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Passenger and cargo a i r  t r a f f i c  a r e  expected t o  grow s u b s t a n t i a l l y  i n  t h e  
next  two decades. Even wi th  an emphasis on f u e l  e f f i c i e n c y ,  t h e  domestic de- 
mand f o r  j e t  f u e l  i s  p r o j e c t e d  t o  i n c r e a s e  from t h e  c u r r e n t  5.2% of t o t a l  re- 
f i n e r y  product ou tput  t o  a s  much a s  10% of t h e  t o t a l  1995 output .  Options f o r  
s a t i s f y i n g  t h i s  demand (Fig. 1) a r e  be ing  eva lua ted  i n  c u r r e n t  Boeing s t u d i e s .  

Approximately 15%of theU.S. r e f i n e r i e s  market commercial j e t  f u e l  ( J e t A ) .  
I n  t h e  long t e r m ,  t h e  product  s l a t e  a t  t h e s e  r e f i n e r i e s  i s  optimized f o r  maxi- 
mum p r o f i t .  This t y p i c a l l y  means t h a t  t h e r e  must be  an a v a i l a b l e  market f o r  
t h e  e n t i r e  l i n e  of products  wi th  emphasis on q u a l i t y  products  such a s  j e t  f u e l  
and gaso l ine .  The market f o r  each major prdduct  a l s o  must be reasonably  se- 
cure.  Ref iners  have i n d i c a t e d  t h a t  a d e s i r a b l e  market range f o r  j e t  f u e l  i s  15 
t o  25% of a r e f i n e r y ' s  p roduct  s l a t e .  Cur ren t ly  d e l i v e r e d  Jet  A has  an average 
f r eez ing  p o i n t  of -45' C and a 54' C f l a s h  p o i n t .  These p r o p e r t i e s  r e s u l t  i n  a 
t y p i c a l  r e f i n e r y  J e t  A y i e l d  w i t h i n  t h e  d e s i r a b l e  market range a s  shown i n  
Fig.  2 .  Ref iners  can main ta in  o r  even i n c r e a s e  t h e i r  Jet A market s h a r e  by de- 
l i v e r i n g  Jet  A w i th  p r o p e r t i e s  c l o s e r  t o  t h e  -40' C f r e e z i n g  p o i n t  and 37.8O C 
f l a s h  p o i n t  s p e c i f i c a t i o n  l i m i t s .  
p o i n t  requirements would r e s u l t  i n  a h ighe r  p o t e n t i a l  J e t  A y i e l d ,  as  shown i n  
F igs .  3 and 4 .  However, it i s  u n l i k e l y  t h a t  t h e  marketed y i e l d  would i n c r e a s e  
s i g n i f i c a n t l y ;  c e r t a i n l y  n o t  t o  t h e  r e f i n e r y  j e t  f u e l  f r a c t i o n  y i e l d  r equ i r ed  
t o  s a t i s f y  Jet  A requirements  p ro jec t ed  f o r  1995. 

Relaxing t h e  f r e e z i n g  p o i n t  and/or f l a s h  

I n  some cases ,  t h e  q u a n t i t y  of marketable  j e t  f u e l  i s  l i m i t e d  by Jet A 
s p e c i f i c a t i o n  requirements  , such as  t h e  3% naphthalene maximum a s s o c i a t e d  wi th  
smoke po in t .  However, i n  most cases  Jet A s p e c i f i c a t i o n  requirements  do n o t  
r e s t r i c t  the  q u a n t i t y  of j e t  f u e l  marketed by a r e f i n e r y  as  i n d i c a t e d  by t h e  
in spec t ion  d a t a  summary shown i n  Fig.  5. This s i t u a t i o n  i s  expected t o  exist 
f o r  a t  l e a s t  the  ba lance  of t h i s  cen tu ry  a s  shown f o r  t h e  s e l e c t e d  p rope r ty  
p r o j e c t i o n s  g iven  i n  Figs .  6 and 7 .  

A promising d i r e c t i o n  towards i n c r e a s i n g  t h e  j e t  f u e l  supply i s  t o  a t t r a c t  
more r e f i n e r s  t o  t h e  j e t  f u e l  market. There a r e  many r e f i n e r s  c u r r e n t l y  n o t  
marketing j e t  f u e l  who have s u f f i c i e n t  j e t  f u e l  p o t e n t i a l  t o  war ran t  t h e  added 
d i s t r i b u t i o n  and q u a l i t y  control. c o s t s .  
duc t ion  c a p a b i l i t y  of a major independent Eas t  Coast r e f i n e r y  c u r r e n t l y  n o t  
marketing Jet  A. A y i e l d  of Jet  A s p e c i f i c a t i o n  f u e l  of up t o  20% i s  p o s s i b l e  
from t h i s  r e f i n e r y .  Fuel  p r o p e r t i e s  such a s  aromatic  con ten t ,  s p e c i f i c  grav- 
i t y ,  h e a t  of combustion and smoke p o i n t  f a l l  w i t h i n  t h e  e x i s t i n g  s p e c i f i c a t i o n  
l i m i t s  f o r  J e t  A. A t t r a c t i n g  new r e f i n e r s  t o  t h e  j e t  f u e l  market w i l l  depend 
on economic i n c e n t i v e s ,  a b i l i t y  t o  t r a n s p o r t  f u e l ,  and p ro jec t ed  market s t a -  
b i l i  t y  . 

Figures  8 and 9 show t h e  j e t  f u e l  pro- 
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S y n t h e t i c  f u e l s  from s h a l e  o r  c o a l  a r e  t h e  long term op t ion  f o r  i n c r e a s i n g  
t h e  j e t  f u e l  supply.  O i l  s h a l e  and c o a l  a r e  t h e  only  two energy sources  wi th  
l a r g e  enough reserves t o  c o n t r i b u t e  t o  t h e  n a t i o n ' s  t r a n s p o r t a t i o n  energy need. 
There is  a wide v a r i e t y  of op t ions  a v a i l a b l e  f o r  i nco rpora t ing  c o a l  and o i l  
s h a l e  i n t o  t h e  energy supply system. Seve ra l  of t h e s e ,  shown i n  Fig. 10, o f f e r  
promise and w e r e  eva lua ted  a s  a sou rce  f o r  Jet A .  

Many c o a l  g a s i f i c a t i o n  processes  have a l i q u i d  by-product t h a t  can be  up- 
graded t o  a s y n t h e t i c  crude. This by-product l i q u i d  accounts f o r  less than  10% 
of t h e  p l a n t  product  f u e l  ou tput .  The output  of Je t  A a f t e r  r e f i n i n g  would be  
less than 30% of t h i s  by-product l i q u i d .  Therefore ,  i t  i s  doub t fu l  t h a t  by- 
product  l i q u i d s  from c o a l  g a s i f i c a t i o n  processes  can be s i g n i f i c a n t  sources  of 
j e t  f u e l .  

S y n t h e t i c  crudes from s h a l e  o r  c o a l  l i q u i d  processes  can be r e f i n e d  i n t o  
f i n i s h e d  products  i n  a new r e f i n e r y  designed f o r  t h e  s y n t h e t i c ,  o r  mixed wi th  
petroleum based crudes and r e f i n e d  i n  an e x i s t i n g  r e f i n e r y .  The e x i s t i n g  re- 
f i n e r y  may r e q u i r e  some mod i f i ca t ion  depending on t h e  q u a n t i t y  of syncrude 
added t o  t h e  feeds tock  and product  mix requirements .  Liquid products  a l s o  can 
b e  obta ined  from c o a l  by producing a s y n t h e s i s  gas and c a t a l y t i c a l l y  reforming 
t h e  gas i n t o  a wide v a r i e t y  of f i n i s h e d  products .  

The syncrude from c o a l  and s h a l e  and t h e  f i n i s h e d  product  from c o a l  pro- 
cesses  a l low a product  s l a t e  t h a t  can b e  a d j u s t e d  t o  product  demand. The c o s t  
i n  both c a p i t a l  and energy inc reases  with the  s e v e r i t y  of  t h e  process ing  re- 
qu i r ed  t o  s a t i s f y  a f i x e d  product  s l a t e .  It i s  p o s s i b l e  t o  d e d i c a t e  a synthe-  
t i c  f u e l  f a c i l i t y  t o  t h e  product ion  of j e t  f u e l  wi th  y i e l d s  as  h igh  a s  80% com- 
merc ia l  p lus  m i l i t a r y .  However, it i s  no t  c l e a r  t h a t  t h e  added expense could 
be j u s t i f i e d  by a commercial u s e r  o r  would be  c o s t  compet i t ive  i n  t h e  longterm.  

S y n t h e t i c  crudes from o i l  s h a l e  and coa l  can be processed t o  s a t i s f y  t h e  
J e t  A s p e c i f i c a t i o n  a s  shown i n  Fig.  11. The d e s i r a b i l i t y  t o  produce j e t  f u e l  
of a p a r t i c u l a r  q u a l i t y  m u s t  be eva lua ted  i n  terms of c o s t  andenergy e f f i c i e n c y  
of t h e  t o t a l  system i n c l u d i n g  t h e  a i r c r a f t .  

The p r i n c i p a l  problem with o i l  from s h a l e  i s  i t s  high n i t r o g e n  content .  
Fuels w i th  a h igh  n i t r o g e n  conten t  tend t o  be  uns t ab le .  Nitrogen a l so  causes 
problems i n  r e f i n e r i e s  and it i s  expected t h a t  r e f i n e r y  requirements  w i l l  d i c -  
t a t e  a n i t r o g e n  r educ t ion  t h a t  w i l l  be accep tab le  f o r  a i r c r a f t .  

Coal l i q u i d s  from d i r e c t  hydrogenat ion processes  have a h igh  a romat ics ,  
hence low hydrogen con ten t .  High aromatics  cause  inc reased  combustor l i n e r  
temperatures  and a r educ t ion  i n  f u e l  energy. 
f u e l s  i n  an a i r c r a f t  would reduce f u e l  process ing  requirements  and c o s t .  How- 
e v e r ,  a i r c r a f t  f u e l  q u a n t i t y  requirements  and maintenance would inc rease .  En- 
e rgy  l o s s e s  a s s o c i a t e d  wi th  t h e  a i r c r a f t  and ground system would be p a r t i c u l a r -  
l y  severe i f  h igh  a romat ics  w e r e  a s s o c i a t e d  w i t h  h igh  f u e l  f r e e z i n g  p o i n t .  The 
energy sav ing  from reduced f u e l  process ing  must be balanced a g a i n s t  added a i r -  
p l ane ,  r e f i n e r y ,  s t o r a g e  and d i s t r i b u t i o n  system energy requirements  as  i n d i -  
ca ted  i n  Fig.  12. The f u e l  produced us ing  c o a l  s y n t h e s i s  processes  can s a t i s f y  
Jet  A requirements  w i th  l i t t l e  c o s t  o r  energy loss  penal ty .  

The acceptance of h i g h l y  a romat ic  
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I n  t h e  nea r  term, t h e  most l i k e l y  commercial u t i l i z a t i o n  of s y n t h e t i c  
crudes w i l l  be  a s  an  a d d i t i v e  t o  petroleum based crude feeds tocks .  This w i l l  
a l low an evo lu t iona ry  development of s h a l e  and c o a l  r e sources  wi thout  r e q u i r i n g  
major modi f ica t ions  t o  t h e  e x i s t i n g  f u e l  r e f i n i n g  and supply system. 

A 20% s h a l e  syncrude mixed wi th  crude o i l s  and used a s  feeds tock  i n  r e f i n -  
eries wi th  access  t o  t h e  s h a l e  a reas  can e a s i l y  handle  syncrude q u a n t i t i e s  ex- 
pected from product ion  over  t h e  nex t  two decades. The i n t r o d u c t i o n  of t h i s  
syncrude i n t o  a Midwest r e f i n e r y  c u r r e n t l y  marketing jet  f u e l  could cause a 
smal l  drop i n  Jet A y i e l d ,  a s  shown i n  Fig. 13. The n i t r o g e n  conten t  of t h e  
j e t  f u e l  would be abnormally h igh  and, i f  f u e l  thermal s t a b i l i t y  requirements  
could no t  be s a t i s f i e d ,  t h e  n i t r o g e n  might have t o  be removed. A l l  o t h e r  f u e l  
p r o p e r t i e s  could s a t i s f y  Jet A requirements .  

Commercialization of c o a l  l i q u i d  processes  t h a t  produce a syncrude, such 
a s  donor s o l v e n t ,  i s  no t  expected u n t i l  t h e  l a t e  1980's. Therefore ,  10% c o a l  
l i q u i d s  mixed wi th  petroleum based crudes can account f o r  c o a l  syncrude produc- 
t i o n  w e l l  i n t o  t h e  next  century .  The i n t r o d u c t i o n  of t h i s  syncrude i n t o  a Gulf 
Coast  r e f i n e r y  c u r r e n t l y  marketing j e t  f u e l ' c o u l d  cause a sma l l  drop i n  J e t  A 
y i e l d ,  as  shown i n  Fig.  14. A l l  o t h e r  f u e l  p r o p e r t i e s  could s a t i s f y  Jet  A re- 
quirements. 

I n  summary, Boeing s t u d i e s  t o  d a t e  have i n d i c a t e d  t h a t  t h e  most e f f e c t i v e  
means t o  s a t i s f y  an i n c r e a s i n g  demand f o r  j e t  f u e l  a re :  (1) A t t r a c t  mor; re- 
f i n e r s  t o  t h e  j e t  f u e l  market; (2) Encourage development of processes  t o  con- 
vert  o i l  s h a l e  and c o a l  t o  t r a n s p o r a t i o n  f u e l s .  Furthermore, changing t h e  
Jet A s p e c i f i c a t i o n  would n o t  s i g n i f i c a n t l y  a l t e r  j e t  f u e l  a v a i l a b i l i t y .  
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Figure 1. Jet A Supply Options 
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Figure 2. Refinery Jet Fuel Fraction-Yield 
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Figure 3. Jet Fuel Processing-Freezing Point Sensitivity 
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Figure 5. Jet A Inspection Data Limits-I978 
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Figure 6. Refinery Jet Fuel Fraction-Aromatics 
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Figure 8. Jet Fuel Processing-Independent Refinery 
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Figurn 9. Jet Fuel Characteristics-Independent Refinery 
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Figure 10. Synthetic Jet Fuel Production Options 

22  



Jet A selected Jet/coal 

Gravity (deg API at 16OC) 37 to 51 39 

Properties specifications hydrotreated 

Freezing point (OC) -40 maximum -40 

Net heating value (MJ/kg) 42.8 minimum 43.0 

Aromatics (volume %) 20 maximum 10.7 
If supplier notifies user 25 maximum 

Smoke point (mm) 20 minimum 18 
i f  Supplier notifies User 18 minimum 

Flash point (OC) 37.8 minimum 41.1 

Nitrogen (ppm) - 33 

9 

Jet/shale 
hydrotreated 

41 

-40 

43.0 

13.3 

21 

40.6 

205 

CHANGE 
(PERCENT) 

0 

Figure 11. Synthetic Jet Fuel Properties 

FREEZING POINT -3OOC 
AROMATICS 56.9% 0 Airplane 

parent energy saving reduced by- 

Fuel heating 
0 Engine performance loss 

Product mix balance 
0 Byproduct gases 
0 Emission requirements 

* Heating 
Losses 

e Refinery 

0 Storage and distribution 

I FREEZING POINT -40% 
40.5 HEAT OF COMBUSION 42.8 AROMATICS 20% 

(M J/kg) 

*1oQ% coal liquids; refinery hydrogan from coal 

Figure 12. Refinery and Airplane Energy Sensitivity 
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Figure 13. 20% Paraho Shale Oil Processing 
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Figure 14. 10% Coal Liquids Processing 
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