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i  • DITIimiNATION OP PETROLEUM PRODUCT PRICES 



DETERMINATION OF PETROLEUM PRODUCT PRICES 

1.  PRINCIPLE 

The principle which has been applied for this determination 
is to calculate with a refinery model the total netback 
required by a refiner in order to cover its expenses and 
its profit. 

From a practical point of view this results in the 
determination of an ex-refinery price structure for 
petroleum products, related both to the crude oil cost 
and to the operating cost. We are speaking of price of 
products and not cost because the selling prices in a 
joint product industry do not equal the cost of manufacture, 
except by coincidence. As a matter of fact the best proof 
of this is the selling price of fuel oil which is sold at 
a lesser cost than the crude oil itself though incurring 
an operating expense. This means that the cost of manu- 
facture is not directly related to the market price for 
a particular product but of course the total value of 
the products is equal to the total manufacturing cost plus 
profit. 

The problem will therefore be to find a way to allocate 
the operating cost to the different products. Several 
solutions can be investigated : 

Either proportional to the gravity of the product 

Or proportional to the heating value of the product 

Or proportional to the market price of the product 

Or according to the actual operating incurred by 
the product. 

The third method is the only one which permits to 
determine the prices of products which are near the 
actual selling prices, and is the one which we have 
adopted. 



2.  KEFINERY MüOEL 

The refinery model is based on a 3u° API crude oil 
(ARABIAN LIGHT) yielding the following finished products, 
with a hydroskimming scheme. 

% wt 

LPG 

Naphtha 

Regular gasoline 

Premium gasoline 

Kerosene 

Gas oil 

Fuel oil 

Sub-Total 

Refinery fuel oil, losses 

TOTAL 100.Ü 

This crude has been chosen as it yields a products 
structure which is near the industrialized countries 
consumption structure (such as JAPAN or EUROPE). 

The main properties of the products are the following : 

LPG NG PSA specification 

Naphtha Petrochemical feedstock grade 

Regular gasoline 92 NOR (0.15 g/iitre of lead) 

Premium gasoline 33 NOR (0.15 g/litre of lead) 

Kerosene IATA specification 

Gas oil 5 0 cetane number minimum 

Fuel oil 350 est at 12 2°F maximum. 

3 3 

1 5 

2 6 

10 5 

10 5 

23 5 

iL ± 
94. 3 

5. 7 

Tables J ana u present the overall material oalar.ee as well 
as_the investment and operating cost, on a 1979 basis 
(mid of vear). 
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3.     BREAKDOWN  OF  MANUFACTURING COST   AMONG THE  DIFFERENT  PRODUCTS 

As explained  previously we have  split the overall 
operating cost by taking into account the  actual 
selling  prices   (ex refinery prices)   so that  the sales 
realisation will be  equal to the   total manufacturing 
cost. 

The following assumptions  have been made   : 

Liquefied petroleum gas price  has been  set at  1.35 
times   the crude cost 

.     Fuel  oil price  (3  %  sulphur)   has  been fixed at  15  % 
less  than the crude cost. 

Starting  from these bases we have split the operating 
cost according to the average market   (ex-refinery) 
price of  the products.  The results are presented in 
the table  1. 

For a crude landed  cost   (SINGAPORE)  of 37.0$/ton   (see 
table 2)   the following prices  of  product  are determined 
and compared with the  spot ROTTERDAM and SINGAPORE prices 
and average ex-refinery price  in  EUROPE. 

Computed               Spot Drice Avaragt Ex- 
price»         SINGAPORE         ROTTERDAM Refinary Price 

August  78         Summer 78 in EUROPE 
S/ton ffariy 73 

LPG 131 

Naphtha 150 130 150 

Regular 180 15-1 160 139 

Premium 195 165 170 203 
Kerosén« 138 137 145 145 

Gas Oil 130 127 122 135 

Fuel 0ilC3.5%S) 32 72 73 35 

With these prices the total balance between cost and 
sales realization is  the following   : 

Sales 559  500   000   $ 

Manufacturing cost       559  300   000   $ 



TABLE   1 

BREAKDOWN   OF   MANUFACTURING  COST 

AMONG  THE   DIFFERENT   PRODUCTS 

1) Manufacturing Coat S/year 

Cruda Purchase 5.000,000 C 

Operating Co3t 74.300.000 

Total cost to ba recovered        74,300.000 • 5.000,000 C 

2) Salas Realization 

Yield Price Breakdown Salas 
\ wt/crude (Par ton of product) Realization 

LPG 3.3 1.35 C 222.750  C 

Naphtha 1.5 14 • 1.40 C 1.050.000 • 104,300 C 

Regular 2.6 26 • 1.57 C 3.640,000 • 202,000 C 

Premium 10.5 38 • 1.82 C 19,900.000 • 850,000 C 

Kerosene 10.5 26 * 1.16 C 13.675,000 • 609.000 C 

Gas-oil 23.5 25 • 1 09 C 29.400.000 • 1.280.000 C 

Fual-oil 42.4 0.85 C 1.802.0C0 C 

Total      94.3 67.685.000 • 5.072,650 C 

Basis : 

(1) Fixed price : LPG equal to 1.35 times the crude cost 
Fuel oil equal to 0.85 times the crude cost 

(2) The distribution of the balanced cost has been made 
according to the following : 

Taking into consideration the supply/demand 
balance 

.  Taking into consideration the part of 
manufacturing cost required to produce 
the respective finished products. 



TABLE     2 

CRUDE   LANDED   COST   IN   SINGAPORE 

F.O.B.   RAS  TANURA 

TRANSPORT COST • 

UNLOADING ANO HANDLING 

12.70 /bl ar 93.47$/ton 

2.95$/ton 

0.60$/ton 

LANOEO COST IN SINGAPORE 97.00$/ton  (round«d) 

*Ua0d on 150 OOO mr   - ATM INDEX   50 Worldacël* 

I 
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TABLE  <+ 

MANUFACTURING COST 

ERECTED COST IN EUROPE/JAPAN MID OF 1978 : 280 000 000 US S 

BASIS : GRASS-ROOT REFINERY - CASH PAYMENT 

VARIABLE CHARGES 

1. RAW MATERIAL 

2. UTILITIES  (includati  in  investment 
and  as fusi  consumption I 

3. CHEMICALS ANO CATALYSTS 

FIXED CHARGES 

4. LABOUR ANO SUPERVISION 

5. MAINTENANCE (MATERIALS ANO LABOUR) 

S. QVERHEAOS 

7. INSURANCES, TAXES 

8. INTEREST ON WORKING CAPITAL 

9. DEPRECIATION ANO RETURN ON 
INVESTMENT 

Quantity 

5.QOO.00O Tons 

TOTAL 

400 

3'i of investment 

1* of investment 

1.5* of investment 

10* of working 
capital 

14.3*of investment 

Unit Cost 

22.000/Year 

Total 

U.S. $ 

5.Q0Û.OOO C 

2.000.000 

8.300.ÛQ0 
i 

3.40Q.CÛQ  i 
i 

2.?Q0.OO0  | 
i 

4.200.000  | 

i 
! 

a.iQc.ooo ¡ 

i 
i 

40.GOO.000 

74.300.000  i 

•5.000.000 C 

BASIS 

LABOUR ANO SUPERVISION      18.000 I per man year 
WORKING CAPITAL estimated at 2 months crude cost 
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PRODUCTS MAIN CHARACTERISTICS 
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PRODUCTS MAIN  CHARACTERISTICS 

The refinery products  have been  sDiitted  in-o  <ntrrie- 
diate and  finished products. * -nte.me- 

îïî ?*î* 2\« main ch*racteristics  of intermediate' 

1.     INTERMEDIATE  PRODUCTS 

See the following tables   : 

1.1. MINAS  CRUDE/light products   :   light gasoline  - 
total  gasolines 

1.2. MINAS CRUDE/Heavy gasolines  - reformate 

1.3. MINAS  CRUDE/Kerosene 

1.*.     MINAS  CRUDE/Light gas   oil 

1.5.     MINAS   CRUDE/Heavy  gas   oil 

1.5.     MINAS   CRUDE/Keavy gas   oil   -  Residuum -  Coke 

1.7.    ARABIAN CRUDE/Light  -roducts   :   gasoline 

1.3.    ARABIAN CRUDE/Light  products   :   gasoline -  reformate 

1.3.    ARABIAN CRUDE/Kerosene  -   light gas oil 

1.10. ARABIAN CRUDE/Heavy gas   oil 

1.11. ARABIAN CRUDE/Residuum 
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1.     MINAS/ARAÍIAN  50/50 DESIGN  BASIS 

5.0  MHT/YEAR OF   50/50 MINAS/ARABIAN CRUOES 

Se¿ iolLovtiftQ tab ¿a 

1.4 Refining  3Cheme  r.°l 

l.b R«fining  scheme n°2 

l.c Refining  scheme n°3 

l.d Refining  scheme n3^ 

l.e Refining  scheme n°5 

l.f Refining  scheme n°6 
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L.».i. 

TWTl 

Vapour »raasura at 37.1 *C k§/c»2 

•I % tailing point (710 tm Mg) »e 

t*a*ar 

Clppir strip corrosion 

Sfaoific gravity at 1S.I*C 
(in llauid form) 

LIMITS 

Mix. 4.1 

Max. 2 

Nil 

No • 1 stria 

0.55 



HOTO« «AIOLINI 
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1 KnaaK rating Pi O.N 

OST 
2014-17 

0DST 
5288-89 

flOST 
11818-71 

Typa I Typa II Typa HZ 

- - Min 93 

n o.N 72 78 - 

2 TEL contint gr/kg • - 0.41 

3 Sulphur   % wt max 0.05 o.os 0.05 

4 Oxidation liability 
Una", parlod) min. 480-600 480-6QQ 480-800 

1 Raid vapour praaaura month 
at 100*f 450-500 400-5Q0 400-500 

• Olatlllatlon I.B.P.  *C min 40 40 40 

- 10 % avaporatad at "C 10 so 80 

50 % avaporatad at *C 140-145 120 115-120 

10 % avaporatad at *C 180-195 180-195 160 

and (Mint                  *C 200-205 200-205 200-205 

7 Gum potantlal mg/100 ml max. S max. 5 max. S 

1 Add numbar     mg KOH/gr 3 3 3 

• Sadlmant Nil Nil Nil 

10 Add and baaa «alubia in water Nil Nil Nil 

11 Caaaar atrip corroalon ramal n« ramalna ramaina 



JIT PUfl 

t 
OUT 3134-12 

I TUTS TC-1 

i 1 Specific gravity 20*C gr/omS min 0.775 
2 Distillation I.I.P.                           »c max 110 

1 
" .          10 % «vaporata* at *C 111 
• "          10 *               • 111 

1 
10 \ 230 

•         II % 210 
3 Vlsaoalty cat              at 20*C min 125 

I •t -4#C max 8 
Infartar calorific valua Kcal/Kg 10.210 

II Sulphur contant \ 0.1 
Smoha point mm 20-45 

II 
Acid nurobar    g K0H/100 ml max 0.7 
Raid vapour prtsaura max - 

II 
Four point    *Z max - 80 
Plaah point *C min 28 
loa numbar gr I,/10Q gr 3.5 

1 Aromatic» contint 22 
Gum mg/100 ml S 

1 Sulphur marcaptan \ 0.0Q5 
Tharmal (150#C, 4 hrl mg/100 mi 10 

t 
11 Aah % wt 0.003 
17 Watar and aadimtnt Nil 

Ceppar atrip corroaion (100*C. Ihr) At maint 

1 1 



K mot INI 

OOST 4153-M 

TIS TS LIMITS 

1 Specific irevity et 20#C gr/cm> m* 0.130 
2 ***** I»*"*                                  m. min 20 
3 OUtilletion I.i.P.                     »c 110 

OUtilletion 20 \ evaporated et *C 200 

4 
•od peint                  *c 

C018«1"                                              me« 
27S-S00 

3.0 
S Pour point                                         »e 

- 5 
• Pleeh peint Abel                             «c „*„ 45 
7 Acid number mg KOH/100 ml mex 1.3 
• A,h                                                 ime« O.CO 5 
1 

10 

11 

Sulphur content                                 % „^ 

Meter 

Capper itrlp cerretion 

O.OS 

Nil 

remein« J 
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«At OIL 

COST 305-12 COST 30S-I2 

TUT TYFI 1 TYPf 2 

Catana numaar 4S fO 
Viteotity Kinamatic at 20*C, CST 3 • a 3 - • 
QUtillotlon SO \ «vaporatati   at *C max 300 210 

91 S at *C max 350 340 
Plaah point P.M. cc •c min 70 min 10 
Praaiing point in tumwr •c • 10» 0 all tha 

tlmt 
In wintar •c 0* (aaaaon) 

Sulpnur contant, % max 0.2 0.2 
Acia« numaar mg KÛH/10Q ml max S 1 
A«h,  % max 0.01 0.01 
Sulphur mareaptan    % max 0.01 O.01 
Gum mg/100 ml max •0 •0 
Watar NIL NIL 
Sadlmant NIL NIL 
Iod numbir gr I,/100 gr max 8 • 

1 Coppar itrlp corro«ion ramai nt ramalm 

I 



•AS OIL  - TYP* OT 
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For low toood 
ditto1 

OOIT  1M7-M 

TtlTt LIMITS 

Spoelflc gravity at 20*C. gr/om3 max 0.130 

Di »til lotion ovoporottd ot 2I0*C % mox 15 

Viteoalty ot S0*C,  Klnomotle, max M.O 

CoKo, \ mox 3.0 

Ash, % mox 0.Û4 

Sulphur eon tant,  % mox O.f 

Wo tor % mox 0.1 

Flooh point   *C     min It 

Proofing point °C 1S 

f 



FütL  OIL  TYPI   1 

I 
I 
I 
! 

TESTS LIMITS 

1 Distillation .Ateovary at 270#C % V. max 48 

FlMh point F.fl. cc •e 62.2-16Q 

Pour point •c max 21 

Sadlmant % w max 0.15 
i 

Spoelflc gravity at 1S.9*C max 0.975 

Sulphur contant % w 1 
Viscosity kinamatic  50*C max 120 

Grot« calorific valu« Kcal/Kg min 10,220 

9 Matar \   V 0.75 
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t 

OOtT 10IM-C3   OOST 17ÌN-I3 

Tan Typ» 2 Typ« s 

SpMlfle gravity «t 20*C. gr/o»» mx 1.011 
VUeaolty ot 10«C, *E . m 

•t I0«C. «I • - 11 11.1 
Aon.  % IMM 0.04 O.Of 
loOiment, % mex 0.1$ 0.11 
Wetor, % max 0.1 Nil 
Sulphur content, % 1.5 2 
Inferior colorific voluo Ke«I/kg min 1 soo • too 
Flooh point.  *C 100 -  110 120 
Frooxing point    *C 20 21 

I 



AWÜIDIXS 

•HOCUS DISCRETION 

Catalytic reforming  unit 

Catalytic cricking unit 

Hydrocrtcklng unit 

Dtlaytd coktr unit 

V1f*rtak1ng /  thtrmal   cracking 

Thtrwal   cricking /  dtUyad coking unit 
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CATALYTIC RfFOftMINt UMIT 

**nm P»W"ION 
The process flow diagram 78060 A. 201 - hereofter shows the main 
features of the catalytic reforming process. 

The catalytic reforming process permits the production of high 
octane-number compounds to be incorporated to the gasoline 
pool. The most suitable constituents of catalytic reformer 
feeds are paraffin and naphthene ; the main occuring reactions 
are the following : 

a) dehydrogenation of naphthene to jive aromatics olus hydro- 
gen 

b) isomerisation : paraffin isomeri2ation is an effective re- 
action for increasing anti-knock quality for the lower 
molecular weight C$ and C» only. 

The largest gain in octane number is obtained in the conver- 
sion of naphthenes and paraffins into aromatics by dehydro- 
genation and dehydrocyciizatior. reactions . 

I Catalytic reformer feeds are saturated (not oiefinic) materiali 
boiling up a maximum of about 190°C. In the majority of cases 
the feed will be a straight-run naphta, but other by-product 
low-octane naphtas (coker naphta, visbreaking/thermal cracking 
naphta) may be processed after pretreatment to remove olefins 
and other contaminants. Hydrocracker naphta that contains subs- 
tantial quantities of naphther.es is also a suitable feed. 

The unit includes the following sections : 

a) pretreatment of the feed 

b) catalytic reforming with reformate and light ends recovery. 

I 
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Il 

i.   nimmtKT et rut FCEP 

This section permits to eliminate sulphur, nitrogen, 
metals and other contaminants contained in the fresh feed. 

Pretreatment is carried out in two steps : 

. catalytic reaction in a fixed bed reactor 

. hydrotreated effluent stripping. 

The hydrotreated naphta after stripping is sent to the 
reforming section. 

The flashed vapours from the L? separator and stripper 
are sent to the sour gas washing section of the gas plant 
unit before being used as refinery fuel gas. 

The hydrogen make-up is provided by means of the reforming 
section H2 rich off-sas." 

2. CATALYTIC  REFORMING 

This section permits to upgrade the low octane number hy- 
drotreated naphta into high octane number reformate. 

This operation is carried out in two steps : 

. catalytic reaction 

. refermate stabilization. 

Four catalytic reactors are provided in order to produce 
a reformate with 9 5 research octane number clear. 

The stabilized reformate is directly incorporated to the 
gasoline pool. 

The part of the H2 rich off-gas is recycled to the pre- 
treatment section (H2 make-up). The other part is sent 
to the gas plant unit before being used as refinery fuel 
gas. 

This H2 rich off-gas may be used also as make-up in kero- 
sene HDS or cracked distillate hydrotreating. 
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Tha Cj/C, cut racovarad in tha raformata stabilization is 
s«nt to th« gas plant unit bafora baing Marox swaattnad 
and stored. 
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FLUID CATALYTIC CRACKIN* UNIT 

I 
PROCESS  DESCRIPTION 

I Th« process  flow diagram 78060 A. 202  hereafter shows the main 
features of th« fluid catalytic cracking process. 

Th« catalytic cracking process   permits   to uograde  a heavy 
gas oil cut   (7G0)   into lighter  oroducts  as  L?G,   gasoline 
and middle distillate. 

Th« main  process  characteristics are  the  following   : 

.   fluidised bed process with  continuous  regeneration of the 
catalyst   (combustion of the  coke deoosited on  the  spent 
catalyst). 

.   low pressure  process with no  hydrogen  n««ds 

.   the aromatic molecules are slightly  affected by   the catalytic 
cracking reactions  ; the  product  composition   shows high 
aromatics and olefins contents. 

Th«  unit   includes   the following  sections   : 

a) reaction/regeneration   including   : 

.   the  transformation of  heavy   corr.ocur.js   ir.tr  lighter 
products 

f .   the  catalyst regeneration (coke  combustion) 

b) fractionation  including   : 
f 

.   gasoline/middle distillates  recovery 

.   overhead gas compression and  C3/C„ cut  recovery 

c) flue gat thermal recovery/steam generation 

I 
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i.    ruf MAL ucovinr/iTiAH 9íHí**TíON 

Th« haat recovery around th« fractionator and th« r«g«n«« 
ritor is  carried out as  follows  : 

.  preheating of th« fresh  feed and boiler feed water by 
m«ans of the  fractior.ator  side streams. 

.   High pressure  steam generation in the  CO boiler. 

I 





HYDtOCRACKIfW UNIT 

» 

PROCESS DESCRIPTION 

Th« proceis flow diagram 78060 A. 203 h«r«*ft«r shows   tht main 
f«aturas of tha hydrocracking process. 

G«n«rally speaking  the hydrocracking processing  scheme depends 
on   : 

.   the feedstocks  to  be treated 

.   th« choice of the finished products   :   gasoline/jet  fuel/ 
middle distillates. 

Presently two main types of hydrocracking  process  are  available 

.   one-stage,  once  through or with recycle 

.   two-stage,   "series  flow" or with pretreatment.   (*) 

The two-stage  process allowing a greater  conversion   is general- 
ly used for the production  of  gasoline or   jet fuel  from heavy 
distillate as  VGO  or deasphalted oil   ;   it  may be  used  in the 
case of high  impurities  content  feedstocks   (**). 
The one-stage process  is  the most suitable   for the  production 
of middle distillates  from vacuum distillates or  thermally 
cracked heavy gas  oil. 

A one-stage with recycle  hydrocracking unit "n.as  beer,   introdu- 
ced in the PETROVIETNAM refinery schema  ir. order to   upgrade 
the reduced crude   into diesel  oil.  The  recycle  feature permits 
the entire conversion of the  VGO feedstock. 



Th« unit includes the following sections  : 

4)   High pressure saction with   : 

.   charge  •  hydrogen heater 

.   reactor 

.   effluent  condenser and  separator 

.   hydrogen recycle  compressor. 

b)   Low pressure  section with distillate  fractionation and 
light ends  recovery. 

I 
li 

(*)       The **vUeA fW piace** htu been xecenttui developed ; the 
hyd/tocAAcklng xeactlon* tafee piaci in both leactox* uiith no 
¿plaint Separation between the iixst and second stage. In the 
two-stag t piozes* tilth pKetieatment the. \ixst leactox wxks u 
a $eed pxetxeatex and the htjdxo clacking xeacttcns take piace 
minly in the second one ¡ an e^ùxznt sepaxaution ú nec&ssa-w 
between the i¿Mt and second stage. 

(*•)     ImpuxLtieA cu nitxogen ox metal* which axe catalust poisons. 

r.   MIMT russuu SECTîû« 

Before  entering  the  reactor  the  fresh  feed,  VJC,   mixed 
with the  H2  recycle   is  heated  first   ir,   a   feed  bottom 
exchanger  and then   in   the  charge  +   H:  heater. 
A number of  h'2  recycle   quench  infections are provided  ir, 
the  reactor  design   in  order  to  regulate   the temcerature 
profile  and  tc  avoid   catalyst  to  be   damaged. 
The reactor  is a  fixed  bed with several   catalyst  layers. 

The chemical reaction which occur  in the  hydrocracking 
reactor  can  be  divided   in  two  groups   : 



I 

Befor« entering the reactor the  fresh feed,   730,   is pre- 
heated  in two steps   ;   first by means  of the  fractionator 
side  streams  and then in  the  charge  heater. 
The preheated fresh feed,  mixed with  the fluidized cata- 
lyst  enters   the reaction  zor.e  where   catalytic  cracking 
reactions take place. 
After   separation  in  cyclcr.es  the  cracked vacors   are  di- 
rectly  sent  to the  fractionator,  the   spent  catalyst  drops 
down to the  regenerator where  the combustion of  the dis- 

| posited coke  occurs.   The  air required  to  the  combustion 
is provided  by means of an air blower.  In order   to  get 
a good  stripping _ of  the   catalyst  and  cracked  products  a 
number  of steam injections  are   orcvided in  the   bottoms   of 
the reactor,   and regenerator. 
Two drums have been  provided for  the   storage  of   catalyst. 

ÍTh«  spent catalyst drum  is capable of containing  the entire 
oonvector  inventory. 

I 
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2.     FMCTIOHATION SECTIOV 

Cracked hydrocarbon vapors,  steam and  inert  gas   flow from 
the reactor  to the  base  of the main   fractionator.  The  reac- 
tor vapors  flow upward  through a series of baffles over 
which  cooled   fractionator bottoms   liquid,  or   slurry reflux 
is^circulated.  Above  tne   baffle  section there  are  two   trap's 
which  serve   to prevent  any entrained  fractionator  bottoms^ 
reflux  or catalyst   from  being  carried  up the   tcwer  to   the 
heavy cycle oil draw off. 
Heat removed   from the   tower by  the  circulating   bottom  is 
used  first  for oreheatinst  the  fresh   f«»ed  a-d   r'nen   -"-r   s~**^ 
generation. 
The heavy and light cycle oil are withdrawn and circulated 
though  heat  exchangers   to  remove  heat   from the   fractionator 

The fractionator overhead  vatours  are  cooled  and   cartiaiiv 
condensed in   order  to  provide  an upoer reflux.   The  vacour's 
coming   from  the overhead  reflux accumulator  are   compres- 
sed and they recontacted with  the  licuid thase.   After 
condensation   the liquid/vaoour  ohase "is recovered   in  a 
separator drum. 
The vapour phase is sent to the gas plant scur gas washir.s 
section ; the liquid phase directly feeds the stabilizer." 
The stabilized total gasoline is recovered and transferred 
to storage. 
The Cj/Cn cut  recovered  from the overhead reflux drum is 
sent to the  gas plant unit. 



a) hydrog«nolisis aromatica hydrogénation ; these reactions 
ar« favour«d by the hydrogenating function of the cata- 
lyst   (matal) 

b) hydrodealylation,   hydrocyclisation,  hydrocracking 
and hydroisomeration ; these reactions ire promoted 
by the acid function of the catalyst (support). This 
function nay be affected by feedstock r.itrocen content. 

Th« operating conditions of the hydrocracking process are 
mainly : 

. hydrogen partial pressure 

. hydrogen recycle ratio 

. reaction temperature 

. space velocity through the reactor. 

The rector effluent is cooled and washed before entering 
the HP separator. 

The hydrogen rich vapor phase from the HP separator is 
sent to the H2 recycle compressor before bein^ recycled 
to the reactor. 
Hydrogen make-up is provided at the K2 recycle compressor 
suction. 

The liquid phase issued from the HF separator is then 
flashed to the L? separator where the flashed vapors are 
recovered as fuel gas and sent to the refinery gas plant. 

2.  tCftT PRESSURE SECTION 

The liquid phase from the L? separator is first preheated 
with the effluent reactor and then debutanized in the 
stabilizer . 
The C|/Cé, recovered are sent to the refinery sas plant 
before being valorised as LPG. 
The stabilized bottom feeds the fractionating section which 
includes : 

. th« fractionator heater 

. the fractionator 

. th« gasoline splitter. 

I .u 



I Kerosene,   light gas oil and heavy gat oil are directly 
' with drawn from th«  fractionator and sent to  îtorage.   Tha 

ovarhaad total gasolin« is  splittad into light and haavy 
(gasolina.   Both gasolin« cuts  are directly incorporated 

to th« gasolin« pool   ; part of the heavy gasolina may be 
usad as catalytic reforming feedstock to produce ligh 
R.O.N,  reformate. I 
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Tha fractionate bottoms are recycled and mixed to the 
fraah fead in order to gat a higher middle distillate 
conversion. 
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DI LAY ED COK INÖ UNIT 

PROCESS DESCRIPTION 

The process   flow diagram  78060 A.   2Q*  - hereafter shows the main 
features of the delayed coking process - 

The unit includes  the following sections   : 

- coking of residue 
- fractionation   :   distillates  and  light ends recovery 
- green conce  recovery 
- blowdown and  sour water stripping 
- heat recovery/steam generation 

1   • COKING Of RESIDUE 

The fresh atmospheric or vacuum residue is   fed to   the bo*- 
worn of  the   fractionator  in order   to  cuer.ch   -he 
pours coming from the  coke drum. rising va» 

ihe bottom product   (fresh  feed  •   coke  drum  r-c-le)   is 
transferred  to  the  delayed coking  heater wherVa"  parlai 
vaporization and a wild  cracking   occur.   Then the  heater 
effluents  are directed  through  a   switch  valve r0  o-e of 
»?Vï°J;?ke  d-UmS?  Where  a sorger craving takes  -lace with a  polymerization  of  the ii:uii shasa  ' .-->*-- before "ir.al separation of gas and  coke. 

rïî1^'^6^3^ injections are provided in each tass of 
ìn -£- ìnS ater ln °rder t0 ^guíate the flow velocity m   .he  tubes  ana consequently to   reduce  the  risk  of coking. 

The overhead  vapours   from the coke  drum are   -ra-s*erred  -o 
inî ^*c^°r'ator

tf
botr?m whers ^«   recycle  flow is   condensed 

and the  lighter fractions  cooled   before  fractionation 



I * -   ERACTIOKATIOM   i  ViSTlUATiS AHV  LIQHT  EUPS MC0VÏM 

(The separation of the lighter fractions  takes  Dlace  in  the 
upper section of the fractionator. 

(First the heavy gas oil is condensed and drawn-off ; this 
3îQ* cut is cooled and sent to storage before c*ina ^~*- 
grated  to  the   fuel  oil pool. 

I Then,  a  light   gas  oil   l^:/35:   is  drawn-off and  striooed 
» with MP  steam.   This  cut  is   directly transferred to   rhe 

coker hydrotreating  unit. 

The fractionator overhead  vapours are   cooled and partiall" 
condensed  in order to provide an upper   reflux. "J 

The vapours  coming  from the  overhead reflux acc.nularor 
are compressed and  then recontacted with the  liquid  phase. 

After condensation the liquid/vaoour  Dhase  is  recovered   -'r 
a  separator drum. 

I 
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| 3   -  GREEN CQKB ZECQVBKV 
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The vapour pnase  is  sent  to  the  gas  olant  sour gas  washing 
section   ;  the  liquid  phase   directly feeds  the gasoline 
stabilizer. 

The stabilized  gasoline C5/17]   is recovered  and transferred 
to the  coker hydrotreating  unit. 

The C3/C4  cut  recovered from the overhead reflux drum  is 
sent to   the gas  plant depropanizer. 

Two coke  drums   have  been  provided   ; when one   is   in   the 
delayed  coking  sequence  the  other one   is   ir   -he  ie^oklra 
sequence. 

The cycle corresponds   to  a  ^8  hours period   : 

- delayed coking sequence   :   2u  hours 
- decoking  sequence :   2H  hours 

The Decoking  sequence  is  operated as  follows   : 

I. stripping towards fractionator : the coke filled drum 
is stripped with MP steam towards the fractionator in 
order to recover the  light ends  contained  in the  coke. 

I .   stripping towards  blowdown   :   the flow  of stripoing  steam 
is increased and the products  of striooing is routed to 
the blowdown section to be condensed.** 

I 
I 
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I 
This operation permits to recovar heavier cuts and to 
reduce the VCM (volatil content matter) of the green 
coke produced. 

. water cooling of coke drums 

. draining and unheadir.g : the water from the coke drum 
is drained and then the head and bottom flanges are 
removed. 

. decoking : an hydraulic decoking special tool cuts out, 
in horizontal layers, the coke contained within the 
drum ; then the coke is dropped into a paved area imme- 
diately adjacent to the coke drums. 

. steam out and leak test 

. preheating : the coke drum is preheated by the vapour 
effluents coming from the other drum which is at the end 
of the coking sequence. 

The water/coke separation takes place on the paved area 
adjacent to the coke drums ; this paved area is sloped so 
as to permit decoking water to te drained ; the coke fines 
are removed from the decoking water using the coke bed as 
a filter medium ; final clean up of the decoking water 
takes place in the coke settling maze. 

4   -  I LOWVOWH  ANP SOUK  WATER STRIPPING 

The blowdown system includes : 

. a blowdown drum 

. a blowdown settling drum 

. a condenser 

. an oil circulation with cooling facilities. 

Its permits stripping steam tc be condensed and to recover 
the heavier products before recycle to the fractionator. 

All the sour condensates coming from the various condensing 
systems are collected and treated ir. a stripter before 
reuse. 

5 - HfAT RECOVER/STEAM GENERATION 

The heat recovery around the fractionator and coking heater 
is carried out as follows : 

- preheating of fresh feed and boiler feed water 
- MP/LP steam generation around the fractionator and coking 
heater 

I 
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VlttltlAKIIMI / TM***. CfACKl* UNIT 

I 
I 
I 

MOCIIS SHiCRIPTlOfl 

Th« procaat flow diagram 78060A.  205  - h«raaft«r shows the main 
faaturai of th« viabreaking/thermal cracking. 

Process   :  Th«  unit  includes th« following  $«ctions  : 

- visbreaking of atmospheric residue 
- thermal cracking of h«avy ¡as oil 
- fractionation  :  distillata*  and light ends recovery 
- h«at r«cov«ry/st«am generation 

' • mmuKiHO cr «Twimwic «iitgui 

Tha atraospharic  residue fr«sh f««d is   first  prahaatad  and 
than tranafarrad to  tha visbreakir.g h«ater where  cracking 
takas placa undar carefully controllad  eratsura and tara» 
paratura conditions. 

Tha haatar affluant  is quenched,   in ordar to  pravant risk 
of coking   in th«  transfar  lina,  befcr*  baing  flashed to- 
wards tha   fractionator bottom zone. 

Tha  flashad vapours  «ntaring th«   fractionator ara   cooled 
and  partially condensed by maans   of a  bottom pumparoir.d 
straam. 

t  - rwitMAl CUCKÎHÛ Of HiAVy GAI QU 

Aftar laaving tha fractionator bottom haat  exchanga  son« 
tha haaviast part of vapours, haavy gas oil plus recycle, 
is condented, with drawn and sant to  tha tharmal  cracking 
haatar. Tha cracking  is op«ratad at high prassura  in ordar 
to raduc« vaporization. Th« haatar affluant  is quanchad 
and flash«d bafora antaring tha fractionator bottom zona 
whara tha  tharmal rasidua  is condensad   ; racycl«  and ligh- 
tar fractions ar« cool«d and than condans«d in th« upp«r 
•action of tha tower. 

-j 
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loth haatar affluant quenches are provided by means of 
heavy gat oil  after cooling. 

MP steam stripping of the visbroken raaidue it providad in 
tha fractionator bottom 2ona. 

mCWHATQt   ,   PIJTILUTIf AH*  LIMT  tHPi  UCOVtM 

Tha  iaparation  of th« lighter frictions  takas place in -ha 
uppar faction of tha fractionator. 

Firtt tha haavy gat oil if condensed and with drawn bafora 
baing tranafarrad to tha tharmal cracking haatar or usad 
to quench both haatar affluants. 

Than a light gas oil  1"0/35C  is with drawn and stripped 
with MP  staam.   This  cut is  diractly transfarrad *o ^*h« 
Vl/TC hydrotreating unit. 

Tha fractionator ovarhaad vapours are coolad and partially 
condansad in ordar to provida an uppar raflux. The vapours 
coming from tha ovarhaad raflux accumulator ar« coraprassad 
and than racontactad with tha liquid phasa. Aftar conden- 
sation tha liquid/vapour ohase is recovered in a seoara-or 
drum. 

Tha vapour phasa is  sent to th«  gas  olant  sour gas washing 
section   i th«  liquid phase directly feeds   the gasolina 
stabilizer. 

Tha stabilized  gasoline C5/17Q  is recovered and transferred 
to tha VB/TC hydrotreating unit.  The  C3/C+  cut recovered 
from the overhaad reflux drum is  sent   to  -ha gas plant 
daorotaniser. 

HfAT UCOVm/iUkM QMtATlQH 

Tha heat  recovery around the fractionator and both thermal 
cracking/visbraaking heaters is carried out «follows   : 

• preheating   of fresh f«ed and boiler  feed water 
• MP/LP staam generation around the  fractionator and vis- 

braaklng haatar 

• HP steam generation in tha tharmal cracking heater. 

I 
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TMtWMM. «ACtUI* / DtUYf» COKIMt UNIT 

PROCESS DESCRIPTION 

The process flow diagram 78060 A. 206 hereafter shows the main 
features of the thermal cracking/delayed coking proctss. 

This unit includes ill tht sections of the delayed cokins uni^ 
olus i • 

- thermal cricking of heavy gas oil 

The description of this added section is es follows : 

The major part of the 150* cut with drawn olus recycle feeds 

the thermal cracking haater operated at high pressure in order 
ï?/î!duc! vaporization. The heater effluent is quenched end 
fleshed before entering the fractionator where thermal -ir is 
eoná!ü!!a Lr!SyCle *nd lLW*  fractions are cooled and* then condensed in the upper section of the tower. 

î«ÎÎtîl* P*'t °f th* 35C *cut is d^«<=tly sent to storage be- 
fore being integrated to the fuel oil pool. 

A HP steam generation is provided in the thermal cracking heater. 
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