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ABSTRACTS 

In vie* of ?he continuing interest in the costs of desulphuriration in connection with 
possible sulphur control stmtegies, CONCAWE has updated the costs of residue 
hydrodesulphurirstion taking account of the latest commercial technological developments and 
covering a wider number of fecdstocks than in previous studies. 

Met het oog op de blijvende bclsngstelling in de kosten van ontwaveling en in verband met 
de mogelijk re nemen tockomstige contr6le mnatregelen ten aanzien van ruavel emissies, hecft 
CONCAWE dc kosten van watersrof ontmaveling van residuen. Hierbij is rekening gehauden met 
dc laatste technologische ontuikkelingcn en in vergelijking met eerdere studies zijn chans 
een grater anntal tussen produkten die voor ontzvnveling in aanmerking komen in beschawing 
genomen. 

Angesichts des nach wie var bastehenden Intereeses an der Entschvefelung von schvereoi HeizB1 
in Verbindung mit einer maglichen gesetzlichen Limitierung des Schuefelgehaltcs in fliissigen 
Kraft- und Brennstoffen, hat CONCAWE die Kostcn fiir die hydrierende Entschvefelung van 
Rtiekscandsprodukten auf den neuesten Stand gebracht. Dabei wurden die neuesten 
technologischen Entvicklungcn beriicksichtigt and gegenijber friiheren Studien eioe Rcihe 
zusftzlicher Einestrprodukte untersucht. 

En vue de I'intirCt continu des coiits de d6sulfuratian en lieison avec les strstEgies 
possibles de contr6le des imissions de soufre, le CONCAWE a mis 's jour les coiits de la 
d6sulfuration des r6sidus en tenant camptc des derniers dEveloppements des unitis 
commerciales, et en couvront un plus grand nombre de charges quc dan lcs Etudes passics 

Teniendo en cuenta que se mantiene el inter69 sobre el temy de 10s c06tos de la 
desuifuraci6n, relacionado a su ver  con las posibles estrategias de control de emisiones de 
azufre, CONCAWE ha puesto a1 dia 10s cosies de la hidrodesulfGraci6n de 10s residuos. de 
acuerdo con 10s progresos m l s  recientes en el terreno tecnol6gico y comerical y utilizando 
una m65 amplia coberture de datos que en otros estudios previos. 

In considerarione del continuo interesse manifestoto per il problema dei costi di 
desolforarianc, in reluzione aile strstegie praticabili per il control10 delle emissiani di 
rolfo, il CONCANE ha aggiornato la studio sui costi di idrodesolforszione degli olii 
combusribili tenendo conto degli sviluppi recenti, ed ecanomicemente resliizebili, della 
tecnologia ed analizzando un numero di materie prime meggiore di quanto era stato fatto 
negii srudi precedenti. 
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Residue h y d r o d e s u l p h u r i z a t i o n s  (RDS) c o s t s  have heen updated t o  
t a k e  i n t o  accoun t  t h e  l a t e s t  commercia,,  developments  i n  t h e  
technology.  

The f o l l o w i n g  d a t a  a r e  a p p l i c a b l e  t o  h i g h  s u l p h u r  vacuum r e s i d u e s  
from t h r e e  c m d e s .  The r a n g e s  r e f l e c t  t h e  a v e r a g e  f o r  each  
f e e d s t o c k .  

- Investment  c o s t s  a r e  i n  t h e  range  $US 150-215/annual 
tonnes  o f  1% s u l p h u r  f u e l  based on 1985 money a t  
Rotterdam. T h i s  r ange  r e f l e c t s  d i f f e r e n c e s  i n  t h e  q u a l i t y  
of t h e  f e e d s t o c k s .  

S t a r t i n g  from s u l p h u r  c o n t e n t s  i n  t h e  4-6 w t %  r a n g e ,  1% 
s u l p h u r  i n  t h e  d e s u l p h u r i z e d  r e s i d u e  i s  abou t  t h e  lowes t  
t h a t  was submi t t ed .  

- The o p e r a t i o n  of t h e  u n i t s  i n c u r  energy and l o s s  
r equ i rements  i n  t h e  range  13-19% of  1 %  s u l p h u r  f u e l  o i l .  

- Opera t ing  c o s t s  a r e  i n  t h e  range  $ITS 66-99/ tonnes  1% 
s u l p h u r  f u e l  w i t h  no s u l p h u r / c o n v e r s i o n  c r e d i t s  o r  
a l t e r n a t i v e l y  i n  t h e  m n g e  $US 1830-207Oltonnes of  s u l p h u r  
removed. 

- Uhen t a k i n g  i n t o  accoun t  p o s s i b l e  s u l p h u r  and c o n v e r s i o n  
c r e d i t s  from t h e  RDS p r o c e s s  t h e s e  n e t  c o s t s  f a l l  i n t o  t h e  
range  $US 47-84l tonnes  of 1% s u l p h u r  f u e l  o r  a l t e r n a t i v e l y  
SUS 1180-1830/tonnes of s u l p h u r  removed. 

- Depending upon f e e d s t o c k  and c r e d i t s  a p p l i c a b l e  t h e s e  
o p e r a t i n g  c o s t s  t r a n s l a t e  i n t o  $US 12-2111% s u l p h u r  
removed/tonnes of  f u e l  t h a t  would have t o  h e  r e c o v e r e d  
from t h e  cus tomer .  On t h e  b a s i s  o f  r e d u c i n g  3.5% s u l p h u r  
f u e l  o i l  t o  I %  s u l p h u r  t h i s  would r e p r e s e n t  a  p r i c e  
i n c r e a s e  o f  $US 30-52l tonnes  of  low s u l p h u r  f u e l  o i l ,  
which would make such f u e l  o i l  u n c o m p e t i t i v e  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 .  

- The s i g n i f i c a n t  r a n g e s  i n  c o s t s  which a r e  mainly  due  t o  
t h e  q u a l i t y  of  t h e  f e e d s t o c k s  i l l u s t r a t e  c l e a r l y  t h a t  
t h e r e  i s  no one RDS c o s t  and t h a t  f e e d s t o c k  and o t h e r  
c o n d i t i o n s  must be d e f i n e d  when a p p l y i n g  such c o s t s .  

- A s  a  s e n s i t i v i t y  a  50% r e d u c t i o n  i n  t h e  c o s t  of  ene rgy  and 
l o s s  would reduce o p e r a t i n g  c o s t s  by o n l y  $US 10-17l tonnes  
of 1% s u l p h u r  f u e l .  

- With t h e  p r e s e n t  s t a t c  of t h e  a r t  c racked  r e s i d u e s  canno t  
y e t  be hydrodesu lphur ized  on a  commercial s c a l e .  



- Investment  c o s t s  t o  d e s u l p h u r i z e  Kuwait a tmospher ic  
r e s i d u e  a r e  some 28% lower than  f o r  Kuwait vacuum r e s i d u e .  
The cor responding  o p e r a t i n g  c o s t s  a r e  10-15% lower.  

IIowever, a tmospher ic  r e s i d u e  normal ly  h a s  a h i g h e r  v a l u e  a s  
convers ion  f e e d s t o c k  t h a n  a s  RDS feedstoclc and t h e r e f o r e  i s  
g e n e r a l l y  n o t  a v a i l a b l e  f o r  RDS u n i t s .  Because o f  t h e  abundance 
of "c lean" ,  low s u l p h u r  r e s i d u e  i t  i s  u n l i k e l y  t h a t  atrn0spheri.c 
RDS can be  economical ly  j u s t i f i e d  f o r  convers ion  f e e d s t o c k  
p r e p a r a t i o n .  



INTRODUCTION 

I n  view of  t h e  c o n t i n u i n g  i n t e r e s t  i n  t h e  c o s t s  of  
d e s u l p h u r i z a t i o n  i n  connec t ion  w i t h  p o s s i b l e  s u l p h u r  c o n t r o l  
s t r a t e g i e s ,  i t  was dec ided  t o  u p d a t e  t h e  c o s t s  o f  r e s i d u e  
h y d r o d e s u l p h u r i z a t i o n  t o  t a k e  accoun t  of t h e  l a t e s t  commercial 
t e c h n o l o g i c a l  developments  and t o  c o v e r  a  w i d e r  number o f  
f e e d s t o c k s  t h a n  i n  p r e v i o u s  s t u d i e s .  

OUTLINE OF APPROACH 

The r e s u l t s  of  t h e  l a s t  s t u d y  made by CONCAWE on t h i s  s u h j e c t  
were p u b l i s h e d  i n  May 1981 (CONCAWE r e p o r t  No. 5 / 8 1  e n t i t l e d  
" D i r e c t  d e s u l p h u r i z a t i o n  of  r e s i d u a l  pe t ro leum o i l  - inves tment  
and o p e r a t i n g  c o s t s " ) .  T h i s  s t u d y  examined i n  some d e t a i l  t h e  
d e s u l p h u r i z a t i o n  c o s t s  of  Kuwait a t m o s p h e r i c  and vacuum r e s i d u e s .  
For t h i s  u p d a t e  i t  i s  a p p r o p r i a t e  t o  i n c r e a s e  t h e  scope t o  
i n c l u d e  vacuum r e s i d u e s  from Arabian L i g h t  and Heavy c r u d e s .  
P a r t i c i p a t i n g  companies were i n v i t e d  t o  submit  d a t a  f o r  cracked 
r e s i d u a l  f e e d s t o c k s  b u t  no d a t a  was o f f e r e d  from which i t  can  b e  
concluded t h a t  commercial ly proven t echno logy  f o r  t h e  d i r e c t  
d e s u l p h u r i z a t i o n  o f  c racked  r e s i d u a l  f r a c t i o n s  i s  n o t  y e t  
a v a i l a b l e .  

The p rocedure  fo l lowed  'S s i m i l a r  t o  t h a t  of  p r e v i o u s  s t u d i e s ,  
i . e .  companies were  i n v i t e d  t o  complete  a  s t a n d a r d  q u e s t i o n n a i r e  
which would g i v e  c o s t  and d e s u l p h u r i z e d  r e s i d u e  y i e l d  and q u a l i t y  
d a t a  based on t h e  b e s t  commercial ly a v a i l a b l e  t echno logy .  The 
i n f o r m a t i o n  i s  f i r s t - h a n d ,  i . e .  s u b m i t t i n g  companies would b e  
p repared  t o  d e s i g n  and have c o n s t r u c t e d  such p l a n t ,  i f  r e q u i r e d ,  
i n  t h e i r  r e f i n e r i e s  i n  t h e  n e x t  5  y e a r s .  

On t h e  b a s i s  of t h e  r e c e i v e d  d a t a ,  d e s u l p h u r i z a t i o n  c o s t  t o  make 
1% s u l p h u r  f u e l  o i l  from t h e  v a r i o u s  f e e d s t o c k s  can be  
c a l c u l a t e d .  

From t h e  p r o d u c t  y i e l d  and q u a l i t y  d a t a  r e q u e s t e d  i t  i s  p o s s i b l e  
t o  a d d r e s s  t h e  q u e s t i o n  of  p o s s i b l e  economic s i d e - b e n e f i t s  from 
a p p l y i n g  r e s i d u a l  d e s u l p h u r i z a t i o n  e . g .  t h e  r e s u l t i n g  v i s c o s i t y  
r e d u c t i o n  e f f e c t .  T h i s  a s p e c t  must a l s o  b e  viewed a g a i n s t  t h e  
r e s u l t s  of  t h e  r e f i n e r y  demand and supp ly  s i t u a t i o n  i n  t h e  p e r i o d  
up t o  2000, which a r e  d i s c u s s e d  i n  t h e  c o n c u r r e n t  CONCAWE r e p o r t  
d e a l i n g  w i t h  s u l p h u r  emiss ions .  





DATA COLLECTION 

A s  a l r e a d y  i n d i c a t e d  i n  t h e  i n t r o d u c t i o n  t h e  d e s u l p h u r i z a t i o n  
c o s t  of r e s i d u e s  i s  based on r e p l i e s  of  CONCAVE member companies 
t o  a  q u e s t i o n n a i r e .  I n  f a c t  r e l a t i v e l y  few companies have 
s u f f i c i e n t l y  developed technology t o  d e s u l p h u r i z e  r e s i d u a l  
m a t e r i a l  on a  commercial b a s i s  i .e .  w i t h i n  t h e  n e x t  5 y e a r s  b e  
a b l e  t o  d e s i g n  and b u i l d  a  u n i t  f o r  o p e r a t i o n  i n  a  r e f i n e r y .  T h i s  
was made a  p r e r e q u i s i t e  f o r  r e p l y i n g  t o  t h e  q u e s t i o n n a i r e  and t h e  
t o l l o w i n g  t a b l e  shows t h e  e x t e n t  o f  t h e  response .  

FEEDSTOCK AND PRODUCT Y I E L D  AND PROPERTIES 

Company 1 
2 
3 
4  
5 

The d a t a  r e c e i v e d  was based on t h e  l a t e s t  technology commercia l ly  
a v a i l a b l e  and t h e  r r s i d u e s  were assumed t o  be  d e s u l p h u r i z e d  t o  
t h e  lowes t  l e v e l  economical ly  p o s s i b l e .  T h i s  i s  a  d i f f e r e n c e  w i t h  
t h e  p r e v i o u s  s t u d y  where t h e  a im was t o  produce maximum 1% 
s u l p h u r  f u e l  o i l .  D e s u l p h u r i z a t i o n  i s  c a r r i e d  o u t  a t  h i g h  
t e m p e r a t u r e  and p r e s s m e  i n  t h e  p r e s e n c e  o f  hydrogen and a  
c a t a l y s t  and a s  a r e s u l t ,  p a r t i c u l a r l y  w i t h  heavy f e e d s t o c k s  
t h e r e  i s  a  s i g n i f i c a n t  c o n v e r s i o n  e f f e c t  w i t h  t h e  p r o d u c t i o n  of  
l i g h t  m a t e r i a l  and v i s c o s i t y  r e d u c t i o n  of  t h e  r e s i d u e .  The 
economic e f f e c t  of t h i s  w i l l  b e  d e a l t  w i t h  i n  a  l a t e r  s e c t i o n .  

Arabian 
L i g h t  
Vacuum 
Res idue  

4000 

Kuwait 
Vacuum 
Res idue  

4000 C a p a c i t y  ( t l c d )  

INVESTMENT COSTS 

Arabian 
Heavy 
Vacuum 
Residue 

4000 

Kuwait 
Atmospheric 
Residue 

4000/7600 

Yes 
Yes - 
Yes - 

The i n v e s t m e n t s  a r e  based on t h e  c o s t  of  f a c i l i t i e s  b u i l t  i n  The 
N e t h e r l a n d s  mid 1985. They shou'd t h e r e f o r e  h e  c o r r e c t e d  f o r  
i n f l a t i o n  and l o c a t i o n .  C a p i t a l  d e p r e c i a t i o n  and i n t e r e s t  on 
c a p i t a l  inves tment  have been t aken  a s  a n  annual  c a p i t a l  cha rge  of  
25% of  t h e  inves tment .  

Yes 
Yes 
Yes 
Yes - 

Yes 
Yes 
- 

Yes 
Yes 

Yes 
Yes - 
Yes 
- 



The o n - s i t e  f a c i l i t i e s  i n c l u d e  t h e  c o s t s  of  t h e  d e s u l p h u r i z a t i o n  
u n i t ,  t h e  hydrogen p l a n t ,  f r a c t i o n a t i o n  f a c i l j t i e s  f o r  s p l i t t i n g  
o f f  l i g h t  d i s t i l l a t e s ,  f a c i l i t i e s  f o r  t a i l  g a s  t r e a t m e n t  (H2$ 
r e c o v e r y )  and a  C l a u s  u n i t  (SO c o n v e r s i o n  t o  s u l p h u r ) .  The 
o f f - s i t e  f a c i l i t i e s  a r e  a l l  o t g e r  f a c i l i t i e s  such a s  t ankage ,  
u t i l i t i e s  and h a n d l i n g  f a c i l i t i e s .  The c o s t  of  t h e s e  w i l l  v a r y  
from l o c a t i o n  t o  l o c a t i o n  and,  t h e r e f o r e ,  p a r t i c i p a n t s  dec ided  t o  
u s e  a n  a v e r a g e  inves tment  f o r  o f f - s i t e s  o f  35% o f  o n - s i t e s .  T h i s  
p e r c e n t a g e  t a k e s  i n t o  accoun t  t h e  q u e s t i o n  of  h e a t  i n t e g r a t i o n  
which w i l l  b e  ex t remely  complex. 

OPERATING COSTS 

The o p e r a t i n g  c o s t s  a r e  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  
scheme. 

a )  V a r i a b l e  o p e r a t i n g  c o s t s  ( exc lud ing  energy and l o s s ) .  
These i n c l u d e ,  c a t a l y s t ,  c h e m i c a l s ,  r o y a l t i e s  and 
m i s c e l l a n e o u s  o p e r a t i n g  expenses  f o r  t o t a l  complex. 

b )  Fixed o p e r a t i n g  c o s t s .  These  i n c l u d e ,  s a l a r i e s ,  wages, 
maintenance and overheads  f o r  t o t a l  complex. 

C)  Energy. T h i s  i n c l u d e s  d i r e c t  and i n d i r e c t  (s team,  
e l e c t r i c i t y )  f u e l  f o r  t o t a l  complex. 

d)  Loss.  T h i s  i n c l u d e s  l o s s  around t h e  whole complex and i n  
p a r t i c u l a r  t h e  l o s s  i n c u r r e d  i n  t h e  hydrogen u n i t .  (The 
p roduc t  of  H from hydrocarbon f e e d  i n v o l v e s  t h e  
p r o d u c t i o n  03 CO2 and H O and r e p r e s e n t s  a  l o s s  of  
hydrocarbons ) .  

2 

TOTAL OPERATING COSTS 

The t o t a l  c o s t  of  d e s u l p h u r i z i n g  t h e  v a r i o u s  f e e d s t o c k s  i s  b u i l t  
up of  t h e  f o l l o w i n g  e lements .  

A. C a p i t a l  c h a r g e  (25% o f  capex)  
B. O p e r a t i n g  c o s t s  ( e x c l u d i n g  e n e r g y / l o s s )  
C. Energy c o s t  
D. Loss  c o s t  

A number of  c r e d i t s  can  b e  i d e n t i f i e d  e . g .  s u l p h u r  r e c o v e r y ,  
upgrad ing  v i a  convers ion  i.n t h e  RDS p r o c e s s  and t h e s e  a r e  
s u b t r a c t e d  t o  a r r i v e  a t  t h e  n e t  c o s t .  The f o l l o w i n g  s e c t i o n s  d e a l  
w i t h  t h e s e  a s p e c t s  i n  more d e t a i l .  The c o s t i n g  o f  t h e  v a r i o u s  
hydrocarbon e l e m e n t s  is b a s e d  a r b i t r a r i l y  on F l a t t s '  s p o t  p r i c e s  
f o r  Rot terdam October  1985. Attachment 10 r e f e r s .  C l e a r l y  where 
t h e  p e r c e i v e d  s i t u a t i o n  i s  d i f f e r e n t ,  a d j u s t m e n t s  w i l l  b e  
n e c e s s a r y .  



RESULTS 

FEEDSTOCK AND PRODUCT YIELD AND PROPERTIES 

The d e t a i l s  of  t h e  d a t a  p rov ided  a r e  shown i n  Attachment 1. There  
i s  a  r e a s o n a b l e  agreement on t h e  q u a l i t y  of  t h e  f e e d s t o c k s .  Where 
t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s ,  t h e s e  can  b e  t r a c e d  back t o  a  
d i f f e r e n t  c u t  p o i n t  f o r  t h e  r e s i d u e .  Companies have p r e f e r r e d  t o  
r e p o r t  on known f e e d s t o c k s  i n  t h e i r  sys tem r a t h e r  t h a n  e s t i m a t i n g  
on one s t a n d a r d i z e d  f e e d s t o c k .  

The range  of  hydrogen requ i rement  f o r  each feedstoclc  i s  
r e l a t i v e l y  wide.  T h i s  r e f l e c t s  t h e  d i f f e r e n t  p h i l o s o p h i e s  used  by 
t h e  companies i n  deve lop ing  t h e i r  technology.  Low H requ i rement  2 
p o i n t s  t o  low d e s u l p h u r i z a t i o n  a n d / o r  low r a t e  of  convers ion .  
Higher  H r equ i rement  p o i n t s  t o  h i g h e r  d e s u l p h u r i z a t i o n  a n d / o r  

2 h i g h e r  r a t e s  of  c o n v e r s i o n .  A good example of  t h e  d i f f e r e n t  
e f f e c t s  i s  g iven  by t h e  submiss ions  f o r  Arabian L i g h t  vacuum 
r e s i d u e s .  Most of  t h e  s i g n i f i c a n t  d i f f e r e n c e s  on y i e l d  and 
p r o p e r t i e s  o f  p r o d u c t s  can  be  t r a c e d  back t o  d i f f e r e n c e s  i n  
f e e d s t o c k s  and i n  t h e  way t h e  technology h a s  been a p p l i e d .  

INVESTMENT COSTS 

The f o l l o w i n g  m shows t h e  a v e r a g e  inves tment  c o s t s  p e r  
f e e d s t o c k  and t h e  range  r e p o r t e d .  The r e s u l t s  p e r  submiss ion  a r e  
shown i n  Attachment 27 

Investment  Cos t s  ( a )  

I Kuwait 
Feedstock Atmospheric 

Residue 

investment 6 
Average SUS 106 177 
Range SUS 10 166-188 

SUSIyear 
tonne of 
1 wt% 
sulphur fuel 

SUS/year 
tonne of 
average 
sulphur 2900-3300 

Vacuum Vacuum 
Residue Residue 

irabian Hvy 
Vacuum 
Residue 

(a )  Basis Rotterdam 1985. 



The agreement between submiss ions  must b e  c o n s i d e r e d  good 
i n  view of  t h e  complexi ty  of  t h e  t echno logy .  The r a n g e  i s  
somewhat l a r g e r  f o r  t h e  vacuum r e s i d u e s  which presumably 
i s  a r e f l e c t i o n  of  t h e i r  more d i f f i c u l t  n a t u r e  f o r  
d e s u l p h u r i z a t i o n .  T h i s  i s  a l s o  t h e  r e a s o n  why vacuum 
r e s i d u e  d e s u l p h u r i z a t i o n  r e q u i r e s  some 40-50% more capex 
than  f o r  a tmospher ic  r e s i d u e  d e s u l p h u r i z a t i o n  on an i n t a k e  
b a s i s .  

OPERATING COSTS (EXCLUDING ENERGY/LOSS) 

Attachment 3 shows a summary of  t h e  o p e r a t i n g  c o s t s  s u h m i t t e d .  

ENERGY 

The energy requ i rement  f o r  t h e  whole complex i . e .  RDS, H 2  u n i t  
u t i l i t i e s  and o t h e r  f a c i l i t i e s  i s  shown i n  Attachment 4. It i s  
assumed f o r  t h e  c o s t j u g  of  t h e  energy t h a t  i t  w i l l  h e  i n  t e rms  of  
1% s u l p h u r  r e s i d u e  based on i ts  own RDS c o s t s  p l u s  t h e  p r i c e  f o r  
3 .5% s u l p h u r  heavy f u e l  o i l .  The i n d i v i d u a l  u n i t  and t o t a l  ene rgy  
c o s t s  a r e  a l s o  g i v e n  i n  Attachment 4 .  D e s p i t e  d i f f e r e n c e s  i n  u n i t  
c o s t s  and energy  usage ,  t h e r e  i s  good agreement on t o t a l  e n e r e y  
c o s t s .  

LOSS 

Each of  t h e  submiss ions  h a s  i d e n t i f i e d  l o s s e s  around t h e  complex 
and i n  p a r t i c u l a r  around t h e  H u n i t .  For t h i s  s t u d y  l o s s  h a s  2 
been c a l c u l a t e d  a s  t h e  d i f f e r e n c e  between i n t a k e  and o u t p u t  each 
f o r  RDS and H2 u n i t s .  S i n c e  H s/NH. a r e  non-hydrocarbon t h e s e  

2 3 q u a n t i t i e s  a r e  a l s o  counted a s  l o s s .  (The q u e s t i o n  o f  s u l p h u r  
c r e d i t  is d e a l t  w i t h  l a t e r ) .  The l o s s e s  a r e  c o s t e d  a t  t h e  u n i t  
c o s t  of  t h e  i n t a k e s  t o  t h e  i n d i v i d u a l  RDS and H p  u n i t .  The 
r e s u l t s  a r e  shown i n  Attachment 5 .  Agreement i s  good between t h e  
submiss ions .  

TOTAL OPERATING COSTS 

Attachment 9 shows t h e  t o t a l  c o s t  made up of t h e  v a r i o u s  c o s t  
e l e m e n t s  f o r  each f e e d s t o c k  and f o r  each complete submiss ion .  



4.7 CREDITS 

A s  a  r e s u l t  o f  t h e  RDS p r o c e s s  a  c e r t a i n  amount of  upgrading 
t a k e s  p l a c e  i n  terms of  convers ion  of  r e s i d u e  t o  d i s t i l l a t e s  and 
l i g h t e r  and v i s c o s i t y  r e d u c t i o n  which i n d i r e c t l y  r e s u l t s  i n  
r e l e a s i n g  m a t e r i a l  t h a t  may b e  s u i t a b l e  f o r  a d d i t i o n a l  middle  
d i s t i l l a t e s  i f  r e q u i r e d .  Also t h e  f a c i l i t i e s  produce s u l p h u r  
which can  b e  s o l d .  For  t h i s  l a t t e r  a s p e c t  a  c r e d i t  of SUS 50 p e r  
tonne of  s u l p h u r  recovered h a s  been g iven .  To c a l c u l a t e  t h e  
t o n n e s  o f  s u l p h u r  r ecovered  i t  is  assumed t h a t  95% of  t h e  s u l p h u r  
removed by t h e  p r o c e s s  i s  a c t u a l l y  r ecovered .  Attachment 6 g i v e s  
t h e  c a l c u l a t e d  s u l p h u r  p i c t u r e .  The s u l p h u r  c r e d i t  i s  s m a l l  
compared w i t h  t h e  c o s t s .  

For  t h e  upgrad ing  c r e d i t  t h e  f o l l o w i n g  approach h a s  been a p p l i e d .  
The m a t e r i a l  b o i l i n g  below 185'C i n  p r i n c i p l e  can  b e  used f o r  H2 
p r o d u c t i o n  and s i n c e  i n  f a c t  a d d i t i o n a l  q u a n t i t i e s  o f  t h e  H2 
manufac tu r ing  f e e d s t o c k  a r e  p h y s i c a l l y  r e q u i r e d  i t  i s  r e a s o n a b l e  
t o  a l l o c a t e  f u l l  upgraded v a l u e  t o  t h e s e  by-products .  Taking 
Rot terdam s p o t  p r i c e s  October 1985,  t h e  added v a l u e  i s  t h e  
d i f f e r e n c e  between v a l u e  of  f e e d s t o c k  and v a l u e  o f  p roduc t .  The 
r e s u l t s  of  t h i s  c a l c u l a t i o n  a r e  shown i n  Attachment 7 .  

The m a t e r i a l  h o i l i n g  above 185-C i . e .  t h e  185 p l u s  r e s i d u e  h a s  a  
s i g n i f i c a n t l y  lower v i s c o s i t y  t h a n  t h a t  o f  t h e  r e s i d u e  f e e d s t o c k  
t o  t h e  RDS u n i t .  Two main s i t u a t i o n s  can be  i d e n t i f i e d  v i z .  

( a )  when t h e  f e e d s t o c k  r e s i d u e s  would normal ly  r e q u i r e  d i l u e n t  
t o  meet f u e l  o i l  v i s c o s i t y  s p e c i f i c a t i o n s ,  then  t h e  
v i s c o s i t y  r e d u c t i o n  v i a  t h e  RDS u n i t  can r e l e a s e  d i l u e n t  
i n  t h e  ho i - l ing  range  185-370°C. The a l t e r n a t i v e  v a l u e  of  
t h i s  d i l u e n t  i s  dependent  on two main f a c t o r s ,  one,  i t s  
q u a l i t y  a s  a  marke tab le  d i s t i l l a t e ,  two, t h e  market  demand 
f o r  such m a t e r i a l .  With r e s p e c t  t o  q u a l i t y ,  t h i s  w i l l  
d i f f e r  from l o c a t i o n  t o  l o c a t i o n ,  b u t  w i t h  t h e  g e n e r a l l y  
h i g h  l e v e l  of  convers ion  b e i n g  a p p l i e d  t h e  r e l e a s e d  
d i l u e n t  i s  most l i k e l y  t o  have an a r o m a t i c / h i g h  d e n s i t y  
c h a r a c t e r  and t h u s  of i n d i f f e r e n t  q u a l i t y .  With r e s p e c t  t o  
demand f o r  middle  d i s t i l l a t e s  up t o  t h e  y e a r  2000, t h e  
c o n c u r r e n t  CONCAWE s u l p h u r  e m i s s i o n  s t u d y  i n d i c a t e s  t h a t  
t h e r e  i s  s u f f i c i e n t  e x i s t i n g  convers ion  c a p a c i t y  t o  meet 
d i s t i l l a t e  demand t h e r e f o r e  i t  i s  u n l i k e l y  t h a t  a  h igh  g a s  
o i l / f u e l  d i f f e r e n t i a l  w i l l  e x i s t .  However i t  i s  l i k e l y  
t h a t  some i n d i v i d u a l  l o c a t i o n s  cou ld  have a  d e f i c i t  of 
middle  d i s t i l l a t e s .  

(b)  The second s i t u a t i o n  is e i t h e r  where t h e  o p e r a t i o n  of a  
RDS u n i t  would produce unwanted d i s t i l l a t e s ,  o r  where 
t h e r e  i s  i n s u f f i c i e n t  r e s i d u a l  f e e d s t o c k s  a v a i l a b l e  t o  
load  a l l  u n i t s .  I n  bo th  c a s e s  t h e  s i t u a t i o n  cou ld  be  
b rough t  more o r  l e s s  i n  h a l a n c e  by c l o s u r e  of  s a y  
v i s b r e a k i n ~  c a p a c i t y  which would s a v e  o p e r a t i o n a l  c o s t s .  



Taking c o n s i d e r a t i o n  of  t h e  l i k e l y  i n d i f f e r e n t  q u a l i t y  and t h e  
low demand f o r  a d d i t i o n a l  midd le  d i s t i l l a t e  i t  i s  assumed f o r  
t h i s  s t u d y  t h a t  a  r e a l i s t i c  c r e d i t  f o r  t h e  d i l u e n t  g a i n  would be  
i n  t h e  range  of  10 SUSItonnes ( b a s i s  o p e r a t i n g  c o s t  s a v i n g  of  
v i s b r e a k e r s )  t o  50  tonnes ( v a l u e  above f u e l  o i l  based on low 
demand and i n d i f f e r e n t  q u a l i t y ) .  The r e s u l t s  o f  a  c a l c u l a t i o n  o f  
d i l u e n t  g a i n  and q u a n t i t y  o f  1% s u l p h u r  f u e l  produced a r e  shown 
i n  Attachment 8 .  

Attachment 9 g i v e s  t h e  complete  c o s t  and c r e d i t  s i t u a t i o n  f o r  
each f e e d s t o c k  and i s  summarized below. 

Summary of  C o s t s  of  Res idue  Hydrodesu lphur iza t ion  

Capacity t/cd 

Total investmen & 
(average) 10 SUS 

SUSItonne per year 
of 1 wt% sulphur fuel 
(average) 

Tot. op. cost SUSItonn 
1 wt% S fuel (average) 

No credits 
Low diluent value 
High diluent value 

$US/tonne S removed 
No credits 
Low diluent value 
High diluent value 

Kuwait 
Atmospheric 
Residue 

Kuwait 
Vacuum 
Residue 

Vacuum Vacuum 
Residue Residue 



DISCUSSlON OF RESULTS - 

The r e s u l t s  show t h a t  RDS c o s t s  a r e  f e e d s t o c k  dependen t ,  a s  
between c rude  type  a s  w e l l  a s  between d i f f e r e n t  r e s i d u e s  from t h e  
same c rude .  The c o s t s  a r e  a l s o  c a p a c i t y  dependent.  The consequence 
of  t h i s  i s  t h a t  t o  o b t a i n  a good e s t i m a t e  of  r e s i d u e  RDS c o s t s ,  
t h e  p a r t i c u l a r  c i r c u m s t a n c e s  must be  w e l l  d e f i n e d .  

Energy and l o s s  r e q u i r e d  p e r  100 tonnes  o f  1% f u e l  produced 
r a n g e s  from 11 t o  23 tonnes  and i n  terms of c o s t s  r e p r e s e n t s  $US 
20-341tonnes 1% s u l p h u r  f u e l .  I n  t h e  ext reme c a s e  t h a t  energy and 
l o s s  c o s t s  would b e  50% lower t h i s  would reduce  RDS c o s t s  by $US 
10-17/1% s u l p h u r  f u e l  o i l .  

Any c o n s t r u c t i o n  o f  RDS u n i . t s  w i l l  a lmos t  c e r t a i n l y  t a k e  p l a c e  i n  
e x i s t i n g  r e f i n e r i e s .  While inves tment  c o s t s  i n c l u d e  35% f o r  
o f f - s i t e s  t h i s  w i l l  be  i n s u f f i c i e n t  i n  g e n e r a l  t o  c o v e r  t h e  c o s t s  
of major  i n t e g r a t i o n  problems t h a t  could  occur  due t o  e .g .  l a c k  
of  s p a c e ,  l a c k  of  f e e d s t o c k .  C l o s u r e  of  e x i s t i n g  u n i t s  e t c .  

RDS p r o c e s s i n g  a l s o  r e s u l t s  i n  some convers ion  o f  t h e  r e s i d u e  t o  
l i g h t e r  p roduc t s .  The v a l u a t i o n  of  t h i s  e f f e c t  i s  h i g h l y  
dependent on t h e  c i rcumstances .  The c r e d i t s  t h a t  can be  a l l o c a t e d  
a r e  i n  t h e  range  of SUS 5-50 p e r  tonne 1% s u l p h u r  f u e l  produced 
which a r e  s i g n i f i c a n t ,  a l t h o u g h  i t  i s  expec ted ,  based on t h e  
c o n c l u s i o n s  of  t h e  CONCAWE s u l p h u r  e m i s s i o n s  s t u d y  i . e .  
s u f f i c i e n t  convers ion  c a p a c i t y  will be  a v a i l a b l e  t o  meet midd le  
d i s t i l l a t e  demand up t o  2000, t h a t  t h e  lower end of  t h e  range  
w i l l  b e  a p p l i c a b l e .  I t  s h o u l d  be  no ted  t h a t  t h e  c r e d i t s  do n o t  
a f f e c t  t h e  amount of  c a p i t a l  t h a t  h a s  t o  be  l a i d  down f o r  
c o n s t r u c t i n g  RDS u n i t s .  

Examination of t h e  r e s u l t s  on t h e  vacuum r e s i d u e s  shows t h a t  
Arabian L i g h t  vacuum r e s i d u e  is  t h e  l e a s t  expens ive  on a  
$ ~ S / t o n n e  1% s u l p h u r  f u e l  b a s i s ,  b u t  i t  i s  t h e  most e x p e n s i v e  on 
a  $US/tonne s u l p h u r  removed b a s i s .  

The l e a s t  expens ive  f e e d s t o c k  t o  d e s u l p h u r i z e  on a  $US/tonne 
s u l p h u r  removed b a s i s  is Kuwait a tmospher ic  r e s i d u e .  It  is  
u n l i k e l y  t h a t  s i g n i f i c a n t  amounts of  t h i s  o r  s i m i l a r  a t m o s p h e r i c  
r e s i d u e s  would be  a v a i l a b l e  a s  RDS f e e d s t o c k  i n  2000 s i n c e  i t  
w i l l  have a  h i g h e r  v a l u e  a s  f e e d s t o c k  t o  convers ion  u n i t s  e i t h e r  
d i r e c t l y  o r  v i a  vacuum d i s t i l l a t i o n .  

Although t h e r e  can b e  economic b e n e f i t s  t o  f e e d  low m e t a l ,  
a s p h a l t e n e  and s u l p h u r  r e s i d u e s  d i r e c t l y  t o  e . g .  c a t .  c r a c k e r s ,  
t h e  r e l a t i v e l y  l a r g e  a v a i l a b i l i t y  of such r e s i d u e s  from low 
s u l p h u r  c r u d e s  w i l l ,  i n  g e n e r a l ,  make i t  d i f f i c u l t  t o  j u s t i f y  
inves tment  i n  RDS f o r  convers ion  feed  p r e p a r a t i o n .  





Goneawe ATTACHMENT 1.1 

YIELDS AND PROPERTIES 

KlJWAIT ATMOSPHERIC RESIDUE 

f e e d s t o c k  

Cut p o i n t  
Su lphur  c o n t e n t  
V i s c o s i t y  a t  100'C 
M e t a l s  (V + N i l  
T o t a l  n i t r o g e n  
D e n s i t y  
H r a t e  on f e e d  

2  

Produc t  yield 

H2S + NH3 
C  minus 
c2/c 
c3/1!45"c 
la5/370'c 
370' C p l u s  

T o t a l  

P r o p e r t i e s  

185/370°C 
Su lphur  
V i s c o s i t y  a t  100°C 
Dens i ty  
Cetane number 

370 + Res idue  
S u l p h u r  
V i s c o s i t y  a t  100DC 
D e n s i t y  

Submission 4 u b m i s s i o n  1 Submission 2  



(!zz=iIG@w@ ATTACHMENT 1 . 2  

YIELDS AND PROPERTIES 

KUWAI'I' VACUUM RESIDUE 

Feeds tock  

Cut p o i n t  
Su lphur  c o n t e n t  
V i s c o s i t y  a t  100'C 
M e t a l s  (V + Ni) 
T o t a l  n i t r o g e n  
Dens i ty  
H r a t e  on f e e d  2 

Produc t  y i e l d  

H2S + NH3 
C2 minus 
c /c 
c 3 / l b 0 c  
l 3 5 / 3 7 0 ' ~  
370" C  p l u s  

T o t a l  

P r o p e r t i e s  

185/370°C 
Sulphur  
V i s c o s i t y  a t  100°C 
Dens i ty  
Ce tane  number 

370 + Res idue  
Su lphur  
V i s c o s i t y  a t  100% 
D e n s i t y  

ubmission l Submission 2 Submission 3 Submission 1 



6zxxx%IW@ ATTACHMENT 1 . 3  

YIELDS AND PROPERTIES 

ARABIAN LIGHT VACUUM RESIDUE 

I Feedstock 

Cut p o i n t  
Sulphur c o n t e n t  
V i s c o s i t y  a t  100°C 
Meta l s  (V + N i )  
Tota l  n i t r o g e n  
D e n s i t y  
A, r a t e  on f e e d  

I H2S + NH3 
C. minus 

I Tota l  

P r o p e r t i e s  I 
185/370°C 

Sulphur 
V i s c o s i t y  a t  100°C 
D e n s i t y  
Cetane number 

370 + Residue 
Sulphur 
V i s c o s i t y  a t  100°C 
D e n s i t y  

iubmission 4 ubmiss ion  1 

100 

Submiss ion ! Submission 2 

100 



GOnGaWG ATTACHMENT 1.4 

YIELDS AND PROPERTIES 

ARABIAN HEAVY VACUUM RESIDUE 

Feedstock 

Cut paint 
Sulphur content 
Viscosity at 100°C 
Metals (V + Nil 
Total nitrogen 
Density 
H2 rate on feed 

Product yield 

H2S + NH3 
C2 minus 
c /C 
c3/165"c 
125/370pc 
370' C plus 

Total 

Properties 

185/37OoC 
Sulphur 
Viscosity at 100°C 
Density 
Cetane number 

370 + Residue 
Sulphur 
Viscosity at 100-C 
Density 

Submission 1 Submission 2 Submission 4 



GODG2BWG3 ATTACHMENT 2 .1  

INVESTMENT COSTS 
(1985 T h e  N e t h e r l a n d s )  

KUWAIT ATMOSPHERIC RESIDUE 

Capacity tlcd 

Investment SUS million 
On-sites 
Off-sites (35%) 

Total 

SUSItlyr 1% sulphur fuel 

Capacity tlcd 

Investment SUS million 
On-sites 
Off-sites (35%) 

Total 

SUS/t/yr 12 sulphur fuel 

Submission 1 Submission 2 Submission 4 



(cXmmmv@ ATTACHMENT 2.2 

INVESTMENT COSTS 
(1985 The Netherlands) 

KUWAIT VACUUM RESIDUE 

Submission 1 

Capacity tlcd 

I SUSltlyr 1% sulphur fuel I 190 1 186 1 164 1 154 1 

Submission 2 

Investment SUS millio 
On-sites 183 
Off-sites (35%) 

Total 

ARABIAN LIGtII' VACUUM RESIDUE 

4000 

iubmission : 

Submissian 3 

207 
7 2 

- 2 z  

I capacity tlcd 1 4000 

Submission 4 

4000 

170 
60 

2 3 5  - 

ARABIAN HEAVY VACUUM RESIDUE 

4000 

171 
60 - 
231 

Investment SUS million 
On-sites 
Off-sites (35%) 

Total 

SUSItlyr 1% sulphur fuel 

Submission 4 

4000 

175 
6 1 - 
236 - 
157 

I Capacity tlcd 1 4000 1 4000 1 4000 

Submission 1 

I Investment SUS million1 I I 

Submission 2 

I SUSItlyr 1% sulphur fuel 1 241 / 203 1 198 

Submission 4 

On-sites 
Off-sites (35%) 

'Total 

Submission i 

196 
69 

2 z  - 

225 
- 79 
304 - 

190 
67 
257 - 



63cm=ilC8W@ ATTACHMENT 3 
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(mx=ilG@w@ ATTACHMENT 5.1 

LOSS POSITION 

KUWAIT ATMOSPHERIC RESIDUE (4000 tlcd) 

Submission 1 

Intake 
Residue to HDS 
LPG to H -unit 2 Total 

Submission 2 

H2S/NH3 
C minus 

c;/c4 
C I185 
135 plus residue 

Total 

Submission 4 

6 10 t/yr 

1.46 
0.07 
1.53 

H2S/NH3 
Total loss 

0.056 
0.009 

0.015 
0.019 
l .38 
1.479 

Total cost $US million/year 17.5 

6 10 tlyr 

1.46 
0.053 
1.513 

0.056 
0.107 

6 10 t/yr 

1.46 
0.048 
1.508 

0.056 
0.006 

0.006 
0.027 
1.38 
1.475 

14.9 

0.061 
0.003 

0.003 
0.007 - 1.404 - l .478 

0.056 
0.094 

16.1 

0.061 
0.091 



63mmcZIw@ ATTACHMENT 5.2 

LOSS POSITION 

KUWAIT ATMOSPHERIC RESIDUE (7600 t l c d )  

I n t a k e  

Res idue  t o  HDS 
LPG t o  H2-unit  

T o t a l  

Outpue 

H2S/NH3 
C2 minus 
C /C 
~ ~ l l k ~  
135 p l u s  r e s i d u e  

T o t a l  

L o s s  
H2S/NH3 

T o t a l  l o s s  

Submission 2 

6 
10  t l y r  

2.774 
0.101 
- 2.875 

0.107 
0 .012  
0.012 
0.051 
2.622 
2.804 

0 .071  
- 0.107 
0.178 

I 
28.4 

Submission 1 

6 
10 t l y r  

2.774 
0.137 
2.911 

0.105 
0.018 
0.028 
0.036 
2.621 
2.808 

0 .103  
- 0.105 
0.208 

Submission 4 

6 
10  t l y r  

2.774 
0 .091  
- 2.865 

0 . 1 1 6  
0 "005 
0.005 
0.014 
2.669 
2.809 

0.056 
- 0 .116  
0.172 

30.6 T o t a l  c o s t  SUS m i l l i o n t y e a r  34.2 



GOnGawG ATTACHMENT 5.3 

LOSS POSITION 

KUWAIT VACUUM RESIDUE (4000 t l c d )  

S u b m i s s i o n  1 Submiss ion  2 

6 
10 t l y r  6 

10 t l y r  
I n t a k e  - 
R e s i d u e  t o  HDS 1.46 1.46 
ZPG t o  H - u n i t  

2 
0.094 0.076 

T o t a l  1.554 1.536 

L o s s  0.068 0.056 
H2S/NH3 0.073 - 0.067 

T o t a l  l o s s  0.141 0.123 

I T o t a l  c o s t  $US m i l l i o n / y e a r  20.5 1 17.4 

S u b m i s s i o n  4 

6 
1 0  t l y r  

1.46 
0.070 - 
1.53 

0.076 
0.005 
0.005 
0.012 
1.388 
1.486 

0.044 
0.076 
0.12 - 

21.6 



GxmmzI~@ ATTACHMENT 5 . 4  

LOSS POSITION 

ARABIAN L1GH.I VACUUEI RESIDUE (4000 t l c d )  

In take  

Residue t o  HDS 
LPG t o  H2-unit 

T o t a l  

Outpue 

H2S/hi3 
C.. minus 
cL1c 
c31lfi5 
125 01"s r e s i d u e  

1 b t a 1  

Lass  
H2S/NH3 

T o t a l  l o s s  

Submiss ion 1 

6 
10 t l y r  

T o t a l  c o s t  SUS m i l l i o n l y e a r  17 .8  

Submiss ion 2 

1 0 6 t / y r  

Submiss ion 4 



K3DlwBw@ ATTACHMENT 5.5 

LOSS POSITION 

ARABIAN HEAVY VACUUM RESIDUE (4000 t/cd) 

Intake 

Residue to HDS 
L.PG to H2-unit 

Total 

H2S/NH3 
C minus 
c2/c 
c3/1$5 
135 plus residue 

Total 

LOSS 
H2S/NH3 

Total loss 

Total cost SUS million1 

Submission 1 Submission 2 1 Submission 4 



comcaw@ ATTACHMENT 6 

SULPHUR CREDIT 

I I Submiss ion  l 

Kuwait a t m o s p h e r i c  r e s i d u e  
i n t a k e  4000 t / c d  

s u l ~ h u r  removed X 1000 t l v r  
s u l b h u r  r e c o v e r e d  x l 0 0 0  t/;r 
s u l p h u r  c r e d i t *  SUS m i l l i a n / v e a r  

Kuwait a t m o s p h e r i c  r e s i d u e  
i n t a k e  7600 t l c d  

s u l p h u r  reooved X 1OOO t l y r  
s u l p h u r  r ecovered  I 1000 t l y r  
s u l p h u r  c r e d i t "  SUS n i l l i o ~ t l y e a r  

Kuwait vacuum r e s i d u e  
i n t a k e  4000 t / c d  

s u l p h u r  removed x l 0 0 0  t / y r  
s u l p h u r  r e c o v e r e d  x 1000 t l y r  
s u l p h u r  c r e d i t *  SUS m i l l i o n / y e a r  

Arab ian  l i g h t  vacuum r e s i d u e  
i n t a k e  4000 t l c d  

s u l p h u r  removed X 1000 t / y r  
s u l p h u r  r e c o v e r e d  X 1000 t l y r  
s u l p h u r  c r e d i t *  SUS m i l l i o n / y e a r  

Arab ian  heavy vacuum r e s i d u e  
i n t a k e  4000 t / c d  

s u l p h u r  removed x l 0 0 0  t / y r  
s u l p h u r  r e c o v e r e d  X 1000 t / y r  
s u l p h u r  c r e d i t *  SUS m i l l i o n l y e a r  

Submiss ion  2 

i; 
SUS 501 tonne  s u l p h u r  r e c o v e r e d  



ATTACHMENT 7 

CREDIT FOR 185' C MINUS MATERIAL 

Submission 1  

Kuwait a t m o s p h e r i c  r e s i d u e  
i n t a k e  4000 t / c d  

T o t a l  185 minus p roduc t  m i l l i o n  t l y r  
Added v a l u e  SUS/t 
T o t a l  c r e d i t  SUS m i l l i o n  

I I 
Submission 2  

Kuwait a t m o s p h e r i c  r e s i d u e  
i n t a k e  7600 t / c d  

T o t a l  185 minus p r o d u c t  m i l l i o n  t l y r  
Added v a l u e  $US/t 
T o t a l  c r e d i t  SUS m i l l i o n  

Kuwait vacuum r e s i d u e  
i n t a k e  4000 t l c d  

T o t a l  185 minus p roduc t  m i l l i o n  t l y r  
Added v a l u e  $US/t 
T o t a l  c r e d i t  SUS m i l l i o n  

Submission 1 

0.043 
88  

3 . 8  

Arab ian  l i g h t  vacuum r e s l d u e  
i n t a k e  4000 t l c d  

T o t a l  185 minus p roduc t  m i l l i o n  t l y r  
Added v a l u e  $ W / t  
T o t a l  c r e d i t  SUS m i l l i o n  

0.082 
88  

7.2 

0.086 
1  18 
10.1 

Arab ian  heavy vacuum r e s i d u e  
i n t a k e  4000 t l c d  

T o t a l  185 minus p r o d u c t  m i l l i o n  t f y r  
Added v a l u e  $US/L 
T o t a l  c r e d i t  SUS m i l l i o n  

- 

0.039 
103 
4 . 0  

0 .073  
122 
8 . 9  

0.013 
9  2  

1 .1  

0.075 
103 
7.7  

0.028 
1  16 
3.2 

0.077 
129 
9.9  

0.024 
92 

2.2 

0.022 
109 
1 . 9  

0 .029 
116 
3.4 

0.024 
92 

1.8  

0.028 
122 
3.4 

0 .099  
1  13  
9 .3  



ATTACHMENT 8 
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KXNiKZW@ ATTACHMENT 9.1 

OPERATING COSTS 

KUWAIT ATMOSPHERIC RESIDUE (4000 t l c d )  

Submission 1  

c o s t s  

C a p i t a l  c h a r g e  
O p e r a t i n g  c o s t s  
( e x c l u d i n g  e n e r g y l l o s s )  
Energy c o s t s  
L.0SS 

T o t a l  c o s t s  

C r e d i t s  

Su lphur  
185" C  minus 
G a s o i l  g a i n  a l b  

T o t a l  c r e d i t  
Net c o s t  

($US m i l l i o n )  

41.5 
8 . 0  

13.4 
17.5 
80.4 

1% S  f u e l  p r o d u c t  10  C 
Net c o s t  $Us / t  1% S 42/58 
s u l p h u r  removal l 0  t / y r  0.057 
Net c o s t  $US/t s u l p h u r  89311216 I 

Submission 2  Submission 4  

(SOS m i l l i o n )  (SUS m i l l i o n )  

44 47 
15 13  

a )  a t  SUS 5 0 l t  
b)  a t  SUS 1 0 / t  



6ZXXXXl~@ ATTACHMENT 9.2 

OPERATING COSTS 

KUWAIT MMOSPHERIC RESIDUE (7600 t/cd) 

I I Submission 1 I Submission 2 ( Submission 4 
costs I (SUS million) I (SUS million) I (SUS million) I - 

l 
-. 

LOSS 
Total costs 

Capital charge 
Operating casts 
(excluding energy/loss) 
Enerw costs 

Sulphur 
185" C minus 
Gasoil gain alb 
Total credit 
Net cost 

65.5 
12 

25.9 

a )  at SUS 50/t 
b) at SUS 10/t 

1% S fuel product 106 t I 2.3 
Net cost SUz/t 1% S 36/51 
Sulphur removal 10 tlyr 0.107 
Net cost $US/t sulphur 76411089 

71.5 
2 1 

30.5 

71 
20 

27.5 

2.2 
49/60 
0.10 

1070/1327 

2.7 
42/50 
0.107 

104811270 



OPERATING COSTS 

KUWAIT VACUUM RESIDUE (4000 t l c d )  

I Submission 1 

c o s t s  I (SUS m i l l i o n )  

-. 
L.oss 

T o t a l  c o s t s  

C a p i t a l  c h a r g e  
O p e r a t i n g  c o s t s  
( e x c l u d i n g  e n e r g y l l o s s )  
Enerev c o s t s  

C r e d i t s  

6  2 
1 3  

18.4 

Su lphur  
185" C  minus 
G a s o i l  g a i n  a l b  

T o t a l  c r e d i t  
Net c o s t  

1% S  f u e l  p r o d u c t  10 t I 1 .3  
Net c o s t  S U Z l t  1% S  59/74 
S u l ~ h u r  removal 10  t l v r  0 .065 
 et' c o s t  S U S I ~  s u i p h u r  118811477 

(SUS m i l l i o n )  

70 
18 

1 9 . 3  
17.4 

124.7 

'SUS m i l l i o n )  

58 
16 

20.0 
21.6 

115.6 

a )  a t  SUS 5 0 l t  
b)  a t  SUS 1 0 l t  



(cmmEzIw@ ATTACHMENT 9 .4  

OPERATING COSTS 

ARABIAN LIGHT VACUUM RESIDUE (4000 t/cd) 

Submission 1 

Casts - (SUS million 

Capital charge 5 9 
Operating costs 13 
(excluding energyllass) 
Energy costs 15.2 
Loss 17.8 
Total casts 155'3 - 

Sulphur 1 185% C minus 

l Gasoil gain alb 
Total credit 
Net cost 

Net cost 
0.052 

Net cost $US/t sulphur 124211688 

a) at SUS 50lt 
b) at $US 101t 

Submission 2 

(SUS miIlion! 

63.5 
18 

17.7 
14.2 
113.4 

iubmission 4 

:SUS million 

48 
12 

14.8 
15.2 
90.0 



cxmmIw@ ATTACHMENT 9.5 

OPERATING COSTS 

ARABIAR HEAVY VACUUN RESIDUE (4000 tlcd) 

Capital charge 
Operating costs 
(excluding energylloss) 
Energy costs 
L.0ss 
Total costs 

Credits 

Sulphur 
185' C minus 
Gasoil gain a/b 
Total credit 
Net cost 

Submission 1 

(SUS million) 

I 1% S fuel product 106 t 
Net cost SUSIt 1% S 58/88 

I Sulphur removal 10" tlyr 0.071 
Net cost SL'SIt sulphur 89711365 

(SUS million) $US million) 

64 
16 



c%mNxIw@ ATTACHMENT 10 

PLATT'S QUOTATIONS ROTTERDAM 
Average Barge FOB (October  1985) 

PRODUCTS $US/tonne 

<LPG 216 
Premium Mogas 276.5 
Naphtha 250.5 
Kerosene 271 
G a s o i l  251.5 
Fuel  o i l  1% S 155.5 
Fue l  o i l  3.52 S 140 

Arabian L i g h t  Crude (FOB) 202.8 (27.64 $US/bblf 
F r e i g h t  7.06 




