 ?.~-7 gene ra to r  and deemphastze work on a u x i l i a r y ,  systems. 

(2) ~ a t e r t a l s  

The recommended undergutd in~ progrma ~n m a t e r i a l s  w i l l  b r idge 

the  gag between s h o r t - t e r m  m a t e r i a l s  development and m u l t t d t r e c t £ o n a l  

b a s l e  r e s e a r c h .  The reece~ended program ~ i I  be e o u t l u u l u g  in  u a t u r e  

on a l e v e l - o f - e f f o r t  bas~s and ~ 1 1  be c a r r i e d  out  ~There the e x p e r t i s e  

r e s i d e s  ~ u n i v e r s i t i e s ,  gov-_rn~ent, l a b o r a t o r y ,  u o t - f o r - ~ r o f i t  and 

eozmercial  I n s t i t u t i o n s .  

The program would provide  new mate r iaLs  £or ~ ,  h e a t  exchanger ,  

gas t u r b i n e ,  and o the r  appl : [eat ions to  ~r l thstand h iEh- tempera t~ re ,  

b tgh-pressure~ h i g h - v e l o c i t y ,  c o r r o s i v e  and e ros ive  env i ronments ,  and 

thermal  shock and thermal  c y c l i n g .  A t t e n t i o n  "~Ii i  be d i r e c t e d  to 

p e r t i n e n t  engtneerin~,  p r o p e r t i e s  i n c l u d l n g  d l f f u s i o n  c h a r a c t e r i s t i c s  

i u  candlda te  ~ a t e ~ l a l s  of c o ~ o n e n t s  o f  the  s e p a r a t e d  envlronme~ts 

l u  hea t  exchangers  a p p l i c a t l o u .  The e f f e c t s ,  k ~ t t l e s ,  and ~eehanlsws 

o f  a t t a ch  o~ ~ c r o  ~ u r l t y ,  c o n s t i t u e n t s ,  s l a ~ s ,  and seeds  o~ 

c~adida te  ~ s t e r l a l s  p i l l  be investigated. 

Cermuic and composite  m a t e r l a l s  f o r  f i r s t - r c ~  and I n l e t  Blades 

f o r  h i , h - t e m p e r a t u r e  gas t u rb ine s  (2500°F) ~r111 be i n v e s t i g a t e d  as 

~- i l l  improved materials ~LZI be sought f o r  low-press~,re steam 

turb±ne b lades  and f o r  genera to r  r e t a i n e r  r£nzs i n c l u d i n g  t h e i r  

b e h a ~ o r  st t ewpe ra tu r e  and under s~ress. 

Since t h i s  i s  a l e v e e : o f - e f f o r t  a c t i v i t y ,  the recommended program 

i s  now a mat ter  o f  considered Judgment as opposed to be ing  based on a 



fizm. calendar of milestones. It .is expected that It is coR- 

t{nu~ng in nature beyond 1979, the las= year of the 9roJectlon. 

The "maximum" proEram represents the total of meaningful 

proposed requests xlnere as the minimum represents the smallest 

-rlahl~ p:owram~ch could contribute to the technology. 

Recommended Federal Funding 

Total 8,0 9.0 11.0 14.4 I0.0 52.4 

?5 76 77 78 79 75-79 

Sub-progra,~ (a) 5 .0  5 .0  5.0 8.~ 4 .0  27.4 
Sub-program (b) 3 .0  4 .0  6.0 6,0 6 .0  25._~0 


