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ABSTRACTS 

An assessment has been made of the energy consumption and oil combustion related sulphur 
emissions in the period 1980-2000 for the EEC-I0 countries. The possibility of furcher 
sulphur emissions reduction and its effects an cost and refining infrostructure are 
discussed. 

Wet rapport gecft een overricht van het t e  vewachten energieverbruik en de van verbranding 
van vloeibaie rwaaiderc brmdstoffcn afkomstige rvavel emissies, voor de tien landen van de 
EEC in de periode 1980-2000. De mogelijkheid van verderc beperking van de uitstoot van 
rvnvel en het effckc op de kosten en de infrsstruktuur van rsffinaderijen warden behendeld. 

Der Oericht untersuchc far die EG-10 L.3nder den iiber die Zeitspanne 1980-2000 iu erwartenden 
Energieverbrauch und die aus der Verbrennung von schverem HeizG1 resultiercnden 
Schwefelemissionen. Die Mijglichkeiten einer veiteren Reduzierung der Schuefelemissionen und 
deren Ausvirkungen auf die Kostcn und lnfrastrukrur der Raffinerien verden diskutiert. 

Une estimation de lo consomation EnergEtique et des Emissions de soufre l i h s  $ le 
combustion des produite pCtroliers s Et& faite pour lu pEriade 1980-2000 et pour les 10 pays 
de la CEE. Lo posslbilitE de reduire davantage les hissions de soufre et les effets eur le 
coirt e t  l'infrastructure du raffinagc sont discutEs. 

Se ha realizsdo una estimsci6n del consumo energCtico y de iss emisiones de azufrc 
relacionadas con is combusti6n del petr6leo. para el periodo 1980-2000 pars la CEE-10. l a  
posibilided de una mayor reducci6n de dichas emisiones y sus ifeccos sobre 10s cosccs e 
infreestructura del refino son tambiEn objeto de discusi6n en e l  mencionsdo informe. 

E'stata effertuatv una valutarione, per il periodo 1980-2000, dei eonsumi di energia e deile 
emissioni di zolfo connesre con la combustione di olio combustibile nei I0 paesi della CEE. 
Vengano, inoltre. anvlizzati la possibilit3 di una ulteriore riduzione delle emissioni di 
zolfo ed i suoi effetti sui cosri e SUIIB strutt~ra di raffinaiione, 
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EXECUTIVE SUMMARY 

An assessment  h a s  been made o f  t h e  energy  consumption and o i l  
combustion r e l a t e d  s u l p h u r  e m i s s i o n s  i n  t h e  p e r i o d  1980-2000 f o r  
t h e  EEC-10 c o u n t r i e s .  The p o s s i b i l i t y  of  f u r t h e r  s u l p h u r  
e m i s s i o n s  r e d u c t i o n  and i t s  e f f e c t s  on c o s t  and r e f i n i n g  
s t r u c t u r e  a r e  d i s c u s s e d .  

Genera l  t r e n d s  a r e  i d e n t i f i e d  f o r  t h e  EEC-10 a s  a  whole and t h e r e  
w i l l  h e  a r e a s  where c o n d i t i o n s  a r e  d i f f e r e n t  and t h e r e f o r e  
w a r r a n t  a d d i t i o n a l  s tudy .  

KEY CONCLUSIONS .- 

- O i l  demand h a s  dropped s i g n i r i c a n t l y  between 1980 and 1983 
and no f u r t h e r  growth i s  p r e d i c t e d  f o r  t h e  y e a r  2000. F u e l  
o i l  demand w i l l  be  no more than  50% o f  t h e  1980 l e v e l .  

- R e f i n e r y  c rude  o i l  r u n s  w i l l  c o n t i n u e  t o  d e c l i n e  on 
accoun t  of  i n c r e a s e d  p roduc t  and r e f i n e r y  b l e n d s t o c k  
impor t s .  

- R e f i n e r y  c rude  o i l  i n t a k e  w i l l  c o n t a i n  a  h i g h e r  p r o p o r t i o n  
of  low s u l p h u r  c rude ,  a l t h o u g h  t h e  q t ~ a n t i t y  w i l l  n o t  
i n c r e a s e ,  and t h e r e  should  be  s u f f i c i e n t  c o n v e r s i o n  
c a p a c i t y  a v a i l a b l e  t o  nieet t h e  l i g h t e r  c u t  of  h a r r e l  
demand. 

- Sulphur  e m i s s i o n s  from i n l a n d  f u e l  o i l  j n  2000 a r e  reduced 
57-68 p e r c e n t  compared w i t h  1980 a s  a  r e s u l t  oC market  
f o r c e s .  

- A r e d u c t i o n  of i n l a n d  f u e l  o i l  s u l p h u r  i n  2000gto say  l%,  
would r e q u i r e  mass ive  inves tment  (SUS 3-6 X 10 ) i n  
Residue D e s u l p h u r i z a t i o n  (RnS) u n i t s  0 3 - 2 5 )  and would 
have a d i s r u p t i v e  e f f e c t  on r e f i n i n g  s t r u c t u r e .  

- A p r i c e  i n c r e a s e  f o r  1% s u l p h u r  f u e l  of  SUS 38-55/tonnes 
would h e  r e q u i r e d  t o  r e c o v e r  t h e  c o s t ,  which would make 
such f u e l  uncompet i t jve  w i t h  low s u l p h u r  c o a l  and n a t u r a l  
gas .  

- These r e a s o n s  t o g e t h e r  w i t h  t h e  s h r i n k i n g  f u e l  o i l  demand 
makes l a r g e  s c a l e  inves tment  i n  RDS u n i t s  h i g h l y  
improbable .  



- The a p p l i c a t i o n  of f l u e  g a s  d e s u l p h u r i z a t i o n  t o  l a r g e  
power s t a t i o n s  b u r n i n g  h i g h  s u l p h u r  f u e l  o i l  would g i v e  
40% of  t h e  s u l p h u r  e m i s s i o n  r e d u c t i o n  o b t a i n e d  from t h e  
RDS inves tment  c a s e  and would most l i k e l y  b e  a l e s s  
expens ive  r o u t e  t o  r educe  s u l p h u r  e m i s s i o n s  from o i l  
combustion i f  r e q u i r e d .  Fur thermore ,  t h i s  r o u t e  can  a t t a i n  
some 400 mg SO /m3 f l u e  g a s  a s  opposed t o  1700 mg S0,/m3 

G 

p o s s i b l e  from ~ D S .  



I n  view of  t h e  s i g n i f i c a n t  changes i n  energy p a t t e r n s  and o i l  
p roduc t  demand s t r u c t u r e  i n  t h e  EEC s i n c e  1980, an  assessment  h a s  
been made of  t h e  energy  consumption and o i l  combustion r e l a t e d  
s u l p h u r  emiss ions  i n  t h e  p e r i o d  1980-2000 f o r  t h e  EEC-10 
c o u n t r i e s .  The p o s s i b i l i t y  of  f u r t h e r  s u l p h u r  e m i s s i o n s  r e d u c t i o n  
and i t s  e f f e c t s  on c o s t s  and r e f i n i n g  i n f r a s t r u c t u r e  a r e  
d i s c u s s e d .  

The s t u d y  i s  r e s t r i c t e d  t o  i d e n t i f y i n g  g e n e r a l  t r e n d s  w i t h i n  a  
framework o f  p r o b a b l e  a l t e r n a t i v e s .  It i s  recogn ized  t h a t  t h e r e  
w i l l  be  l o c a l i t i e s  where c o n d i t i o n s  a r e  d i f f e r e n t  t o  t h e  more 
g e n e r a l  ones  assumed h e r e  and t h e r e  may b e  scope f o r  a d d i t i o n a l  
l o c a l l y  o r i e n t a t e d  s t u d i e s .  The fo l lowing  a r e  t h e  main 
c o n c l u s i o n s  and t r e n d s  t h a t  can b e  i d e n t i f i e d .  

Two l e v e l s  o f  o i l  demand from t h e  marlcet have been assumed w i t h i n  
t h e  o v e r a l l  energy demand ( o i l ,  c o a l ,  g a s  and n u c l e a r )  f o r  t h e  
y e a r  2000. The h i g h e r  a t  440 m i l l i o n  t o e  is t h e  r e f e r e n c e  c a s e  
i d e n t i f i e d  by t h e  EEC Commission and i s  16% below t h e  1980 l eve l . .  
The lower  Level a t  380 m i l l i o n  t o e  i s  c o n s i d e r e d  t o  be  more 
r e a l i s t i c  by CONCAVE members and i s  27% below t h e  1980 l e v e l .  

When e s t a b l i s h i n g  t h e  s u l p h u r  emiss ion  p o s i t i o n  from r e s i d u a l  
Fuel  combustion o v e r  t h e  p e r i o d  1980-2000 two i m p o r t a n t  a s p e c t s  
come t o  l i g h t .  

a )  There  i s  some 50% r e d u c t i o n  i n  f u e l  o i l  demand between 
1980 and 2000. 

b)  The p r o p o r t i o n  of  low s u l p h u r  c rude  o i l  assumed t o  b e  
p rocessed  i n  2000 can  b e  a s  h igh  a s  58% compared w i t h  34% 
i n  1980. The a b s o l u t e  q u a n t i t y  of  low s u l p h u r  c r u d e  i s  n o t  
assumed t o  i n c r e a s e  h u t  t h e  r e d u c t i o n  i n  c rude  r u n s  i s  
assumed t o  be  i n  t e r n s  of  mediumfhigh s u l p h u r  c rude .  

I t  is c a l c u l a t e d  t h a t  t h e  s i g n i f i c a n t l y  l i g h t e r  c u t  o f  t h e  b a r r e l  
demand can  be met i n  2000 w i t h  t h e  expected a v a i l a b l e  convers ion  
c a p a c i t y .  

Su lphur  e m i s s i o n s  from i n l a n d  f u e l  o i l  g r a d e s  a r e  c a l c u l a t e d  t o  
have a l r e a d y  dropped from 5 . 3  m i l l i o n  tonnes  i n  1980 t o  2 .8  
m i l l i o n  tonnes  i n  1983 and w i l l  c o n t i n u e  t o  d rop  f u r t h e r  t o  a  
r ange  o f  1.7 t o  2 .3  m i l l i o n  tonnes  i n  2000, a  r e d u c t i o n  o f  57 t o  
68 p e r c e n t  compared w i t h  1980. T h i s  r e d u c t i o n  from o i l  combustion 
r e s u l t i n g  from marlcet f o r c e s  i s  w e l l  i n  l i n e  w i t h  t h e  o b j e c t i v e  
o f  t h e  EEC Commission t o  r educe  s u l p h u r  e m i s s i o n s  from a l l  ene rgy  
s o u r c e s  i n  l a r g e  combustion p l a n t  by 60%. However t h e  r e d u c t i o n  
w i l l  n o t  be  even ly  sp read  throughout  t h e  EEC. 



0 .5 Not w i t h s t a n d i n g  t h e  above f a v o u r a b l e  s u l p h u r  emiss ion  p o s i t i o n ,  
t h e  average  s u l p h u r  c o n t e n t  of  i n l a n d  f u e l  o i l s  is i n  t h e  range  
of  2.1% t o  2.8%. There  w i l l  be s i g n i f i c a n t  v a r i a t i o n  i n  f u e l  o i l  
s u l p h u r  c o n t e n t  from c o u n t r y  t o  coun t ry .  It would b e  p o s s i b l e  t o  
s e g r e g a t e  q u a n t i t i e s  of  lower s u l p h u r  f u e l  o i l  f o r  u s e  i n  s p e c i a l  
s e c t o r s  b u t  t h i s  would i n c r e a s e  t h e  s u l p h u r  c o n t e n t  o f  t h e  
remaining f u e l s  and n o t  reduce t o t a l  s u l p h u r  e m i s s i o n s .  

The s u l p h u r  e m i s s i o n s  from f u e l  o i l  i n  2000 a r e  a lmos t  e q u a l l y  
sp read  o v e r  t h e  s e c t o r s ,  power s t a t i o n s ,  l a r g e  u s e r s  (above 50 
MW ) and s m a l l  u s e r s  (below 50 MWth). I f  i t  would b e  c o n s i d e r e d  

t h  t o  r educe  t h e  s u l p h u r  c o n t e n t  i n  each  of  t h e s e  s e c t o r s  t o  maximum 
1% (1700 mg SO /m3 f l u e  g a s )  by RDS a  mass ive  inves tment  ~ o u l d  be 
r e q u i r e d  v i z .  33-25 RUS u n i t s ,  inves tment  $US 3 t o  6 X 10 . 
Although s u l p h u r  e m i s s i o n s  would b e  reduced hy a n o t h e r  15-30% o f  
t h e  1980 l e v e l ,  such an inves tment  programme i s  c o n s i d e r e d  h i g h l y  
improbable  i n  a  s h r i n k i n g  f u e l  o i l  market  n o t  o n l y  b e c a u s e  of  i t s  
s h e e r  s i z e  and c o s t  b u t  because  of  i ts  d i s r u p t i v e  e f f e c t  on t h e  
EEC r e f i n i n g  i n f r a s t r u c t u r e .  I t  would be  n e c e s s a r y  t o  c l o s e  
r e s i d u e  c o n v e r s i o n  u n i t s  e .g .  v i s b r e a k e r s ,  t o  make a v a i l a b l e  
f e e d s t o c k  f o r  t h e  RUS u n i t s  and then t o  c o r r e c t  r e s u l t i n g  s u p p l y  
and demand imbalances .  

I t  i s  c a l c u l a t e d  t h a t  an  a v e r a g e  o f  $US 38/ tonne 1% s u l p h u r  f u e l  
would have t o  b e  added t o  t h e  p r i c e  of  3.5% s u l p h u r  f u e l  t o  
r e c o v e r  t h e  RDS c o s t s  and s i n c e  t h i s  i s  u n l i k e l y  t o  t a k e  f u l l  
accoun t  of  t h e  d i s r u p t i v e  e f f e c t s  mentioned above t h i s  p r i c e  
i n c r e a s e  cou ld  go t o  t h e  maximum t h a t  can  b e  c a l c u l a t e d  of 
$US 5 5 l t o n n e .  

Low s u l p h u r  f u e l  produced from RDS is u n l i k e l y  t o  b e  c o m p e t i t i v e  
w i t h  n a t u r a l  g a s  and low s u l p h u r  c o a l  l o n g  term and t h e r e f o r e  
t h e r e  w i l l  b e  no economic i n c e n t i v e  t o  i n v e s t  i n  such u n i t s .  I n  
t h e  e v e n t  t h a t  new s u l p h u r  l e g i s l a t i o n  would r e q u i r e  a d d i t i o n a l  
amounts of  low s u l p h u r  energy ,  t h e r e  would be  a  f u r t h e r  move away 
from r e s i d u a l  f u e l  o i l  from EEC r e f i n e r i e s  r e s u l t i n g  i n  reduced 
c r u d e  o i l  r u n s  and p l a n t  c l o s u r e  and e i t h e r  an i n t e n s i f i c a t i o n  of 
convers ion  t o  r e b a l a n c e  t h e  c u t  of  t h e  b a r r e l  o r  a n  i n c r e a s e  of  
d i s t i l l a t e  i m p o r t s  from o u t s i d e  t h e  EEC. 

An a l t e r n a t i v e  c o n t r o l  s t r a t e g y  which would avo id  t h e  above 
mentioned d i s r u p t i v e  e f f e c t s  would be  t h e  a p p l i c a t i o n  of f l u e  g a s  
d e s u l p h u r i z a t i o n  (FGD) t o  l a r g e  power s t a t i o n s  b u r n i n g  h i g h  
s u l p h u r  f u e l  o i l .  T h i s  cou ld  e f f e c t  some 40% of  t h e  s u l p h u r  
emiss ion  r e d u c t i o n  t h a t  cou ld  be  o b t a i n e d  from t h e  RDS inves tment  
programme, would g i v e  a  s i g n i f i c a n t l y  lower SO c o n c e n t r a t i o n  i n  

2  
t h e  f l u e  g a s  (some 400 mg/m3 i n s t e a d  of  1700 mg/m3) and most 
l i k e l y  r e s u l t  i n  a  lower c o s t  p e r  t o n n e  s u l p h u r  removed a l t h o u g h  
t h i s  l a t t e r  n e e d s  t o  be  v e r i f i e d  by f u r t h e r  s t u d y .  



With r e s p e c t  t o  t h e  f u e l  o i l  i n  t h e  remaining s e c t o r s ,  i t  would 
b e  p o s s i b l e  t o  s e g r e g a t e  low s u l p h u r  and h i g h  s u l p h u r  g rades .  
Although t h i s  would n o t  reduce t h e  s u l p h u r  e m i s s i o n s ,  i t  would a t  
l e a s t  p r o v i d e  t h e  o p p o r t u n i t y  t o  a l l o c a t e  t h e  low s u l p h u r  f u e l  t o  
a r e a s  w i t h  h i g h  SO e m i s s i o n s  and t h e  h i g h  s u l p h u r  f u e l  cou ld  b e  

2 al lowed i n  l e s s  c r l t i c a l  s i t u a t i o n s  and t h u s  minimise  t h e  e f f e c t  
of  t h e  emiss ions .  

The energy  f o r e c a s t  d a t a  f o r  t h i s  s t u d y  was developed mid 1985 
i . e .  b e f o r e  t h e  o i l  p r i c e  c o l l a p s e  and b e f o r e  t h e  Russ ian  n u c l e a r  
a c c i d e n t .  Mid 1986 i s  cons ide red  t o  b e  t o o  e a r l y  t o  have a  c l e a r  
concensus  on t h e  e f f e c t  of  t h e s e  e v e n t s  on o i l  demand i n  t h e  
coming y e a r s .  While i t  cannot  h e  excluded t h a t  some i n c r e a s e  i n  
o i l  demand w i l l  t a k e  p l a c e  i n  t h e  n e a r  f u t u r e ,  t h e  r a n g e s  o f  f u e l  
o i l  demand and r e s u l t i n g  emiss ions  i d e n t i f i e d  i n  t h i s  s t u d y  a r e  
s t i l l  cons ide red  t o  cover  t h e  s i t u a t i o n  i n  t h e  y e a r  2000. 







S t e p  7 .  An LP computer model was used t o  s i m u l a t e  t h e  p r o c e s s i n g  
of  c rude  o i l  and f e e d s t o c k s  though t h e  a v a i l a b l e  r e f i n i n g  
f a c i l i t i e s  t o  produce t h e  p r o d u c t  demand. T h i s  a l l o w s  t h e  
i d e n t i f i c a t i o n  of  u t i l i z e d  r e f i n i n g  c a p a c i t y ,  t h e  q u a l i t y  
of  p r o d u c t s  and whether  t h e r e  a r e  any c o n s t r a i n t s  t o  meet 
i n d i v i d u a l  p roduc t  demands. 

S t e p  8 .  The s u l p h u r  e m i s s i o n s  from i n l a n d  f u e l  o i l  i n c l u d i n g  
r e f i n e r y  f u e l  a r e  a s s e s s e d  o v e r  t h e  p e r i o d  1980-2000. 

S t e p  9. The f u e l  o i l  demand is  s p l i t  i n t o  bunkers ,  p o w e r s t a t i o n  
u s e ,  l a r g e  p l a n t  and s m a l l  p l a n t  u s e ,  and t h e  s u l p h u r  
c o n t e n t  o f  t h e  f u e l  i n  t h e  power s t a t i o n ,  l a r g e  and s m a l l  
p l a n t  s e c t o r s  i s  reduced t o  maximum 1% s u l p h u r  t o  a s s e s s  
what d e s u l p h u r i z a t i o n  c a p a c i t y  i s  r e q u i r e d .  

S t e p  10. Based on s t e p  9 t h e  c o s t s  of  s u l p h u r  r e d u c t i o n  a r e  
a s s e s s e d .  



ENERGY DEMAND AND SUPPLY 

D i s c u s s i o n  o f  S a l i e n t  I s s u e s  connected w i t h  Data C o l l e c t i o n  
Phase.  

ENERGY FORECASTS 

C l e a r l y  energy demand and t h e  r e l a t i v e  l e v e l  o f  s u l p h u r  e m i t t i n g  
energy  forms such a s  o i l  and c o a l  i s  one of  t h e  most i m p o r t a n t  
pa ramete r s  t o  t h i s  s t u d y .  F o r e c a s t i n g  energy demand and breakdown 
f o r  2000 i s  d i f f i c u l t  and l e a d s  t o  t h e  n e c e s s i t y  of e s t a b l i s h i n g  
a  r ange  o f  f o r e c a s t s .  

The EEC h a s  p u b l i s h e d  f o r e c a s t s  which show a  l a r g e  range  b u t  have 
i d e n t i f i e d  a  r e f e r e n c e  l e v e l .  The r e s u l t i n g  l e v e l  f o r  o i l  demand 
f o r  EEC-10 i n  2000 i s  440 m i l l i o n  t o e .  The combined v iews  of t h e  
o i l  companies p a r t i c i p a t i n g  i n  CONCAWE p u t s  t h e  comparable o i l  
demand a t  380 m i l l i o n  t o e .  It was decided t o  u s e  b o t h  l e v e l s  a s  a  
s t a r t i n g  p o i n t  i n  t h i s  s t u d y .  A summary of t h e s e  f o r e c a s t s  i s  
g iven  i n  Attachment 1. 

PRODUCT DEMAND BREAKDOWN 

S c r u t i n y  o f  d a t a  submi t t ed  showed q u i t e  some s i m i l a r i t y  on t h e  
p e r c e n t a g e  c u t  o f  t h e  b a r r e l  breakdown and t h i s  was a p p l i e d  t o  
b o t h  l e v e l s  of  demand. The d e t a i l s  a r e  shown i n  Attachment 2 i 3 .  

PRODUCT INPORTS 

I n  o r d e r  t o  de te rmine  t h e  demand on r e f i n e r i e s  some assumpt ions  
on f i n i s h e d  p roduc t  i m p o r t s  j n t o  t h e  EEC-10 were made. Here a l s o  
t h e r e  i s  a  d i f f e r e n c e  o f  o p i n i o n  between t h e  EEC and t h e  O i l  
Companies on t h e  most l i k e l y  import  l e v e l  i n  2000. The main new 
f a c t o r  i n  a d d i t i o n  t o  i m p o r t s  i s  t h a t  t h e r e  is a  l a r g e  amount of 
new r e f i n e r y  c a p a c i t y  b e i n g  b u i l t  i n  t h e  Middle E a s t  o i l  
e x p o r t i n g  c o u n t r i e s  which w i l l  b e  s u r p l u s  t o  own r e q u i r e m e n t s .  I t  
i s  n o t  c l e a r  how much s u r p l u s  p r o d u c t  w j l l  come t o  EEC a s  opposed 
t o  t h e  Western and F a r  E a s t e r n  a r e a s .  EEC f o r e s e e  a  low l e v e l ,  
t h e  o i l  companies a h i g h e r  l e v e l .  I t  was dec ided  t o  u s e  two 
l e v e l s  f o r  t h i s  s t u d y  v i z .  35 and 70 m i l l i o n  t o n n e s l y e a r  of  main 
p r o d u c t s  s p l i t  a c r o s s  t h e  b a r r e l  i n  l i n e  w i t h  o v e r a l l  p r o d u c t  
demand. The d i f f e r e n c e  between t o t a l  demand and p r o d u c t  i m p o r t s  
g i v e s  t h e  demand on r e r i n e r i e s .  



Trad i t i ona l l y  s i g n i f i c a n t  amounts o f  f eeds tocks  - e s s e n t i a l l y  
atmospheric resi.dues f o r  upgrading, have always been imported 
i n t o  t h e  EEC-10. There i s  a s t rone  chance t h a t  by 2000, t h e  
supp l i e r s  o f  f eeds tocks  w i l l  choose t o  r e t a i n  t h e  mater ia l  f o r  
t h e i r  own upgrading bu t  i n  order not  t o  disregard t h e  
p o s s i b i l i t y ,  25 and zero m i l l i o n  tonnes o f  h igh  sulphur 
atmospheric r e s idues  a s  r e f i n e r y  f eeds tocks  were assumed. 

To e s t a b l i s h  the  q u a l i t y  o f  t h e  crude o i l  packet t h e  fol lowing 
philosophy was used.  

a )  Crude q u a l i t y  i s  represented hy  t h ree  crude o i l s  
considered represen ta t i ve  f o r  low sulphur,  medium sulphur 
and high sulphur t y p e s ,  v i z .  Brent ,  Liqht  Arabian, Heavy 
Arabian. 

b )  I t  i s  assumed i n  2000 tha t  E E C  w i l l  p r e f e r e n t i a l l y  process 
own crude supplemented t o  some e x t e n t  by close-haul 
A f r i can  crudes a l l  o f  which are low sulphur t ype  t o  a 
l e v e l  not exceeding t h e  present s i t u a t i o n .  However it was 
f e l t  t h a t  North Sea production by 2000 could be  dec l in ing  
and t h a t  t h e r e f o r e  a lower l e v e l  o f  low sulphur crude 
processing should be assumed. I t  was decided t o  use  two 
l e v e l s  v i z .  180 and 130 m i l l i o n  tonnes o f  low sulphur 
crude processing. 

C )  The remainder o f  t h e  crude o i l  requirement was deemed t o  
be i n  terms o f  mediumfhigh sulphur i n  a r a t i o  s im i lar  t o  
t h e  present pos i t i on .  

I t  should be noted t h a t  i n  t h i s  approach, low sulphur crude 
processing i s  more or  l e s s  independant o f  t o t a l  demand and t h a t  
t h e  greater  t h e  demand f o r  crude o i l  t h e  higher t h e  proportion o f  
mediumlhigh sulphur t ypes  i . e .  low sulphur crude i s  not  a f i xed  
percent o f  t o t a l  crude i n t a k e .  

SUMMARY OF DEMAND AND SUPPLY 1980 - 2 0 0 0  

For t h e  year 2000, t here  are  two l e v e l s  f o r  t o t a l  demand, 2 
l e v e l s  f o r  product impor t s ,  2 l e v e l s  f o r  f eeds tocks  and 2 l e v e l s  
f o r  low sulphur crude o i l ,  g iv ing  i n  t o t a l  16 cases which are 
shown i n  Attachment 2 .  The pos i t i on  f o r  1980183 based on ac tual  
data i s  a l s o  given i n  Attachment -- 2.  

Comparison o f  t h e  data g i ves  r i s e  t o  t h e  fo l lowing  main comments. 

a )  There i s  a s i g n i f i c a n t  drop i n  demand on r e f i n e r i e s  i n  
1983 compared w i t h  1980 (100 m i l l i o n  tonnes or 20 percent)  
which i s  e s s e n t i a l l y  i n  t h e  f u e l  o i l  and t o  a l e s s e r  



e x t e n t  i n  t h e  g a s  o i l  s e c t o r s .  By t h e  y e a r  2000 t h e  
assumpt ions  range  from no  f u r t h e r  d r o p  i n  r e f i n e r y  demand 
t o  a  f u r t h e r  drop o f  n e a r l y  100 m i l l i o n  tonnes .  The n e t  
e f f e c t  o f  t h e s e  changes  i s  a  50% r e d u c t i o n  i n  f u e l  o i l  
demand between 1980 and 2000. 

Although t o t a l  g a s  o i l l d i e s e l  f u e l  does  n o t  change 
s i g n i f i c a n t l y ,  au tomot ive  g a s  o i l  demand grows 
s i g n i f i c a n t l y  and t h e  r a t i o  AGO/TGO changes  from 1:2.5 t o  
I:L. 

The low s u l p h u r  c r u d e  p r o c e s s i n g  does  n o t  change 
s i g n i f i c a n t 1 . y  i n  a b s o l u t e  terms between 1980 and 2000 b u t  
i n  1983 and 2000 t h e r e  is a  l a r g e  d rop  i n  h i g h  s u l p h u r  
c rude  p r o c e s s i n g  which means t h a t  i n  t h e  p e r i o d  t h e  
s u l p h u r  i n t a k e  i s  s i g n i f k a n t l y  lower  than i n  1980. A s  a  
r e s u l t  t h e  p e r c e n t a g e  o f  low s u l p h u r  c r u d e  i n  t h e  r e f i n e r y  
i n t a k e  i s  between 34 and 58% i n  2000 compared w i t h  34% i n  
1980. 

The range o f  d a t a  used f o r  t h i s  s t u d y  i s  expec ted  t o  p r o v i d e  a  
window w i t h i n  which t h e r e  i s  2 good chance t h a t  t h e  a c t u a l  y e a r  
2000 p o s i t i o n  w i l l  b e  i n c l u d e d .  I t  can a l s o  be  used t o  p r e d i c t  
t r e n d  e f f e c t s  f o r  s i t u a t i o n s  o u r s i d e  t h e  s o - c a l l e d  window. 

REFINERY PROCESSING CAPACITY 

It i s  a  w e l l  e s t a b l i s h e d  f a c t  t h a t  t h e r e  is a  l a r g e  s u r p l u s  o f  
pri.mary d j s t i l l i n g  c a p a c i t y  i n  t h e  combined EEC r e f i n e r i e s  s o  
t h a t  t h i s  can  never  be  a l l n i t i n g  f a c t o r .  Dur ing t h e  l a s t  decade 
t h e r e  h a s  been a  s i g n i f i c a n t  d e c r e a s e  i n  t h e  c u t  o f  t h e  b a r r e l  
demand f o r  f u e l  o i l  and a  c o n c u r r e n t  i n c r e a s e  i n  c u t  of  t h e  
b a r r e l  demand f o r  t h e  h i g h e r  v a l u e  p r o d u c t s  such a s  g a s o l i n e ,  
k e r o s i n e  and g a s  o i l / d i e s e l  f u e l s .  T h i s  change i n  y i e l d  h a s  been 
met l a r g e l y  by t h e  i n s t a l l a t i o n  of  fuel .  o i l  upgrad ing  f a c i l i t j e s  
such a s  c a t a l y t i c  c r a c k e r s ,  the rmal  c r a c k e r s ,  and t o  a  l e s s e r  
e x t e n t  c o k e r s  and h y d r o c r a c k e r s .  

While t h e  aim of  a l l  t h e  p r o c e s s e s  i s  t h e  same, i . e .  t h e  
convers ion  of  f u e l  o i l  t o  d i s t i l l a t e s ,  t h e  magni tude of  t h e  
e f f e c t  d i f f e r  and t h e  p r o p e r t i e s  of  t h e  remaining f u e l  o i l  
components d i f f e r  from p r o c e s s  t o  p r o c e s s .  I n  g e n e r a l  t h e r e  i s  a  
c o n c e n t r a t i o n  e f f e c t  i n  t h e  f u e l  o i l s  of  c a r b o n ,  m e t a l s  and 
n i t r o g e n  and s u l p h u r .  There  i s  a l s o  some removal of n i t r o g e n  and 
s u l p h u r .  

I n  o r d e r  t o  e s t i m a t v  t h e  s u l p h u r  c o n t e n t  o f  f u e l  o i l  i n  2000, an  
e s t i m n t e  o f  t h e  f u e l  o i l  upgrading c a p a c i t y  is r e q u i r e d  i n  
a d d i t i o n  t o  t h e  q u a l i t y  of  t h e  r e f i n e r y  i n t a k e .  To come t o  such 
a n  e s t i m a t e  o i l  companies submi t t ed  d a t a  on t h e  p r e s e n t  day 
s i t u a t i o n  p l u s  Film p l a n s  f o r  new c a p a c i t y  minus f i r m  p l a n s ,  a s  



known a t  t h e  t i m e ,  f o r  s h u t t i n g  down c a p a c i t y  a s  p a r t  of  a  
r e f i n e r y  c a p a c i t y  r a t i o n a l i z a t i o n  p l a n .  There  were  some 
d i f f e r e n c e s  of  o p i n i o n  on t h i s  l a t t e r  a s p e c t  and i t  was agreed  t o  
t a k e  an  average  view on r a t i o n a l i z a t i o n  f o r  t h e  f u t u r e .  The 
c a p a c i t i e s  used f o r  t h i s  s t u d y  a r e  shown i n  Attachment 6 .  

Comparison of  2000 w i t h  1980 shows a  s h a r p  d e c r e a s e  i n  pr imary 
d i s t i l l a t i o n  c a p a c i t y  (300 m i l l i o n  t o n n e s )  and a s  a  consequence 
of  f i r m  c l o s i n g  complete  "simple" r e f i n e r i e s  a  d e c r e a s e  i n  
p l a t f o r m i n g  and HDS c a p a c i t y .  I n  t h e  p l a t f o r m i n g  c a s e  t h i s  l o s s  
i s  compensated by t h e  assumpt ion t h a t  semi - regenera t ive  u n i t s  a r e  
c o m p l e t e l y  r e p l a c e d  by c o n t i n u o u s  c a t a l y s t  r e g e n e r a t i v e  u n i t s  by 
2000. For HES u n i t s ,  l o s s  i n  c a p a c i t y  js compensated by improved 
l e v e l  o f  d e s u l p h u r i z a t i o n .  

There  i s  a n  i n c r e a s e  i n  vacuum d i s t i l l a t i o n  and f u e l  o i l  
upgrad ing  c a p a c i t y .  

LP COMPUTER MODEL 

T t  was agreed  t o  s i m u l a t e  t h e  p r o c e s s i n g  of  c rude  o i l  and 
f e e d s t o c k s  through t h e  r e f i n e r y  f a c i l i t i e s  t o  produce t h e  
r e q u i r e d  p roduc t  demand by t h e  u s e  o f  a n  LP computer model. Three  
CONCAlJE members o f f e r e d  t o  c a r r y  o u t  such r u n s  on t h e  b a s i s  t h a t  
t h e y  would u s e  a  we l l  e s t a b l i s h e d  model a v a i l a b l e  i n  t h e i r  own 
company b u t  would n o t  make a v a i l a b l e  d e t a i l s  on model b u i l d i n g  o r  
c o n t e n t .  Tn p r i n c i p l e  such a  model s i m u l a t e s  t h e  o p e r a t i o n  of t h e  
d i f f e r e n t  t y p e s  of  p r o c e s s e s  i n  terms o f  y i e l d  and q u a l i t y  o f  
components f o r  b l e n d i n g ,  f e e d s t o c k s  f o r  f u r t h e r  p r o c e s s i n g  and 
energy  r e q u i r e m e n t s  o f  t h e  p l a n t s .  Based on c rude  o i l  o f f e r e d  t o  
t h e  model,  i n  t h i s  c a s e  t h r e e  t v p e s ,  low s u l p h u r ,  medium s u l p h u r  
and h i g h  s u l p h u r  and t h e  p r o d u c t  demand and q u a l i t y  
s p e c i f i c a t i o n s ,  t h e  model chooses  o p e r a t i n g  and b l e n d i n g  modes t o  
g i v e  t h e  b e s t  s o l u t i o n  e . g .  i n  t e rms  of  c o s t s  o r  p r o f i t .  S i n r e  
t h e  same h a s i c  i n p u t  would b e  used i t  was hoped t h a t  t h e  r e s u l t s  
would be s i m i l a r .  There  was good agreement between t h e  t h r e e  
companies '  LP models p a r t i c u 1 a r . l y  t a k i n g  accoun t  of  t h e  
d i f f i c u l t i e s  invo lved  w i t h  f o r e c a s t i n g  a  2000 s i t u a t i o n .  Although 
16 d i f f e r e n t  demand c a s e s  were  developed f o r  2000 i t  was agreed  
o n l y  t o  examine f i v e  i n  d e t a i l ,  r e p r e s e n t i n g  ex t remes  s o  t h a t  a l l  
o t h e r  c a s e s  would f a l l  i n  between.  The chosen c a s e s  were  1980,  
1983, 2000 ( c a s e s  1 ,  2 ,  5 ,  15 ,  16 )  a s  i n d i c a t e d  i n  t h e  f o l l o w i n g  
Tab le  . -- 



Year 

Case 

Product  demand 
Produc t  import  

Demand on 
r e f i n e r i e s  

Low s u l p h u r  
c r u d e  
Other c rude  
Feeds tocks  

T o t a l  i n t a k e  

Output  
Gaso l ine  and 
l i g h t e r  
Middle d i s t i l -  
l a t e s  
Fue l  o i l  
O t h e r s  

Sub- to ta l  
R e f i n e r y  f u e l  
and l o s s  

T o t a l  o u t p u t  

190  275 
2 0  1 N i l  

180 
225 
N i l  ,- 

405 

F u r t h e r  s p e c i f i c a t i o n  l i m i t s  were p u t  on a  number of p r o d u c t  
q u a l i t y  i t e m s  t o  f u r t h e r  s t a n d a r d i z e  t h e  o u t p u t .  These 
s p e c i f i c a t i o n  i t e m s  a r e  shown i n  -- Attachment 7 .  





SULPHUR EMISSIONS 1980 - 2000 RESULTS 

To r e s t r i . c t  t h e  amount of  d a t a  t o  r e a s o n a b l e  p r o p o r t i o n s  o n l y  t h e  
most impor tan t  f a c t o r s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t j o n s .  

REFINERY UTILIZATION TO MEET DEMAND 

Product  demand and q u a l i t y  s p e c i f i c a t i o n s  cou ld  b e  met i n  a l l  
c a s e s .  T h i s  i n  f a c t  means t h a t  i n  combinat ion w i t h  t h e  assumed 
a v a i l a b l e  c rude  and f e e d s t o c k s ,  t h e r e  i s  s u f f i c i e n t  c o n v e r s i o n  
c a p a c i t y  a v a i l a b l e  i n  2000. The c a s e s  where t h e r e  i s  100% 
u t i l i z a t i o n  o t  c o n v e r s i o n  c a p a c i t y ,  have t h e  h e a v i e s t  c rude  i n t a k e .  
With i n c r e a s i n g  p r o p o r t i o n  o f  low s u l p h u r  c r u d e ,  l e s s  c o n v e r s i o n  
c a p a c i t y  is r e q u i r e d .  

FUEL 011, SULPHUR CONTENT 

The s u l p h u r  c o n t e n t  of  t h e  f u e l  o i l  g r a d e s  i s  g i v e n  i n  t h e  
f o l l o w i n g  Tab le .  

SULPHUR CONTENT (m%) 1 a s  1 1;: 1:: 

I n l a n d  f u e l  
( i n c l .  r e f i n e r i e s )  

The average  s u l p h u r  c o n t e n t  of  t h e  f u e l  o i l s  produced i l l u s t r a t e s  
c l e a r l y  i n  c a s e  16 t h e  e f f e c t  of  t h e  h i g h  p r o p o r t i o n  o f  low s u l p h u r  
c rude  coupled w i t h  a low produc t  demand. It shou ld  b e  r e a l i z e d  t h a t  
s i g n i f i c a n t  d i f f e r e n c e s  from t h e  average  w i l l  o c c u r  from c o u n t r y  t o  
coun t ry  doe e.g.  t o  d i f f e r e n t  p r o p o r t i o n s  of  low s u l p h u r  c r u d e  o i l  
b e i n g  p rocessed .  

That  t h e  s u l p h u r  c o n t e n t s  i n  2000 a r e  n o t  even lower i s  due  t o  t h e  
c o n c e n t r a t i o n  e f f e c t  of  t h e  h i g h l y  u t i l i z e d  c o n v e r s i o n  c a p a c i t y ,  
a l t h o u g h  of c o u r s e  convers ion  p l a n t s  do remove some s u l p h u r  from 
Lhe sys tem e .g .  v i a  t h e  s u l p h u r  r ecovery  f a c i l i t i e s .  J n  1980 and t o  
a  l e s s e r  e x t e n t  i n  1963 t h e r e  a r e  s t i l l  s i e n i f i c a n t  amounts o f  
unconver ted  r e s i d u e s  i n  t h e  f u e l  o i l  poo l .  T h i s  i s  shown i n  
Attachment 9  a l s o  by t h e  h i g h e r  d e n s i t i e s  and Conradson r e s i d u e s  
i n  2000. 



4.3 SULPHUR EMISSIONS FROM FUEL OIL COMBUSTION 

A b e t t e r  i l l u s t r a t i o n  of  t h e  s u l p h u r  p o s i t i o n  i s  g iven  by 
c a l c u l a t i n g  t h e  s u l p h u r  e m i s s i o n s  on combustion of t h e  f u e l s  
(assuming t h a t  t h e r e  i s  no f l u e  g a s  d e s u l p h u r i z a t i o n  b e i n g  c a r r i e d  
o u t  e.g.  i n  power s t a t i o n s )  s i n c e  t h i s  a l s o  t a k e s  i n t o  accoun t  t h e  
q u a n t i t i e s  of  f u e l  o i l  b e i n g  consumed. 

SULPHUR EMISSIONS (106 T/YR) 

Case 

I n l a n d  f u e l  
( i n c l .  r e f i n e r i e s )  

I n l a n d  i m p o r t s  

T o t a l  i n l a n d  

Bunker f u e l  
Bunker i m p o r t s  

T o t a l  bunkers  

5.14 

0.18 

5 .32 

0.74 
N i l  

0.74 

I t  is wor th  n o t i n g  t h a t  bi tumen p r o d u c t i o n  c r e a t e s  a n  i m p o r t a n t  
s u l p h u r  s i n k  o f  0 . 5  m i l l i o n  tonnes  of s u l p h u r .  

1983 

2.42 

0 .35 

2.77 

0.64 
N i l  

0.64 

The s u l p h u r  emiss ion  p o s i t i o n  f o r  t h e  i n l a n d  f u e l s  i s  shown 
g r a p h i c a l l y  i n  Attachment -- 10. O u t s t a n d i n g  i s  t h e  s h a r p  f a l l  i n  
e m i s s i o n s  t h a t  h a s  a l r e a d y  occur red  between 1980 and 1983 (48%) 
There  i s  a  f u r t h e r  f a l l  p r e d i c t e d  f o r  2000, s o  t h a t  depending upon 
energy  f o r e c a s t  and c r u d e  o i l  q u a l i t y ,  s u l p h u r  e m i s s i o n s  i n  2000 
have dropped by 56-68 p e r c e n t  of 1980 e m i s s i o n s .  The l o w e s t  
e m i s s i o n  c a s e s  i n  2000 a r e  t h o s e  w i t h  t h e  l o w e s t  demand (15,  16) 
and w i t h  t h e  h i g h e s t  p r o p o r t i o n  of  low s u l p h u r  c r u d e  (2 ,  16) .  

2000 

OPTIONS TO FURTHER REDUCE SULPHUR EMISSIONS 

P r o p o s a l s  on s u l p h u r  e m i s s i o n  c o n t r o l  from t h e  EEC have been 
f o c u s s e d  on l a r g e  i n d u s t r i a l  p l a n t  (above 50 MW ) ,  e .g .  t o  reduce 

t h  s u l p h u r  e m i s s i o n s  from a l l  ene rgy  s o u r c e s  i n  t h i s  s e c t o r  by 60% of 
t h e  1980 l e v e l .  The r e s u l t s  of  t h i s  s t u d y  i n d i c a t e  t h a t  f o r  o i l  
combustion a t  l e a s t ,  s u l p h u r  e m i s s i o n s  a r e  w e l l  i n  l i n e  w i t h  t h i s  
r equ i rement  by 2000 on a  g e n e r a l  EEC b a s i s  a s  a  r e s u l t  of  market  
f o r c e s  e .g .  o f  o i l  demand and low s u l p h u r  c r u d e  o i l  a v a i l a b i l i t y .  

1 

2.13 

0.21 

2.34 

0.60 
0.18 

0.78 

2  

1.87 

0 .21 

2 .08 

0 .58 
0.18 

0.76 

16 

1.27 

0.42 

1.69 

0.27 
0.35 

0.62 

5  

2.05 

0.21 

2.26 

0.56 
0.18 

0.74 

15  

1.56 

0 .42 

1.98 

0 .36  
0.35 

0.71 



However, w i t h i n  t h i s  o v e r a l l  p o s i t i o n  t h e r e  w i l l  b e  a r e a s  where 
such a  r e d u c t i o n  cannot  be  met w i t h o u t  i n c u r r i n g  e x t r a  c o s t s  e .g .  
from inves tment  i n  d e s u l p h u r i z a t i o n  p l a n t .  I f  n o t w i t h s t a n d i n g  t h e  
s i t u a t i o n  f u r t h e r  s u l p h u r  r e d u c t i o n  o f  f u e l  o i l  would be  r e q u i r e d ,  
t h e  c o s t s  of  d i f f e r e n t  a l t e r n a t i v e s  can b e  a s s e s s e d  a s  fo l lows .  

The i n l a n d  f u e l  demand h a s  been s p l i t  i n t o  t h r e e  s e c t o r s  l a r g e  
i n d u s t r i a l  consumers (ahove 50 MW ) t h i s  s e c t o r  i n c l u d e s  
r e f i n e r i e s ,  s m a l l  u s e r s  (below 5othWth! and power s t a t i o n s .  An 
es t i .mate  of  t h e  consumption i n  t h e s e  s e c t o r s  i s  shown below: 

6 
FUEL OIL DEMAND PER END-IISE CATEGORY (10 T  ) 

I c a s e  1 1980 1 2000 

(a )  Market demand 

Power 
s t a t i o n s  

Large i n d .  
u s e r  

Small  u s e r s  

E u n k e r f u e l  

(b)  Demand on r e f i n e r i e s  which a l l o w s  f o r  n e t  f u e l  o i l  i m p o r t s  

It i s  now p o s s i b l e  t o  c o n s i d e r  r e d u c t i o n  of  s u l p h u r  e m i s s i o n s  i n  
t h e s e  s e c t o r s  by a p p l i c a t i o n  of  a  number of  a l t e r n a t i v e  r o u t e s  
which a r e  d i s c u s s e d  below. 

(a )  (b) 

63 60 

44 43 

41 40 

21 21 

I t  would h e  p o s s i b l e  t o  produce q u a n t i t i e s  of  low s u l p h u r  f u e l  f o r  
u s e  i n  a  p a r t i c u l a r  s e c t o r ,  b u t  wi thdrawal  of such from t h e  f u e l  
p o o l  w i l l  i n c r e a s e  t h e  s u l p h u r  c o n t e n t  of t h e  remain ing  f u e l  o i l  
and,  t h e r e f o r e ,  t h e r e  would be  no  e f f e c t  on s u l p h u r  emiss ions .  

I n c r e a s i n g  t h e  amount of low s u l p h u r  c rude  a t  t h e  expense  o f  h i g h  
s u l p h u r  c rude  would reduce  t h e  s u l p h u r  c o n t e n t  o f  t h e  f u e l  p o o l ,  
b u t  i t  js concluded t h a t  no s i g n i f i c a n t  a d d i t i o n a l  amounts of  low 
s u l p h u r  c r u d e  w i l l  b e  a v a i l a b l e  above t h e  range  of 130-180 m i l l i o n  
tonnes  a l r e a d y  used i n  t h e  s t u d y .  

1 

( a )  (b) 

23 17 

20 20 

20 20 

22 17 

I n  t h e  f i e l d  of  d e s u l p h u r i z a t i o n  t h e r e  can b e  o p p o r t u n i t i e s  t o  
p r e t r e a t  vacuum d i s t i l l a t e s  a n d f o r  s o l v e n t  e x t r a c t e d  o i l s  a s  
convers ion  f e e d s t o e b s .  These r o u t e s  would n o t  have a  s i g n i f i c a n t  
o v e r a l l  e f f e c t  on s u l p h u r  e m i s s i o n s ,  a l t h o u g h  l o c a l l y  they  may 
p r o v i d e  a  u s e f u l  improvement and,  t h e r e f o r e ,  have n o t  heen f u r t h e r  
c o n s i d e r e d  i n  t h i s  s t u d y .  

2  

( a )  (b) 

23 17 

22 22 

20 20 

22 17 

5  

(a! (b) 

23 1 7  

28 28 

20 20 

22 17 

15  

( a )  !b) 

20 8  

16 16 

18 18 

19 9 



4 . 4 . 1 .  Residue Desulphurizat ion (RDS) 

Residue desulphur iza t ion  is an opt ion  t o  be considered. A s  
previously explained t h e r e  a r e  r e l a t i v e l y  small  amounts of 
atmospheric res idue  a v a i l a b l e  f o r  desulphur iza t ion  a s  f u e l  o i l  
components s ince  they have a  h igher  va lue  a s  conversion feedstock 
and, because of t h e  abundance of low sulphur r e s idues  with low 
meta ls /asphal tenes  con ten t ,  i t  w i l l  be d i f f i c u l t  t o  j u s t i f y  
desulphur iza t ion  a s  a  pretreatment  f o r  high sulphur r e s idue  a s  
conversion feedstock.  

Tberefore,  a  c a l c u l a t i o n  has  been made on how much RDS capaci ty  
would be requi red  when t r e a t i n g  a  mixture of medium and high 
sulphur vacuum res idues  t o  reduce t h e  sulphur content  of t h e  fue l  
o i l  i n  each s e c t o r  t o  1%. This i s  equivalent  t o  an emission of 1700 
mg SO /m3 and is  about the  lowest t h a t  can be achieved from vacuum 

2 
res idues .  The r e s u l t s  a r e  shown i n  Attachments 11/12 and a r e  
summarized below: 

Sector Above 50 MWth 

4-8 

1000-2000 
* 

300- 800 

0.25-0.49 

0.16-0.28 

Power 

RDS units (a) 

Investment ( b ) ( c )  $US 10 6 

6 Operating cost(b)(c)$US 10 /yr 

Reduction of 
sulphur emissions 106tlyr 

Resulting sulphur 
emissions 106t/yr 

Below 50 MWth 71 4-9 

1000-2300 

300- 900 

0.24-0.51 

0.08-0.17 

. . 
( C )  based on data in the concurrent CONCAWE report which updates 

the costs of RDS 

(a) unit capacity 4000 tlcd 
(b) Cost estimate bases: 1985, Rotterdam 

The o v e r a l l  e f f e c t  of in t roducing  1 %  sulphur f u e l  o i l  i n t o  a l l  
s e c t o r s  i s  a  reduct ion of 0.8 t o  1.5 mi l l i on  tonnes of sulphur 
emissions which i s  some 15-30% of t h e  1980 leve l  and would b r ing  
t h e  t o t a l  reduct ion from 1980 of 56-68% by market f o r c e s  t o  some 
85%. 

However, t o  achieve t h i s  f u r t h e r  reduct ion a  massive investment i n  
RDS would be zequired v i z .  some 13 t o  25 u n i t s  of 4000 t / c d  each a t  
an investment cos t  of $US 3300-6300 mi l l i on  and an annual opera t ing  
cos t  of $US 1000-2500 mi l l ion .  These e f f e c t s  a r e  i l l u s t r a t e d  i n  
Attachment 13. -- 



Such a n  inves tment  programme must b e  c o n s i d e r e d  h i g h l y  improhahle  
i n  a  s h r i n k i n g  f u e l  o i l  market .  Apar t  from i t s  s h e e r  s i z e ,  i t  is  
l i k e l y  t o  have a  d i s r u p t i v e  e f f e c t  on r e f i n e r y  i n f r a s t r u c t u r e .  I n  
many c a s e s  t h e r e  w i l l  b e  i n s u i f i c i e n t  s t r a i g h t - r u n  f e e d s t o c k  f o r  
t h e  u n i t s ,  which would mean i t  would have t o  b e  withdrawn from 
o t h e r  u n i t s  such a s  v i s b r e a k e r s .  The l o s s  of  d i s t i l l a t e s  from such 
u n i t s  might b e  compensated f o r  by t h e  convers ion  e f f e c t  of  t h e  RDS 
u n i t s  on an EEC-10 b a s i s  b u t  i t  i s  h i g h l y  u n l i k e l y  t h a t  t h i s  would 
b e  p o s s i b l e  a t  each r e f i n e r y .  T h i s  w i l l  r e s u l t  i n  a d d i t i o n a l  c o s t s  
t o  c o r r e c t  supp ly  and demand imbalances  which a r e  v e r y  d i f f i c u l t  t o  
e s t i m a t e  and t h e r e f o r e  o p e r a t i n g  c o s t s  can b e  expec ted  a t  l e a s t  a t  
t h e  t o p  end o f  t h e  range  i .e.  r e f l e c t i n g  a low o r  even z e r o  c r e d i t  
f o r  t h e  convers ion  e f f e c t .  I f  t h e s e  c o s t s  a r e  r e f l e c t e d  hack on t h e  
1% s u l p h u r  f u e l  produced i t  would mean t h a t  on a v e r a g e  
$US 3 8 l t o n n e s  would have t o  b e  recovered  on t o p  of t h e  p r i c e  of 
3.5% s u l p h u r  f u e l .  T h i s  cou ld  w e l l  i n c r e a s e  up t o  SUS 5 5 l t o n n e s  i n  
t h e  c a s e  of  z e r o  c r e d i t s  b e i n g  a p p l i c a b l e .  

T h i s  a p p l i e s  n o t  on ly  t o  t h e  commercial  u s e r  b u t  a l s o  t o  t h e  
r e f i n e r y  o p e r a t o r .  

I t  i s  h i g h l y  u n l i k e l y  t h a t  such f u e l  o i l  cou ld  compete w i t h  
a l t e r n a t i v e  low s u l p h u r  energy forms such a s  c o a l  o r  n a t u r a l  g a s .  
The c u r r e n t  d rop  i n  o i l  p r i c e s  w i l l  make o i l  more c o m p e t i t i v e  w i t h  
c o a l  b u t  i t  can be  s e r i o u s l y  q u e s t i o n e d  whe the r  such a  s i t u a t i o n  
would p r e v a i l  l o n g  enough t o  encourage inves tment  i n  s i g n i f i c a n t  
amounts of  r e s i d u e  d e s u l p h u r i z a t i o n  c a p a c i t y .  

I n  t h e  c a s e  t h a t  low s u l p h u r  f u e l  o i l  l e g i s l a t i o n  would b e  
i n t r o d u c e d  and RDS i s  n o t  i n s t a l l e d  t h e r e  w i l l  be  a  f u r t h e r  
r e d u c t i o n  i n  f u e l  o i l  demand v i z .  a  s w i t c h  t o  low s u l p h u r  c o a l  
a n d l o r  n a t u r a l  g a s  which would r e s u l t  i n  a  f u r t h e r  r e d u c t i o n  i n  
c r u d e  r u n s  ( c l o s u r e  of  r e f i n e r i e s )  and a d j u s t m e n t s  t o  t h e  c u t  of  
t h e  b a r r e l  by a  v a r i e t y  of  means such a s ,  i n c r e a s e d  c o n v e r s i o n ,  
c rude  o i l  a d j u s t m e n t ,  i n c r e a s e d  d i s t i l l a t e  i m p o r t s .  

F lue  Gas D e s u l p h u r i z a t i o n  

Having concluded t h a t  mass ive  inves tment  i n  RDS i s  unlike1.y i t  i s  
worth enquir i .ng  whether  t h e r e  a r e  s t i l l  any a l t e r n a t i v e s  which 
would avo id  t h e  d i s r u p t i v e  e f f e c t s  a s s o c i a t e d  w i t h  RDS. The power 
s t a t i o n  s e c t o r  i s  e m i t t i n g  abou t  25-35% of  o i l  based s u l p h u r  i n  
2000. I n d i v i d u a l  c a p a c i t i e s  a r e  l a r g e  s a y  300 MW e l e c t r i c a l  and 
l a r g e r  and t h e  s u l p h u r  c o n t e n t  of  t h e  f u e l  i s  h i g h  e . g .  4%. T h i s  
makes t h e  power s t a t i o n  s e c t o r  v e r y  s u i t a b l e  f o r  a p p l i c a t i o n  o f  
f l u e  g a s  d e s u l p h u r i z a t i o n  (FGD). I n  g e n e r a l  some 90% 
d e s u l p h u r i z a t i o n  can be  ach ieved  s o  t h a t  a p p l i c a t i o n  t o  t h e  power 
s t a t i o n  s e c t o r  would r c p l a c e  t h e  need f o r  5  t o  10 RDS u n i t s  which 

can on ly  a c h i e v e  a  lower r a t e  of  d e s u l p h u r i z a t i o n .  



T h i s  r o u t e  g i v e s  some 40% of  t h e  c a l c u l a t e d  emiss ion  r e d u c t i o n  from 
t h e  u s e  of  1% s u l p h u r  f u e l .  The SO, c o n c e n t r a t i o n  i n  t h e  
d e s u l p h u r i z e d  f u e l  g a s  would be  c l b s e  t o  400 mg/m3 which is 
s i g n i f i c a n t l y  b e t t e r  than  can h e  ach ieved  w i t h  d e s u l p h u r i z e d  f u e l  
o i l .  

With r e s p e c t  t o  c o s t s ,  t h e  main e x p e r i e n c e  i s  w i t h  c o a l - f j r e d  FGD, 
h u t  based on m i s c e l l a n e o u s  c o s t  d a t a  a v a i l a b l e  i t  i s  l i k e l y  t h a t  
o i l  based FGD b u r n i n g  h i g h  s u l p h u r  f u e l  i n  l a r g e  i n s t a l l a t i o n s  
(above 300 MW e l e c t r i c a l )  i s  cheaper  p e r  tonne  of  s u l p h u r  removed 
than RDS. T h i s  n e e d s  t o  b e  v e r i f i e d  by f u r t h e r  s t u d y .  I n  c o n t r a s t ,  
t h e  c o s t  of  s u l p h u r  removal by FGD i n  s m a l l e r  u n i t s  (50-300 MW 
the rmal )  f o r  example is quoted a s  SUS 2600-4500/tonnes s u l p h u r  
removed (CONCAWE r e p o r t  7/84 "Cost of  c o n t r o l  of  s u l p h u r  d i o x i d e ,  
n i t r o g e n  o x i d e s  and p a r t i c u l a t e s  emiss ior is  from l a r g e  combustion 
p l a n t s  i n  o i l  r e f i n e r i e s " )  . 
With r e s p e c t  t o  t h e  f u e l  o i l  i n  t h e  remaining s e c t o r s ,  e s  mentioned 
h e f o r e  i t  would h e  p o s s i b l e  t o  s e g r e g a t e  low s u l p h u r  and h i g h  
s u l p h u r  g r a d e s .  T h i s  would of  c o u r s e  n o t  r educe  t h e  amount of 
s u l p h u r  e m i t t e d  when h u r n t ,  b u t  i t  would a l l o w  t h e  p o s s i b i l i t y  t o  
a l l o c a t e  t h e  low s u l p h u r  Fuel  t o  l o c a t i o n s  where t h e r e  i s  a  l a r g e  
c o n c e n t r a t i o n  o f  SO l e a v i n g  t h e  h i g h  s u l p h u r  g r a d e s  t o  be  used  i n  2 '  
l e s s  c r i t i c a l  a r e a s .  



c2xN=TlG@w@ ATTACHMENT 1.1 

EEC-] 0 TOTAL ENERGY DEPfiNl3 
(MILLION TONNES OIL EQUIVALENT) 

Coal 1 223 
T o t a l  o i l  ( a )  523 
N a t u r a l  g a s  170 
Nuclea r  4 3 
O t h e r s  14 

T o t a l  I 973 

Actua l  
1983 

Year 2000 I 
EEC E s t i m a t e s  O i l  Company 

E s t i m a t e s  

Average Range 

259-300 
360-420 
195--210 
135-175 

35- 45 

(a) I n c l u d i n g  r e f i n e r y  f u e l  and bunkers  
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~ ~ ~ ~ ~ w @  ATTACHMENT 2.1 

OIL DEMAND CASES - YEAR 1980 AND 1983 

T o t a l  o i l  demand 
Produc t  impor t s  
T o t a l  r e f .  demand 

Feeds tocks  

T o t a l  c rude  
Low S c r u d e  
Medium S c rude  
High S c r u d e  

PROD. DEMAND ON - 
REFINERIES 

LPG 
G a s o l i n e  
Kero 
Naphtha 
T o t a l  g a s o i l  

Autom. g a s o i l  
Other  g a s o i l  
Bunker g a s o i l  

T o t a l  Ti.0. 

I n l a n d  F.O. 
Bunker F.0. 

- 
I n l .  F .O.powers ta t ion 60 
Large  jnd.  u s e  2 8 
Small  u s e r s  39.7 

I 

Ref. cons.  -C l o s s  1 33.6  

Lub o i l  
Bitumen 
Coke 

T o t a l  512.1 

* Used f o r  LP r u n s  
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EECi;10 TOTAL OIL DEMAND 
(10 T )  

LPG 
MOGAS 
Naphtha 
Kero 
CO 

AGO 
i n d u s t r i a l  
bunker 

Fuel  
i n l a n d  
bunker 

Lub o i l  
Bitumen 
Coke 
Su lnhur  

Sub t o t a l  
R e f i n e r y  f u e l  

T o t a l  

2000 High 
Demand (EEC) 

!000 Low Demand 
( O i l  Companies) 
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TOTAL OIL SUPPLY (106 T ) 

Clean crude 

Tota l  

LS crude 
MS crude 
HS crude 

zverage APT 

average % S 

Feedstocks f o r  
p r o c e s s i n g  

(370+ long r e s i d u e )  9 . 7  

Finished products 
Imports + s tock  

Case a s e  15 
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ATTACHMENT 6 

Crude d i s t i l l e r  
Thermal c r a c k e r  ( l o n g  r e s i d u e )  
High vacuum d i s t i l l e r  
Cat c r a c k e r  
Hydro c r a c k e r  
Visbreaker  ( s h o r t  r e s i d u e )  
Coker 
Residue hydro c o n v e r s i o n  
P l a t f o r m e r  
Alky l a t i o n  
I s o m e r i s a t i o n  

Gas o i l  HDS * (nominal)  
( u s a b l e )  

% d e s u l p h u r i z a t i o n  
s t r a i g h t  run 
cracked 

Lub o i l  
Bitumen 

Low s u l p h u r  Iong r e s i d u e  i n  FCC 

8 2 9  
17 

179  
5 2  

5 
24 

8 
n i l  

9 3 
3 
4 

136 
115 

7 5 
6 5 

6 
2 8 

n i l  

642 
18 

203 
6 8 

6 
4 2 

9 
n i l  

7 3 
5 
4 

126 
1.05 

7 5  
6 5 

6 
2 3 

n i l  

* max 20% LCO + cracked  GO. 



ATTACHMENT 7 

PRODUCT SPECIFICATIONS 

G a s o l i n e  
l ead  rnax 
RON min 
MON min 
RVP rnax 

Automotive GO 
d e n s i t y  max 0.860 
S  max w t  % 0.5 - 0.4 
c loud  p o i n t  max "C 0  
c e t a n e  min 4 7  

I n d u s t r i a l  GO 
S  max w t  % 0.5 - 0.4 
c loud  p o i n t  max C 0  

I n l a n d  f u e l  o i l  
d e n s i t y  max 0.995 
v i s c o s i t y  k i n e m a t i c  
100" C ,  max CS 4  0  

Bunker 
d e n s i t y  max 0.995 
v i s c o s i t y  k i n e m a t i c  
100' C ,  max CS 40 
S  max w t %  4  

Coke - 

I Bitumen 

O t h e r  q u a l i t y  p a r a m e t e r s  n o t  l i m i t e d  
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C O M P O S I T I O N  O F  I N L A N D  F U E L  O I L  POOL 
E X  R E F I N E R Y  ( E X C L U D I N G  R E F I N E R Y  F U E L )  

Case 

Cracked r e s i d u e  
S tra ight -run  
r e s i d u e  
(atmos./VAC) 
Cyc le  a i l  
Other d i l u e n t  

6 T o t a l  l 0  t / y r  

P e n s i t y  

Conradson 
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