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I. GOALS AND CBJZ-CT~/ES 

The importance of improved techniques for energy conversion is reflected 

i~ the foll~'ing statistics: At present, U. S. residents spena about $40 hilllon 

a year ~or electric pcwer. Our energy-use rate for produc~.ion of powe~ is 

2x1016 3TU per year, the equivalent of nearly ! billion tons of ~ oz 20,000 

• tons of uranium each .year- Of =his input energy over half (about 1016 BTU/y~) 

ks wasted and adds to thermal pollu~on of our waters; the quantity of rejected 

heat is more than sufficient to heat every residence ;_n -~e Nat/on. I~ addit/on, 

construction of new power plants is est/ma~ed to total $I000 billion during 

the remainder of this c~utu_~y. 

-Fossil steam Dower plants are the" produc~ of a very mature technology_ ~hat 

has piateaued a~ an efficie=cy of .~(" perce=~. Clea~ f~sls for these power 

plants are grow-:ng scarce, and our m e a n s  for burning coal are ~. yet socially 

acceptable. _..~-esen ~. nuclear .Dowe'- Plants are 32 percent eff/cient and are 

therefore large thermal pollute=s. 

Therefore, improved energy c~version ~echn~ques for ~he ~re!iable ganexation 

of electric power and for ene_-gy conservation a-~ of ~Teat ~po~ce to O~T 

Na~-!o~, and the goals of ~-~s R & D pro%Tam are to (i} increase the efficie--c~, of 

-~s_e of "~-A--i~.~nous ene_~.~ s.upD!ies (=oa! and urania as well as new, alternate 

e:ergy so'~ces), (2) to reduce the e.~vi_~en~l impac ~ . of this =owe= D~x~c'~Lon, 

and (3) to re.d~ce ~__.e capital cost fcr =~ns~tion of new ~ r  =l~t~. 

For the purpose of reaching these goals, the followiz~ eight objectives 

were established: 

(i) Coal Gasification. To develop processes for the p.-~d~ a~d u s e  o £  

clean 1ow-BTU gas from .coal in central-~-~er s~a~ions. 
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(2) Gas..~hlnes. To increase the ove~alZ efficiency and rel/ahL1i~y 

of po~er generation ~ developing high-tempera~=re 9as-turbine sys'.ems. 

(3) MHD. To ~.~.=ease ~ ore=aS1 efficiency and z~_l£ahiiity of p~e.- 

generation by developlug ~ pow-~ ~ .  

(4] P c~ass£,..~ To--~.c C~:c!e. _"~ ~mcre~se the overall efficiency and 

zellahility of ~ gene~a ,n~n 1:~ developing potassium-vapor ~ p i ~ g  

(5} Fuel Cells. To develop effLcie=t ar~ e ~ c a . ] ,  fuel cells fo= 

geneza~/on. 

(6) Use "of Waste Neat ar~ .~el. To ~velo~ T~,~T systems for economical 

use of heat and fuel presently wa~ed. 

(7] Xdvaneed Concep~o To evaluate, ~ in~est£gate, ~ nltinatel¥ 

advanced conce~ for eno~3~ convers£on. 
o. 

(8] EnablL~= TecY.-~!ocy. To evo~_ve t h e  ] ~ s i c  co:~,-~.,.i~ue=~ ~ e c h n o l o ~ e s  ~..h~ 

enable the ~~/~_I ~rove=enn of va~ous l~e~ syste=~ or ~.ha= 

make feasible entirely new concepts for power genera-./on, 
-o 

~ c ~ t  =or . s~ i tuen t  o f  ~ :ese  o b j e c t i v e s  i s  t o  cd .n im~e  ~ . e  env~,.'o~---e=~,~2 

f ~ p a ~  o f  po~.~ general /on.  

~ e s e  e / g h t  o b j e c t i v e s  zep=esenc a ~ i g = / f i c a n t  na_-=cw~g of  ~ =:a=ge o f  

: o p t i o n s  cons~dezed.  Un~.e~ ~ .~  p~essu~e o f  s eve re  bu~.e~ary, c o n s ~ a i n t s ,  ~he R ~ D 

o r l g t u a l l y  proposed on Ix~Te=pe.-a~u~e Cyc!e~ was d e f e r r e d  and  c o n ~  ~ q ' . e a d  
° 

. t o  a s ~  ~n~er Advanced Concepts .  F = r ~ r ,  t h e  Use o f  ~ a s t e  Heac and Fue l  

m c o ~ d  t o  ~ use  o f  so1.id waste f o r  power ge=e~:aC.i~u. 

Among enerc;y conve r s ion  C e ~ s  ~n "~.hese e£c~hc objec"~.ves, ~ e  fo l lowing 

p~-/oz'i ' : /es were a~s£Snec!: 



- . 4 -  

T~ a l a ~ e  a~a~ce in  ~ e c l : o l o ~  i s  co be achieved "J~ t  t ~ m l ~ s  ] ~ - ~  l o ~  

a be~vy £ i ~ r . ~ a l  co~ .~ . .~ .o : .  To= ~ ~ pz~j:-e:s aZfectJ=~ p=bl~c 

• ve.lfa=e (seth as ~11~'~.0= : e ~ - - . ~ n )  =~ ht;ber -.bar, ~ ~ f o :  the  

i=d=s--'=yo C.~e G o v e : = = ~  ~ caz=y t.be =ajo= ~ .of ~ f ~ ~ [ .  b ~ . e ~ .  

3.  p 7~-~m. 

~ ~ s ~ o =  R ~ I) ~ - e t  a:~cnts t o  STSS ~ fo r  r ~  (75-79) 

the ~ ?S ex!:x=cU..c-+~-'e to--,.aiin; :;89 =213.~c:=. .'2he 589 n.%3.l,~.cm :L=c,:Luc~es 

$$0 ~ fo= ~ e  1=+ ~ Sasif~c~--~m sm~:o~-~m ~a~c= has t ~ m  

gas ~ ~ ~ ~_lease c : ~ e ~ t  p n : ~ = :  ~ ~ as a x ~ - a l  gas ~ o~1 

f o =  oChe.~ ~:~¢j~: 1~o--~-t7 usages. 

' ~ e  ~ ~ ~o: ! ~ , . r m  ..a~-~.~i.c~-..~= p i 3 ~ . . / c ~ 0 m s ' = a ~  s i ze  .(2o ~ so. ,.me.) 

vl~Ch axe schec!ule~ fo= o~:~_-~:~c~ ~ "~e 197801979 ~--, ,  .o,w~,v~ ~ ( ;  

oE l~ts ~-~ c o ~ . e .  " At; leas~ 3 ~ ~ e ~ l o ~  piZot  scale ga.~fi~u~ 

:~.~ '~z's f o r  ~.=cl~s~-~ i n  f~'~.--e ~ sys-.e=s r i l l  ~ co~_=, :c t .~  a .~  o~:e=~.~:q 

~j, the ~:~ o f  ~ ~ ~.=:~ao 

• ~.lec.,~.e ~ z o c : e s s  :Tm~p=ove.s~ncs ~ ~co.--po.--a~on ~ la~e= ~ r i l l  be 

dmmlepe~. :T.,s~ove~ ~ ~ .~' .~ciency :Lnc:~ases a=e an~'Lcil:~ted ~ o'c,'~.c 
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Lui -t/aC/~es. This t~2 effoz¢ is ba,~ecl qn contLuuin~ ¢cope=a~ive funding 

~sCry (2/3 Federal - 1/3 industry) and ~.hose ma~or p=ogram elements not 

so funded will he e~m~has£zecl or el~Jdmate~. 

• hls is a =easonable p=ogra= of high inpac~ on future electric power 

..gwleXaP.uLon ~ t h  =o kn~w~ ~a~o= ¢P.¢ -huical ~:~S~.~c.le.~. ~he =lan~: ¢OP-~inecl._cy_C!es 

~ i l l  o=erate a~... ~ . ¢ / a l  eff£c/e.~cies., o¢-e=, .. 40%" as oct_J_ ared.. ~o ..35%. 

¢~~x~ally ~-~ p.~oduce =o~= later a~ effi~/¢~-ies a~D-~acb/=~ 50%; however, 

¢lbe zela--.ive econo~cs ancl ~-=ow"-- ~ ~:ot:encials o f  such sys~---s ca ,  o=11, ~ .  9=ovem 

early consurcc-Zon and o-ue=aUion at: pilo¢/demons~ration scale plants. 

¢u~r¢~al exploiCa¢/o~ of ~.he ~evelope~ !oy. ~ system is expected to 

. ~ a¢ a =ap--'cl pa¢e after successful ~e=o~a~i~n and the esC.Saatec! benefits 

o£ ~ p::og=~= ~:o ~ na t /o=  a.=e: 

aOo Plemts 

~.le~.r ical  ~ e =  

g tnerg~- releasea 
• f a r  prS.ori--T u~es 

saved ~ .~gh 
e f f ~  

1985 

10 Coumerc~al ~ l a n t s  

3 2 . 9  x 106 ~ e 

0 . 2 8  x 1015 BTU 

0 . 0 1 4  x 101SBT~. 

. 

o 

20~ 
w 

210 C ¢ ~ r c ~ a l  Planes 

1150 x 106 ~ e 

9.8 x 1015 BTO 
• o 

0 .49  - 0 . 9  x 1015 BTU 

1975 1976 1977 1978 . 1979 T O ~ I  

Federa l  50 60 80 35 25 250 

$~.us~L~l  (lS) (25] (35) (25) (25} " (125] 
O a 

~ o n  of piloC/deconstra-~on planes shape *~e funding towa_~ds early 

hea~y expen~tures ¢aperiug toward 1979 w~ch the peak in 1977. Lag in coogerative 

¢apabili-~y. of IndusC=y ¢~¢Is ¢o front ioacl the Federal contribution. 
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,| m, 

For  f o s s i l - . ~ e ! e d  c as  t u r b i n e s ,  ~ o  pro.cTans are planned ,  ~ z . ,  (1) h i ~ h -  

l ~ n p e r a t u z e  gas  end steam t~b ;_ne  =c=hined_ c y c l e  and (2) c l o s e d  gas  t u r b i n e s  ¢o 
, .  m ,  i 

s u p p l y  waste  h e a t .  

The conbined  c y c l e  i s  e n t e r i n g  u ~ l i ~  s e r ~ c e  t h i s  year and r i l l  a c h i e v e  

a n  eff :Lciency o f  40 p e r c e n t .  . 'he cru--£al  ic~.~-ove~.n~ needed f o r  t h e  ~ i s  

t o  Z~LiSe system e f f i c i e n c y  Co 50 percent by inc_-easing t = z ~ e - ~ n l e ~  ~z~e~atu--e 

t o  2500"F. l=~z~ved aiz~cool;.ng o f  ~he .c=~b~.-.e and, i n  pa.-~.tcula~, l£q~d-cool~mg 

=n~s~ be !uves~.i.ca~ed and developec~. Ceramic mater ia ls for  ~ .b~r~s w i l l  be also 

J ~ v ~ s ~ g a t e d  unde.- t he  ~ a b l ~ n ~  Technology  s u b p ~ ; . - e ~  ( q . v . ) .  : ~ - I X ) i l u l ~ c n  

CXX~L~tion ~ 1 1  a l s o  be  ~ v e s ~ g a ~ e d  a s  w e l l  as  t h e  u s e  o f  a p r e s s u r i z e d  ~;--=ace 

~ t he  s t e a =  b ~ £ l e r  a s  a r a y  ~o .bOth ~educe s~sCem cos~  and £nczear~ e f f i c i e n c y .  

The h~ghe= ~ e _ - a ~ - e  ~ b ~ e s  w i l l  be  ~es~ed i n  t h e  l a b o r a t o ~  and denons~a~.ed  

i n  1979 i n  a !00-..~W d e n o n s ~ a ~ n  p l~n~  a~ a u ~ L l i ~ y ' s  power p lan~;  a s y s ~ - -  

e f f ~ . i e ~  o f  50 p e r c e n ~  i s  a n ~ c i p a C e d .  

This  g a s - ~ u r b i n e  ~evelopmenC will be c a r r i e d  o u t  b y  £ndus~.-7~ under  con~=ac'. 

t o  t h e  G o v e r - ~ C .  I n d ~ = r i a l  c ~ . r i ~ u ~ t ~  Co ~ e  1 0 0 - ~  den~ns~ra~ion p lan~  

i~ expected ~ be 50 percent. Power ~!~_~. in~9_~or~t~c ' ~ a~w _~_-ed .te¢~'~o_!o~y 

enter service in ~ m~d-lgS0's. ~nergy savings in ~he year 2000 will 

amom~t ~o 2 x 1015 BTU per year, .havin~ ~ value of $2 b~llion a year at $I per 

lg7.q-77 

2975-76 

2976 

Design, bu i ld  and t e s t  .l~Lgh-tm~era:ure tn=b£nes. 

Design, bu~.d, test: ~tal.v*_~c, surface, and r e ~ a e d * f u e l  3~nt- 

p o l l u ~ o ~  cee tbus to r s .  

E c o r u : ~ c  s t u d y  o f  pressur ized f u ~ c ~ .  
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1976 Design lO0-Z~7 d e m o n s ~ a t i o n  ~ower "plant. 

1977-79 Build lO0-k~f .~.wer e.I_an~. 

At ~zesent, h~gh-grade fuels are burned and electric power ~s consumed in 

various a=plicaticr, s solely for the purl~se of providing hea~. Integration of 

- Ix~ee-- generation with the su-~olv o£ heat c~-~ 7ie!d enor=ous energy savings. 

]iecaus@ t/'~e to t : a l  ~T.an~ for heat is beyond what power genera~i=n can provide, 

the market for waste heat can, fro= the poiu~ of view of ~owe= generat/on, he 

considered limitless. 

In zeallzation of t~his ~oal, the problems are (I) to min/m~ze the cost of 

dls~Lb~cing the waste heat .%y generat;.ng the ~ower nea r  ~he sate at which ~he 

- heat £s required, and (2) to heat t he  t r a n s ~ r ~  f l u i d  (water) to 400°i:' while 

~t~/ni~.g a high efficiency of power generation. The closed fossil-bu.-ning 

gas tu~dinu ks %~II suited to this ~-rv~ce because of its sui~hi~_ity to produce 

powers from 1-100's ~ close to the site of heat use, i~s constann, high efficiency. 

at ~ power, i t s  ~ility to burn various f u e l s  (including municipal or ineustrial 

waste), its maiutenance-fzee opera, on, and its ability to hea~ w a t e r  t o  400°F 

w4_~h@ut a penalty in effic/ency. The potential energy savLngs are 4-8 x 1015 BTU/yr 

in the yea~ 200C, depending on ~k.e speed of entry in%o the .=~rketplace. 

The schedule of events and fun~ing are. given hel~w: 

1975 Design I.-MW po~r plan~ 

1976-77 Bui ld  tes~: =o~els o f  c _cn:~_x~nez~ts and powe~- plant  

1978 Test t~e power plant 

1979 Continue power plan~ te~us. P~'ccure additional p~;~-r planes 

for use  b~ HED i n  en~y-conserving housing developments. 
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1975 

15 

Cost Sn )tillions 

1976 197 ~ 1978 

65 53 SO 

1979 

42 

Total 

225 
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MAGNETO~YD.~CD.VN.~A~XCS (~JJ) 

There "are three .~D concepts: I) o_Den cycle, 2) l£quid metal closed 
,m _ , 

A~ open cycle generation system is ideally 

suited for fossil fuel operation (includinq coal) while the closed 

cycle systems are hotter adapted to numlear heat sources. All systems when 

~w0 
ccmSined %~_th conventional\cycles, offer si_unificant benefits which include: 

- h~gh efficienc£es (55-60%} 

fuel and dollar savings* 

1 X 1015 BTU in year 2000 

1 billion ~ilars in year 2000 

- cLire~-t coal-fired systems' 

- ~on-pollutlng systems 

No x - !/~ EPA s ~ d a z d s  

SO x - I / . 2o  ~ s ~ a ~  

Wa~er - n/i 

The goal of the ~4D pz~gr_am is to accelerate the development of. uhese 

high ly  efficient, non-_Do!luting systems. The open cycle segment of 

program (~he largest) will lea~ ~o the. construot ic~ of a coal-fired 

demonstration plant in the 19B0's and operation in about 1987. 

Smaller program elements are planhed for the cl~sed cycle systems hut will 

~..~_/~.e, ~ u d  3) closed " cTcze p I ~ . a .  

* Assuming 28.9 x I0 Is BTU ~al electric demand from fossil sources in 

2000; and fueZ cosas o f  $1/106 ~TU. 
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lead to the proof of technical feasibility &nd design of proto~--2pe systems. 

DDrlng the rY 1975-1979 period t_he program will be devoted to: i) component 

and ~ateria!s development and testing, 2) system analysis and design, and 

3) facilities design and construction (large scale generator and long 

e~durance materials test facili~i-~s). The generator and materials test 

fa¢ilitles amount ~o about 60% of the FY 75-79 costs and are key features 

of the program. In effect, they replace many aspects of a conventional pilot 

plant. Also there will be considerabl~ emphasis on the util/zation of existing 

USSR }Sg) facilities [25 ~f~ and 250 ~ plants) and expertise through ~he ongoing 

US-USSR Cooperative Program. 

• Under Goverm~ent management, the .~Y 75-79 program will be implemented by 

contract to a ~ of national a.nd university laboratories a~.~ Lndustrial 

oz~anizat/o~s already involved in ~D R & D. Scientific a~Ld engineering 

expertise and manpower ar~ readily a~ailable for the design, cons~.ruc~_ion ~nd 

operation of test facilities. As evidenced by previous support ($8 million), 

ludustry can be expected to provide a significant portion of the funds necessa.~y 

to bring about c~rcializa~/on of M~D. Early -industrial involvamen~ will 

amount to some $20 million through FY 79 by the Electz~-c Power Rcseaxch imstitute 

and expand '~ at least 30-50% of the cost of a demonstration plant (utilities). 

The following table s%~mar~zes the suggested Government R & D budget: 

PT Cost" in 5~illions 

1975 1976 1977 1978 1979 

10 19 22 "22 22 

Total 
"75-79 

95 



POTASSiL~I TOPP!:~G C~CLE 
, j 

1~)tassium vapbr generated at 1400-1500 a~ is expanded in a 
- -  m 

~bine and ken condensed at ii00 ~F, ~,/ne hea~c of condensation being 
, ,, ,, , ,, -- . . . . . . .  

the heat input to a conven~ona! steam _=owe. ~ plant. Overall efficiencies 

of 50-55 pezcen~ ap.Deaz practical, about a 30 percent increase ever *-he 

besu fossil. ~!e-nts today. ~eth enercy consunp~ion amd thezmal pollution 

would 5e reduced accor~ngly. 

The low o_=era~ing =em2eratures of this power plant might make 

feasible the direct eonbustion of-.coal witheut ataospheric _Do!lution. 

In a flui~ized bed, the _-o,~us~ion temperauures might thereby be limited 

to maximum values of 1600-1700 "F, thereby b~th avoiding ~;0 x formation 

and permitt/n9 limestone o. ~ dolomite to capture the sulfur. Cemp_etitive 

.co~epts using clean fuel musu exceed 50 percent efficiency in order 

to achieve the s~.ue efficie~v be~-een coal pile and busbar. 

Operation of a cusp!ere potassium-vapor system fi;ed with natural 

~as for over a year has already demonstra£ed the feasibility of ~he 
& 

concept. The following sequence" and ;tiuet@b" le of events are planned: 

1974 Power plant preliminary design and economic assess- 

m~nt by an ar-.hltect-engineering firm. 

1975-]'979 Desicn and build a 30 MW potassium .Dower system as a 

pilot pl~nt de.-.~nstration using ¢!e~ fuel. 

1979-1981 Operate the 30 .'.~ pilot plant. 

1980-1984 Build two additional 30 Z..~4 potassium mc.~ules and add 

thegn to the pilot plant. Build ~nd add steam power- 

generating equipment. Demcnstratien .~lant output, 

300 MW; potassi~ output, SO .,,r~. 
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. I - - - - - - - - - - -  

1977-1981 

Start fu!l commercial operation of the 300 ,TR plant. 

Build and test a pilot-scale fluid-bed furnace for 

later incorporation into the demonstration power plant. 

The followin~ budget is required: 

F~.soal Year 75 76 77 78 79 75-79 

R&D 3 7 7 7 7 31 

Pnot (c of n 0 I!4 _/3 

Total 3 15 21 16 I0 $65N 

This entire program will be perforned by industry under govern- 

ment contract. Both the pilot pla~t and the demonstration plant would 

be ~nstalled at the site of a cooperating u~i!!tyo Although the government 

would pay for the plant'design and its economic assessment, bonh the 

eq1~p~en~ manufacturer and the cooperating u¢ilities are expected to pay • 

25 percent of the pilot plant c~st and one-half the cost of the demonstra- 

t/on plant. 

Following demonstration in 1%85, the installation of this class 

of po~r plant would begin and could reach 150,000 ~-7 by 2000. Accor- 

dingly, fuel savings would amccu~t ~ 1035 BTU per year and $I billion* 

a year at that time. 

*Based on fuel cost of $I per million BTU. 
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CONVERSION SYSTEM~ - ~nb~_L ~-LLS 
.,, 

Fuel cells are si~le devices which convert chemical ~-nergy directly to 
~, , ,, , 

electrical energy with efflciencies ~hich are presently about 60% and ultimately 

ma2 a~Proach 80% with esse~tial!v no envirom~..enta! pollution. They are mod~!ar 
, , 

-An nature and ~ay be_ sup_m!ied in a variety of sizes varying from fuel cells f6r 

use ~ individual houses (5 KW giving "total energy" capability) uo f~e! cells 

for use in substation power plants (150 MW). Fuel cells are quiet and have 

essent£ally instantaneous response to load variation, high efficiency at partial 

:oad operation, hea~ rejection to air and automatic operation. .Cue! oells, an 

emerging tecbmolo=y with de~nstra'ted ~.~c/~nical feas!bAlity, require R & D to 

solve three major problems: cost, life, and limited fuel flexibility. 

The proposed program As a/reed at solving these problems for the following 

flve promisinc fuel cells systems: acid hydrogen, basic hydrogen, methyl elcohol, 

solid-electro!vt.e and molten car'~nate. The envisioned program is broad based 

with a sinul~aneous pursuit of a mu-~er of fuel cell concepts because of the high 

z-lsk nature of the approach and the realization that no one fuel cell concep.~ is 

-.learly superior at t~s time. Greatest funding wall be placed in ~he acid 

hydrogen area because of t~he maturity of t.he pro.~ram and possibi!ity of early 

~=mercz'a!!"ation. Basic h.v~rogen has been supported because it has *.he potential 

" of being 15% more efficiem.~ than acid hyd=ogen with sL~a!~=.aneous use of less 

expensive ele=trocatalys~. The me~.hyl alcohol cell is attractive because of its 

potentially 5iqh therc~dyr~m/c efficiency plus the use of a pure, "cheap, easily 

available liquid fuel. The solid electro!yte and .molten car'~onate cells operate 

at high te.~perature and have the potential for using dirty fuels with good efficiency. 
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The prog:am provides the following'by the end of 1979: 

I. Build and ues~ one 7 E;~ P~Lhyl alcohol prototype fuel cell. 

2. Build and test dispersed power plants (2 to 5 MW, 1976; 

20 HI, Z, 1977). 

3.  Comme=cially ~monstrate t~ acid-hydrogen fuel cell on site system 

(40 X~ Field Ur~t). 

4. Pilot nest hydrogen fuel cells in the inCegTated total ~ system. 

5.  Bt~ld I0 K~ basic hydrogen proto~/pe fuel cell. 

6. Build a i0 ~f solid_ elect!olyte fuel cell and begin testing. 

7. Limited search for new concepts. 

At present, industry is snppo_-~.ir.g the acid hydrogen cell devel _opmeflt at a 

~ate of about 15 million ~ollars pe= year ana ~ methyl alcohol cell at a level 

of about 2 million ~ollars per year. The Electric Power Research Ins~Itute CEP~I)" 

is spending about $2 ~illion per 3~ar in fuel cells. The other concepts are being 

supported at low levels by a number of organlzanions. The projected developments 

on this prig.rein ame predicated on the ass~-~tion that industry (wh/ch has solicited 

Government pa_~:icipation) will contriSute at leas~ $2 for e v e r y  $I t h a t  t h e  

Governme.nt furnishes. 

Progress in the fuel cell area is limited only by the ava/labili.~y of 

- fun~iug. If platinum is requ/red as the electrocata!yst in. fuel cells, then large 

scale fuel cell production will require low platin~n loadings. Eowever, the 

developnent of less ex~ensive and more ~vailab!e electrocatalys~s is an integral 

paz~ of this program. 

The pro.cosed budget is: 
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1975 197~ 19)7 1978 1979 75-79 

5 ,5  9.S 17 22 26 80 

Fuel  c e l l s  a.'-e a.~_olicable ~:o =he vho le  s'#ect,-~_.~,~ o£ s i z e s  ~'a=~i:~ ~ ;;.~= ;,~ 

t h e  ~ 2:o use in po-~. r plants, l~uel cells may =eplace the internal ¢==h-us~.~ 

e~gLue in =any applica~.ions, ?.bus =he follo-,~.ng eZer~r sav;_.--~s ~ pz~ected.- 

.l~s£~n~/al Cc~-=e.~:ia! ~c~,-e _-- P!an1:s Ca-,-s Total 
i 

lS~S 1 .2"  0,3 0 .3  0.3 2.1 

2000 9 .0*  2 .5  1 ,0  4 .0  16.5 

* ~ t~g~at .ed system. 



~ ~ a ~ . 5  ~ a c c e l e = ~ e d  ~--~le~..ic~ o .  c c ,~  e,~e~.~r .-~souzces, ~ . h ~  p o Z l u t ~ n  

~ l u s t . - - ~ l ,  m;.- '_cul~-Tal ,  ~o=es-.--'y, e.nd ~ va_sces are ~ sc~Lc! - .~.~e 

d~51~sal, p ; ~ b l ~  wh ich are ~ = c r e a s ~ c l y  ~ ; .£ . * i cu l t  ~ soZve. Much o f  ~ so l~a  

waste can be ~ ~ . - e c = l y  ~ ~ . c e  r~ean enerc~. .or  c ~  be conve~.ecl t o  

£~e is .  l ~ - ~ . a n s  ~ develc~ and ~ ~J:ese ene-rgy s o ~ - e s  are  dese=:ibed 

l~'ooesse~; ~ I:e c~m~eZo~ a .~  c~=ons~,-'~t.ed ~.o ecc~cn~ca l l y  zeo0ve~ 

c l e a n  ~e. . -~ .  f...-',~ ~ i ~ . ~ ,  "-~a~'~_'a.t ,  a ~ _ c u ~ ,  , % r e s t : ~ ,  ar.a 

~astes. The p . - o c e s s e s  c~nsi~ered ~_z~/~.e waste ccc~usC~on, gas~f£ca~.£c~, 

~t~  ~ ~  ~ z =  ~ be c a ~ i e d  o ~ :  (1) pz~cess~.=g 

~u~ u t = ~ . ~ ,  ~:)~le._"s - 1978,  (2) l=. '~=ess~:~ a=~ ~ J ~ = ~  o f  

• msCe fuels in f l u £ d  bed combus~ors wi'.h gas  ~ ._-bL- te-e lec~-~cal  emezgT 

Ze¢ove.-~- - ~.978, (3) ~.he=:=zx~e=&cal ¢¢n~..-s~on o f  ~-as~.es 1=o c lean gaseous,  

1.~qu~d o= s o l . i d  f u e l  - 1980,  (4) b!or .hemical  ¢ = ~ , ~ . z s i ~  o f  v a s e s  t o  1.%~a£d 

- 1981.  These  z e c e ~ o l o s i e s  %~11 be cMmonsl:za~ed =ndez  jo~.n~ pzogz-_.ms 

w£th ~ a.-d l o c a l  ;ove.-m:en~.~, ~.%= a r e  deve lop~=~ new wast, ,  d i s p o s a l  

p ~ c e s s e s .  Z=pF~s£s w i l l  he p l a c e d  on  e q ~ p : e n C  deve/opme=~ and p z o c e s s  

~ c a t ~ . c = s  wh~.ch a r e  neecL-d t:o r, pc.~.=.~e e~.z 'gy zecovex~. 
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1 ~ c a l  Year 75 76 77 78 79 T o t a l  

Co~t i n  M i l l i ons  1.5 2.6 2.3 1.9 1.7 10o0 

~,%e.t-e a re  l u g ! c a t i o n s  o f  ~ i ~  supp__o.~ o f  w ~ t e  d i sposa l - enezgy  zecovezy 

p r o c e s s e s  5y bot.h Ludust=y and l o c a l  gove.--n=enC. In f a c t ,  t h e  success  o f  

the above .=.-~-~e.~s £s p , - e ~ c ~ e d  or. the assx.~_tion that  *~he~, w i l l  pu t  Sn 

a t  le~.,~t $2 f o r  ever~ $1 o f  Pe~eral ~,-n~s. A t  l eas t  5 u t i l i z e s  have fL-~m 

plans for fir~-.g muni~/pa! was~es as an auxiliary fuel in their, hoilezs. 

Nowever, ~h.e =e.~, hie her level development cost pzocesses (fluid Sea combustion, 

thexmor/~mical conversion and h!ochenical conversion) will prohab!y require 

pazt/al su_--T, or~ ~y Federal funds ~h_~u~h at least ~ilot scale operation. Finny 

"Ir-~i~.ies face critical solid waste disposal pr~l'ems; If development of new 

technologies are not i~plemented by Federal ~-',ds, older processes which do 

not recover ener~T will be Lnsta!led and the'energy which could .have been 

Zecove=ed will 5e !os~ du~£.nq ~he 15 to .20 plant year life. 

Benefits of the proposed developm~n~.s would include: (i) recovery of 

O~.r 10 !5 BTU/year of energy hy 1985, (2) economically and enviror~nentally 

acceptable ~s.Dosa! o ~ sol~d waste and, (3) a reduction ~ air pollution. 
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| i 

~. f i v e  y e a r  e,x~:e.=L~.=c,~, and m~1.yld.cal pro~ .a~  t o  ¢ o u ~ :  a p p l i e ~  research 

an$ e ng inee r i n~  ~eve lopnen t  on a number o f  p romis ing  advanced enezgy c ~ v e z ~ o n  

methods an~ concepus  f o r  even~;a l  u s e  i u  high e f f i c i e n c y  c e n t r a l  s ~ i o n ,  

.decentral£zed and sm111er power plants. A number of enez--~y conversion methods 

concepts inclu.~.ug Feher  [CO 2) cycle, ~hezmionlcs, thermal osci!la~.r, 

thermogalwnic c e l l s ,  advanced ~he-'~celecT=--'c ~aterials and low ~nperature cycles 

have  ~ e n  "-'~en~ifie~ as having t he  p o t e n t i a l  f o r  h i g h e r  ener.cy c o n v e r s i o n  

efflclencies compared Co exisr/ng systems. 

Fehez (CO 2) cycle and thermicnic c.onve_~sign would receive ehe highest 

priority for inves~igatic~ because of ".heiz imp. act on large l~wer _~fseems. 

Other conversion te=hniques Such as ~he~=~ oscillators, ~.er~ogalvanic cells 

a~d advanced the--~noeleo~ric ~auerials are ~ r e  applicable ~ increasing ~he 

~onversion efficiency of sn~!l power _D1an~s and hence would receive a lowe= 

p~£orityo Other advanced c~vcl~.s such as" ~.he o ~ - . A c  R a n k l e  would zeceive 

analysis an~ assessment for use  as low ~=~eratuze/botVx~in~ cycles. 

The -~pplica~_ion date of ~hese ener~ T conversion ~e~nods to.L~ercial c~we.r 

produc~i=n in ten;tel station D!~ts would he no earlier ~han ~he mid-!980's due to 

their advanced na~'~e. It is possible uhat n~w small power plants would be 

~¢o~-ercia!!y available in the late 1970's. All of the po~e~uial advantages 

of these ne~ technologies cannot he  an~ie£=ated and therefore, the specific 
• . o 

T.Ime of a_~!ica~ion for ~he small power plants is difficult ~o de~ermine. 

The CO 2 cycle syste~ appea~s ro offer effici~neies fo~ central ststlon 

power plants in the ~id-40q range for temperatures of abou~ 1200 "F. ~f ~he 

potential of the.~nionic conversion "is achieveR, ~opping cycles can be added to 
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~:~.nt~'a3~zec~ power p l a n t s  "chat ~ ==.%e C o n v e ~ i o n  e f ~ c £ e n c i e . s  ~z~n p~esen t  

~eS Of 30 to 40% to the range of 40 ~ 50%. The efficiency of a ~oniu 

~ o n v e ~ i o n  s~-sten ~s r e l a c i v e l y  L-~e~en.~nt  o f  .~w. ~e_u l eve_l, t h e .  The ._m!~cs  

m y  be  a p p l i e d  to  v a r i o u s  s i ~ e  ene .~y conve-eion ~ s t e ~ s . ,  -The o~her  c~._~.vers~on 

methods have d e ~ n s ~ a t e d  e f f £ c i e ~ c i e s ,  i n  ! a h o r a ' ~ T  s c a ! e  ex~e_'--u-~ents/devices, 

o f  as  h i g h  as 30~.. 

~ . . ~ ] c s ~  has ~a~e onZy ~ mLn~a~ ~ .ves~ .e .~ t  ~n t h i s  a r ea  due t o  The 

a&van=ed nature of a~ long ~ to payoff for ~ese convers~xm me~6~. It 

b e l i e v e d  That this s£~ua~ion will =t~.nue co exist un~/l more s~:¢ i f~ .c  

~lop~ent :esul~ are av~/l~ble f:~ The proposed i n v e s t / g a ~ o n s .  

program d~es ~t involve, large p£1ot or de~cnstra~n plants 

~t rather appl~_ed research, engine~,~ng developmen~ and analysis of ne~ 

energy conversion cy=les and men.hods ~herefo_~e does not involve any roac~blocks 

t o  i e p l e ~ e n t a t i o n .  

• The Eecoz.:ended lumping l e v e l s  a re  a s  fo l l o~w:  

~. Cos~ L-~ .,,.i115e:,.s c. ~ ~o11=~ s 

76 1:'2' 77 ~ .78 ~ 79 T o t a l  

~vanced 
~n~p~ 2.0 2 . 0  2 . 0  2 . 0  2 . 0  10.0  

Each o f  t he  e.b~ve ene_-~y convers ion  s y s t  -e=s =osses  umique c h e = ~ c t e r £ s t i c s  

a~ attributes that, if su=cessfully developed, could make significant contr~buticns 

J~ The future to~d ~.he nation's developing ene-.-gy " ~ er~s~s. The in~es~nent risks 

axe minimal compared to t h e  p o c e n t i a I  _-etu.-n. 
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ENkBLE.'G TE-~LOGY 
m 

This  suSpz~/ran has ~ - .a jor  th r - , s t s :  (1) ~ ~veXoi:ae.nt o f  

a. 100 MW ac g e n e r a ~ r  csin.~ superconductor techno lo~! ,  and (2.~ a con-  
m 

~mu ing  under-i ;r~!ng =acer,'als RaD p.~/ran which is focused on h igh  
L ,J 

~ a t ~ e  aspec-~ of materials perfor=ance in specific appllca~/ons 

and i s  ~ce_,-z~c~.a~e between s h o r c - t e ~  c~evelom~_n~ and mulCi -d /=ecCicca l  

bas ic  research.  

~ . s C r y  has  a l r e a d y  conscr~ctec~ 5:.I~ lahora~zy s c a l e  ac ges~_raCo.--s. 

The n e x t  s~p is ~ ~ ~o I00 .~f befo--'e a~.v~c:Lng ~.o 600-1000 ~4 machines. 

No scien~/fic breakthroughs are .-~clui_~ed; h~ver, considerable engin- 

~ g  d e v e l o s n e n t  is necessary. The development of eiectrical machinery 

using conven~-ional app--~aches appears co have been maximized and with 

the advances nov being zade ;_u superco,~ducCor technology, e.g., higher 

t~:erature su~e.-conduc~,ors, ~ approach is increasingly attractive. 

,'~.e- .n~opose~ effor~ co construct and ces~ a i00 ~ ac gane~a~or 

trlll be carried out pr;--=a~ly by con~rac~ ~ch industry from which 

s ~ b s ~ i ~ . "  c~sU sharing can be expected. The benefits to be derived 

f~a, ~ system's aevelop~enc a~e:  increased conversion efficiency 

{~p to It for large ins~llations), ci~cumven~ion of size ; l im i t a t i ons  

Of CO.~=~.encs v-n~ch n~.ay be shippea f.~c~ fa_~:zy to installation site, 

and avoidance of foreign com.De~itors from capturing futtcce markets fcr 

electrical ma~hi=e_~y. .'l"ne principal risks/=~cer~e/n~ies center around 

the co~plexi~y of the en~.sione~ system an~ thus its accep~ibilit~- 

to i~dusc.~y an~ ~he utilities. 

In mos~ new ~echno!o.=ies, the development of new materials is 

the key to eventual success. Advanced conversion concepts Cnigher 
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power, higher temperatuxe) wi!l r .equ/xe materials which are now beyond 

the G~Erent state-of-~he-a~. For example, gas turbines with 2500 oF 

~/e~ temperatures will require new vane and first row blade materials. 

Wn~ wall require special materials for ducts, ele~T.rodes, and insulators. 

High temperature heat .exChangers will re.~aire high stren.w~h =aterials 

zes~st~t to thermal shock and cyclic fatigue ana which will minimize 

iuter-&iffusion of contaminants from one working fluid into the other. 

'-'he effect of micro impurities in hot working fluids on the long term 

properties of high teE~e_-ature materials is poorly ~nderstood and in 

some cases not at all. There is a need not only for new m~terials 

but also a more complete bank of engineering .data on existing r~terials 

to allow prediction of Ice.g-term reliabi~ty. This ks a level-of-~.ffort 

act~v£ty to permit stud~ of only the most obviously important prob!~ms 

ana will be conducted in those institutio.~s wherein the ex~ertis~ lies. 

The benefits to be derived include increased efficiency, increased 

rel~ability, and reduced down time of existing systems, reduction of 

en~ronmenta! problems (e.g., inter-diffusion of c~ntaminants) ~ and 

in the case of new techr.ologies, possibly a go-no-go dev.ermination. 

The budget for the program is: 

~Z Cost in Millions 

To~.al 
75 76 77 78 79 75-79 

m, ,| 

2 3 5 5 5 "20  



- 22 - 

TABLE 1 

ENERGY CO:¢VZRSION TEC.~Qt~S .~n B ~  

{cost in millions) 

Subpzocj~ ~ .  
FZ FY FY ~ FY 
75 76 77 78 79 

Tota l .  
~Y75-79 

I. Coal Gasification 

G~w-BT%') 

2. High Temperature 

Gas Turbines 

-3. M~D 

4 .  Potassium T o p p i n g  

Cyc le  

5. Fuel Cells 

6. WasZe Fuel 

7, Advanced Concepts 

8.  Enabling Tec~Lnology 

50 60 80 35 25 

15 65 53 50 42 

10 19 22 22 22 
i 

3 15. ~ 21 16 I0 

5.5 9.5 17 22 26 

1.5 -2.6 "2.3 1.9 1.7 

2 2 2 2 2 

2. 3 5 5 5 

225 

,." 95 

65 

80 

I0 

10 

20 

Total 89.0 176.1 202.3 153.9 133.7 755.0 
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