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ABSTRACT 

This report presents the results of a ~ t u d y  on =he cost of controlling emissions of SO,. NOx 
end particulates from oil refineries by flue gas treatment. Reductions of emissions hove 
been chosen in accordance virh those proposed by the European Comission'a Directive 
"Limitation of the eni~sion of pollutants into the air from large combustion plants". The 
report cslculotes the retrcfitting cost for the "average" CONCAWE refinery end the total 
cost for all EEC refineries. A short review of available emission reduction techniques is 
e l m  included. 

Dit rapport geeft de resultaten veer van cen studie betreffende de kosten van itet 
verminderen van de uitstoot van SO,. NOx en vnste deeltjes door oliernffinaderijen met 
behulp van rookgssbehandeling. De gekorcn uitetnotverminderingen rijn overeenkomatig de 
voorstellen vervnt in de Richtlijnen van de Europese Commissie berrcffende de verminderjng 
van de uitstoot voor luchrvcrontreinigende stoffen door grotc vuurhaarden. Het rapport 
berekent de knrren van voorrieningcn van bestaande insrsllaries von de "gemiddelde" CONCAVE 
reffinnderij en de totale kascen vun slle rnffinsderiJcn in de Europeae Cemeenschap. Een 
bcknnpr overrichr van brsrhikbare technieken ter heperking van de uitstwt is eveneens 
inbegrepen. 

Oer Bericht enth4lr das Ergebnis einer Studir iiber die Kosten der Einhsltung der Grenruerte 
fiir SO,-, NO - und F e ~ t s n l f f e m i ~ ~ i o n e n  aus Ulrnffinerien durch Reuchgnsbehnndlung. Die 
tlernbscrrunExder Emissionen cnrapricht dwi Vurschliigen in der Vornchrift der Europsischec 
Komihsion "Beprcnrung drr Scliadstoffemission in die I.eft eue Gro~sfeuerungsenlagen". In dem 
Berichr verden die Nachriistknsten fiir die "durchschnittljchr" CONCAWE-Raffinerie tmd die 
Lietiamtkosten fur ulle EG-Rnffinerien bcrechnec. Fine kurre Ubersichr iiber verfiigbsre 
Technikcn rur Emissionsverminderung ixi cingeschlossen. 

Ce rapport prisente l e s  risulrars d'une Etttde sur le coGt du contriile des imisaions de SO,, 
NO er de partirnles dans les raffinerjcs de pitrole par traitrment des furnres de 
co~busrioo. Lee taux de riductjon des imisaions qui nnt Sri consjd6ris snnt en accord avec 
ceux propnsis par 1. Direcris~ dp 1a Commission Eurap6enne sur "la limitation de in 
pollution dc l'air par les grandes inhrnllarions de cornbustinn". Le rapport d o m e  les catrs 
pour 121 rwffinerie "CONCAh'E" ninyenne er pour l'ensmhlc des reffinerics de I n  CEE. Ces r&ts 
comprcnnenr les rnGrs d'adaprarion des insrallariona exiarnnles. Une pr6aenrarinn rapide des 
rcclmiques arrinellement disponibler pour la riduction des imissions est igalcmvnr jninte au 
TBpPOrt 

Esre informe presents 10s resultados de un estudio sobre el costo del control de emisiones 
de anhidridosulfuroso (SO2). 6xidos de nitrSgeno (NO ) y parricules solidae procedentes de 
la combusri6n en refinerias medianre el tratomiento a e  10s humos. Lss reducci6nee de emisiones 
ha" sido escogidss de rcuerdo con las propuestes en la InsrrucciSn de la ComisiSn Europea 
rit~lada "LimirociSn de la emisien de canraminanres del eire procedentes de grendes plentes 
de combusri6n'*. En el informe se  calcula el costo de emorrizaci6n para la refine& "media" 
de CoNCAUE y el costo  global para todas la refineries de lo CEE. Se incluye tembih, uno 
breve revisi6n de las ricnicas de reducciSn acruolmente existentee. 

q w s t o  documento descrive i risultari di uno studio relacivo alle valutarione del cosro per 
ridurre mediante rrattamenro dei funi le emissioni di SO2. NOx,e polvcri da impianri di 
grande combusrione nelle raffinerie di petrolio. I lavorl d~ rldunione degli inquinenti 
sono fissati in accordo alla Directive proposta dalla Comissione Europee "Limirerione delle 
emissione di inquinanri nei fumi da impisnti di grande combustione". I1 docmento valuta il 
costo necessario per la raffineria "media" CONCAWE ed il costo totsle per rutre le reffinerie 
dcllo CEE. Si fornisce anche una b r e w  descririonc dclle recnologie di trsttamento 
dis~onibili. 
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I n  response  t o  a  p r o p o s a l  from t h e  Commission of t h e  European 
Communities f o r  a  Counc i l  D i r e c t i v e  (COM(83) 704 f i n a l )  on t h e  
l i m i t a t i o n  of a t m o s p h e r i c  p o l l u t a n t  e m i s s i o n s  from l a r g e  combust ion 
p l a n t  of  o v e r  50  MW r a t e d  h e a t  o u t p u t ,  CONCAWE set up a  s t u d y  group 
t o  examine p o t e n t i a l  c o n t r o l  methods and e s t i m a t e  a n t i c i p a t e d  
c a p i t a l  and o p e r a t i n g  c o s t s  t o  a c h i e v e  t h e  proposed r e d u c t i o n s  f o r  
e x i s t i n g  p l a n t  i n  o i l  r e f i n e r i e s .  

The s t u d y  i s  based  on a p p l y i n g  c o n t r o l  measures  t o  t h e  "average" 
CONCAWE r e f i n e r y .  T h i s  was d e r i v e d  f rom combust ion and r e f i n e r y  
f u e l  i n f o r m a t i o n ,  s u p p l i e d  by abou t  85% of t h e  p a r t i c i p a t i n g  o i l  
r e f i n e r i e s .  According t o  t h e  D i r e c t i v e ,  member c o u n t r i e s  would have  
f u l l  f l e x i b i l i t y  i n  how t h e  o v e r a l l  r e d u c t i o n s  a r e  a c h i e v e d .  
However, f o r  t h e  p u r p o s e  of  t h i s  s t u d y  i t  i s  assumed t h a t  t h e  
proposed p e r c e n t a g e  r e d u c t i o n s  w i l l  a p p l y  t o  a l l  o i l  r e f i n e r i e s ,  
a l t h o u g h  t h i s  may n o t  be  t h e  c a s e  i n  i n d i v i d u a l  member c o u n t r i e s .  

P r e l i m i n a r y  s c r e e n i n g  s t u d i e s  were  c a r r i e d  o u t  t o  i n d i c a t e  t h e  most 
c o s t - e f f e c t i v e  means of c o n t r o l l i n g  s u l p h u r  d i o x i d e  (SO ), n i t r o g e n  

2 
o x i d e s  (NO ) and p a r t i c u l a t e s  e m i s s i o n s  f rom l a r g e  combust ion 
p l a n t .  ~ h r g e  o p t i o n s  were  c o n s i d e r e d  f o r  SO c o n t r o l :  f l u e  g a s  

2 
d e s u l p h u r i z a t i o n  (FGD), f u e l  o i l  d e s u l p h u r i z a t i o n  and f u e l  o i l  
g a s i f i c a t i o n .  FGD, d e s p i t e  v e r y  h i g h  a s s o c i a t e d  c a p i t a l  and 
o p e r a t i n g  c o s t s ,  i s  t h e  l e a s t  c o s t l y .  A s e l e c t i o n  of  f i v e  
commercial FGD p r o c e s s e s  (one throwaway, two gypsum and two 
r e g e n e r a b l e )  were  chosen t o  de te rmine  t h e i r  economics i n  a  r e f i n e r y  
s i t u a t i o n .  DeNO p r o c e s s e s  and 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 s  (ESPs) 

X were s t u d i e d  a s  b e i n g  p robab ly  t h e  most s u i t a b l e  means t o  a c h i e v e  
t h e  proposed r e d u c t i o n s  i n  NO and p a r t i c u l a t e s  e m i s s i o n s  

X 
r e s p e c t i v e l y  from r e f i n e r i e s .  

The s t u d y  assumed o n l y  s i n g l e  t r a i n  u n i t s  and a  minimum a d d i t i o n a l  
r e t r o f i t t i n g  c o s t  of  25% on c a p i t a l  f o r  a l l  c o n t r o l  f a c i l i t i e s .  The 
s p e c i f i c  c o n d i t i o n s  i n  o i l  r e f i n e r i e s  r e q u i r e  s p e c i a l  
c o n s i d e r a t i o n .  T h i s  i s  because  of t h e  need t o  u s e  t h e  by-products 
o i  r e f i n e r y  p r o c e s s e s  a s  a  f u e l  which may make i t  d i f f i c u l t  t o  
s e g r e g a t e  f u e l  o i l  f o r  burn ing .  I t  was assumed t h a t  f l u e  g a s  from 
f u e l  o i l - f i r i n g  c a n  be l a r g e l y  s e g r e g a t e d  f rom t h a t  from f u e l  g a s  
f i r i n g  f o r  FGD and ESP t r e a t m e n t .  I f  t h i s  i s  n o t  p o s s i b l e  f o r  
s a f e t y ,  r e l i a b i l i t y  o r  f l e x i b i l i t y  r e a s o n s  t h e  c o s t  g i v e n  i n  t h e  
r e p o r t  w i l l  b e  s u b s t a n t i a l l y  i n c r e a s e d .  



To reduce SO2 emissions by the proposed 60% using FGD, the minimum 
retrofitting costs are estimated to be (1 SUS = 3 HF1.): 

v 

Costs ($US million) 

"Average" 
CONCAWE All EEC 
refinery refineries l- 

Capital investment I 22 - 50 I 2,200 - 5,000 

Annual operating cost 1 10 - 16 1 1,000 - 1,600 

This equates to an operating cost of around 2,600 .- 4,500 
$USlmetric ton of sulphur removed. 

It should be noted that waste disposal on a significant scale is 
required for many of the FGD processes and the disposal cost and 
space requirements can be considerable. Also, experience with FGD 
within oil refineries is limited. 

For the proposed 40% reduction in NO emissions using DeNO 
X X 

processes, minimum retrofitting costs for the assumed number of 
DeNO units are estimated to be: 

X 

Costs ($US million) 

refinery refineries 

Capital investment 3.6 - 10  360 - 1,000 

Annual operating cost 1.4 - 4 140 - 400 I 
And similarly for the proposed 40% reduction in particulates 
emissions using ESPs the minimum retrofitting costs, including 
waste disposal, are estimated to be: 

I I Costs ($US million) 

1 ,  Average" 
CONCAWE 
refinery 

All EEC 
refineries 

Capital investment 

Annual operating cost 

2.5 

0 . 9  

250 

90 - 



There is limited experience with ESPs on oil-fired plant. 

The control of sulphur dioxide emissions incurs by far the greatest 
control costs of the three pollutants considered. Retrofitting of 
controls to existing refineries would be difficult because of space 
limitations close to combustion pl.ant and multiplicity of stacks in 
some refineries. In those cases where space limitations are more 
severe than in the average CONCAVE refi.nery costs can be 
considerably higher. 

It is considered that the above costs are accurate to an estimated 
-101+40%. 



INTRODUCTION 

A proposal from the Commission of the European Comunities for a 
Council Directive on the limitation of pollutant emissions into the 
air from large combustion plants (COM(83) 704 final, 19 December 
1983) was submitted to the Council of the European Communities . 
The Directive proposes a reduction in pollutant emissions from 
fired combustion plants (solid, liquid or gaseous fuels) whose 
rated thermal output, including that of ancillary plants, is equal 
to or greater than 50 MW (thermal). Emissions from a common stack 
(regardless of number of individual furnaces/boilers discharging to 
it) are understood to be defined as a single combustion plant. 
Specified emission limits are proposed for new plant, but for 
existing plants, overall reductions to be achieved by end of 1995 
(basis 1980 emissions) are proposed as follows: 

- 60% for sulphur dioxide (SO ) - 40% for oxides of nitrogen ?NO ) - 40% for particulate matter (sofids) 

Member countries have full flexibility on how this is to be 
achieved. Programes are to be drawn up not later than 
31st December, 1986, for the progressive reduction of total annual 
emissions from large combustion plant. 

In reaction to the above Directive, CONCAWE has obtained 
information regarding large combustion plants (by stacks) from 
about 85% of oil refineries who participate in CONCAWE. 

A CONCAWE Ad hoc Group was set up to: 

1) examine potential control methods for pollutant emissions 
from existing refinery large combustion plant; 

ii) estimate anticipated capital and operating costs to limit 
emissions from existing refinery plant by the percentages 
proposed in the Directive. 

The study group concentrated on the "average" CONCAWE refinery as a 
basis for costing and assumed that the proposed reductions would 
apply to oil refineries, although it is up to Member States 
to decide how to achieve these reductions. 



BASIS OF STUDY 

Table 1  shows t h e  c h a r a c t e r i s t i c s  of t h e  "average" CONCAWE r e f i n e r y  
a s  regards  t h e  number of s t a c k s  i n  each of t h e  t h r e e  s i z e  
ca t egor i e s ,  i . e .  > 100, 50-100 and 10-50 MW ( thermal) .  It a l s o  
g ives  the  a c t u a l  amounts of o i l  and gas f i r e d .  The d a t a  r e l a t e s  t o  
1982 (when t h e  CONCAWE ques t ionna i r e  was s e n t  out  t o  a l l  r e f i n e r i e s  
t h e  Draf t  D i r e c t i v e  d id  not  y e t  r e f e r  t o  1980 a s  t h e  base yea r ) .  

The da ta  show t h a t  t h e  "average" r e f i n e r y  has  1.4 s t a c k s  of 
50-100 MW (thermal) and 1.9 s t a c k s  of over 100 MW ( thermal)  capaci ty  
( i . e .  those  covered by t h e  Direct ive) .  I n  1982, t h e s e  s t a c k s  
handled f l u e  gas from t h e  combustion of 133 MW ( thermal)  of o i l  of 
average 2.7% w t  sulphur and 178 NW (thermal) of r e f i n e r y  f u e l  gas.  

Sulphur i n  r e f i n e r y  f u e l  gas can be reduced by methods a l r eady  
p rac t i s ed  widely i n  r e f i n e r i e s .  However, t h e r e  w i l l  be some 
r e f i n e r i e s  which r e q u i r e  a d d i t i o n a l  investment f o r  f u e l  gas sulphur 
removal. For SO reduct ion  t h i s  s tudy considered only t h e  su lphur  

2  
i n  f u e l  o i l  f i r e d  i n  combustion p l an t s .  

Nitrogen oxide emissions,  a l though normally g r e a t e s t  f o r  o i l  
f i r i n g ,  a r e  emit ted from both o i l -  and gas-f i red combustion p l an t s .  
It  i.s necessary t o  cons ider  both when reducing NO emissions.  This  
r epor t  uses  a s  t y p i c a l  an NO d ischarge  concen t ra f ion  of 500 mg/~m' 
i n  f l u e  gas f o r  t h e  "averageK CONCAWE r e f i n e r y .  This  i s  based on 
c o r r e l a t i o n s  supported by some measured da ta .  

P a r t i c u l a t e  emissions r e l a t e  almost e n t i r e l y  t o  f u e l  o i l  
combustion. Therefore,  only o i l - f i r e d  u n i t s  were considered i n  t h i s  
r e spec t .  As  no measured CONCAWE da ta  a r e  a v a i l a b l e ,  t h i s  r e p o r t  
uses a  p a r t i c u l a t e  d ischarge  concent ra t ion  of 200 m g / ~ m 3  i n  f l u e  
gas of o i l - f i r e d  p l a n t  f o r  t h e  "average" CONCAWE r e f i n e r y .  This  i s  
based on a c o r r e l a t i o n  wi th  f u e l  o i l  q u a l i t y .  



Table 1 Characteristics of stack size distributiov. in the 
"average" CONCAWF: refinery - 1982 

ategory of 
stack size 

MW 
thermal - 
> l00 

ub Total 
or stacks 
50 MW 

OTAL 

llumber 
of 
stacks 

1.93 

1.38 

3.15 

Design 
firing 

MW 
thermal 

445 

98 

8 9 

Oil 
sulphur 

% wt. 

Average fuel oil sulphur content taken as 2.7% wt for stacks 
> 50 MW (thermal). 



OPTIONS TO LIMIT POLLUTANT EMISSIONS 

The main options for the control of pollutant emissions from 
refineries are set out in $&ure 1. Sulphur dioxide emissions 
necessitate the greatest reduction under the proposed Directive and 
also involve the highest cost control measures. They were, 
therefore, the main area of investigation. 

Fig. l Main options for control of pollutant emissions 

FLUE GAS DESULPHURIZATION TECHNIQUES 

(1) Throwaway - dry spray dryer 

(2) Gypsum - wet two processes 

(3) Regenerable - dry 
... wet 

DeNO PROCESSES '. 
(1) Low NO burners 

X 

(2) Thermal DeNO 
X 

(3) Catalytic DeNOx 

PARTICULATES CONTROL 

(1) Cyclone separators 

(2) Baghouses 

(3) Wet gas scrubbers 

copper oxide 
sodium sulfite 

(4) Electrostatic preci,pitators 



3.1 CONTROL OF SO2 EMISSIONS 

Cost ing s t u d i e s  have shown t h a t  f u e l  o i l  g a s i f i c a t i o n  i s  a  t o t a l l y  
uneconomic p ropos i t ion  f o r  r e f i n e r y  f u e l  o i l  desulphur iza t ion  
purposes a lone .  Fuel  o i l  desulphur iza t ion  is a l s o  considered 
uneconomic f o r  r e f i n e r y  f u e l  o i l  a lone.  Although involv ing  l e s s  
r e t r o f i t t i n g  problems than f l u e  gas desulphur iza t ion  (FGD), both 
f u e l  o i l  g a s i f i c a t i o n  and f u e l  o i l  desulphur iza t ion  f o r  r e f i n e r y  
f u e l  a r e  commercially l e s s  a t t r a c t i v e  than FGD i f  no incen t ives  
o t h e r  than  p o l l u t i o n  c o n t r o l  f a c t o r s  e x i s t .  

Of t h e  t h r e e  op t ions  s tud ied ,  FGD, d e s p i t e  i t s  high c a p i t a l  o t ~ t l a y ,  
i s  t h e  lowest c o s t  means of c o n t r o l l i n g  sulphur d ioxide  emissions 
from f u e l  o i l - f i r e d  combustion p l a n t .  Many of t h e  commercially 
a v a i l a b l e  processes can be adapted t o  r e f i n e r y  s i z e  combustion 
p l a n t .  Severa l  of t h e  systems a r e  l a r g e l y  proven technology i n  
commercial use ,  mainly wi th in  coa l - f i red  power s t a t i o n s .  The 
r e s t r i c t e d  space i n  r e f i n e r i e s ,  p a r t i c u l a r l y  around e x i s t i n g  
s t a c k s ,  however, c r e a t e s  d i f f i c u l t i e s  i n  r e t r o f i t t i n g ,  and i n  some 
s i t u a t i o n s  t h i s  may be phys ica l ly  impossible.  

CONTROL OF NOx EMISSIONS 

One opt ion  t o  reduce n i t rogen oxide i s  t o  r e t r o f i t  "Low  NO^" 
burners  t o  e x i s t i n g  combustion p l a n t .  N O  reduct ions  t y p i c a l l y  

X 
range from 20-50% and i n  genera l  w i l l  he l e s s  than t h e  40% proposed 
i n  t h e  Di rec t ive .  These burners ,  however, cannot be used i n  many 
e x i s t i n g  f u r n a c e s / b o i l e r s ,  e.g. those  wi th  high i n t e n s i t y  burners ,  
d i f f i c u l t  geometry, o r  us ing  h igh ly  v iscous  f u e l  o i l .  For t h i s  
reason thermal and c a t a l y t i c  "DeNO " processes were examined a s  
proven means of achieving a  40% r d u c t i o n .  In  p r a c t i c e ,  a po r t ion  
of t h e  proposed NOx reduct ion might be achieved us ing  low NOx 
burners .  

PARTICULATES EMISSIONS 

P a r t i c u l a t e s  c o n t r o l  by f u e l  o i l  g a s i f i c a t i o n  i s  g r o s s l y  
uneconomic. P a r t i c u l a t e s  c o n t r o l  i s  achieved t o  some ex ten t  i n  most 
FGD processes.  For those processes  which do not  provide  a  40% 
reduct ion ,  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 s  (ESPs) were considered.  
Experience on o i l - f i r e d  h e a t e r s  i s ,  however, very l i m i t e d .  

Modif icat ions t o  combustion equipment can a s s i s t  i n  t h e  ove re l l  
p a r t i c u l a t e s  emissions reduct ion .  A reduct ion  of 10-50% may be 
poss ib l e ,  but  i s  s t r o n g l y  dependant on burnerlatomizer  combination 
and q u a l i t y  of f u e l  f i r e d .  



4. COMMERCIAL PROCESSES INVESTIGATED 

4.1 SO2 CONTROL 

Five of the commercially available FGD processes were chosen for 
investigation to determine their economics in a refinery situation. 
Those selected cover the range of commercially proven processes. 

- dry throwaway process spray dryer 
- wet gypsum processes gypsum vendor 1 

gypsum vendor 2 
- dry regenerable process copper oxide/sulphur product 
- wet regenerable process sodium sulphite/sulphur 

product 

Note: -- 
An undefinable percentage of the gypsum produced may find outlets, 
mostly at no realization. If there exists no commercial outlet the 
gypsum has to be dumped at a cost. 

Appendix I gives a brief process description of each type. 

Two gypsum processes were selected because this type of wet 
process has most full scale experience, although nearly all of it 
is in coal-fired power stations. 

CONTROL OF NOx EMISSIONS 

Three options to control NO emissions were examined, i.e. 
X 

- low NO burners 
- thermaf DeNO 
- catalytic ~ e f i 0 ~  

Appendix I1 gives some process details. - 

CONTROL OF PARTICULATES EMISSIONS 

ESPs are frequently used in coal-fired power plants, but their use 
on oil-fired plant is very limited. Four of the five FGD systems 
studied incorporate some particulates reduction (ESP, wet scrubber 
or baghouse). 

Brief process descriptions are given in Appendix 111. 



5. WASTE PRODUCTS FROM FLUE GAS TREATMENT 

5.1 FLUE GAS DESULPHURIZATION 

The waste sludge produced in flue gas desulphurization is a mixture 
of calcium compounds, together with a small amount of ash 
containing trace impurities. 

For the treatment of waste from an FGD plant several options exist: 

(1) Ponding 
( 2 )  Landfill of dewatered sludge 
(3) Stabilization or fixation to produce aggregate 
(4) Oxidation of calcium sulphite to gypsum 

In the past the most widely used method has been the disposal of 
slurry waste to a pond. Although originally considered a cheap 
method in the USA, it is no longer considered desirable and it is 
not practical in Europe. 

The second option is a dewatering system for the waste slurry. Use 
is made of a thickener followed by a vacuum filter or centrifuge. 
The dewatered solids are then transported to a landfill. However, 
often the dewatered solids are not suitable for landfill directly 
and require further processing, e.g. oxidation. 

The third technique is stabilization or fixation, which has been 
developed using fly-ash or chemical additives to produce an 
aggregate. This, however, may present additional problems if it 
becomes classified as a chemical waste. 

The fourth option is gypsum production. The specifications for 
gypsum require that the product be of a high purity. In order to 
achieve this, particulates removal equipment needs to be installed 
upstream of the FGD unit resulting in a requirement for the 
disposal of fly-ash. 

Although the gypsum technique is currently the favoured FGD process 
in Europe, it is forecast that the production of gypsum will soon 
exceed the consumption. The operators of gypsum FGD systems may in 
future have to pay for the transport or eventually the disposal of 
gypsum waste. 

The disposal of waste will cause environmental problems, e.g. 
leaching and space requirements. 

PARTICULATES REMOVAL BY ESPs 

Electrostatic precjpitators for particulates removal also produce 
waste which needs disposal. The cost for this disposal is included 
in the cost estimate for particulates removal. 



ASSUMPTIONS MADE I N  THE STUDY 

6.1  PROCESS RELIABILITY 

Only s i n g l e  t r a i n  u n i t s  were  c o n s i d e r e d  i n  t h i s  s t u d y  d e s p i t e  some 
r e s e r v a t i o n s  a b o u t  t h e i r  c a p a c i t y  t o  a c h i e v e  335 d a y s  o p e r a t i o n  p e r  
y e a r  ( a s  proposed by t h e  D i r e c t i v e ) .  To assume p a r a l l e l  t r a i n s  f o r  
r e l i a b i l i t y  r e a s o n s  would i n c r e a s e  c a p i t a l  c o s t s  by a p p r o x i m a t e l y  
two t h i r d s .  

RETROFITTING 

The r e t r o f i t t i n g  of  FGD, c a t a l y t i c  DeNO and ESP f a c i l i t i e s  t o  
X 

e x i s t i n g  r e f i n e r y  s t a c k s  i s  v e r y  s i t e - s p e c i f i c  and a l s o  v a r i e s  f rom 
one  p r o c e s s  t o  a n o t h e r .  A ma jor  problem w i l l  be t h e  a v a i l a b l . l i t y  of 
adequa te  s p a c e  i n  t h e  p r o x i m i t y  of e x i s t i n g  combust ion p l a n t s .  A s  a  
minimum r e t r o f l . t t i n g  c o s t ,  a n  a d d i t i o n a l  25% i s  i n c l u d e d  i n  t h e  
c a p i t a l  c o s t  e s t i m a t e s ,  b u t  t h i s  d o e s  n o t  i n c l u d e  d u c t i n g  t o  
d i s t a n t  s i t e s .  The a l t e r n a t i v e  o f  l o c a t i n g  FGD, c a t a l y t i c  DeNO o r  
ESP p l a n t  a t  a n  a v a i l . a b l e ,  b u t  d i s t a n t ,  s i t e  i n v o l v e s  r o u t i n g  f a r g e  
d u c t i n g  a c r o s s  e x i s t i n g  facilities which i s  p r a c t i c a l l y  d i f f i c u l t  
and v e r y  expens ive .  

I n  1982, t h e  "average" CONCAWE r e f i n e r y  was o p e r a t i n g  a t  abou t  60% 
of d e s i g n  f l r i n g  c a p a c i t y .  I n  p r a c t i c e  i n d i v i d u a l  p l a n t s  a t  times 
were  o p e r a t e d  a t  v a r y i n g  l o a d s  up t o  f u l l  d e s i g n  f i r i n g .  I n  o r d e r  
t o  avo id  o p e r a t i n g  r e s t r i c t i o n s ,  any equipment m o d i f i c a t i o n s  a r e  
normal ly  d e s i g n e d  f o r  f u l l  c a p a c i t y .  T h i s  p r a c t i c e  i s  a p p l i e d  t o  
a l l  p o l l u t i o n  c o n t r o l  p r o c e s s e s  c o n s i d e r e d  i n  t h i s  r e p o r t .  

The c a l c u l a t e d  r e q u i r e d  FGD d e s i g n  c a p a c i t y  f o r  t h e  "average" 
CONCAWE r e f i n e r y  was 213 MW ( t h e r m a l )  a t  a  90% removal e f f i c i e n c y  
t o  g i v e  a  60% o v e r a l l  SO r e d u c t i o n  (Appendix IV).  The a v e r a g e  
CONCAWE r e f i n e r y  (Tab le  1) h a s  1.9 s t a c k s  greater t h a n  100 MW 
( t h e r m a l ) .  T h i s  s t u d y  assumes t h a t  t h e  FGD r e q u i r e m e n t  w i l l  be  
s p l i t  between two 110 MW ( t h e r m a l )  u n i t s  (rounded up from two t i m e s  
106.5).  

The DeNO c a p a c i t y  i s  based on t h e  f u l l  d e s i g n  f i r i n g  of 543 MW 
( the rmal?  s i n c e  b o t h  o i l  and g a s  f i r i n g  p roduce  NO . 

X 

A 40% r e d u c t i o n  i n  N O  by c a t a l y t i c  o r  t h e r m a l  DeNO r e q u i r e s  
t r e a t m e n t  of 362 MW (Thermal) e q u i v a l e n t  of  f l u e  gag  (Appendix IV). 



For c o s t  e s t ima t ing  purposes t h e  number of DeNO i n s t a l l a t i o n s  was 
assumed t o  be two of 100 MW ( thermal)  and threeXof 50 MW ( thermal) .  
I f  a  NOx reduct ion of over 40% i s  r equ i red ,  t h e  c a p i t a l  c o s t  may 
i n c r e a s e  considerably.  

The p a r t i c u l a t e s  removal des ign  capac i ty  is based on t h e  t o t a l  o i l -  
f i r e d  capaci ty  of 319 MW ( thermal)  (Appendix IV). 170 MW ( thermal)  
equiva lent  t reatment  i s  requi red .  A s  the  nea res t  s i z e  c o s t  
e s t ima tes  a v a i l a b l e  appl ied  t o  100 MW ( thermal) ,  two u n i t s  of t h i s  
s i z e  were assumed f o r  t h e  c o s t  es t imate .  

POTENTIAL SIGNIFICANT ADDITIONAL FGD COSTS 

I t  should be noted t h a t  sulphur t r i o x i d e  w i l l  pass a s  an ae roso l  
through wet scrubber  type  FGD systems t o  some ex ten t  (about 30% of 
feed  concen t ra t ion ) .  Depending on t h e  l e v e l s  i n  un t r ea t ed  f l u e  gas,  
i t  may be necessary t o  inc rease  f l u e  gas rehea t  temperatures  above 
l e v e l s  assumed i n  t h i s  r epor t  t o  avoid ac id  dew-point cor ros ion  
problems. A poss ib l e  a l t e r n a t i v e  i s  t o  i n s t a l l  a  dry p r e c i p i t a t o r  
wi th  ammonia i n j e c t i o n ,  i f  excess ive  rehea t  is t o  be avoided. 

It  was assumed t h a t  desulphur iza t ion  and p a r t i c u l a t e s  removal 
capaci ty  would be only  requi red  f o r  t h e  f u e l  o i l  f r a c t i o n  of 
r e f i n e r y  f u e l  f i r e d .  Therefore,  t h e  c o s t  obtained i s  minimum c o s t .  
Main f a c t o r s  t h a t  w i l l  i nc rease  t h e  c o s t  given a re :  

- higher  f l u e  gas volumes than  assumed a s  a  consequence of 
mixed f u e l  f i r i n g ;  

- corros ion  problems wi th  e x i s t i n g  s t a c k  i f  t h i s  cannot handle 
t r e a t e d  gases from FGD systems ( p a r t i c u l a r l y  of t h e  wet 
t ypes ) .  I n  t h i s  s i t u a t i o n  a  new s t a c k  o r  f l u e  duct  w i l l  be 
requi red .  



CAPITAL AND OPERATING COSTS 

7.1 INVESTMENT COSTS 

Capital cost data were obtained from contractors and vendors for 
the processes studied. Wherever possible direct investment costs 
were obtained and collected data adjusted to take account of any 
significant differences between different contractors' costs for 
similar pieces of equipment. The direct costs were then worked up 
to obtain total erected costs. This was based on a standard 
calculation agreed by the CONCAWE study group. An allowance was 
made for the investment necessary for the associated utilities 
requirements. No allowance was made for other off-site requirements 
such as roads and offices. Costs are based on a Netherlands 
location, with investment in January 1984. 

AhWUAL OPERATING COSTS 

A method to determine operating costs was agreed by the study 
group, and contractors data worked-up accordingly. A standard 
CONCAWE annual capital charge of 25% has been included in the 
annual operating costs. Operating period is assumed to be 335 
daylannum for all processes, although this may not be achievable 
for FGD plant. 



8. COSTS FOR CONTROL MEASURES 

8.1 FLUE GAS DESULPHURIZATION 

F igures  2  and 3 show t h e  est imated minimum c a p i t a l  and a n t i c i p a t e d  
annual ope ra t ing  c o s t s  f o r  r e f i n e r y  s i zed  50-300 MW (thermal) FGU 
u n i t s .  As might be expected, t h e  regenerable FGD systems producing 
a  f i n i s h e d  su lphur  product a t t r a c t  t h e  h ighes t  c a p i t a l  c o s t s .  The 
throwaway systems a t t r a c t  t h e  l e a s t  c a p i t a l  c o s t ,  bu t  produce l a r g e  
q u a n t i t i e s  of s ludge f o r  d i sposa l .  The ope ra t ing  c o s t  c a l c u l a t i o n s  
inc lude  t h e  assumption t h a t  au thor ized  dumps a r e  a v a i l a b l e  a t  a  
c o s t ,  inc luding  t r a n s p o r t ,  of 60 $US/metric ton of sludge. 

To achieve a  60% SO2 reduct ion  i n  the  "average" CONCAWE re f ine ry  
and i n  a l l  EEC r e f i n e r i e s  the  r e t r o f i t t i n g  c o s t s  would be: 

*) 60% SO2 reduct ion  

1 ,  Average" 

CONCAVE 
r e f i n e r y  

The c o s t s  of su lphur  removed a re :  

A l l  EEC 
r e f i n e r i e s  

C a p i t a l  c o s t  5,700 - 12,900 $US/annual met r ic  ton of sulphur 
removed 

Operat ing cos t  2,600 - 4,500 $US/metric ton of sulphur removed 

CONTROL OF NITROGEN OXIDES 

To ensure a  reduct ion  of 40% i n  emissions,  i t  i s  necessary  t o  use 
e i t h e r  a  thermal  o r  c a t a l y t i c  DeNOx process.  Minimum r e t r o f i t t i n g  
c o s t s  f o r  these  processes  a r e  es t imated  a s  follows: 

1 Annual ope ra t ing  cos t  1.4 - 4  I 140 - 400 

l 

C a p i t a l  investment 

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

11 Average" 
CONCAVE 
r e f i n e r y  

3.6 - 10 

A l l  EEC 
r e f i n e r i e s  

360 - 1000 



Fig. 2 Flue gas desulphurization: minimum capital cost for 
retrofitting to existing refinery stack (50-300 MW thermal) 

Capital cost ($US million) 

process 

dry process 

0 50 100 150 200 250 300 

Fired capacity (MW thermal) 

(Basis: location in the Netherlands, 1984) 



General ly t h e  lower cos t  w i l l  apply t o  thermal DeNOx and t h e  h igher  
t o  c a t a l y t i c  DeNOx. Choice of process and c o s t  w i l l  be 
s i t e - s p e c i f i c .  

CONTROL OF PARTICULATES EMISSIONS 

ESPs a r e  probably the  most p r a c t i c a l  means of c o n t r o l l i n g  
p a r t i c u l a t e  emissions,  although experience i s  very  l imi t ed  on o i l -  
f i r e d  combustion p l a n t .  Assuming a  75% removal e f f i c i e n c y ,  t h e  
r e t r o f i t t i n g  c o s t s  t o  achieve a  40% reduct ion  i n  emissions us ing  
ESPs a r e  a s  follows: 

F- 

Costs  ($US m i l l i o n )  

C a p i t a l  investment 1 2.5 1 250 l 

II Average" 

CONCAWE 
r e f i n e r y  

Annual ope ra t ing  cos t  

A l l  EEC 
r e f i n e r i e s  

SENSITIVITY OF COST DATA 

The d a t a  received from process vendors a n d  c o n t r a c t o r s '  d a t a  have 
been of vary ing  q u a l i t y  depending on the  s t a t e  of development of 
t h e  process.  Every e f f o r t  has  been made t o  s t anda rd ize  d i r e c t  c o s t s  
f o r  s i m i l a r  p i eces  of equipment and i t  i s  considered t h a t  t h e  above 
minimum c o s t s  a r e  accura t e  t o  approximately -10%/+40%. 



Fig. 3 Flue gas desulph~r~zation: estimated annual operating 
costs for refinery-size unit 

Annual operating cost ($US million) 

0 50 100 150 200 250 300 

Fired capacity (MW thermal) 

(Basis: location in the Netherlands, 1984) 



CONCLUSIONS 

For all EEC refineries the minimum capital and annual operating 
costs to achieve the proposed emission reductions (basis: location 
in the Netherlands, 1984) are: 

Costs ($US million) 1 
operating 

This equates to an operating cost of around 2,600 - 4,500 
$US/metric ton of sulphur removed. 

Control of sulphur dioxide emissions from existing refineries would 
incur by far the greatest control costs of the three pollutants 
considered in the proposed Directive. 

Flue gas desulphurization (FGD) despite its high capital and 
operating costs is a much lower cost technique for SO reduction 2 
than either desulphurization or gasification of refinery fuel oil 
alone. However, there is limited commercial experience with FGD 
processes in oil refineries. 

Low NO burners will not necessarily achieve the proposed 40X NO 
X reductTon, and retrofitting would be impossible in many, if not 

most existing refinery combustion plant. Therefore, thermal and 
catalytic DeNOx processes were studied to develop costs. However, 
there will be situations where low NO burners may assist in the 
overall. NO reduction. X 

X 

Particulates removal from oil-fired combustion plant is probably 
best achieved with electrostatic precipitators (ESPs). However, 
there is limited experience with ESPs on oil-fired combustion 
plant. 

Retrofitting of emission controls to existing refineries would be 
difficult because of plot limitations and multiplicity of stacks in 
some refineries. 

The impact of retrofitting emission control processes, particularly 
FGD systems, may necessitate further significant investments in 
some refineries, e.g. new stacks and ducting. 



Waste d isposal  on a s i g n i f i c a n t  s c a l e  is  required f o r  ESP and f o r  
many of the FGD processes  considered. 

Combustion equipment modif icat ions can contribute t o  an overa l l  
part iculates  emissions reduction, but probably not s u f f i c i e n t  t o  
achieve 40%. 
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FLUE GAS DESULPHURIZATION PROCESSES STUDIED - BRIEF PROCESS 
DESCRIPTIONS 

DRY THROWAWAY (SPRAY DRYER) 

The key component of the spray dryer FGD process is a chamber in 
which hot flue gas is contacted with a spray of extremely fine 
droplets of an absorbent slurry. The SO (and SO ) is absorbed in 

2 3 the droplets forming a mixture of calcium compounds (sulphites, 
sulphate). 

The main steps to this process are: 

- Absorbent preparation. 
Lime is slaked to give 20-25% Ca(0H) . A portion of the dry 
calcium compounds removed is elurriei and recycled. The 
combined slaked lime/recycle is pumped to the spray dryer. 

- Absorption. 
The slurry is atomized and mixed with hot flue gas. 

s02 
rapidly dissolves in the liquid phase and reacts to form the 
above salts. The flue gases simultaneously evaporate the 
water, leaving a free-flowing dry powder. The percentage SO 
removal can be greater than 95%, and 99% of the SO is also 

2 

removed. 
3 

- Solids removal. 
Solids collect in the conical base of the spray dryer 
chamber and in a baghouse downstream. 

-. Reheat. 
The stack gas is reheated prior to discharge via the stack. 

- Preparation of solids for disposal. 
For landfill purposes a mixture of solid and water gives 
material of limited stability. The stability can be 
increased, if necessary, by the addition of coal-derived 
f ly-ash. 

GYPSUM (WET) 

This process is essentially a wet lime scrubbing process. The chief 
steps are: 

- Cooling of flue gases, absorption, neutralization and 
oxidat ion. 
The alkaline scrubbing solution (moving counter-current to 
ascending flue gases in a scrubber) absorbs SO2 and some 
SO3. The rich solution is oxidized by injection of air to 
form calcium sulphate, which is then largely removed for 
gypsum production. The suspension removed is neutralized 
with calcium hydroxide or calcium carbonate to form more 
gypsum. 
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- S t a c k  g a s  r e h e a t .  
T h i s  c a n  be accomplished e i . t h e r  by r e g e n e r a t i v e  h e a t  
exchange w i t h  h o t  f l u e  g a s e s ,  by p a r t i a l  by-pass of  f l u e  
g a s e s  o r  d i r e c t  r e h e a t .  

- P a r t i c u l a t e s  removal.  
P a r t i c u l a t e s  i n  f l u e  gas  are u s u a l l y  removed u s i n g  
impingement b a f f l e s  ( m i s t  e l i m i n a t o r )  on t o p  o f  t h e  
s c r u b b e r .  

- Gypsum p r e p a r a t i o n .  
The d i s c h a r g e  s l u r r y  i s  pumped t o  a  t h i c k e n e r  where 
p r e c i p i t a t e d  c a l c i u m  s u l p h a t e  se t t les  u n d e r  g r a v i t y .  The 
t h i c k e r  under f low i s  t h e n  pumped t o  a  d e w a t e r i n g  sys tem and 
gypsum t o  s p e c i f i c a t i o n  i s  produced.  

DRY REGENERABLE (COPPER OXIDE/SULPHUR PRODUCT) 

T h i s  i s  based on t h e  r e a c t i o n  of  e l e m e n t a l  c o p p e r  w i t h  s u l p h u r  
d i o x i d e  and oxygen i n  a  f i x e d  bed r e a c t o r .  Copper -con ta in ing  
e x t r u d a t e s  a r a  p l a c e d  between l a y e r s  of  w i r e  g a u z e  spaced  between 
a c c e p t o r  p a s s a g e s  f o r  f l u e  gas  f low.  Copper s u l p h a t e  is formed a s  
f l u e  g a s e s  pass a l o n g  t h e  s u r f a c e  o f  t h e  a c c e p t o r  m a t e r i a l .  

The s p e n t  a c c e p t o r  i s  r e g e n e r a t e d  w i t h  a  s t e a m  d i l u t e d  hydrogen- 
c o n t a i n i n g  r e g e n e r a t i o n  gas  produced by s t e a m  r e f o r m i n g  naph tha .  
S e v e r a l  r e a c t o r s  a r e  used i n  a  swing o p e r a t i o n  t o  m a i n t a i n  
c o n t i n u o u s  f l u e  g a s  t r e a t m e n t .  

The r e g e n e r a t o r  o f f -gas  c o n t a i n s  SO w a t e r  vapour  and u n r e a c t e d  
2' 

f u e l  g a s .  The w a t e r  vapour  i s  condensed i n  a  quench tower  and t h e  
condensed w a t e r  i s  s t eam-s t r ipped  t o  remove d i s s o l v e d  g a s e s  such  a s  
SO2, CO and CO . The SO i s  t h e n  s t o r e d  u n d e r  p r e s s u r e  and r e l e a s e d  

2  
t o  a  modi f i ed  h a u s  p l a n t  where e l e m e n t a l  s u l p h u r  i s  produced.  

WET REGENERABLE (SODIUM SULPHITE/SULPHUR PRODUCT) 

I n  t h i s  p r o c e s s  p a r t i c u l a t e s  a r e  removed f rom t h e  f l u e  g a s  i n  a  
p r e - s c r u b b e r  which a l s o  c o o l s  t h e  g a s .  The g a s  i s  t h e n  r o u t e d  t o  a  
s c r u b b e r  where f u e l  g a s e s  f l o w  upwards and c o u n t e r  t o  a  s o l u t i o n  of  
sodium s u l p h i t e ,  a b s o r b i n g  SO2 t o  form sodium b i s u l p h i t e .  The 
s a t u r a t e d  f l u e  g a s  t h e n  p a s s e s  t h r o u g h  a  m i s t  e l i m i n a t o r  ( s i m i l a r  
t o  1.2 above) and t h e  f l u e  g a s e s  a r e  r e h e a t e d  by methods s i m i l a r  t o  
t h e  wet  throwaway method, p r i o r  t o  d i s c h a r g e  t o  a tmosphere .  

The r ich  a b s o r b e n t  i s  pumped t o  a r e g e n e r a t o r  where a n  e v a p o r a t o r  
i s  used  t o  s t r i p  SO2. The c l e a n  a b s o r b e n t  is t h e n  r e t u r n e d  t o  t h e  
a b s o r b e r  s e c t i o n .  
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To remove i n e r t  su lphate  and th iosu lphate ,  the-absorber i s  purged. 
Overhead vapour from t h e  evaporator i s  then routed t o  a condenser 
and s t r i p p e r  t o  g i v e  SO2 s u i t a b l e  a s  feed  t o  a Claus p lant  where 
e lemental  sulphur is  produced. 
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1. NO-. CONTROL PROCESSES - BRIEF PROCESS DESCRIPTION 
a 

1.1 LOW NO BURNERS 
X 

Low NO burners stage,either air or fuel addition with the aim of 
X 

reducing peak temperature and residence time and thereby decreasing 
NO formation. 

X 

The decreases obtained vary from 20 to 50% with an average of about 
35%. 

Low NO burners cannot be retrofitted to many of the furnaces and 
X 

boilers in existing refineries, since some have very large, high- 
intensity burners (8-10 MW each) for which proven low NO 

X 
repl.acements are not yet available. Others burn very viscous fuel 
oils which may not be suitable for low NOx burners. 

THERMAL DeNO 
X 

Thermal DeNO is a non-catalytic process for removing oxides of 
nitrogen froz flue gas by gas phase reaction with ammonia at high 
temperature (900-1200°C). Ammonia is injected through multiple 
nozzles into the radiant or convection section of process furnaces 
and boilers. To achieve good mixing, the small amount of ammonia is 
injected along with a carrier gas, usually air or steam. NO 

X reductions from 40% and up to greater than 70% have been 
demonstrated in full-size combustion plant. 

CATALYTIC DeNOx 

The catalytic DeNO process converts nitrogen oxides by mixing 
ammonia vapour witff the flue gas. The mixture is passed through a 
catalyst bed where NO is reduced to nitrogen and water vapour with 
ammonia at a temperatire of 250-400°C. 

The quantity of ammonia applied is approximately 1.1 mole of NH 
per mole of NOx. 3 

The catalytic DeNO process can tolerate small quantities of SO 
X 2 

and can achieve an efficiency of over 90% NO removal. A catalyst 
X life of more than four years has been proven in several commercial 

units. 
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1. CONTROL OF PARTICULATES EMISSIONS - BRIEF DESCRIPTION 

1.1 CYCLONES 

A cyclone i s  a  p a r t i c u l a t e s  c o l l e c t o r  i n  which t h e  major c o l l e c t i n g  
f o r c e  i s  c e n t r i f u g a l .  The gas with p a r t i c u l a t e s  e n t e r s  t h e  cyclone 
t a n g e n t i a l l y  and p a r t i c l e s  a r e  separa ted  from t h e  gas. 

For p a r t i c u l a t e s  removal from o i l - f i r e d  combustion equipment f l u e  
gases cyclones a r e  l e s s  s u i t e d  i n  view of t h e  s t i c k i n g  p r o p e r t i e s  
of these  p a r t i c l e s  which c r e a t e  problems i n  removal from t h e  
cyclone. Also, cyclones a r e  r e l a t i v e l y  i n e f f e c t i v e  f o r  sma l l e r  
p a r t i c l e s  ( l e s s  than  10 microns) and a t  lower than  des ign  
throughputs.  

The use of cyclones has ,  t h e r e f o r e ,  not  been considered a s  an 
opt ion  f o r  p a r t i c u l a t e s  removal i n  t h i s  s tudy.  

BAGHOUSES 

Baghouses remove p a r t i c u l a t e s  by f i l t e r i n g  f l u e  gas through 
mul t ip l e  p a r a l l e l  f a b r i c  bags suspended i n  l a r g e  s t r u c t u r e s .  They 
a r e  unsu i t ab le  f o r  removal of p a r t i c u l a t e s  from t h e  f l u e  gas of 
o i l - f i r i n g  because the  somewhat "st icky" carbonaceous p a r t i c l e s  
bind t h e  f a b r i c .  They can, however, be used wi th  t h e  spray  dryer  
FGD process because calcium s a l t s  make up most of t h e  p a r t i c u l a t e s .  

WET GAS SCRUBBERS 

Wet gas scrubbers  r e l y  on i n e r t i a l  impacting of water  d r o p l e t s  and 
p a r t i c u l a t e s .  The wet p a r t i c u l a t e s  a r e  allowed t o  bui ld  up t o  an 
ex ten t  i n  t h e  l i q u i d  which i s  r e c i r c u l a t e d  through t h e  scrubber .  
This  can be a  tower o r  a  ven tu r i .  Wet gas scrubbers  have been used 
f o r  p a r t i c u l a t e  removal, but  t h e i r  use is  r e s t r i c t e d  t o  s p e c i a l  
cases ,  e.g. i n c i n e r a t o r s ,  c a t a l y t i c  c racke r s  and some f l u e  gas 
desulphur iza t ion  processes.  They have two disadvantages:  

(1) the  o u t l e t  f l u e  gas i s  n e c e s s a r i l y  cold and may r e q u i r e  
r ehea t  before  discharge.  

(2) The s o l i d s  i n  t h e  c i r c u l a t i n g  scrubbing l i q u i d  a r e  he ld  a t  
a  concent ra t ion  of 5% w t  o r  l e s s .  This  n e c e s s i t a t e s  a 
th ickening  process on t h e  purge s tream t o  make a  waste 
product s u i t a b l e  f o r  d i sposa l .  

I n  t h e  absence of o t h e r  requirements ,  e.g. FGD, wet gas scrubbers  
a r e  un l ike ly  t o  be an appropr ia te  choice f o r  p a r t i c u l a t e s  removal 
from o i l - f i r e d  p l a n t .  
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1.4 ELECTROSTATIC PRECIPITATORS (ESPs) 

In an ESP, the flue gas is passed through an intense electrical 
field sec up between electrodes of opposite polarity. This imparts 
a negative charge to the particles which are then attracted to the 
positively charged collector electrodes. The collected particulates 
are removed by intermittent rapping of the electrodes which 
dislodges and breaks-up the particulate layer into large 
agglomerates, which are heavy enough to fall out of the gas stream 
without being re-entrained. 

The design of an ESP is related to the gas volume, gas temperature, 
particulate concentration, particulate size and particulate 
composition. For effective precipitation, the gas must remain in 
the electrical field for a sufficient length of time for the 
particles to take up their charge and be precipitated onto the 
collector electrodes. Other parameters being constant, the smaller 
the particle, the longer the necessary contact time. 

ESPs are normally used on coal-fired boilers, where particulate 
removal efficiencies of 99.5% are achieved in some modern 
installations. ESPs are also used on oil-fired boilers, but to a 
much more limited extent since fuel oil has only ppm ash compared 
to several % ash for coal. The composition of ash from oil-firing 
differs markedly from that of coal fly-ash. Whereas the latter is 
almost all inorgani,~, the former contains high percentages of 
unburned carbonaceous material. This significantly affects ESP 
performance and hence design. The oil ash has a low resistivi.ty and 
thus a lower migration vel.ocity than coal ash. The quantity of ash 
per unit volume is low, making high precipitation efficiency more 
difficult. However, for a constant outlet concentration, ESPs on 
oil-fired units do not need the high efficiency of ESPs on coal- 
fired units because inlet particulate concentration is low. 

The small quantities of particulates removed in electrostatic 
precipitators contain heavy metals in varying concentrations. This 
may present difficulties of disposal. There is limited experience 
in Europe in coping with such waste. 

The particulates from an oil-fired unit are sticky and this would 
tend to plug hoppers and conveyors and foul the high voltage 
insulators. The plugging problem is overcome by having electric 
heaters or steam coils under the hopper insulation and by using a 
wet dust collection system. In the latter, ash drops into a shallow 
water-filled tank in which a paddle keeps the ash in suspension. A 
water flushing system for the internal surfaces of the hopper may 
also be necessary. Fouling of the high voltage insulators is 
overcome by blowing clean heated air across each insulator. 
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CALCULATION OF REQUIRED DESIGN CLEAN-UP CAPACITY FOR THE AVERAGE 
CONCAWE REFINERY 

For FGD 
-,------ 

Table l shows that the "average" CONCAVE refinery rated firing - 
capacity in 1982 was 543 MW (thermal) of which 133 MW was utilized 
for oil-firing and 178 MW for gas-firing. 

It is assumed that the non-utilized capacity of 232 MW (thermal) 
would be provided by fuel oil to the extent of 80%, on the basis 
that most refinery gas producers (e.g. cracking units) were already 
close to full capacity and little additional fuel gas would be made 
available. This results in a "design" oil--firing rate for cost 
estimates of: 

133 + 0.8 X 232 = 319 MW (thermal) 

Since 60% overall SO reduction is proposed, but the FGD processes 
considered remove 902, only: 

60 - X 319 = 213 MW (thermal) 
90 

of oil-firing capacity will require flue gas desulphurization. 

A 40% reduction o f  NO emissions with a thermal or catalytic DeNOx 
X process having an efficiency of 60% requires, for the average 

CONCAWE refinery, treatment of: 

4 0 
- X  543 = 362 MW (thermal) 
60 

equivalent of flue gas. 

For partic~rlates removal 
---m 

Electrostatic precipitators of 75% efficiency are assumed 
available. 

To achieve 40% reduction of 319 MW (thermal) oil-firing design the 
capacity required will be: 

4 0 - X 319 - 170 MW (thermal) 
75 




