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l n t r o d u c t  i on  

The recent accomp ishments i n  t h e  f i e l d  o f  d i r e c t  energy convers ion a r e  
r e c e i v i n g  increased a t t e n t i  n i n  t h e  power i n d u s t r y  s ince  the  p o t e n t i a l  rewards of 
lower cos ts  a r e  s u b s t a n t i a l .  There would appear t o  be m e r i t  i n  a mutual considera- 
t i o n  by the  chemical and power i n d u s t r i e s  of the p o s s i b i l i t i e s  and advantages o f  
lower c o s t  poder i n  the  chemical i n d u s t r y  t o  be o5 ta ined  through lower generat ion 
cos ts  u s i n g  new methods o f  energy convers ion,  and, o f  perhaps equal importance, 
through b e t t e r  and more e f f e c t i v e  u t i l i z a t i o n  o f  t he  present  f a c i l i t i e s  o f  l a r g e  
power systems. 

E l e c t r i c  power  companies have always engaged i n  system p lann ing  -- t o  p re -  
d i c t  f u t u r e  p roduc t i on  and system requi rements,  and t o  app ly  new ideas and methods 
t o  reduce cos ts .  Essent ia l  t o  a?y p l a n  i s  t he  s e l e c t i o n  o f  generat ion methods pro-  
duc ing t h e  lowest o v e r a l l  c o s t ,  s i n c e  t h i s  i s  t h e  base t o  dh i ch  a l l  o t h e r  cos ts  a re  
added. Consequently, i t  i s  impor tant  t h a t  we be a c t i v e l y  engaged i n  and i n t e l l i g e n t l y  
informed on these new system concepts so t h a t  they may be a p p l i e d  t o  our mutual 
advantage. 

t h e i r  e f  
1 ooked. 

I n  cons ide r ing  t h e  appl  i c a t i o n  o f  new methods o f  e l e c t r i c  power generat ion,  
f e c t  i n  a c c e l e r a t i n g  improvement o f  convent ional  methods should no t  be over-  

Economic comparisons must recognize t h a t  present  methods have been improved 
and c o s t s  reduced, and these methods w i l l  be f u r t h e r  improved beyond what was a n t i c i -  
pa ted  e a r l i e r ,  because o f  t h e  c o m p e t i t i o n  f rom new f i e l d s  o f  technology, from 
improved e f f i c i e n c i e s  o f  conven t iona l  methods, o r  from o t h e r  f a c t o r s  such as r e s u l t e d  
f rom t h e  u n i t - t r a i n  d e l i v e r y  o f  coa l  t o  power p lan ts .  

Another example o f  a change which i s  beg inn ing  t o  have an impor tant  e f f e c t  
on power costs  i s  the advent o f  commerc ia l ly  c o m p e t i t i v e  nuc lea r  p lan ts .  While 
nuc lea r  power p rov ides  o n l y  a smal l  p a r t  o f  t oday ' s  genera t i on ,  i t  promises t o  
assume a s i g n i f i c a n t  p a r t  o f  t h e  new c a p a c i t y  i n s t a l l e d  i n  the  next t e n  o r  f i f t e e n  
years. Nuclear r e a c t o r s ,  even w i t h  p resen t  des ign,  a r e  now econonic i n  some areas 
hav ing  h i g h  f u e l  c o s t ,  and i n  the  near f u t u r e  w i l l  p robably  become compe t i t i ve  i n  
a l l  bu t  t h e  lowest cost f u e l  areas. Several of t h e  advanced methods o f  power gen- 
e r a t  i o n  can be used t o  good advantage w i t h  a high-temperature nuc lear  reac to r .  
Since such combinations can o f f e r  an impor tant  improvement i n  present  nuc lea r  c y c l e  
e f f i c i e n c y ,  t h e i r  development may be acce le ra ted  a long  w i t h  nuc lear  power development. 

I n  o rde r  t h a t  we may have some a p p r e c i a t i o n  o f  t h e  magnitude o f  t he  
rewards we a r e  t a l k i n g  about ,  a d i s c u s s i o n  o f  o n l y  one o f  t he  many items a f f e c t e d  
may be i n  o rde r ;  namely, t he  f o s s i l  f u e l  b i l l  of t h e  investor-owned companies. The 
investor-owned companies i n  t h e  Un i ted  States a t  t h e  p resen t  t ime spend about $1.6 
b i l l i o n  a year on f u e l .  T h i s  w i l l  increase s u b s t a n t i a l l y  i n  t h e  years ahead because 
o f  i nc reas ing  demands f o r  energy. F i g u r e  1 shows the Edison E l e c t r i c  I n s t i t u t e ' s  
e s t i m a t e  f o r  power p roduc t i on  by investor-owned companies for the  nex t  f i f t e e n  years. 

E f f i c i e n t  as our p r e s e n t  power p l a n t s  a r e ,  t he re  i s  s t i l l  promise o f  devel -  
opments ahead i n  convent ional  genera t i ng  equipment and systems. F igure 2 shows the 
t r e n d  i n  ne t  s t a t i o n  e f f i c i e n c y  for f o s s i l - f u e l  f i r e d  p l a n t s ,  from I940 t o  1960, 
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and a p r o j e c t i o n  t o  1980. As i n d i c a t e d  on t h i s  f i g u r e ,  developed i n  essence by 
W. D. Marsh o f  t he  General E l e c t r i c  Company, increases a r e  l i k e l y  t o  be achieved 
through t h e  use of h ighe r  pressures and temperatures. There a r e  o t h e r  paths t o  
increased e f f i c i e n c y ,  n o t a b l y  through the  use o f  combined gas turb ine-steam cyc les ,  
and p o s s i b l y  b i n a r y  vapor cyc les ,  us ing  steam and mercury, or perhaps one o f  t he  
a l  k a l  i me ta l s ,  potassium f o r  instance. 

Acco rd ing l y ,  t he  curve f o r  t he  years 1970 t o  1980 i n d i c a t e s  a range of 
va lues t o  accommodate the p o s s i b i l i t y  o f  a c h i e v i n g  some of these cyc les  economi- 
c a l l y .  I t  should be recognized t h a t  t e c h n i c a l l y  some o f  them can be b u i l t  now, bu t  
e i t h e r  the  economics o r  the o p e r a t i n g  comp lex i t i es  a r e  such t h a t  t hey  a r e  not  p rac -  
t i c a l  f o r  average use a t  t h e  present  t ime. F igu re  2 a l s o  i l l u s t r a t e s  t h e  f a c t  t h a t  
t he  new methods o f  power genera t i on  p romis ing  h ighe r  e f f i c i e n c i e s  have a c o n t i n u a l l y  
changing t a r g e t  t o  !meet, one t h a t  becomes more d i f f i c u l t  t o  achieve as t h e  technology 
o f  convent ional  systems improves. For example, t he  probable improvement i n  the power 
f i e l d  i s  i nd i ca ted  i n  Fig. 3. The t a b l e  shows a s u b s t a n t i a l  decrease i n  energy cos t  
over a seven-year p e r i o d  and a l s o  i n d i c a t e s  t h a t  nuc lea r  power must be considered 
f o r  any f u t u r e  capac i t y  i n s t a l l a t i o n s .  

From the  foregoing,  i t  can be demonstrated t h a t  f o r  an improvement i n  e f f i -  
c iency o f  15 percent ,  f o r  exanple, a f u e l  sav ings a lone  o f  about $200 m i l l i o n  pe r  
year would be achieved by the  year 1980, f o r  o n l y  t h e  new c a p a c i t y  i n s t a l l e d .  Such 
improvement i s  t e c h n i c a l l y  a t t a i n a b l e ,  and w i t h i n  p o s s i b l e  economic f e a s i b i l i t y  f o r  
severa l  o f  t h e  new methods o f  power generat ion.  By p r o v i d i n g  lower  cos t  power, i t  
i s  hoped t h a t  these new methods w i l l  encourage developments o f  s u b s t a n t i a l  new 
markets for the chemical i ndus t r y .  

The inc reas ing  demaid f o r  products  f rom our two i n d u s t r i e s  w i l l  r e q u i r e  
t h a t  l a r g e r  s i zes  o f  equipment be i n s t a l l e d .  Accord ing t o  the Edison E l e c t r i c  
I n s t i t u t e ' s  fo recas t  f o r  t he  p r o d u c t i o n  o f  e l e c t r i c a l  energy f o r  1980, t h e  power 
i n d u s t r y  must e i t h e r  i n s t a l l  t h ree  t imes as many genera t i ng  u n i t s  as i t  i s  today,  
o r  i n s t a l l  the same number o f  u n i t s  b u t  t h r e e  t imes t h e  s i z e  o f  t oday ' s  u n i t s ,  o r  
some optimum combination the reo f .  I t  i s  probable t h a t  t he  i n s t a l l a t i o n  o f  1000 mw 
o r  1500 mw generat ing u n i t s  w i l l  n o t  be an uncommon occurrence i n  t h e  1980s. The 
chemical i ndus t r y  can presumably expect t o  increase i n  a s i m i l a r  manner. 

The inc reas ing  amount o f  " t o t a l  energy" -- heat  and e l e c t r i c a l  -- requ i red  
t o  meet t h e  increas ing demands i n  the  chemical i n d u s t r y  w i l l  d i c t a t e  some new and 
perhaps "unconventional" approaches when rev iew ing  f u t u r e  product  i o n  costs. The 
cos t  of t h i s  I l t o t a l  energy" would be considerable i f  produced by  t h e  chemical indus- 
t r y  i n  smal ler  u n i t s ,  bu t  cou ld  be a t  a r e l a t i v e l y  l e s s e r  incremental cos t  i n  the  
increased s i zes  which, it i s  p r e d i c t e d ,  w i l l  be i n s t a l l e d  by t h e  power indust ry .  
F igu re  4 i s  sho;un t o  i l l u s t r a t e  the  t r e n d  i n  r e d u c t i o n  i n  c a p i t a l  cos ts  and s t a t i o n  
ne t  heat r a t e  assoc ia ted  w i t h  the  increase i n  s i z e  o f  genera t i ng  u n i t s .  These data 
a r e  from Ele_c_tricaI Wor ld 's  13th Steam S t a t i o n  Cost Survey, a s  pub l i shed  October 7 ,  
1963. 
percent  lower than shown i n  t h i s  c h a r t  f o r  s i z e s  o f  500 mw and l a r g e r .  

The cha r t  i s  a l r e a d y  outdated because s t a t i o n  cos ts  a r e  even now IO t o  20 

By t a k i n g  advantage of t h e  " t o t a l  energy' '  supply  concept, mutual advan- 
As a s t a r t  i n  t h i s  d i r e c t i o n ,  The D e t r o i t  Edison Company has tages a r e  poss ib le .  

purchased the power and s tean  generat ing f a c i l i t i e s  o f  two major chemical i n d u s t r i e s  
i n  i t s  se rv i ce  area -- Wyandotte Chemicals Corpo ra t i on  and Pennsalt Chemicals Corpora- 
t i o n .  I t  i s  the phi losophy o f  D e t r o i t  Edison t h a t  supp ly ing  o f  energy i s  i t s  b u s i m s s  
and t h a t  i t  should be a b l e  t o  do so i n  a l a r g e  system a t  a sav ing as compared t o  
i s o l a t e d  smal ler  p l a n t s .  
investment f o r  power and steam equipment cou ld ,  i t  would seem, be p u t  t o  more p ro -  
d u c t i v e  use i n  the  expansioq o f  product  manufactur ing f a c i l i t i e s .  
Edison 's  l a rge  chemical customers have agreed w i t h  t h i s  ph i losophy.  I be l i eve  t h a t  
t h e r e  a r e  mutual b e n e f i t s  t o  be gained by c l o s e r  coopera t i on  between our  two indus- 
t r i e s .  For instance, f u r t h e r  b e n e f i t s  t o  both t h e  chemical and power i n d u s t r i e s  

The c a p i t a l  which the chemical i n d u s t r y  would forego i n  

Two o f  D e t r o i t  
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may b i  p o s s i b l e  i f  use can be made o f  t he  power i n d u s t r y ' s  l a r g e  of f -peak generat ing 
capac i t y .  

New Concepts - -- 
4s i nd i ca ted  be fo re ,  severa l  of the new methods of power generat ion o f f e r  

p r o n i s e  o f  commercial a p p l i c a t i o n  t o  power system generat ion as a means of reducing 
p r o d u c t i o n  cos ts .  The economic and t e c h n i c a l  s t a t u s  of  t h e  more p romis ing  o f  these 
a r e  d iscussed i n  the f o l l o w i n g .  

The rmoe 1 e c t  r i c ---- 
O f  t h e  fou r  advanced concepts f o r  power genera t i on  which a r e  r e c e i v i n g  most 

a t t e n t i o n ,  t h e  t h e r m o e l e c t r i c  generator  seems l e a s t  l i k e l y  t o  s i g n i f i c a n t l y  a f f e c t  
t h e  power i ndus t r y .  T h e r m o e l e c t r i c i t y  i s  beset w i t h  m a t e r i a l s  problems. The h igh  
i n t e r e s t  i n  t h e  lat_e 1950s was generated by the  development o f  semi-conductors and 
doped semi-conductors which produced a cons ide rab le  increase i n  the rmoe lec t r i c  e f f i -  
c i e n c i e s .  The i n i t i a l  enthusiasrn has abated somewhat as no s i g n i f i c a n t  m a t e r i a l s  
advance has appeared s ince  then. However, small  t he rmoE lec t r i c  power generators 
have been b u i l t  and operated. Home and o f f i c e  h e a t i n g  and coo l i ng  u n i t s  i n v o l v i n g  
t h e r m o o l e c t r i c  devices a re  a v a i l a b l e  a t  a p r i c e .  Thermoelect r ic  devices opera t i ng  
on hydrocarbon f u e l s  have been developed f o r  use p r i m a r i l y  where low-wattage, con- 
t i n u o v s  t rosJble- f ree o p e r a t i o n  i s  needed i n  remote areas. Thermoslect r ic  generators 
fue led  w i t h  rad io i so topes  a r e  be ing  used t o  power n a v i g a t i o n  buoys, remote unattended 
weather s t a t i o n s ,  as w e l l  as m i l i t a r y  and space a p p l i c a t i o n s .  

Thermoolect r ic  g e n e r a t i o n  would s t i l l  seem t o  f i n d s  i t s  g rea tes t  a p p l i c a -  
t i o n  as a power consumer r a t h e r  than as a power pr0duce.r. For example, Fig. 5 was 
reproduced f rom a recen t  Sears, Roebuck and Co. brochure which o f f e r s  "Coldspot 
Thermoolect r ic"  b u f f e t  bars w i t h  a p r i c e  range o f  $395 t o  $495. They a l s o  o f f e r  the 
work ing u n i t  a lone f o r  $295 t o  use i n  some s t a t i o n a r y  spot  i n  the hone o r  o f f i c e .  
Push bu t tons  s w i t c h  the  u n i t  from "keep-hot" t o  l lkeep-cool" o r  v i c e  versa. D i a l s  
r e g u l a t e  the temperatures f rom below f r e e z i n g  t o  abote 150 F. Others are o f f e r i n g  
t h i s  same or s i m i l a r  equipment. 

Economic s tud ies  seem t o  i n d i c a t e  t h a t  t h e r m o e l e c t r i c  generat ion w i  I 1  be 
l i m i t e d  i n  s i z e  and w i l l  be u s e f u l  o n l y  i n  spec ia l  a p p l i c a t i o n s .  By 1980, c a p i t a l  
costs  may be reduced t o  t h e  range o f  $200 t o  $500 per  k i l o w a t t  o f  i n s t a l l e d  capac- 
i t y .  T h i s  c o u l d  no t  be considered as economic f o r  l a r g e  sca le  power generation. 

Thermiogic -- 
Thermionic genera t i on  i s  of s i g n i f i c a n c e  t o  the  poder i ndus t r y  because o f  

i t s  a d a p t a b i l i t y  t o  Sulk  power genera t i on ,  p a r t i c u l a r l y  i n  c e n t r a l  s t a t i o n  reac to r  
poder p l a n t s .  Reports f r o n  t h e  l a r g e  research and development e f f o r t  i n d i c a t e  t h a t  
t h e  a d a p t a t i o i  t o  space uses i s  on schedule, a l t hough  the  veh ic les  and miss ions 
which would r e q u i r e  the 50-IOOO kw nuc lea r - the rm ion ic  power supply may be f u r t h e r  
i n  the f u t u r e  than i n d i c a t e d  h e r e t o f o r e .  F igu re  6 i l l u s t r a t e s  a space a p p l i c a t i o n  
o f  t he rm ion ic  power. 

An a t t r a c t i v e  commercial a p p l i c a t i o n  o f  t he  the rm ion ic  conver ter  i s  as an 
i n - p i l e  dev ice f o r  a nuc lea r  r e a c t o r .  Because the  requ i red  e m i t t e r  temperature i s  
i n  the order  o f  3000 F, uranium c a r b i d e  o r  a m o d i f i c a t i o n  o f  i t  has d e s i r a b l e  prop- 
e r t i e s  f o r  such serv ice.  Consequently, i t  appears most p r a c t i c a l  t o  combine a 
t h e r m i o n i c  topp ing  dev ice as p a r t  of a i u c l e a r  reac to r .  Since the e f f i c i e n c y  o f  
t h e r m i o n i c  conver te rs  may u l t i m a t e l y  reach 15-20 percen t ,  a thermal c y c l e  i n  which 
such devices a r e  superimposed on a convent ional  c y c l e  may s i g n i f i c a n t l y  increase 
f u t u r e  p l a n t  e f f i c i e n c i e s .  However. o the r  developments. such as nuc lear  superheat, 
may reduce the  i n c e n t i v e  f o r  t he rm ion ic  topp ing  o f  r e a c t o r s  
steam. Perhaps e q u a l l y  impor tant  i s  t he  p o s s i b i l i t y  o f  s i g n  
r e a c t o r  c a p a c i t i e s  w i t h o u t  commensurate increases i n  phys ica 

roducing sa tu ra ted  . 
f i c a n t l y  i nc reas ing  

s i ze  o r  costs .  However, 
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a t  present ,  i t  appears t h a t  economics w i l l  n o t  f a v o r  commercial use o f  t he rm ion ic  
devices w i t h i n  the  nex t  t e n  years. 

Maqnetohydrodynani c z  

The commercial genera t i on  o f  power by magnetohydrodynamics, more conven- 
i e n t l y  r e f e r r e d  t o  as MHD, appears t o  be assoc ia ted  w i t h  m a t e r i a l s  and costs. It i s  
o n l y  f a i r  t o  acknowledge t h a t  t he re  i s  a d i f f e r e n c e  o f  o p i n i o n  i n  t h e  i n d u s t r y  as t o  
t h e  f u t u r e  of MHD i n  the  Un i ted  States. A combined MHD and steam c y c l e ,  i n  which gas 
f rom the MHD generators would be discharged t o  a steam-generator t u rb ine -genera to r  
system, may prove i n  t ime  t o  be economical ly  f e a s i b l e .  As t h i s  would i nvo l ve  an 
open-cycle c o a l - f i r e d  MHD u n i t ,  problems a r e  encountered w i t h  i t s  molten coal ash,  
and h igh- temperature,  s t r o n g l y  o x i d i z i n g  gases i n  t h e  duc t ,  b o t h  i n  the MHD system 
a i d  i n  the e x i t  gas steam generator ,  and w i t h  the  a l k a l i  seed m a t e r i a l  added f o r  
i o n i z a t i o n  purposes. Since the  seed m a t e r i a l  i s  expensive, i t  would appear necessary 
t h a t  i t  be almost f u l l y  recovered. Such a c y c l e  i s  desc r i  d i n  M r .  J .  J. W i l l i a m  
Brown's paper ,  "Some Aspects of MHD Power P lan t  Econonics l $7 . 

The economic s o l u t i o n  t o  these problems causes some pessimism as t o  t h e  
commercial a t t r a c t i v e n e s s  o f  open-cycle f o s s i l - f u e l e d  MHD power p l a n t s  i n  the near 
f u t u r e .  Consequently, c losed-cyc le  systems, us ing s o - c a l l e d  non-equ i l i b r i um i o n i -  
z a t i o n  methods and those us ing  l i q u i d  metal conductors, both o f  which pe rm i t  some- 
what lower temperature opera t i on ,  a r e  r e c e i v i n g  increased a t t e n t i o n .  

One o f  the unusual aspects  o f  MHD genera t i on ,  o f f e r i n g  mutual advantages 
t o  our two i n d u s t r i e s ,  i s  t h e  p o s s i b l e  recovery o f  n i t r o g e n  f e r t i l i z e r s  and n i t r i c  
ac id .  I n  t h e  h igh- temperature gas f l o w  cond i t i ons  o f  t he  MHD generator ,  atmospheric 
n i t r o g e n  combines w i t h  oxygen t o  form n i t r i c  oxide. 
t u r e s  p rov ides  f i x e d  n i t r o g e n  i n  the exhaust gas. Westinghouse E l e c t r i c  Corporat ion 
research engineers suggest t h a t  a t  c u r r e n t  market p r i c e s  t h i s  recovery process cou ld  
proJe t o  be economic. 

Fast quenching t o  low tempera- 

The u t i l i t y  i n d u s t r y  i s  suppor t i ng  much exper imenta l  and developmental work 
' i n  t h i s  country ,  and over eas as w e l l .  The Avco Corporat ion and a group o f  e leven 

e l e c t r i c  power companiesL7 have been engaged i n  a j o i n t  research e f f o r t  on MHD for 
severa l  years. The Edison E l e c t r i c  I n s t i t u t e  i s  suppor t i ng  a l i q u i d  metal MHD 
development e f f o r t  w i t h  Atomics I n t e r n a t i o n a l .  

F igure 7 shows an MHD b i n a r y  c y c l e  us ing l i q u i d  potassium f o r  the MHD po r -  
t i o n .  The r e s u l t a n t  low temperatures g i ve  r i s e  t o  optimism f o r  an  economic break-  
through i n  the  MHD f i e l d .  Experiments a r e  under way on severa l  schemes u t i l i z i n g  
e i t h e r  a two-phase l i q u i d  n e t a l  system, o r  two d i f f e r e n t  l i q u i d  metals w i t h  d i s -  
s i m i l a r  p r o p e r t i e s .  

There i s  g r e a t l y  increased MHD a c t i v i t y  i n  Great B r i t a i n  and France, m o s t  
o f  i t  supported by t h e  l a r g e  n a t i o n a l i z e d  u t i l i t y  i ndus t r i es .  One o f  t h e  l a r g e s t  
overseas p r o j e c t s  i s  t h a t  o f  The Central E l e c t r i c i t y  Generating Board o f  Great 
B r i t a i n  which has a $5.4 m i l l i o i  progran f o r  an open-cycle p r o t o t y p e  MHD p l a n t  a t  
i t s  Marchwood t e s t  l a b o r a t o r i e s  near Southampton, England, The p ro to type ,  designed 
as a topper  t o  a convent ional  thermal s t a t i o n ,  i s  t o  have a thermal i npu t  of 20 
and an e l e c t r i c a l  ou tpu t  o f  20 mw. It w i l l  burn kerosene en r i ched  w i t h  oxygen- . 37 mw 

A major c o n t r i b u t i o n  towards t h e  p r o d u c t i o n  o f  an MHD generator  s u i t a b l e  
f o r  use as a topper  i n  convent ional  power s t a t i o n s  cou ld  be made by the new 
E l e c t r i c i t k  de France l a b o r a t o r y  i n  Renardisres, France. 
have a continuous r a t i n g  of 8 mw thermal a t  3,000 K. The Renard ieres l  experiment 
w i l l  be on an open-cycle generator  i n i t i a l l y ,  bu t  i t  i s  hoped t o  use an exhaust gas 
heat  exchanger f o r  p rehea t ing  f u e l s  a t  a l a t e r  stage. Th is  w i l l  be a f o s s i l  f u e l -  

The MHD generator  w i  1 1  
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f i r e d  dev i ce  u s i n g  a m i x t u r e  of 20 percent  potass lym (by weight) and methanol f o r  
seeding the  combustion gases i n  t h e  MHD generator- . 

One o f  the main d i f f e r e n c e s  between t h i s  and o the r  devices i s  t h a t  "wall  
phenonena" ceases t o  be o f  major  s i g n i f i c a n c e  when the  MHD duct volume i s  increased. 
When t h e  volume t o  su r face  r a t i o  i s  l o w ,  heat losses through the  w a l l s ,  t h e  e f f e c t  
o f  f r i c t i o n ,  boundary l a y e r s ,  and turbulence a l l  have a s i g n i f i c a n t  e f f e c t  on pe r -  
formance. 

With h i g h  f o s s i l  f u e l  cos ts  i n  many areas overseas, and the  ION c a r r y i n g  
charges assoc ia ted  w i t h  n a t i o n a l i z e d  poder system economics, t h e  i n c e n t i v e  f o r  MHD 
development i s  much d i f f e r e n t  t han  i t  i s  i n  t h i s  coun t ry  where we have ( I )  compara- 
t i v e l y  low cos t  f o s s i l  f u e l ,  (2) compe t i t i ve  nuc lea r  power i n  medium t o  h i g h  cost 
f u e l  areas,  and ( 3 )  l a r g e l y  a n  investor-owned i n d u s t r y  where c a r r y i n g  charges on 
investment a r e  s u b s t a n t i a l l y  h ighe r .  

Resu l t s  o f  research and development look encouraging and the re  i s  s t i l l  
much enthusiasm i n  the MHO f i e l d .  Pess im is t i c  views e x i s t ,  mos t l y  i n  the p r e d i c t e d  
t iming o f  an economic breakthrough. 

- Fuel C e l l s  

1 
The f u e l  c e l l  f i e l d  i s  h i g h l y  d i ve rse  and one perhaps of g r e a t e s t  i n t e r e s t  

T h i s  d i v e r s i t y  takes many forms, and makes economic e v a l -  t o  the chemical i ndus t r y .  
uat  ions complex and nebulous. For instance,  one method o f  c l a s s i f y i n g  f u e l  c e l l  
technology i s  by ope ra t i ng  temperature, as f o l l o w s :  t h e  low range temperatures, up 

t u r e s  I 5 0  C t o  400 C -- use concentrated ac ids  and pas ty  caus t i cs ;  t he  h igh  range -- 
400 C t o  SO0 C - -  use mo l ten  carbonates; and the  e x t r a  + i g h  temperature range -- over 
800 C --  use s o l i d  ceramic ox ides  as the  e l e c t r o l y t e .  I t  i s  ev iden t  t h a t  w i t h i n  t h i s  
wide temperature range, w i d e l y  d i f f e r i n g  m a t e r i a l s  o f  c o n s t r u c t i o n  a r e  requi red,  and 
t h e r e  w i l l  be a d i f f e r e n c e  i n  performance r e s u l t s , ' b o t h  r e s u l t i n g  i n  v a r i a t i o n s  i n  
c o s t  of manufacture, operat  i o n  and maintenance. 

t o  150 C ,  use d i l u t e  aqueous c a u s t i c  and ac ids ;  t he  i n te rmed ia te  range -- tempera- ,/ 

Hydrogen-oxygen c e l l s  a r e  probably  the  most advanced as a r e s u l t  o f  devel -  
opment i n  connect ion w i t h  t h e  aerospace program. I n d i c a t i v e  o f  t h i s  a r e  t h e  th ree  
f u e l  c e l l s  e x h i b i t e d  by A l l i s -Cha lmers  Manufactur ing Company l a s t  November a t  the 
Arka isas Inven to rs  Coigress and Space Symposium -- ( I )  a 3 kw f u e l  c e l l  system f o r  
N A S A ' s  A p o l l o  spacec ra f t ;  (2) a 750 wa t t  hydrazine-oxygen system used t o  power a 
smal 1 submarine; a i d  (3 )  a 1 i gh twe igh t  45-watt hydrogen-oxygen system. General 
E l e c t r i c  r e p o r t s  success w i t h  t h e  hydrogen-oxygen type us ing  an ion-exchange 
membrane, and P r a t t  & Whitney have been successfu l  i n  develop ing a mod i f i ed  Bacon 
c e l l  o f  t h e  hydrogen-oxygen t ype  -- t o  n e n t i o n  o n l y  a few o f  t he  many p r o j e c t s  
under way. 

The regenera t i ve  f u e l  c e l l  i s  o f  p a r t i c u l a r  i n t e r e s t  t o  e l e c t r i c  power 
companies because o f  t he  p o s s i b i l i t y  o f  us ing  ocf-peak povJer f o r  regenerat ion.  
Hydrogen-oxygen systems, hydrazine-bromine, and potassium-mercury c e l l s  a r e  a l l  
under development, but cons ide rab le  research e f f o r t  w i l l  be needed be fo re  these 
systems can be considered t o  be commercial ly usable f o r  power generat ion.  
t h i s  appears t o  app ly  t o  a l l  f u e l  c e l l  systems a t  the present  t ime. 

The v e r y  l a r g e  research and development e f f o r t  i n  the  aerospace program, 

I n  f a c t ,  

c o s t i n g  many m i l l i o n s  of d o l l a r s  annua l l y ,  i s  respons ib le  f o r  the h igh  degree o f  
t e c h n i c a l  success o f  f u e l  c e l l s .  In  a broad sense, i t  appears t h a t  we now have o r  . 
s h o r t l y  w i l l  have f u e l  c e l l s  a v a i l a b l e  i n  25 wat ts  t o  IO kw range o f  power, l a s t i n g  
up t o  t h r e e  months a t  70 pe rcen t  thermal e f f i c i e n c y .  They have the  a b i l i t y  t o  
f u n c t i o n  
t i v e l y  immune t o  the  r i g o r s  of space environment and can produce p o t a b l e  water  as 
a by-product. Cost per  k i l o w a t t  of capac i t y  i s  v e r y  h igh.  

regard less of t h e  a t t i t u d e  o r  o r b i t  o f  t h e  space veh ic le .  They a r e  r e l a -  4 
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Present economic s tud ies  i n d i c a t e  t h a t  a t  bes t  t h e  n e t  energy cos ts  f o r  a 
hydrocarbon f u e l  c e l l  w i l l  o n l y  approach those for convent ional  c e n t r a l  s t a t i o n  
operat ion.  The f u e l  c e l l  may serve as a d ispersed power source on e l e c t r i c  systems, 
p a r t i c u l a r l y  f o r  s p e c i a l  a p p l i c a t i o n s  such as peaking s e r v i c e  where cos t  of opera- 
t i o n  i s  n o t  the determin ing f a c t o r  f o r  economic use. They may a l s o  have a p p l i c a t i o n  
as a mobi le  power source, such as f o r  use w i th  f o r k - l i f t  t r u c k s .  

Fu r the r  development f o r  v a r i e d  and spec ia l  commercial appl  i c a t  ions w i  1 1  
depend t o  some e x t e n t  upon p r i v a t e  i n d u s t r y ' s  cont inued w i l l i n g n e s s  t o  inves t  i n  
the  necessary research and development. Regardless o f  t he  amount i n d u s t r y  i s  
w i l l i n g  t o  i n v e s t ,  we must cont inue c lose  s u r v e i l l a n c e  on developments i n  the  major 
i n d u s t r i a l  f ue l  c e l l  programs. There a r e  about 21 such p r o j e c t s  t h a t ,  even i f  p a r t l y  
success fu l .  cou ld  a f f e c t  t he  f u t u r e  o f  t h e  chemical and e l e c t r i c  power i n d u s t r i e s .  

I b e l i e v e  we should con t inue  t o  inves t  i n  research and development t o  
i nsu re  r e s u l t s  favo rab le  t o  our i n d u s t r i e s ,  and t o  make ( 1 )  more p e n e t r a t i n g -  
engineering-economic s t u d i e s  t o  o b t a i n  t h e  f a c t s  and c a l c u l a t i o n s  as t o  the  r e a l  
economic p o t e n t i a l ,  and (2) a conscious search f o r  f u e l  c e l l s  and a p p l i c a t i o n s  t h a t  
can be tu rned  t o  the  b e n e f i t  of t he  chemical and e l e c t r i c  power i n d u s t r i e s .  

DC t o  AC Conversion 

I n  most cases, t he  advanced concepts o f  power genera t i on  have one common 
c h a r a c t e r i s t i c  --  they produce d i r e c t - c u r r e n t  power. The p resen t  a t t r a c t i v e n e s s  o f  
e x t r a  h igh -vo l tage  d i r e c t  c u r r e n t  f o r  t ransmiss ion  has encouraged t h e  equipment 
manufacturers t o  the  e x t e n t  t h a t  t he  advances i n  DC-AC convers ion techniques may be 
ahead of t h e  progress i n  energy conversion. 
methods a r e  ready f o r  a p p l i c a t i o n ,  DC-AC convers ion w i l l  no t  be a major t e c h n i c a l  
o r  economic handicap i n  the  use of d i r e c t  convers ion devices. 
d i r e c t l y ,  such as i n  t h e  e lect rochemical  bus iness,  t h e  problem does n o t  e x i s t  even 
now. 

I t  would appear t h a t ,  when the  advanced 

Where DC can be used 

Cryoqenics and Fusion 

In cons ide r ing  advanced methods o f  energy convers ion,  note probably  should 
be taken of the r e s u l t s  o f  phys i ca l  research i n  the two extremes of t h e  heat 
spectrum. 

1 .  Cryoqenics, i n v o l v i n g  t h e  i n v e s t i g a t i o n  o f  ma t te r  a t  tem- 
pe ra tu res  near abso lu te  zero,  has advanced t o  t h e  s tage 
where complete design guides a r e  pub l i shed  concern ing t h e  
e n t i r e  range o f  eng inee r ing  and chemical requi rements,  
i n c l u d i n g  p r o p e r t i e s  o f  va r ious  substances, p r o d u c t i o n  
systems, m a t e r i a l s  behavior ,  i n s u l a t i o n ,  s torage,  neces- 
sary r e l a t e d  equipment, and s a f e t y  procedures. Th is  i s  
o f  p a r t i c u l a r  i n t e r e s t  i n  the development o f  MHD and 
f u s i o n  devices r e q u i r i n g  h i g h  s t r e n g t h  magnetic f i e l d s .  
Commercial cryogenic  magnets a r e  now a v a i l a b l e  i n  small  
s izes.  Larger s i zes  w i l l  presumably be a v a i l a b l e  when 
t h e  demand requ i res .  

2. A l a r g e  aqount o f  government and p r i v a t e  research e f f o r t  
i s  be ing  devoted t o  t h e  f u s i o n  reac to r .  
from the f u s i o n  r e a c t o r  s t i l l  appears f a r  away, almost 
c e r t a i n l y  n o t  before 1980, and p robab ly  l a t e r .  
p o s s i b l e  t h a t  energy re leased d u r i n g  the  f u s i o n  o f  l i g h t  
n u c l e i  t o  form heavier  o r  more s t a b l e  n u c l e i  m y  be 
removed d i r e c t l y  as e l e c t r i c  energy, b u t  up t o  now a con- 
t i nuous  ne t  p roduc t i on  o f  power has n o t  been achieved. 
When i t  i s  achieved, i t  w i l l  p robably  s t i m u l a t e  numerous 

Economic power 

I t  appears 
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f o r e c a s t s  as t o  t h e  impact o f  f u s i o n  on the  w o r l d ' s  sources 
o f  e l e c t r i c  power. I t i s  n o t  p r a c t i c a l  a t  t h i s  t ime  t o  
g i v e  o the r  than  p r e l i m i n a r y  thought as t o  what cyc les might  
be used w i t h  t h e  f u s i o i  process, and t h e  economic aspect of 
t he  process i s  s t i l l  f u r t h e r  removed i n  time. 

S u i n m n  -- 
5/ I n  c l o s i n g ,  I w i l l  use th ree  f i gu res  o f  a p rev ious  paper- which at tempts 

t o  p r e d i c t  f o r  t he  next  twen ty  yea rs  generator  s i z e ,  power g e n e r a t i o i  e f f i c i e n c y  
and c a p i t a l  cos ts  f o r  f o u r  methods of advanced power generat ion.  On these f i gu res ,  
t h e  i n f o r m a t i o n  has been updated t o  r e f l e c t  t he  changes discussed he re in ,  as w e l l  as 
t h e  e f f e c t  o f  a n t i c i p a t e d  improvements i n  today ' s  convent ional  methods, such as t h e  
recent  t r e n d  o f  decreasing cost  of coal  a t  our power p l a n t s ,  and the  increased e f f i -  
c i e n c i e s  of nuc lea r  p l a n t s .  

F i g u r e  8 shows t h e  p r e d i c t e d  generator  s i zes  f o r  t he  next  I5 t o  20 years. 
There i s  doubt o f  a c h i e v i n g  the  p r e d i c t e d  s i zes  o f  t h e r m o e l e c t r i c  generators f o r  the 
years 1975 and I980 because o f  t h e  m a t e r i a l s  problem and what i s  considered t o  be a 
l esse r  p r o b a b i l i t y  of l a r g e  s c a l e  conmercial a p p l i c a t i o n .  No one i s  now s e r i o u s l y  
cons ide r ing  t h e  p o s s i b i l i t y  o f  b u i l d i n g  a 200 mw t h e r m o e l e c t r i c  generator ,  as was 
p r e d i c t e d  severa l  years ago. 

The delay i n  a c h i e v i n g  the rm ion ic  generator  s i zes  r e f l e c t s ,  i n  p a r t ,  an 
a i t i c i p a t e d  l e s s e r  research and development e f f o r t ,  and a l s o  perhaps the e f f e c t  o f  
increased e f f i c i e n c y  o f  p resen t  n u c l e a r  cyc les which may make such devices uneconosnic. 

The delays i n d i c a t e d  i n  the  MHD f i e l d  cou ld  be wrong. The present  pess i -  
mism f o r  a i  aconomic breakthrough i n  the  c y c l e  us ing  f o s s i l  f u e l  cou ld  cause t h i s  
s o r t  o f  a delay. However, e a r l y  success i n  the  l i q u i d - m e t a l s  cyc les o r  o the r  low 
temperature gas cyc les  c o u l d  suddenly spur  the e f f o r t ,  bu t  as toppers and n o t  as 
l a r g e  i n d i v i d u a l  u n i t s .  

I n  t h e  f u e l  c e l l  f i e l d ,  t h e  IO kw goal may soon be achieved as i nd i ca ted  
b e f o r e ,  mos t l y  because o f  t he  huge aerospace e f f o r t .  Whether the  p r e d i c t e d  s i zes  
i n d i c a t e d  f o r  1975 and I980 a r e  a t t a i n e d  w i l l  depend, i n  p a r t ,  on the degree o f  
suppor t  f o r  t h e  necessary research  and development by investor-owned indus t r i es .  

F igu re  9 shows t h e  f u t u r e  p r e d i c t e d  e f f i c i e n c i e s  f o r  these f o u r  advanced 
methods oF power generat ion.  The same reasons which app ly  f o r  the delay i n  devel -  
op ing  genera to r  s i zes  a l s o  a p p l y  f o r  t h e  delays i n d i c a t e d  i n  Fig. IO, which shows 
the p r e d i c t e d  c a 2 i t a l  cos t  p e r  k i l o w a t t  ne t  f o r  these advanced methods. 

These p r e d i c t  ions a r e  based upon the successfu l  outcome o f  research 
e f f o r t s .  When they  w i l l  be achieved,  i s  a f u n c t i o n  o f  the magnitude o f  t h e  
research e f f o r t  which w i l l ,  i n  t u r n ,  be a f f e c t e d  by improvements i n  conventional 
cyc les.  Encouraging progress has been made, and our  s c i e n t i s t s ,  engineers and 
chemists w i l l ,  I am sure,  s o l v e  t h e  many and complex problems o f  our  f u t u r e  
energy demaids. I t  w i l l  be t o  t h e  mutual b e n e f i t  o f  bo th  t h e  chemical and power 
i n d u s t r i e s  t o  work more c l o s e l y  t o g e t h e r  t o  develop more e f f i c i e n t  methods o f  
power genera t i on ,  and more e f f e c t i v e  use o f  our  present  equipment. 
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