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ABSTRACT 

The OMV r e f i n e r y  a t  Schwechat ,  A u s t r i a  commissioned i n  1985 a  
Wellman-Lord r e g e n e r a t i v e  f l u e  g a s  d e s u l p h u r i z a t i o n  p l a n t  (FGD) t o  
c o n t r o l  e m i s s i o n s  e s s e n t i a l l y  f rom t h e  power g e n e r a t i n g  s e c t o r  of  
t h e  r e f i n e r y .  T h i s  e x p e r i e n c e  i s  used t o  e s t i m a t e  c o s t s  of 
Wellman-Lord FGD which would b e  more r e p r e s e n t a t i v e  f o r  o t h e r  
European r e f i n e r i e s .  Cos t s  a r e  g i v e n  f o r  t h e  Schwechat s i z e  FGD 
(600 000 Nm3/h f l u e  g a s )  and a  t y p i c a l  r e f i n e r y  s i z e  FGD 
(150 000 Nm3/h f l u e  g a s ) .  It i s  concluded t h a t  FGD c o s t - e f f e c t i v e s s  
i s  b e t t e r  when r e f i n e r i e s  b u r n  h i g h e r  s u l p h u r  f u e l s  b u t  smal l  p l a n t  
s i z e  h a s  a s i g n i f i c a n t  d e t r i m e n t a l  e f f e c t .  Wellman-Lord FGD c a n  
more t h a n  doub le  t h e  c o s t  of l i q u i d  r e f i n e r y  fuel . .  

Considerable efforts have been made to assure the accuracy 
and reliability of the information contained in this 
publication. However, neither CONCAWE - nor any 
company parricipating in CONCAWE - can accept liability 
for any loss, damage or injury whatsoever resulting from 
the use of this informatiori. 

This report does not necessarily represent the views of any 
company participating in CONCAWE 
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SUMMARY 

CONCAWE h a s  s t u d i e d  c o s t s  of  a p p l y i n g  r e g e n e r a t i v e  f l u e  g a s  
d e s u l p h u r i z a t i o n  i n  European r e f i n e r i e s  based on a c t u a l  e x p e r i e n c e  
from t h e  Wellman-Lord p r o c e s s  i n  one r e f i n e r y .  It h a s  been 
n e c e s s a r y  t o  r e l a t e  t h e  s i t u a t i o n  t h e r e  t o  t h e  more g e n e r a l  
European r e f i n e r y  s i t u a t i o n  i n  o r d e r  t o  i d e n t i f y  c o s t  i n f l u e n c i n g  
i tems.  It a p p e a r s  t h a t  t h e  a c t u a l  a p p l i c a t i o n  h a s  b e n e f i t t e d  from a  
number o f  f a v o u r a b l e  a s p e c t s  such a s  a  l a r g e  f l o w  of  f l u e  g a s  
mainly  from f u e l  o i l  combustion i n  a  power s t a t i o n ,  a v a i l a b i l i t y  of  
space  f o r  r e t r o f i t t i n g ,  s p a r e  c a p a c i t y  i n  r e l e v a n t  p r o c e s s  
f a c i l i t i e s / u t i l i t i e s  e .g .  s u l p h u r  r ecovery  f a c i l i t i e s  and t h e  
a b i l i t y  t o  b u r n  a v a i l a b l e  h i g h  s u l p h u r  r e f i n e r y  l i q u i d  f u e l .  I n  
r e f i n e r i e s  w i t h o u t  t h e s e  advan tages  c a p i t a l  c o s t s  c o u l d  be  
25-30% h i g h e r .  

The c a p i t a l  c o s t s  o f  Wellman-Lord FGD i n  r e f i n e r i e s  l a r g e l y  
de te rmine  t h e  t o t a l  a n n u a l  c o s t s ,  75% b e i n g  due t o  t h e  c a p i t a l  
cha rge .  The r e s u l t s  a r e  summarized i n  t h e  f o l l o w i n g  t a b l e :  

Capac i ty  ( f l u e  gas  1000 ~ r n ~ / h )  
L i q u i d  f u e l  b u r n t  ( t / d )  

( a c t u a l  c a p a c i t y )  
MWth (approx.)  

Fue l  o i l  s u l p h u r  c o n t e n t  (% wt) 

Cost  $ / t  s u l p h u r  removed 
Cost  $ / t  l i q u i d  r e f i n e r y  75-95 75-96 

f u e l  b u r n t  

150 
2  45 

( t y p i c a l  c a p a c i t y )  
125 

125-157 124-157 

The c o s t - e f f e c t i v e n e s s  of  s u l p h u r  removal from f l u e  g a s e s  i s  
s i g n i f i c a n t l y  b e t t e r  when 3.75% s u l p h u r  f u e l  i s  b u r n t  i n s t e a d  of 
2.35% s u l p h u r  f u e l .  

A s m a l l  p l a n t  s i z e ,  more t y p i c a l  o f  what cou ld  b e  a p p l i e d  i n  
European r e f i n e r i e s ,  h a s  a s i g n i f i c a n t  d e t r i m e n t a l  e f f e c t  on 
s u l p h u r  removal c o s t - e f f e c t i v e n e s s .  

When e x p r e s s i n g  c o s t s  p e r  t o n  l i q u i d  r e f i n e r y  f u e l ,  s u l p h u r  c o n t e n t  
h a s  l i t t l e  e f f e c t ,  b u t  p l a n t  s i z e  h a s  a  l a r g e  e f f e c t .  The 
a p p l i c a t i o n  of  Wellman-Lord FGD can  more t h a n  d o u b l e  t h e  c o s t  of 
l i q u i d  r e f i n e r y  f u e l .  



INTRODUCTION 

CONCAWE has  repor ted  on c o s t  of f l u e  gas desulphur iza t ion  (FGD) 
i n  r e f i n e r i e s  i n  "Cost of con t ro l  of sulphur d ioxide ,  n i t rogen 
oxides and p a r t i c u l a t e  emissions 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 "  Report No. 7 / 8 4  i s sued  September 1 9 8 4 .  The c o s t s  
were based on process l i c e n s o r ' s  information s i n c e  t h e r e  were no 
FGD p l a n t s  i n  opera t ion  i n  European r e f i n e r i e s  a t  t h a t  time. 

I n  t h e  meantime, OMV's r e f i n e r y  a t  Schwechat has  i n s t a l l e d  a  
Wellman-Lord regenera t ive  FGD p l a n t  which came i n t o  opera t ion  mid 
1 9 8 5 .  The i n s t a l l a t i o n  and subsequent opera t ing  experience has  
enabled CONCAWE t o  review i t s  r e f i n e r y  FGD c o s t s  based on 
f i r s t -hand d a t a  a s  repor ted  i n  t h e  fol lowing s e c t i o n s .  The c o s t s  
and opera t ion  of any FGD p l a n t  i f  i n s t a l l e d  i n  European r e f i n e r i e s  
could d i f f e r  from those s p e c i f i c a l l y  a t  OMV's  r e f i n e r y  and due 
a t t e n t i o n  has been given t o  these  a spec t s .  



2. APPLICATION OF FGI) AT SCHWECFIAT REFINERY - 
2.1  GENERAL 

The r e f i n e r y  h a s  a  r a t e d  c a p a c i t y  o f  10 m i l l i o n  t o n s  of  c rude  o i l  
p e r  y e a r  and a s  t h e  major r e f i n e r y  i n  A u s t r i a ,  p r o c e s s e s  c rude  o i l s  
a l s o  f o r  a l l  ma jo r  i m p o r t e r s .  A l l  e l e c t r i c i t y  and s t e a m  i s  
g e n e r a t e d  by t h e  r e f i n e r y  from two power p l a n t s  which u s u a l l y  
t o g e t h e r  g e n e r a t e  70 MW e l e c t r i c i t y  and 600 t / h  of  s team.  The f u e l  
f o r  t h e s e  power p l a n t s  i s  mainly  vacuum f l a s h e d  v i s b r e a k e r  r e s i d u e  
which c a n  have a  s u l p h u r  c o n t e n t  between 3 and 6% wt. 

I n  1983 i t  was dec ided  t o  c o n s t r u c t  a  Wellman-Lord r e g e n e r a t i v e  FGD 
which was des igned  f o r  600 000 ~ m ~ / h  f l u e  g a s  c o n t a i n i n g  4-7 g  
SO / ~ m ~  ( w i t h  t h e  r e g e n e r a t i v e  s e c t i o n  b e i n g  a b l e  t o  hand le  maximum 
2920 kg S02 /h )  o r i g i n a t i n g  from power s t a t i o n  No.2 and from some 
p r o c e s s  u n i t s .  It was recogn ized  and a c c e p t e d  t h a t  w i t h  t h e  SO2 
h a n d l i n g  r e s t r i c t i o n  i t  would n o t  be  a h l e  t o  r u n  t h e  p l a n t  
c o n t i n u o u s l y  a t  maximum th roughput  and maximum SO i n t a k e .  The 
i n t e n t i o n  was t o  meet a  r e f i n e r y  SO emiss ion  l i m l t  o f  maximum 
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800 mg S02/Nm3. The d e s u l p h u r i z a t i o n  r a t e  aimed f o r  was g r e a t e r  
t h a n  90% and i n  f a c t  up t o  95% normal ly  c a n  be a c h i e v e d .  

A f t e r  g a i n i n g  o p e r a t i n g  e x p e r i e n c e  a t  f l u e  g a s  t h r o u g h p u t s  o f  abou t  
420 000 ~ m ~ / h  i t  was d e c i d e d  t o  l i n k  i n  power s t a t i o n  No. 1 ,  w i t h  a  
new f l u e  g a s  d u c t  l i n e ,  t o  t a k e  f u l l  advan tage  o f  t h e  600 000 Nm3 
c a p a c i t y  o f  t h e  FGD. 

DESCRIPTION OF PROCESS 

The f l u e  g a s e s  a r e  r o u t e d  from v a r i o u s  s o u r c e s  t o  a  mix drum where 
t e m p e r a t u r e  ad jus tment  w i t h i n  t h e  range  of  160-160°C can  be  
a t t a i n e d .  T h e r e a f t e r ,  ammonia i s  i n j e c t e d  t o  c o n v e r t  SO t o  3  
ammonium s u l p h a t e  f o r  a c i d  dew p o i n t  r e a s o n s  and i n  o r d e r  t o  
minimize  sodium s u l p h a t e  f o r m a t i o n  i n  t h e  FGD system.  The g a s  i s  
f u r t h e r  t r e a t e d  i n  two p a r a l l e l  t r a i n s .  The b u l k  o f  t h e  ammonium 
s u l p h a t e  t o g e t h e r  w i t h  combustion p a r t i c u l a t e s  a r e  removed by a n  
e l e c t r o s t a t i c  p r e c i p i t a t o r  (ESP) .  The g a s e s  a r e  coo led  v i a  a  
g a s / g a s  h e a t  exchanger  t o  90°C, g i v e n  a  prewash w i t h  w a t e r  t o  
remove remain ing  s o l i d s  and t h e n  c o n t a c t e d  w i t h  sodium s u l p h i t e  - 
b i s u l p h i t e  s o l u t i o n  i n  a n  a b s o r p t i o n  tower (Reference  F i g .  l ) .  T h i s  
removes most o f  t h e  SO and t h e  c l e a n  g a s ,  which i s  now a t  55'C, i s  
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r e h e a t e d  by t h e  above-mentioned h e a t  exchanger  t o  a b o u t  130°C and 
r o u t e d  v i a  a  c l e a n  g a s  c o l l e c t o r  v e s s e l  t o  t h e  s t a c k .  

I n  t h e  r e g e n e r a t i o n  s e c t i o n  (Reference  F i g .  2 ) ,  t h e  SO i s  s t r i p p e d  2  
from t h e  a b s o r b e r  s o l u t i o n  and t h e  SO r i c h  g a s  i s  conveyed t o  t h e  
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Claus  u n i t .  The r e g e n e r a t e d  s u l p h i t e  s o l u t i o n  i s  pumped back t o  t h e  
a b s o r p t i o n  s e c t i o n  f o r  r e u s e .  Sodium s u l p h a t e  which i s  formed i n  
s i d e  r e a c t i o n s  (mainly  i n f l u e n c e d  by oxygen c o n t e n t  o f  t h e  f l u e  
g a s )  i s  removed by a  s e p a r a t e  purge  sys tem and  p r o c e s s e d  a l o n g  w i t h  
t h e  r e f i n e r y  e f f l u e n t s .  



The SO rich gas is partially reduced by hydrogen to hydrogen .' sulphi e in a Redotherm-chamber before disposal to the Claus unit 
where liquid sulphur is produced (Reference Fig. 3). 

CAPITAL INVESTMENT 

The total FGD investment was 780 million Austrian Schillings (ATS) 
spent essentially in 1984. This included the following items: 

- FGD equipment and machinery 
- NH /caustic soda, storage and feed system 

3 - raw and clean gas collectors 
- electrostatic precipitators 
- modification to the Claus unit including Redotherm 
- H purification plant 
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In addition, to transport flue gas from power plant No. 1 (see 
Section 2.1). 

- 800 m flue gas duct costing 85 million ATS in 1987 

The project was carried out as a turn-key (construct and 
commission) contract. An indication of the cost breakdown provided 
by OMV was as follows: 

- equipment and machinery 37% 
- piping 26% 
- electrical equipment 8% 
- control equipment 8 % 
- engineering 12% 
- construction 9% 

Land requirement 

The area required to build the FGD plant is as follows: 

- absorption section 3400 mZ 
- regeneration section 1950 m2 
- storage section 

The land requirement for liquid sulphur handling is not included, 
however it is assumed that it will be available in a typical 
European situation. 



Manpower 

For normal c o n t i n u o u s  o p e r a t i o n  t h e  manpower requ i rement  p e r  s h i f t  
i s  : 

- f o r  t h e  a b s o r p t i o n  s e c t i o n  1.25 men 
- f o r  t h e  r e g e n e r a t i v e  s e c t i o n  1.5 men 

I n  a d d i t i o n ,  20 man h o u r s  p e r  week f o r  p r o c e s s  a n a l y s e s  a r e  
r e q u i r e d  by t h e  l a b o r a t o r y .  

Exper ience  a t  Schwechat r e f i n e r y  h a s  shown t h a t  u t i l i t y  and 
m a t e r i a l s  consumption i s  dependent  on d i f f e r e n t  pa ramete r s  s u c h  a s  
t h e  amount o f  s u l p h u r  removed, t h e  q u a n t i t y  of  f l u e  g a s  b e i n g  
handled o r  t h e  s i z e  of  t h e  p l a n t .  The f o l l o w i n g  i t e m s  a r e  grouped 
a c c o r d i n g  t o  dependency.  

Dependant o n l y  on amount of  s u l p h u r  removed: 

- hydrogen 0.17 t consumed/t s u l p h u r  
- 1 2 b a r s t e a m  1  t p roduced / t  s u l p h u r  
- LP s t eam (mainly  1 . 4  b a r  waste-heat  based)  

t / d  o f  s u l p h u r  t s t e a m l t  s u l p h u r  
10 23 
18 20 
35 15 

- ammonia 40 k g / t  s u l p h u r  
- s o l i d s  d i s p o s a l  180 k g / t  s u l p h u r  

Dependant o n l y  on amount of f l u e  g a s :  

- e l e c t r i c i t y  150 000 m3/h 1100 1cW 
400 000 m3/h 2300 kW 
600 000 m3/h 3900 kW 

Other  i t e m s  a r e :  

- a i r  700 ~ m ~ / h  
- c o o l i n g  wa te r  630 m3/h 
- c a u s t i c  soda (20%) 360 kg/h  
- a d d i t i v e  (EDTA) 0.6 kg/h  
- 12 b a r  s t e a m  f o r  p r e h e a t i n g  2  t / h  
- raw w a t e r  15 m3/h 
- c o n d e n s a t e  ( s e a l i n g  w a t e r )  5 m3/h 



2.3.4 Operating experience 

Some significant problems were encountered at the start, most of 
which were traced back to choice of construction material and these 
problems have been satisfactorily solved. 

Due to the high flue gas exit temperature of the process furnaces 
it was difficult to maintain the total raw flue gas temperature in 
the range 160-180°C before ammonia injection. This difficulty in 
the first stage, fortunately, was minimized because process heaters 
could be fired with gas and the flue gas partially bypassed. The 
overall 800 mg/Nm3 SO requirement was met by just treating the 
flue gas from power sfation No. 2 followed by recombination with 
the bypassed flue gas. 

Some modifications were made to the electrostatic precipitator 
(ESP) to facilitate solids removal (pneumatic operation). 
Difficulties with solids removal are still experienced from time to 
time because they can be of a sticky nature. This problem still 
requires some additional maintenance effort. 



DIFFERENCES WITH TYPICAL EUROPEAN REFINERY SITUATIONS 

While t h e  c o s t s  of  FGD a s  a p p l i e d  a t  Schwechat r e f i n e r y  can  be 
c a l c u l a t e d  based on a c t u a l  e x p e r i e n c e ,  t h e i r  e x t r a p o l a t i o n  t o  more 
g e n e r a l  European r e f i n e r i e s  r e q u i r e s  c o n s i d e r a t i o n  of  p o s s i b l e  
d i f f e r e n c e s  t h a t  could  have c o s t  consequences .  The f o l l o w i n g  
a s p e c t s  a r e  h i g h l i g h t e d .  

CAPACITY 

A f l u e  g a s  c a p a c i t y  of 600 000 ~ m ~ / h  r e p r e s e n t s  abou t  1100 t / d  
l i q u i d  r e f i n e r y  f u e l  depending upon i t s  c a l o r i f i c  v a l u e  and amount 
of e x c e s s  a i r .  I n  1985 t h e  a v e r a g e  European r e f i n e r y  was b u r n i n g  
300 t / d  l i q u i d  f u e l ,  t h e  remainder  b e i n g  gas .  The a p p l i c a t i o n  a t  
Schwechat r e f i n e r y  is t h e r e f o r e  l a r g e  by a v e r a g e  European 
s t a n d a r d s .  A f l u e  g a s  c a p a c i t y  of 150 000 ~ m ~ / h  i s  more 
r e p r e s e n t a t i v e  of what cou ld  be a p p l i e d  i n  a  t y p i c a l  s i z e  European 
r e £  i n e r y .  

FUEL SULPHUR CONTENT 

Schwechat r e f i n e r y  c a n  produce a  v e r y  heavy,  h i g h  s u l p h u r  (up t o  
6 % )  f u e l  which means t h a t  FGD can  be  v e r y  e f f e c t i v e l y  used.  A s  
ment ioned i n  S e c t i o n  2 .1  t h e  r e g e n e r a t i v e  s e c t i o n  can  h a n d l e  a  
maximum of 2.94 t / h  of SO which i s  e q u i v a l e n t  t o  a  f e e d  s u l p h u r  
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c o n t e n t  of some 3.75% ( b a s i s  95% d e s u l p h u r i z a t i o n )  a t  maximum f l u e  
gas  c a p a c i t y  of  t h e  p l a n t .  I n  1985, t h e  a v e r a g e  s u l p h u r  c o n t e n t  of 
l i q u i d  f u e l  b e i n g  b u r n t  i n  European r e f i n e r i e s  was 2.35% w t .  
However, many European r e f i n e r i e s  have a  s i g n i f i c a n t  amount of 
c o n v e r s i o n  c a p a c i t y ,  which produce heavy f u e l s  w i t h  much h i g h e r  
s u l p h u r  c o n t e n t .  FGD a p p l i c a t i o n  i n  European r e f i n e r i e s  based on 
l i q u i d  f u e l  w i t h  s u l p h u r  c o n t e n t s  i n  t h e  r a n g e  2.35 - 3.75% w t  c a n  
be c o n s i d e r e d  a s  r e a s o n a b l y  r e p r e s e n t a t i v e .  Th i s  t r a n s l a t e s  i n t o  
22 t / d  and 35 t / d  s u l p h u r  r e c o v e r e d  r e s p e c t i v e l y  f o r  t h e  
600 000 Nm3/h c a s e ,  and 5 .5  t / d  and 8 .75 t / d  s u l p h u r  r e c o v e r e d  f o r  
t h e  150 000 Nm3/h c a s e .  

SOURCE OF FLUE GAS 

Schwechat r e f i n e r y  p roduces  i t s  own e l e c t r i c i t y  from two power 
s t a t i o n s  which a r e  t h e  main s o u r c e s  of  t h e  600 000 ~ m ~ / h  f l u e  gas .  
The q u a n t i t y  and t e m p e r a t u r e  of  f l u e  g a s  i s  t h e r e f o r e  r e l a t i v e l y  
s t a b l e  and o n l y  moderate  c o n t r o l  measures  a r e  r e q u i r e d .  Most 
European r e f i n e r i e s  t a k e  t h e i r  e l e c t r i c i t y  from t h e  g r i d .  T h e i r  
main s o u r c e  of  f l u e  gas  i s  t h e r e f o r e  from p r o c e s s  u n i t s  which means 
t h a t  q u a n t i t i e s ,  q u a l i t i e s  and t e m p e r a t u r e s  a r e  f l u c t u a t i n g .  



T h e r e f o r e  c o n s i d e r a t i o n  must be  g i v e n  t o  c o n t r o l  measures  t o  e n s u r e  
r e l i a b l e  and s a f e  o p e r a t i o n .  Such measures  cou ld  i n c l u d e  f l u e  g a s  
c o o l i n g  f a c i l i t i e s  and f l u e  g a s  c o l l e c t i o n  f a c i l i t i e s  from a  number 
of  s m a l l  s t a c k s .  T h i s  must be c a r r i e d  o u t  i n  such  a  way t h a t  
i n t e r a c t i o n  between v a r i o u s  s o u r c e s  c a n  be  c o n t r o l l e d  i n  a n  
a c c e p t a b l e  manner. 

3.4 NLTMBER OF STACKS 

The o p e r a t i o n  o f  FGD a t  Schwechat r e f i n e r y  is based upon d u c t i n g  t o  
two s e p a r a t e  s t a c k s .  The average  European r e f i n e r y  h a s  3 .3  s t a c k s  
above 50 MW . There fo re  t h e  m a j o r i t y  of  European r e f i n e r i e s  w i l l  
r e q u i r e  duc!png t o  t h r e e  s t a c k s .  The c o s t  q u a n t i f i c a t i o n  i s  based  
on t h e  FGD b e i n g  p o s i t i o n e d  c l o s e  t o  one s t a c k  and l a r g e r  d u c t s  
b e i n g  p rov ided  f o r  t h e  o t h e r  two s t a c k s .  It  i s  assumed t h a t  t h e  
c o s t s  i n c u r r e d  a t  Schwechat r e f i n e r y  would a l s o  be a p p l i c a b l e  b u t  
i n  s p e c i f i c  s i t u a t i o n s  t h e r e  might  be  a d d i t i o n a l  c o s t s .  

3.5 AVAILABILITY OF BACK-UP FACILITIES 

F i g .  4  shows i n p u t  and o u t p u t  t o  t h e  FGD p l a n t .  I n  t h e  c a s e  of 
Schwechat r e f i n e r y ,  a l l  f a c i l i t i e s  f o r  h a n d l i n g  t h e  v a r i o u s  s t r e a m s  
and m a t e r i a l s  were a v a i l a b l e  excep t  NH and c a u s t i c  s t o r a g e .  Feed 
s u p p l y  sys tems and a d d i t i o n a l  p r o c e s s  2 a c i l i t i e s  were r e q u i r e d  t o  
modify a  Claus  u n i t  t o g e t h e r  w i t h  hydrogen p u r i f i c a t i o n  f a c i l i t i e s .  
For European r e f i n e r i e s  i n  g e n e r a l ,  t h e r e  i s  a  h i g h  p r o b a b i l i t y  
t h a t  inves tment  c o s t s  would be  r e q u i r e d  f o r  some of  t h e  f o l l o w i n g  
i t ems :  

- p r o d u c t i o n  of  hydrogen 
- p r o d u c t i o n  of 400 t / d  LP s team 
- r e c o v e r y  of  a d d i t i o n a l  s u l p h u r  
- s t o r a g e  of  chemica l s  
- c o o l i n g  w a t e r  f a c i l i t i e s .  

During a  Claus  u n i t  shut-down, i t  i s  assumed t h a t  low s u l p h u r  f u e l  
i s  a v a i l a b l e  o r  a  wa ive r  can be o b t a i n e d  t o  burn  h i g h  s u l p h u r  f u e l s  
w i t h o u t  FGD. T h e r e f o r e ,  inves tment  i n  a s p a r e  Claus  u n i t  h a s  n o t  
been c o n s i d e r e d  f o r  t h i s  s t u d y .  

An a l t e r n a t i v e  t o  hydrogen f o r  t h e  r e d u c t i o n  o f  SO t o  H S cou ld  be 
2 

t h e  u s e  of n a t u r a l  g a s  which would avo id  a d d i t i o n a l  inves tment  f o r  
hydrogen.  However, t h i s  would o n l y  be  a s o l u t i o n  i n  abou t  20 % of  
European r e f i n e r i e s  because  of  c u r r e n t l y  l i m i t e d  a c c e s s  t o  a  
n a t u r a l  g a s  g r i d .  



3 . 6  SOLID DISPOSAL 

Schwechat r e f i n e r y  can  d i s p o s e  of  200-300 kg /h  s o l i d s  ( e s s e n t i a l l y  
sodium/ammonium s u l p h a t e s )  l o c a l l y  i n c u r r i n g  o n l y  t r a n s p o r t  c o s t s .  
The more t y p i c a l  c a s e  i s  l i k e l y  t o  i n v o l v e  l o n g  h a u l  t r a n s f e r  from 
t h e  r e f i n e r y  t o  a  s u i t a b l e  dump w i t h  a t t e n d a n t  h i g h  c o s t s .  

SHUT-DOWN TIME FOR RETROFITTING 

Schwechat r e f i n e r y  was a b l e  t o  a v o i d  t h e  s p e c i a l  shut-down o f  p l a n t  
t o  i n s t a l l  t h e  FGD by maximizing p r e p a r a t i o n  of  equipment o f f - s i t e  
and u s i n g  a  schedu led  maintenance shut-down o f  t h e  r e l e v a n t  u n i t s .  
C l e a r l y ,  r e f i n e r i e s  i n  g e n e r a l  w i l l  t r y  t o  u s e  t h e  same approach.  
It is assumed t h a t  r e f i n e r i e s  w i l l  n o t  i n c u r  a d d i t i o n a l  shut-down 
c o s t s  b u t  t h i s  cou ld  be t h e  consequence where ,  f o r  example,  t h e r e  
is a  crowded s i t e  w i t h  poor u n i t  a c c e s s i b i l i t y .  I n  t h i s  c a s e  t h e  
r e t r o f i t t i n g  o p e r a t i o n  would have t o  be s p r e a d  over  s e q u e n t i a l  
maintenance shut-downs of  t h e  v a r i o u s  p l a n t s .  

LAND REQUIREMENT 

The l a n d  requ i rement  f o r  FGD a t  Schwechat r e f i n e r y  was 6700 mZ of 
which 3400 m2 was c l o s e  t o  t h e  f l u e  g a s  c o l l e c t i o n  f a c i l i t i e s  and 
i n  f a c t  was a v a i l a b l e .  It i s  c o n s i d e r e d  t h a t  most r e f i n e r i e s  a l s o  
w i l l  have  s u f f i c i e n t  s p a c e  a v a i l a b l e  and t h e r e f o r e  c o s t s  f o r  
a q u i r i n g  e x t r a  l a n d  s h o u l d  n o t  be accoun ted  f o r .  



COST METHODOLOGY - 

The c o s t s  of FGD based on t h e  r e g e n e r a t i v e  Wellman-Lord a p p l i c a t i o n  
a t  Schwechat r e f i n e r y  a r e  b u i l t  up from t h e  f o l l o w i n g  e lements .  

C a p i t a l  c o s t s  

Schwechat r e f i n e r y  c a p i t a l  c o s t s  a r e  t a k e n  a s  a  b a s i s  and e s c a l a t e d  
t o  mid 1987. An e s t i m a t e  i s  made of a d d i t i o n a l  c a p i t a l  c o s t s  t h a t  
cou ld  be i n c u r r e d  i n  European r e f i n e r i e s  based on i n f o r m a t i o n  g i v e n  
i n  S e c t i o n  3 and a r e  r e p o r t e d  i n  Appendix 1. 

C a p i t a l  c o s t s  of  a  150 000 Nm3/h p l a n t  a r e  e s t i m a t e d  by a  s c a l i n g  
f a c t o r  of 0.65 s u p p l i e d  by t h e  p r o c e s s  l i c e n s o r .  

O p e r a t i n g  c o s t s  

- C a p i t a l  c h a r g e  is taken  a s  25% of  c a p i t a l  c o s t  i n  l i n e  wi th  
CONCAWE's p r a c t i c e .  The t r e a t m e n t  o f  c a p i t a l  c h a r g e  
c a l c u l a t i o n s  i n  g e n e r a l  i s  d e s c r i b e d  i n  CONCAWE Repor t  
No. 88/51. 

- Fixed and v a r i a b l e  o p e r a t i n g  c o s t s  a r e  a t t r i b u t e d  t o :  

- manpower 
- maintenance 
- overheads  - s t e a m  - e l e c t r i c i t y  
- a i r  
- c o o l i n g  w a t e r  - c a u s t i c  soda  (NaOH) 
- ammonia (NH ) - a d d i t i v e  ( E ~ T A )  - raw w a t e r  - condensa te  - s o l i d  d i s p o s a l  

- C r e d i t s  r e s u l t  from: 

- s u l p h u r  r ecovered  
- steam produced 

The t o t a l  o p e r a t i n g  c o s t s  i n c l u d i n g  c a p i t a l  c h a r g e  c a n  be expressed  
i n  a  number o f  ways e .g .  c o s t / t o n  s u l p h u r  removed, c o s t  p e r  t o n  of  
l i q u i d  f u e l  b u r n t  e t c .  

The f o l l o w i n g  c u r r e n c y  e q u i v a l e n t s  a r e  a p p l i c a b l e  t o  c o s t s  i n  t h i s  
r e p o r t ,  which a r e  based on a  mid 1987 European s i t u a t i o n :  

1 USD = 12.75 ATS = 127 ESP = 1348 ITL = 2  NLG = 0 .61  GRP = 0.87 ECU 

By December 1987,  t h e  USD had devalued t o  0.80 ECU. 



5 .  RESULTS 

The d e t a i l e d  b a s e s  f o r  c a l c u l a t i o n s  of t h e  v a r i o u s  e l e m e n t s  a r e  
r e p o r t e d  i n  Appendices 2  and 3 .  

P a r t i c i p a t i n g  companies have c a r r i e d  o u t  c a l c u l a t i o n s  based on 
t h e i r  own c o s t  d a t a .  The r e s u l t s  o b t a i n e d  a r e  summarized i n  t h e  
f o l l o w i n g  t a b l e  i n  t e r m s  of  t h e  a v e r a g e  f o r  each  c a s e  s t u d i e d .  

Summary of  c a l c u l a t e d  FGD c o s t s  

Case 

Case d e s c r i p t i o n  

Su lphur  removed t / d  

C a p a c i t y  1000 Nm3/h 

L i q u i d  f u e l  b u r n t  t / d ( a  

MW ( t h )  (approx. )  

Capex $ 106 

C a p i t a l  cha rge  $ 106/yr  

F ixed  c o s t  $106 /y r  

V a r i a b l e  c o s t  $106/yr  

6  
Sub-Total $10 / y r  

C r e d i t  $ 106/Yr 

6  
T o t a l  $10 / y r  

C o s t / t o n  s u l p h u r  
removed $ 

C o s t j t o n  l i q u i d  f u e l  $ 
b u r n t  

1  

:APEX 
~ a s e d  on 
IMV s i t e  
i i t u a t i o n ( b )  

2  

CAPEX 
t a k i n g  
accoun t  
of  Euro- 
pean 
s i t u a t i o n  

3  

CAPEX 
s c a l e d  
from OMV 
s i t e  
s i t u a t i o n  

5.5 8 .75 

4  

CAPEX 
s c a l e d  
from 
European 
s i t u a t i o n  

5.5 8.75 

150 

245 (c )  

125(c )  

4  1  

10.2 

2.7 

0 . 8  1.0 

13.7 13.9 

0 .2  0 .4  

13.5 13.5 - 

7000 4400 

157 157 

Note ( a ) :  It h a s  been assumed t h e r e  a r e  350 s t r e a m  d a y s l y e a r  
Note ( b ) :  Opera t ing  c o s t s  a r e  based on t h e  average  u n i t  c o s t  d a t a  r e p o r t e d  

by p a r t i c i p a n t s  t o  t h e  s t u d y .  
Note ( c ) :  The c o n v e r s i o n  from f l u e  g a s  q u a n t i t i e s  i s  approximate  s i n c e  i t  

i s  dependent  on f u e l  c a l o r i f i c  v a l u e  and e x c e s s  a i r  d u r i n g  
combustion.  



CONCLUSIONS 

It i s  c l e a r  from t h e  r e s u l t s  t h a t  c a p i t a l  c o s t s  a r e  by f a r  t h e  most 
i m p o r t a n t  c o s t  i t em,  t h e  c a p i t a l  c h a r g e  b e i n g  r e s p o n s i b l e  f o r  some 
75% of  t h e  t o t a l  annua l  c o s t s .  

Cases  1 and 2  r e p r e s e n t  CONCAWE's b e s t  e s t i m a t e  of  t h e  range  of  
c a p i t a l  c o s t s  t h a t  cou ld  be  expec ted  when i n s t a l l i n g  a  
600 000 ~ m ~ / h  (approx.  500 MW ) Wellman-Lord FGD p l a n t  i n  a  l a r g e  
European r e f i n e r y .  

t h  

Case 1 i s  based  upon inves tment  c o s t s  a t  O M V ' s  r e f i n e r y .  Case 2  i s  
a  maximum c o s t  c a s e  i n c o r p o r a t i n g  a l l  c o s t  i n c r e a s i n g  a s p e c t s  t h a t  
cou ld  be  r e a s o n a b l y  expec ted  i n  a  European r e f i n e r y .  I n  p r a c t i c e  i t  
can  be  expec ted  t h a t  c a p i t a l  and t o t a l  c o s t s  would l i e  between Case 
1 and 2 f o r  l a r g e  r e f i n e r i e s .  

Cases  3  and 4  r e p r e s e n t  more t y p i c a l  c a s e s  i n  a  s m a l l e r  r e f i n e r y  o r  
i n  a  l a r g e r  one where o n l y  r e l a t i v e l y  s m a l l  amounts of  f l u e  g a s  
(150 000 h'm3/h) a r e  s u i t a b l e  f o r  a p p l i c a t i o n  of  FGD. 

The range  of  f u e l  s u l p h u r  c o n t e n t  (2.35 - 3.75% w t )  s t u d i e d  c a n  
e i t h e r  r e p r e s e n t  a v a i l a b i l i t y  of  l i q u i d  f u e l  i n  t h e  r e f i n e r y  o r  a  
m i x t u r e  o f  h i g h  s u l p h u r  l i q u i d  f u e l  and r e f i n e r y  g a s  where 
s e g r e g a t i o n  of t h e  f l u e  g a s  i s  n o t  r e a l i s t i c .  

With r e s p e c t  t o  c o s t  p e r  t o n  s u l p h u r  removed, t h e  h i g h  s u l p h u r  
f e e d s t o c b  c a s e s  a r e  more c o s t - e f f e c t i v e  t h a n  t h e  lower s u l p h u r  
f e e d s t o c k  c a s e s .  T h i s  i s  a  c l e a r  i l l u s t r a t i o n  of  t h e  b e n e f i t  of  
t r e a t i n g  a  h i g h  s u l p h u r  c o n t a i n i n g  f l u e  g a s  when t h e  aim i s  maximum 
s u l p h u r  removal a t  lowes t  c o s t .  The e f f e c t  o f  go ing  t o  a  more 
r e a l i s t i c  s m a l l  p l a n t  s c a l e  i s  d r a m a t i c ,  b e i n g  65% l.ess 
c o s t - e f f e c t i v e .  

CONCAWE Repor t  No. 7/84 q u o t e s  FGD c o s t  of  $2600-4500/t s u l p h u r  
removed (1984 Ne ther lands  b a s i s  1 USD = 3  NLG) which c o v e r s  a  r ange  
of  d i f f e r e n t  FGD t e c h n i q u e s  based  on a  2.7% s u l p h u r  l i q u i d  f u e l .  The 
r e g e n e r a b l e  p r o c e s s e s  a r e  t h e  most c a p i t a l  i n t e n s i v e  and t h e i r  c o s t s  
a r e  r e f l e c t e d  by t h e  h i g h  end of  t h e  r a n g e .  There  i s  t h e r e f o r e  good 
agreement between t h e  c o s t  c a l c u l a t e d  i n  t h e  1984 s t u d y  and i n  t h i s  
s t u d y .  

With r e s p e c t  t o  t h e  c o s t s  p e r  t o n  l i q u i d  r e f i n e r y  f u e l ,  c o s t s  a r e  
r a t h e r  i n s e n s i t i v e  t o  s u l p h u r  c o n t e n t  of f u e l  b u t  v e r y  s e n s i t i v e  t o  
p l a n t  c a p a c i t y .  FGD cou ld  more t h a n  double  t h e  c o s t  o f  l i q u i d  
r e f i n e r y  f u e l  i n  t h e  r e f i n e r y .  



APPENDIX 1  - CAPITAL COST CALCULATIONS 

Cap i t a l  cos t  FGD Schwechat r e f i n e r y  780 mi l l i on  ATS (1984) 
- esca la t ed  t o  1987 (5%/yr)  903 mi l l i on  ATS (mid 1987) 
- plus  2nd duct ing 85 mi l l i on  ATS (mid 1987) 

Tota l  988 mi l l i on  ATS (mid 1987) 
- converted to  USD (1$=12.75 ATS) 78 mi i i i on  USD (mid 1987) 

Addit ional  c a p i t a l  c o s t  f o r  a  European r e f i n e r y  

An a d d i t i o n a l  (3rd) duct ing  (Ref. Sec t ion  3.4) 7  m i l l i o n  $ 

Flue gas cooling f a c i l i t i e s  
(600 000 Nm3/h cooled 40°C) 
Flue gas c o l l e c t i n g  f a c i l i t i e s  
and c o n t r o l  system 

0.6 mi l l i on  $ 

1.0 m i l l i o n  $ 

Refinery process items 
H u n i t  (10 t / d )  3  m i l l i o n  $ 
~ g e a m  genera t ion  (400 t / d  L.P. steam) 1 m i l l i o n  $ 
S u l ~ h u r  recoverv u n i t  (20 t / d )  (99.5% recovery) 9  m i l l i o n  $ 
Cooling water f a c i l i t i e s  0.5 mi l l i on  $ 

Tota l  22.1 m i l l i o n  $ 

On the b a s i s  of t h i s  da t a  i t  was decided t o  look a t  two capex 
l e v e l s  f o r  600 000 ~ m ~ / h  capac i ty  v i z .  

Case 1 A s  b u i l t  a t  Schwechat r e f i n e r y  78 m i l l i o n  $ 

Case 2  Case 1 p lus  a d d i t i o n a l  duct ing ,  
f l u e  gas handling and r e f i n e r y  
process f a c i l i t i e s  100 mi l l i on  $ 

A f u r t h e r  two capex l e v e l s  f o r  150 000 Nm3/h capaci ty  were obtained 
by us ing  a  s c a l i n g  f a c t o r  of 0.65 t o  Cases 1 and 2  r e spec t ive ly .  

Case 3  Case 1 sca led  t o  150 000 ~ m ~ / h  32 mi l l i on  $ 

Case 4 Case 2  sca l ed  t o  150 000 Nm3/h 41 mi l l i on  $ 



APPENDIX 2 - OPERATING COST CALCULATIONS 

- Fixed o p e r a t i n g  c o s t  ( u t i l i z a t i o n  f a c t o r s )  

Manpower: based on f i v e  s h i f t s  manpower requ i rement  is 
15 man y e a r s .  

Maintenance:  3% on t o t a l  capex.  

Overheads: 50% manpower and maintenance c o s t s  

- V a r i a b l e  o p e r a t i n g  c o s t  c a l c u l a t i o n s  (consumption f a c t o r s )  

Based on s u l p h u r  r ecovered  

H consumption t / d  
2 

Steam consumption t / d  
LP 

12 b a r  

E l e c t r i c i t y  kW h/d  
A i r  Nm3 /d 
Cool ing w a t e r  m3/d 
NaOH (20%) kg/d 
NH kg /d 
E D ~ A  kg/d  
Raw w a t e r  m3/d 
Condensate m3 /d 
S o l i d  d i s p o s a l  t / d  

Steam produced t / d  
(12 b a r )  

The above consumption f i g u r e s  r e f e r  t o  t h e  600 000 Nm3/h f l u e  g a s  
c a p a c i t y  p l a n t .  For 150 000 Nm3/h p l a n t  i t  i s  assumed t h a t  a 
q u a r t e r  of  t h e  consumptions  a r e  a p p l i c a b l e .  

- C r e d i t  i t e m s  

Two c r e d i t  i t e m s  c a n  be  i d e n t i f i e d :  

a )  s u l p u r  r ecovered  22 and 35 t / d  r e s p e c t i v e l y  

b)  12 b a r  s team produced f rom Claus  u n i t  22 and 35 t / d  
r e s p e c t i v e l y  

Here a g a i n ,  t h e s e  q u a n t i t i e s  r e f e r  t o  600 000 ~ m ~ / h  f l u e  g a s  and 
a r e  assumed t o  be  a q u a r t e r  f o r  150 000 Nm3/h f l u e  g a s .  



APPENDIX 3  - UNIT COST DATA USED 

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

Manpower 36 000 $/man y e a r  

Hydrogen ( a v a i l a b l e )  262 $ / C  
(new p r o d u c t i o n )  6  65 $ / C  

Steam 
LP 5.8 $ I t  

12 b a r  6 . 8  $ I t  

E l e c t r i c i t y  ( i n t e r n a l )  
( i m p o r t )  

A i r  0 .0163 $/Nm3 

Cool ing  w a t e r  0.02 $/m3 

NaOH (20%) 0.052 $ /kg  

EDT A  1.04 $/kg 

Raw w a t e r  0 .20  $/m3 

Condensate  0 .75 $ / C  

S o l i d  d i s p o s a l  8  8  $ / C  

S u l p h u r  c r e d i t  119 $ / C  



F i g .  1 FGD ABSORPTION 
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Fig. 2 FGD REGENERATION 
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F i g .  3 FGD SO2 TREATMENT 
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Fig. 4 WELLMAN-LORD PROCESS MASS DIAGRAM 
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