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The decreasing a v a i l a b i l i t y  of f o s s i l  f u e l s  emphasizes the  need t o  develop 
systems which w i l l  produce s y n t h e t i c  f u e l  t o  s u b s t i t u t e  f o r  and supplement t h e  
n a t u r a l  supply. An important f i r s t  s t e p  i n  t h e  syn thes i s  of 1iqu;Ld and gaseous 
f u e l s  is  t h e  production of hydrogen, Thermonuclear f u s i o n  o f f e r s  an inexhaust- 
i b l e  source of energy f o r  t h e  production of hydrogen from water, Depending on 
design,  e l e c t r i c  generat ion e f f i c i e n c i e s  of %40 t o  60% and hydrogen production 
e f f i c i e n c i e s  by high temperature e l e c t r o l y s i s  of %SO t o  70% a r e  projec ted  f o r  
f u s i o n  reac to r s  using high temperature b lankets ,  

INTRODUCTION 

The production of syn the t i c  f u e l s  is an extremely promising and important 
a p p l i c a t i o n  of fus ion energy. Commercial fus ion r e a c t o r s  a r e  expected t o  be- 
g i n  opera t ion by the  e a r l y  decades of  t h e  next century;  a t  t h a t  point ,  o i l  and 
gas, which now account f o r  %60% of  the  primary energy supply f o r  t h e  United 
S t a t e s  w i l l  not  be an  important source  of  energy. The c r i t i c a l  need w i l l  then 
be f o r  por tab le  l i q u i d  and gaseous f u e l s  which serve a myriad of uses--transport,  
space heat ing,  process hea t ,  chemical production, e t c , .  There appears t o  b e  no 
shor tage  of inexhaust ib le  energy technologies t h a t  can p o t e n t i a l l y  meet U,S, 
e l e c t r i c a l  needs, including fus ion,  f i s s i o n ,  s o l a r  photovoltaic,  s o l a r  thermal, 
and ho t  rock geothermal, but very  l i m i t e d  opt ions  f o r  supplying por tab le  f u e l s ,  
Coal conversion is  expected t o  be c o s t l y ,  and i n  t h e  long run, may be r e s t r i c t e d  
by environmental and supply f a c t o r s .  Inev i t ab ly ,  t h e r e  may be a s h i f t  t o  an  
economy where hydrogen and hydrogen-based f u e l s ,  which w i l l  be  derived from 
inexhaus t ib le  energy sources, p lay  t h e  major r o l e ,  

FUSION-SYNFUEL PROCESSES 

Hydrogen can be produced from water  by conventional  low temperature 
e l e c t r o l y s i s  methods, but  t h i s  route ,  which would use  e l e c t r i c i t y  from t h e  in- 
exhaus t ib le  energy sources, tends t o  be i n e f f i c i e n t  and expensive, The unique 
na tu re  of fus ion energy makes p o s s i b l e  a l t e r n a t e  rou tes  t o  syn the t i c  f u e l s  t h a t  
a r e  more e f f i c i e n t  and cheaper than conventional  low temperature e l e c t r o l y s i s .  
I n  t h e  deuterium-tritium (DT) f u e l  cycle ,  most (%80X) of the  fus ion r e a c t i o n  
energy i s  re leased a s  very high energy (14 M ~ V )  neutrons,  which pene t ra te  deeply 
i n t o  t h e  surrounding blanket.  This energy can h e a t  i n t e r i o r  blanket  modules 
t o  very high temperatures, while r e t a i n i n g  a r e l a t i v e l y  cool  f i r s t - w a l l  
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s t r u c t u r e  around t h e  hot  i n t e r i o r .  Depending on blanket  design, approximately 
50 t o  70% of the  fus ion  energy t h a t  is  released can be ext rac ted  a s  high tem- 
pera tu re  heat  from t h e  hot  thermally insula ted  i n t e r i o r .  This hea t  can be 
used i n  a v a r i e t y  of s y n t h e t i c  f u e l  production processes, based on thermal o r  
a combination of thermal and e l e c t r i c  react ions  t h a t  are p o t e n t i a l l y  cheaper 
and more e f f i c i e n t  than low temperature e l e c t r o l y s i s .  The temperature l e v e l  
a v a i l a b l e  depends on choice of mater ia l ;  using ceramic b r  r e f r a c t o r y  blanket  
i n t e r i o r s ,  temperatures of %2000 C appear achievable with i n e r t  gas coolants. 
Somewhat lower temperatures i n  the  range of s1200 t o  %I500 C, appear necessary 
i f  chemically r e a c t i v e  coolant  such a s  C o p  o r  steam a r e  used, based on mater ia ls  
compat ib i l i ty  experiments c a r r i e d  out .  I n  addi t ion  t o  high temperature thermal 

Fr%cXsses 6nTquely su i t ed  t o  fusion,  t h e r e  a r e  r a d i o l y t i c a l l y  based process& 
t h a t  can d i r e c t l y  transform neutron and gamma energy i n t o  chemical energy f o r  ' 

f u e l s  production. 
Table 1 lists some of the  types of processes bow being considered L'ur syn- 

t h e t i c  f u e l s  production from fus ion  energy, together wi th  an  example of each 
type. The process e f f i c iency  is defined as the  chemical energy i n  t h e  gener- 
a t e d  hydrogen ( a t  t h e  higher heat ing value  (HHV)) divided by t h e  t o t a l  fus ion 
energy re lease ,  including alpha p a r t i c l e s  and secondary neutron reac t ions  i n  
t h e  blanket .  Except where s p e c i f i c a l l y  noted, both high and low temperature 
b lanket  hea t s  are counted as p a r t  of t o t a l  fusion energy re lease .  

mSION--HIGH-TEMPERATURE ELECTROLYSIS 

Of the  various processes f o r  producing hydrogen from fus ion  whlch have been 
examined, [1,2 1 - t h e  most . . - . promising - - . -- - - - appears . t o  'be t h e  high-temperature e l e c  t r o l -  - - - - - . . - -. . - 
y s i s  [3 1 (HTE) o f -  sream. I n  low temperature ' e l e c ~ r o l y a i s  -of-liquid water, 
v i r t u a l l y  a l l  of  t h e  energy f o r  decomposition is put  i n  as e l e c t r i c i t y ,  and 
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t h e r e  a r e  s u b s t a n t i a l  overvoltage i n e f f i c i e n c i e s  due t o  t h e  oxygen electrodes.  
With HTE, a l a r g e  f r a c t i o n  of t h e  decomposition energy input  is  heat  ins tead  
of e l e c t r i c i t y  (e.g., a t  an e l e c t r o l y s i s  temperature of 1500 C, %40% of t h e  
energy input  is  heat )  and e lec t rode  overvoltages v i r t u a l l y  disappear. 

HTE uses  a r rays  of tubes of r e l a t i v e l y  small diameter ($1 t o  2 cm), thick- 
walled porous ceramic (e.g., s t a b i l i z e d  Zr02) on which a succession of t h i n  
e l e c t r o d e  l a y e r s  of s u i t a b l y  doped ceramics have been deposited. The Hp and 
0p ceramic e lec t rodes  a r e  separated by a t h i n  (severa l  mi ls )  e l e c t r o l y t e  l a y e r  
of y t t r i a - s t a b i l i z e d  Z r O p .  Electrodes a r e  e l e c t r i c a l l y  connected i n  series 
along each tube  t o  minimize I ~ R  losses .  

Individual  and small a r rays  of HTE c e l l s  have operated a t  %I000 C f o r  many 
thousands of hours. Long-term operat ion of l a r g e  HTE a r r a y s  is needed t o  f u l l y  
demonstrate HTE technology, along with R&D on improved c e l l  ma te r i a l s  f o r  higher 
temperature operat ion t o  increase  t h e  proport ion of energy put  i n  as high tem- 
pe ra tu re  heat .  

The fus ion synfuels  program a t  Brookhaven National Laboratory (BNL) is  
inves t iga t ing  HTE technology f o r  fus ion r e a c t o r s  [ 3 , 4 ] .  Analyt ica l  s t u d i e s  of 
synfuel  b lankets  and HTE process systems a r e  being c a r r i e d  out  together  with 
m a t e r i a l s  compat ib i l i ty  s t u d i e s  of candidate high temperature ceramics f o r  
p o t e n t i a l  HTE process streams (steam, steam plus  hydrogen, and carbon dioxide) .  
Mater ia ls  s t u d i e s  f o r  HTE c e l l s  capable of opera t ing  a t  $1500 C a r e  a l s o  being 
performed. 

Figure 1 shows an ideal ized  flowsheet f o r  an HTE/fusion syn the t i c  f u e l  
p lan t .  I n  t h i s  example, a l l  e l e c t r i c a l  production goes t o  t h e  HTE c e l l s  t o  make 
hydrogen/e lec t r ic i ty  f o r  s a l e ,  depending on market demand. Two blanket  module 
types a r e  indica ted;  the  f i r s t  type hea t s  steam o r  Cop t o  high temperatures f o r  
t h e  HTE c e l l s  (T>1000 C), while the  second h e a t s  a working f l u i d  f o r  an  elec- 
tr ical power cycye and breeds Lrlkium. I n  t h e  f i r s t  type,  (Fig. 2) niodule s h e l l s  
opera te  a t  r e l a t i v e l y  low temperatures (%300 C), with t h e  coTlant  p r o v i d i G - h e a t  
f o r  a power cycle.  The hot  insula ted  i n t e r i o r s  of t h e  modules a r e  d i r e c t l y  

FUSION REACTOR -HTE-CONVENTIONAL POWER CYUE 
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heated by neutron and gamma euergy and absorb ~ 5 0  t o  60% of t he  t o t a l  fusion 
energy. The steam or COp coolant is electrolyzed i n  t he  HTE c e l l s  with the  heat 
input coming from sensible  heet. 

The second module type is a two-temperature zone rnodule design with a hot 
( ~ 8 0 0  C) He-cooled i n t e r io r  and a separate ly  cooled, lower temperature ( ~ 3 0 0  C) 
s t r u c t u r a l  she l l .  The lower temperature coolant generated steam and the  higher 
temperature heat superheats f o r  a steam power cycle. Tritium is brad i n  so l i d  
l i th ium compounds and released t o  t h e  helium coolant streams from which i t  can 
be subsequently recovered. 

Materials experiments [ S ]  indicate  t ha t  Zr02 and A1203 are su i t ab l e  f o r  
long-term service  up t o  +I500 C ( the  present experimental l i m i t  a t  BNL) i n  
steam, s t e a m  plus hydrogen, and C02 process streams. Experiments with SIC and 
Mg0 ind ica te  these materials  a r e  r e s t r i c t e d  t o  somewhat lower temperatures. 

Figure 3 shows projected overa l l  e f f ic ienc ies  , i. e., t o t a l  fusion energy 
(including alpha p a r t i c l e  energy) t o  hydrogen chemical energy f o r  the  HTE/fusion 
process. Depending on HTE c e l l  temperature and overa l l  power cycle efficiency,  
ove ra l l  synfuel efficiency is expected t o  be i n  t he  range of 50 t o  70%. 

Fusion thus appears capable of producing hydrogen, the  basic raw mater ia l  
f0.r synthet ic  fuels ,  at high eff ic iency using high temperature e l ec t ro ly s i s  of 
s t e a m .  HTE process technology has been successfully demonstrated on a re la t ive ly  
small s ca l e  and can be demonstrated on a pilot-plant s ca l e  i n  the  next few 
years. 

FUSION-COAL SYSTEMS 

As a t rans i t ion  s tep  t o  a hydrogen-based f u e l s  economy with hydrogen and 
hydrogen-derived f u e l s  using a non-fossil source of carbon (e.g., from atmo- 
spheric C02), hydrogen produced by water s p l i t t i n g  i n  reactors  can be used i n  
conjunction with coal  gas i f ica t ion  and l iquefact ion processes. Several examples 
a r e  given which serve t o  i l l u s t r a t e  these concepts. 
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With reference t o  Fig. 4 and a fusion/coal gas i f ica t ion  scenario, hydrogen, 
produced by a fus ion/~TE process, is coupled with a c~al /hydropyrolysis  pzocess 
f o r  synthet ic  na tura l  gas (SNG) production. Figure 5 shows a fusionlcoal lique- 
fac t ion  system. High temperature steam (Q 1000 C) from the  reactor  is fed t o  
t he  g a s i f i e r  while the hydrogen, produced'by HTE, is added t o  t ha t  hydrogen and 
carbon. monoxide (CO) produced In  the coa l /gas i f ie r  system. The CO and Hz is 
sent  t o  t h e  c a t a l y t i c  convertor t o  produce l iqu id  methanol and gasoline. The 
s h i f t  convertor is eliminated and the  acid gas removal operation considerably 
reduced, compared with conventional coal-only synf be1 processes. 

As current ly  envisaged one of the  chief advantages of these systems is the  
reduction (by a f ac to r  of 3) i n  the amount of coa l  feed needed f o r  SNG produc- 
t ion ,  s ince  the  coal .aeed nat  be used t o  m e e t  t h e  t o t a l  hydrogen requirements. 
This would conserve coal  resources, reduce CO* emissions, and reduce coal feed 
costs. 
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