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Summary 

Energy derived from nuclear sources can be u t i l i z e d  e i t h e r  
i n  the  form of high energy r ad ia t ion ,  thermal energy o r  e l e c t r i c a l  
energy. Each of these energy forms can be employed to  produce 
non-fossil chemical fue l s  by transformation of ava i l ab le  non- 
f o s s i l  substances. A s  a general  de f in i t i on ,  ava i l ab le  non- . 
f o s s i l  fue l  substances a r e  a l l  resources o ther  than coa l ,  pe t ro l -  
eum, o r  na tura l  gas. Thus t h e  substances t h a t  can serve as  raw 
mater ia l s  for nuclear energy conversion to non-fossil  chemical 
fue ls ,  a r e  bas i ca l ly  t h e  substances found i n  water, a i r ,  and 
minerals. 

High energy r ad ia t ion  from nuclear f i s s i o n  can be u t i l i z e d  
e i t h e r  d i r e c t l y  a s  f i s s i o n  fragment energy i n  a chemonuclear 
reac tor  o r  i nd i r ec t ly  a s  neutron, gamma, and be ta  energy fram 
iso topic  sources. Fiss ion fragment energy is ac tua l ly  t h e  only 
rad ia t ion  energy source t h a t  can be generated i n  s u f f i c i e n t  
quant i ty  and a t  l o w  enough c o s t  of be considered f o r  production 
of fue ls .  The two basic fuels t h a t  can be generated a r e  hydrogen 
from water and carbon dioxide,  and carbon monoxide from carbon 
dioxide,  
o r  can be subsequently converted to high BTU gas or other  l i q u i d  
hydrocarbons. The main d i f f i c u l t i e s  with f i s s i o n  fragment chemo- 
mrlear systems a r e  obtaining s u f f i c i e n t l y  high y i e lds  of fuel 
gases and demonstrating t h a t  a f u e l  e s s e n t i a l l y  f r e e  of radio- 
ac t ive  f i s s i o n  fragments can be produced, 

The hydrogen and carbon monoxide can be used a s  fuels 

Thermal energy from nucIear f i s s i o n  i n  t h e  form of steam or 
a high temperature gas stream such a s  helium can, conceivably, 
be used to crack water t o  hydrogen and carbon dioxide t o  carbon 
monoxide. Carbon dioxide can be derived from thermal de- 
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composition of limestone o r  b y  ex t r ac t ion  from the  atmosphere. 
However, t h e  tempera tures .a re  too  high t o  allow s a f e  operat ion of 
t he  nuclear r e a c t m s  required f o r  these  processes with the  
mater ia ls  of cons t ruc t ion  general ly  ava i lab le .  Nuclear thermal 
energy can be used t o  preheat  streams and makeup hea t  balances 
and t o  gasify c o a l  and thus,  although not  s t r i c t l y  a source of 
non-fossil chemical f u e l  serves  t o  p a r t i a l l y  extend the supply 
of  non-fossil f u e l .  

Nuclear based e l e c t r i c a l  energy der ived from standard steam 
and gas p o w r  cyc les  o r  from more advanced cycles such a s  MHD 
can be u t i l i z e d  t o  power e l e c t r o l y t i c  cel ls  o r  electric d is -  
charges. 
source of fuel o r  converted t o  a number of o ther  fue l s  including 
ammonia, methanol, metGane, hydrazine, acetylene,  and others .  
The e l e c t r i c  discharge can a l s o  be employed t o  decompose water 
and carbon dioxide,  however, t h i s  process is usua l ly  less 
e f f i c i e n t  than e l e c t r o l y s i s .  Aluminum, magnesium, and o ther  
r eac t ive  metals can be electrochemically produced and used as  
fue ls .  

I n  e l e c t r o i y t i c  c e l l s ,  water can be used a s  a primary 

Probably t h e  most p r a c t i c a l  source of  nuc lea r  based non- 
f o s s i l  chemical f u e l s  is the  nuclear f i s s i o n  reac tor  powered 
e l e c t r o l y t i c  decomposition of  water t o  hydrogen. 

Another c l a s s  of  non-fossil f u e l s  a r e  the  boranes, and 
s i l a n e s ,  These can be der ived from hydrogen, borax and s i l i c a .  

I n  the longer  term fu tu re  it i s  conceivable t h a t  fusion 
energy w i l l  r ep lace  f i s s i o n  a s  a nuclear source. Generally 
fusion could be appl ied  i n  s imi l a r  fashion t o  the  above 
processed to produce non-fossil chemical f u e l s .  



I. Introduction 

Probably the  best way to  set  t h e  ground r u l e s  f o r  t h i s  
Symposium is t o  def ine  what a non-fossil chemical fuel is. 
Very generally a f u e l  i s  a slibstance which when made t o  r e a c t  
releases energy i n  one form or another. 
a fuel which r e l eases  energy when t h e  f u e l  is  made t o  undergo a 
chemical transformation. A non-fossil chemical fuel i s  a chemical 
fuel which is derived from non-fossil substances. Non-fossil 
substances a r e  generally a l l  substances o the r  than coa l ,  
petroleum or na tu ra l  gas. 

A chemical f u e l  i s  

Some of t he  reasons fo r  considering non-fossil  chemical 
fuels are as follows: 

1. Foss i l  fuels a r e  being depleted a t  an increas ingly  
rap id  r a t e .  It is estimated t h a t  by the  end of this century 
the  U.S. na tu ra l  gas suppl ies  w i l l  be l a r g e l y  exhausted and t h a t  
less than 10% of the  e l e c t r i c a l  power generating capac i ty  w i l l  
be supplied by o i l  and gas ( l0 ) .  The major sources of f u e l  f o r  
e l e c t r i c a l  power w i l l  be derived from coa l  and nuclear. 
and gas w i l l  be mainly used f o r  fue l ing  mobile engines. 
Al te rna te  sources of chemical fuels would thus  conserve our 
f o s s i l  f u e l  reserves.  

O i l  

2. Foss i l  fue l  i n  t h e  form of na t rua l  'gas and o i l  a l s o  
serve t h e  chemical indus t ry  fo r  non-fuel purposes. Thus non- 
f o s s i l  chemical fuels would a i d  t h e  chemical i ndus t ry  i n  ex- 
tending i t s  reserved of raw materials.  
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3 .  Non-fossil chemical f u e l s  would add t o  t h e  supply of l o w  
pol lut ion fuels.  Natural  gas and some o i l  reserves  a r e  present ly  
premium sources of l o w  po l lu t ion  electrical  power. 

4. Non-fossil chemical f u e l s  can a c t  a s  energy s torage 
systems. 

5. It i s  a l s o  poss ib l e  t h a t  mare e f f i c i e n t  fue l s  can be 
produced from non-fossi l  sources. 

In  order t o  produce a chemical f u e l  from non-fossil sub- 
s tances ,  energy i s  required i n  t h e  transformation process. Ad-  
hering s t r i c t l y  to d e f i n i t i o n ,  t h i s  energy must be derived 
from non-fossil fue ls .  This restricts the  energy sources t o '  
nuclear,  hydroe lec t r i c ,  s o l a r ,  geothermal, t i d a l ,  and meteoro- 
log ica l .  From t h e  p o i n t  of view of long term a v a i l a b i l i t y  and 
in t ens i ty ,  nuclear energy w i l l  be t h e  main viable  non-fossil 
energy source. Nuclear energy a t  present  i s  derived from 
f i s s ionab le  fuel.  I n  the  fu ture ,  nuclear fusion w i l l  a l s o  be a 
major energy source. 

In  order f o r  non-fossil  substances t o  be a major source of 
raw mater ia l  f o r  non-fossil  chemical fue l s  the substances must 
be r ead i ly  ava i l ab le  and abundant i n  supply. The raw mater ia l  
sources,  e s s e n t i a l l y  reduce t o  t h e  following: 

1. W a t e r  - H20 
2. A i r  C02- 02, N2 and A r  

3 .  Minerals - l imestone, dolomite, bauxi te ,  borax, 
and s i l i c a .  

4. Waste Mater ia ls .  

2 
Without necessa r i ly  going i n t o  t h e  ac tua l  quan t i ty  of co 

e x i s t i n g  i n  the  atmosphere, t h e  almost 600 mil l ion tons o f  coa l  
produced and consumed i n  t h e  united S t a t e s  annually i s  released 
t o  t h e  atmosphere a s  carbon dioxide.  There i s  thus  no question 
t h a t  there  is an abundant co2 supply i n  t h e  atmosphere. 
an engineering and economics problem t o  recover t h e  C02 by some 
process f o r  example, e i t h e r  absorption o r  by cryogenic separation. 
A b e n e f i t  o f  a C 0 2  recovery 'process might be t o  maintain the  C02 
balance in  the  atmosphere and avoid the  possible  "greenhouse 
e f f ec t "  of increasing t h e  e a r t h ' s  temperature by infra-red ab- 
sorpt ion due t o  inc reas ing  cO2 concentrations. 

It is  
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The reason w a s t e  mater ia l s  a r e  included i n  t h e  above l i s t i n g  
i s  t h a t  there  is a mounting supply and although much of t h e  waste 
is derived from f o s s i l  f u e l ,  t h e  production of chemical fuel from 
waste i s  not  a direct der iva t ion  from f o s s i l  fuel. For example 
p a r t  of t h e  co2 i n  t h e  atmosphere i s  derived from f o s s i l  f u e l  and 
it becanes ava i lab le  a s  a non-fossil  source of chemical fuel. 

Other propert ies  t h a t  can be ascr ibed t o  non-fossil  chemical 

1, Storable  
2. Transportable 
3. 

engines - 

f u e l s  are:  

Easi ly  u t i l i z e d  i n  conventional and non-conventional 

F o s s i l  f u e l s  a r e  e s s e n t i a l l y  reduced chemical substances which 
when oxidized i n  t h e  atmosphere y i e l d  exothermic r e a c t i o n s  which 
i s  t h e  b a s i s  of t h e  f u e l  cycle.  Several  prime reac t ions  and energy 
re leases  a r e  a s  f o l l o w s :  

Kcal/mol AH298. 2 

-94.0 

-67.9 

= (3/2n +1/2)02 = nC02+(n+l)H20 'nH2n+2 

To produce non-fossil  f u e l s ,  nuclear energy can be used t o  
reverse t h i s  thermodynamic cyc le  and e s s e n t i a l l y  t h e  energy is 
converted and stored i n  t h e  form of chemical energy i n  t h e  chemical 
fuels .  I n  another sense,  nuclear energy i s  used to  recycle  pro- 
ducts  formed i n  t h e  u t i l i z a t i o n  of f o s s i l  fue ls .  

Energy derived f rom nuclear sources can be u t i l i z e d  e i t h e r  i n  
t h e  form of high energy r a d i a t i o n ,  thermal energy or e l e c t r i c a l  
energy a s  discussed i n  t h e  following. 

Chemonuclear Reactors 

High energy r a d i a t i o n  from nuclear f i s s i o n  can be u t i l i z e d  
e i t h e r  d i r e c t l y  as f i s s i o n  fragment energy i n  a chemonuclear 
reactor o r  i n d i r e c t l y  as neutron, gamma and be ta  energy from 
iso topic  sources. F iss ion  fragment energy containing 85% of  
the energy released i n  f i s s i o n  i s  a c t u a l l y  t h e  only r a d i a t i o n  

\ 
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energy source t h a t  can  be generated i n  s u f f i c i e n t  quan t i ty  a s  a t  
low enough c o s t  t o  be considered f o r  production o f  fue ls .  The two 
bas i c  chemical f u e l s  t h a t  can be generated a r e  hydrogen from water 
and carbon monoxide from carbon dioxide. The following t ab le  
indicates  t h e  maximum rad ia t ion  y i e l d  (G values i n  molecules/100 ev) 
and e f f i c i ency  of conversion for these two systems ( 3 ) .  

Table 1 

Reaction 
AH298. 2 G Energy E Thermal 
Kcal/mol & exp m h ( t ) / l b  eff ic iency % 

+57.9 39.9 6 101.5 15.0 

co2 = co + ?io2 +67.6 34.1 10 
(4) (9) (9) 

4.3 29.4 

Because t h e  f u e l  gases  a r e  generated together ,  separation from the 
oxygen i s  required.  Furthermore, s ince  t h e  thermal eff ic iency i s  
not  very high, a t tempts  a r e  made t o  u t i l i z e  t h e  excess thermal 
energy for  t h e  generat ion of e l e c t r i c a l  power. However, upper 
temperature limits must be imposed t o  prevent back reactions.  
This could a c t  a s  a r e s t r i c t i o n  f o r  generating power i n  multi-  
purpose chemonuclear r eac to r s .  The hydrogen and t h e  CO can be con- 
ver ted by means of t h e  water gas react ions t o  gaseous o r  l i qu id  
hydrocarbon fue l .  

I 
OH298.2 K c  a I/mo 1 

-9.7 

-49.4 

The  source o f  C02 could e i t h e r  come from t h e  atmosphere 
which has an abundant supply although i t  i s  i n  r e l a t i v e l y  low 
concentrations (0.03% by volume). CO can a l s o  be derived from 
t h e  ca l c ina t ion  o f  limestone. 2 

CaCo3 = cao + co2 = 43.7 Kcal/mol AH298. 2 

A flow sheet  of a chemonuclear process fo r  t h e  synthesis  of Co 
and subsequently hydrogen is  shown i n  Figure 1. 



7 

The main d i f f i c u l t i e s  with f i s s i o n  fragment chemonuclear systems 
a r e  obtaining s u f f i c i e n t l y  high y i e l d s  of f u e l  gases and demonstrat- 
ing t h a t  a f u e l  e s s e n t i a l l y  f r e e  of r ad ioac t ive  f i s s i o n  fragments 
can be produced. 
t o  t h e  poin t  of t h e  i n s t a l l a t i o n  of an in- i l e  research loop i n t o  
the  Brookhaven Graphite Research Reactor. 
development w a s  i n t e r rup ted  due t o  a reduction i n  funds f o r  main- 

f e a s i b i l i t y  was ind ica ted  assuming t h e  technological problems 
w e r e  solved. 

Thermal Energy from Nuclear Reactors 

Conventional nuclear f i s s i o n  r e a c t o r s  usua l ly  have c l a d  f u e l  
elements so t h a t  t he  f i s s i o n  fragments a r e  slowed down and remain 
i n  t h e  s o l i d  elements. 
degraded t o  hea t  and t h e  temperature of t h e  f u e l  elements rise. 
This thermal energy can be used to c a r r y  ou t  chemical reac t ions .  
I n  water type r eac to r s ,  both of t h e  pressurized or b o i l i n g  water 
type, t he  f u e l  element cladding ma te r i a l s  a r e  usua l ly  s t a i n l e s s  
steel. For long l i f e  of t he  elements i n  the  r eac to r ,  t h e  temp- 
e ra tu re  of the steam generated i n  t h e  r eac to r  is usua l ly  l imi t ed  
t o  ~=575OF and 1000 p s i  pressure. 

The development of chemonuclear r e a c t o r s  progressed 

I (37 Unfortunately t h e  

* t a in ing  operation of t h e  research reactor.  P o t e n t i a l  economic 

The high i n t e n s i t y  energy i n  t h e  fragments i s  

I n  t h e  near term fu tu re  it is expected t h a t  the l i q u i d  metal 

These reac to r s  are expected t o  operate a t  a high- 
f a s t  breeder r tactors  w i l l  t ake  over a l a rge  p a r t  of t h e  nuclear 
power economy. 
er temperature i n  the  order of 1200-14000F. 
are too low t o  supply energy f o r  producing non-fossil chemical 

gas i f i ca t ion  reac t ions .  

These temperatures 

I fuels e i t h e r  b y  decomposition of water or carbon dioxide or by 

The thermal decomposition of w a t e r  r equ i r e s  temperatures i n  
t h e  order of 50OO0F or more t o  y i e l d  over 10% conversion to 
hydrogen. 
nuclear r eac to r s  t h a t  could achieve these thermal conditions.  The 

tu rb ine  conditions i n  t h e  a i r c r a f t  nuclear propulsion program. 
The mater ia l s  t h a t  w e r e  being considered w e r e  of t h e  r e f r ac to ry  
metal  va r i e ty  including, rhodium and tungsten. However, they 
w e r e  not expected t o  generate high temperature gas streams much 
above approximately 300O0F. The ultra-high temperature reac tor  
experiment a t  Los Alamos (URTREX) was a molten plutonium reac to r  
experiment and was intended t o  opera te  below 3000O~. 

There a r e  no r e l i a b l e  ma te r i a l s  of cons t ruc t ion  f o r  

\ highest temperature experimental r eac to r s  developed w e r e  f o r  gas 

? 

\ 

It appears possible t o  ca r ry  out  g a s i f i c a t i o n  r eac t ions  
using nuclear heat. 
f o s s i l  chemical fu l e ,  because the  g a s i f i c a t i o n  r eac t ions  are 

Although s t r i c t l y  not  a source of non- 
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endothermic, the nuclear hea t  can be considered a s  being converted 
t o  non-fossil  chemical fuel i n  a hybrid system. 

The coal  g a s i f i c a t i o n  react ions a r e  a s  follows: 

Reaction Temperature AH298.2 

+41.5 

41.3 

1600°F 

1800°F 

The reac t ions  a r e  endothermic and requi re  energy input t o  
t h e  system. 

By means of t h e  water has s h i f t  reac t ion  and t h e  methanation 
react ion,  high BTU p ipe  l i n e  gas can be produced. 

Reaction Temperature AH298. 2 

-17.9 

7 OOOF 

1000°F 

These a r e  exothermic react ions and usual ly  do not  require  
any external  source of energy. 

NOnUally t h e  endothermic hea t  of t h e  g a s i f i c a t i o n  react ion 
i s  supplied i n t e r n a l l y  by combustion of addi t iona l  amounts of 
coal. In  order t o  prevent d i l u t i o n  of the gases with nitrogen 
from the  atmosphere, pure oxygen i s  used t o  r e a c t  with t h e  coal. 
By using nuclear h e a t ,  oxygen would not  be required. 
overa l l  heat  balance an  equivanent of approximately 30% of the  
fue l  gas would be generated from t h e  non-fossil nuclear f u e l  
sOilrce. 

From an 

Another s i g n i f i c a n t  source of non-fossil chemical f u e l  is 
t h e  s o l i d  waste generated i n  e i t h e r  urban or a g r i c u l t u r a l  
communities. For example, urban wastes contain up to  70% com- 
b u s t i b l e  mater ia l  and usual ly  have heating values ranging i n  
the order of 4000-5000 BTU/lb. 
source of carbon and hydrogen i n  g a s i f i c a t i o n  reac t ions  analogous 
t o  t h e  coal  reac t ions  given above. 

Sol id  waste can a l s o  a c t  a s  a 
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The high temperature gas cooled r eac to r s  (HTGR) 
which a re .cooled  with helium can generate gas temper- 
a tu re s  i n  the  order  of 1600OF. The high temperature helium 
stream can be used t o  i n d i r e c t l y  hea t  t he  coa l  gas i f i ca t ion  

carbide.  It was recent ly  announced(9) t h a t  a s tudy of t h i s  system 
is being i n i t i a t e d .  The heat  t r a n s f e r  mater ia l  i n  t h e  gas i f i ca t ion  
reac tor  is a c r i t i ca l  f ac to r  i n  the p r a c t a b i l i t y  of  such a system. 

reactor .  The fue l  elements a r e  made of graphi te  c l a d  uranium i 

Table 2 lists a summary of the  temperature condi t ions fo r  
d i f f e r e n t  power reactors .  

Table 2 

Temperature Conditions f o r  
Di f fe ren t  Types of Nuclear Reactors 

Maximum Coolant 
Reactor type Fuel element Coo l a  n t  Temperature 

575OF 

57S0F 
H2° 

H2° 

Biol ing Water BWR st. st.  

Pressurized Water PWR st. st.  

IMFBR Reactor Zirconium Na l O O 0 O P  

High Temperature Gas Graphite 

U l t r a  High Temperature Molten Pu 

Cooled Reactor 

Reactor Experiment 
UHTREX 

He 1700°F 

30000F 

Airc ra f t  Nuclear Tungsten, A i r  3000°F 
Propulsion Reactor Rhodium 

Nuclear hea t  can a l s o  be used t o  make up hea t  balances fo r  

This a l s o  can be con- 
hybrid power systems using coa l  gas i f i ca t ion  i n  conjunction with 
magnetohydrodynamic power generation. (5 
s idered  from the  poin t  of  view of extending the gas  supply using 
nuclear.  

Another place i n  the  non-fossil  fue l  scheme where nuclear 
hea t  can be used i s  i n  t h e  ca l c ina t ion  of limestone f o r  the  
generation of CO2, a source 'of carbon f o r  hydrocarbon fue ls .  
The reac t ion  takes  place a t  approximately 15000F and t h e  endo- 
thermic hea t  of reac t ion  is as follows: 



1  AH^^^ Kcal/mol 

cells t o  e l e c t r o l y t i c a l l y  decompose water t o  hydrogen and oxygen. 
The hydrogen can either be used a s  a primary source of f u e l  or can  
be converted t o  a number of other  f u e l s  including ammonia, methanol, ' 

-43.7 

methane,. hydrazine, acetylene,  and o ther  hydrocarbon fuels .  

For producing high BTU pipe l i n e  g a s  by use  of nuclear 
e l e c t r i c  p o w e r  t h e  sequence of reac t ions  a r e  a s  follows. 

B lec t ro ly t i c  Decomposition H O  2 (a )=  H2 + 1/202 
(9) (9) 

co Production from a i r  or 2 

ca IC ina t ion  

Reverse s h i f t  conversion 

Methanation 

A i r  K O 2 )  = COz. 
(9) 

The coupling of nuclear power r e a c t o r s  with electrochemical 
cells has been discussed prevtously under t h e  nomenclature of 
electrocheanonuclear systems. (-1 They a l s o  form the  b a s i s  f o r  
t h e  multipurpose agro- indus t r ia l  complex and t h e  bluplex ( 4 8 7 )  

which have been widely discussed and recent ly  s tud ied  i n  d e t a i l .  

The electrochemical decomposition o f  water has been 
a c c a p l i 8 h e d  in w e l l  developed low pressure atmospheric cells 
a t  e f f ic ienc ie6  of 60 t o  70%. 
pressure cell6 which opera te  a t  pressure8 of 30 atmospheres or 
above can develop efficiencieei of 85% as l i s t e d  in Table 3. 

' 

The more r ecen t ly  developed high 
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Table 3 

The Electrochemical Decamposition o f  Water 

C e l i  Efficiency KWIl/lbH, IWB/MSCF H2 

100% t h e o r e t i c a l  17 -8 94.5 
85% hi-pressure 21.0 112.0 
65% low-pressure 27.4 145 -5 

A flow sheet of t h e  process s t e p s  f o r  t h e  synthes is  of non- 
f o s s i l  high BTU methane p ipe l ine  gas is shown i n  Figure 2. The 
econgnics of t he  process depends s t rongly  on t h e  c o s t  of e l e c t r i c a l  
power f rgn  l a rge  nuclear r eac to r s  and on the u t i l i z a t i o n  of by- 
product.oxygen. I n  t h e  scheme i n  Figure 2 ,  t h e  oxygen is used f o r  
g a s i f i c a t i o n  of coa l  i n  an adjoining u n i t  t o  add t o  t h e  production 
of methane fuel.  A h o s t  of other  uses  f o r  by-product oxygen have 
been suggested such as i n  t h e  bas i c  oxygen furnace f o r  production 
of steel-. (1) 

To i l l u s t r a t e  t he  economics of such a process, f o r  a very 
l a rge  250 mi l l ion  cubic f e e t  per day high BTU methane f u e l  gas p l an t ,  
an electrical p o w e r  consumption of 4670 MW would be required t o  
produce t h e  necessary hydrogen t o  convert  t he  CO2 t o  q. 
from nuclear u n i t s  c o s t s  3 mils/Kwh, t h e  cos t  of electrical power 
for hydrogen production is $0.34/MSCF H2.  The deprec ia t ion  on the  
e l e c t r o l y t i c  cel l  p l an t  could add another 22% t o  t h e  c o s t ,  so t h a t  
t h e  e l e c t r i c a l  c o s t  r e a l l y  dominates t h e  production c o s t  for 
nuclear based e l e c t r o l y t i c  hydrogen. (4) Since 4 moles o f  hydrogen 
a r e  requi red  t o  combine with 1 mole of C02 t o  produce CH4 i n  t h e  
above non-fossil process scheme the  c o s t  of product methane 
production would be $0.67/MSCF. I f  a c r e d i t  o f  $6/ton o f  oxygen 
can be obtained then a c r e d i t  of $O.5O/MSCF methane r e s u l t s .  
Today very l a rge  s c a l e  oxygen p l an t s  might produce oxygen for  as 
low a s  $3/ton. Thus canbining-the lowest nuclear by-product 
power i n  t h e  f u t u r e  with t h e  lowest conventional oxygen c r e d i t  could 
b r ing  the  major f r a c t i o n  of t h e  methane production c o s t  down t o  
$0.42/MSCF. This compares t o  na tu ra l  gas today which is r i s i n g  
above $0.4O/MSCF. Gas fram pro jec ted  coa l  g a s i f i c a t i o n  p l a n t s  i s  
being estimated a t  $0.50 t o  $0.60 WSCF. Of .course, today the 
above estimates a r e  probably highly op t imis t i c ,  however, the 
p o s s i b i l i t y  of an economically competitive s i t u a t i o n  may e x i s t  
i n  t h e  future. This depends on a combination of f ac to r s ,  in- 
cluding t h e  l o g i s t i c s  o f  multipurpose process systems and t h e  
supply of na tu ra l  gas. A continuous examination of t hese  
f a c t o r s  could uncover an economically v i ab le  app l i ca t ion  of 
nuclear  based e l e c t r o l y t i c  systems. 

I f  power 



Other f u e l s  which can be produced from hydrogen and Co2 
e i t h e r  f r o m  t h e  atmosphere (2) o r  by ca lc in ing  limestone a r e  
l i s t e d  i n  Table 4. 

Table 4 

Fuels Which Can B e  Produced from H2 ,and CO 
2 

Reaction 

H 2 0  = Ha + 40, 
Fuel 
Hydrogen 

3H2 + N2 = 2NH3 Ammonia 

( 2 )  C02 + 3H2 = CH30H + H20 Methanol 

2CH4 = C H 

2NH3 = N H 

+ 3H2 

+ H2 2 4  

2 2  Acetylene 

Hydrazine 

E l e c t r i c a l  power from nuclear reactors  can a l s o  be used i n  
e l e c t r i c  discharge processes t o  decompose water or carbon dioxide. 
E lec t r ic  discharge processes a r e  usual ly  less e f f i c i e n t  than 
electrochemical processes. An e f f i c i e n t  process f o r  production 
of acetylene from calcium carbide produced by e l e c t r i c  furnace 
reaction of carbon with lime i s  a r e l a t i v e l y  e f f i c i e n t  reaction. 

+118.3 

CaC2 t 2H20(t)= C2H2 + Ca(OH)2 - 42.7 
(5) (9) (as) 

The use of nuclear electric power f o r  t h e  electric furnace 
production of carb ide  and subsequently acetylene can be viewed 
i n  t h e  same l i g h t  as t h e  use of nuclear heat i n  t h e  g a s i f i c a t i o n  
of coal.  With t h e  a i d  of coal ,  nuclear based e l e c t r i c a l  power 
can be converted t o  addi t iona l  non-fossil chemical fuel. 

Nuclear e l e c t r i c  power can be used t o  electrochemically 
produce aluminum and magnesium. These reac t ive  metals can 
be made t o  burn a s  s o l i d '  f u e l  and have indeed been used a s  
such i n  s p e c i a l l y  designed burners. Also hydrogen c a n  be 
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made t o  burn with halogens such as ch lor ine  t o  y i e l d  energy. 
non-fossil  fue l s  such a s  t h e  boranes which are boron-hydrogen 
compounds and t h e  s i l a n e s  which are silicon-hydrogen compounds 
can be produced f r m  non-fossil  na tu ra l  resources with t h e  aid 
of nuclear  energy. 
e a s i l y  burned i n  conventional engines and i n  addi t ion  cause 
severe mater ia l s  corrosion problems and introduce excessive 
po l lu t an t s  i n t o  the  environment. 

Other 

However, a l l  these  types o f  fuels cannot be 
L 
I 
I 

Nuclear Fusion Reactors 

I n  the  longer term fu tu re  it i s  conceivable t h a t  nuclear  
fusion reac t ions  u t i l i z i n g  deuterium as f u e l  w i l l  replace -- 

f i s s i o n  as the  prime nuclear energy source. Generally speak- 
ing  fusion could be appl ied i n  a fashion similar t o  f i s s i o n  a s  
shown i n  the  processes mentioned above f o r  producing non- 
f o s s i l  chemical fue ls .  Probably t h e  most p r a c t i c a l  method of  
u t i l i z i n g  nuclear fusion f o r  production o f  non-fossil  chemical 
fue l  is  t o  use t h e  e l e c t r i c a l  energy t o  decompose water f o r  
hydrogen and oxygen production and these  i n  t u r n  can be used 
a s  such o r  converted t o  o ther  chemical fue ls .  

I 
t 
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