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(57) Abstract: Disclosed is an integrated hydroprocessing and gasification system and a method tor operating the integrated hy-
droprocessing and gasification system. The integrated hydroprocessing and gasification system comprises an oil processing facility
integrated with a gasification facility. The gasification facility uses cheaper coal/coke feed to produce a hydrogen stream and a
high pressure steam stream. The hydrogen stream provides sufficient hydrogen for the oil processing facility, while the high pres-
sure steam stream is used to pre-heat the streams entering the equipment of the oil processing facility in a steam heater. These
steam heaters substantially eliminate emissions. Additionally, there is no heavy crude bottoms product formed in the oil process-
ing facility because the bottoms product is fed into the gasification facility, according to some embodiments, the reactors used
within the oil processing facility may be ebulating bed reactors, which use the heat of reaction to supply the required heat for op-
eration.
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INTEGRATION OF GASIFICATION AND HYDROPROCESSING FOR LOW
EMISSIONS REFINING
CROSS REFERENCE TO RELATED APPLICATIONS

100011 The present application claims priority from U8, Provisional Patent
Appilication  No. 61111263, entitled “lntegration Of  Gasification  And
ful s &

Hydroprocessing For Low Emissions Refining™ and filed on November 4, 200&.

TECHNICAL FIELD

{00021 This invention relates generally to methods and systems for integrating
two or more indostrial processes, and, more ‘mmwiariv, to methods and systems for

b

integrating hydroprocessing and gasification processes to reduce emissions, reduce

by-products, and increase refining efficiency
BACKGROUND
{00031 Refineries currently use fired heaters, fived botlers, methane reformers,

and catalvtic crackers to refine crude oil. Each of these pieces of equipment boams
patural gas or fuel oils {o produce the necessary beat.  This combustion typically
CONSUMCS ?zsgs cost natoral gas and crude o and produces emissions, including CO4,

SOy, NGO VOCOs, and particulate emissions. Also, refineries produce an asphalt
stream, or coke stream, as a by-prodact to their oil refining process. Asphalt and coke
streamy are solid carbonaceous materials, at atmospheric conditions, that are produced
i plentiful gquantities, which thereby wmake #ts disposal costly and difficelt for the
refineries. Additionally, refineries require hydrogen during the refining process. This
hydrogen is either purchased or manafactured separately in a hvdrogen plant. In the
aydrogen plant, high cost natural gas and steam are used to make hydrogen for ase in
the refining process. Since higher costs are involved with producing or purchasing
hivdrogen, there 1s typically not an abundance of available hydrogen to produce a high

standard, cleaner burning fuel. Thus, less cleaner burning fuel is typically produced
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00041 Figure 1 shows a schematic depicting a typical refinery process 100

&

P’

according to a prior art.  As shown, the typical refinery process 100 consists of ¢
orude unit 110, a hydrocracker unit 120, a coker unit 130, a bydrotreater unit 140, a
hivdrogen plant 130, and 3 sulfur plant 160, Hach of the crude unit 11}, the
hydrocracker unit 120, the coker unit 130, and the hydrotreater unit 149 includes a
fired heater for heating the {luid entering the respective unit. In the typical refinery
provess 100, a diluted crude stream 103 enters the orude unit 118, In the crude unit
110, the diluted corode stream 105 flows to a desalter (not shown} for removing
contaminanis such as water, salt, clay, and sand. Once the contaminants have been
removed, the diluted crude stream 105 15 further heated in a {fived heater (not shown)
and then fows nto a crude column (not shown) for fractionation.  Within the crude
column {not shown), three streams, or fractions, are generated, a diluent streanm 112, a
Hght oil stream 114, and a heavy oil stream 116,

(0005} The diluent stream 112 consists of diluent, which is the lightest
component. The diluent ix added to the ofl to make it easier {o pump through the

pipeline. Once the diluent has been removed from the oil, the diluent is sent back o

e

the fleld, via the difuent stream 112, so that it may be added tomore ol The light ol
A

stream 114, which makes up about one-third barrel of oil, consists of jet kerosene and

gas oil and is sent to the hydrotreater unit 140, while the heavy oil stream 116, which

s
3
=l
b
L¢3
[¥57

ip ahout two-thirds barrel of oil, consists of residuum and i sent to the

hydrocracker unit 12{,
{6006} Also, a natural gas stream 107 and a steam stream 109 enter the

hydrogen plant 158, wherein hydrogen streams 152, 1534 are gencrated. Within the

Q

hydrogen plant 130, the natural gas stream 107 and the steam stream 109 are mixed
together and passed through a reformer fumace (not shown) so that the natural gas
stream 17 reacts with the steam stream 109 to produce a reformer furnace outlet
stream containing hydrogen, carbon monoxide, and carbon dioxide. The reformer
furnace outlet stream then enters a shift converter (not shown} to remove the carbon
monoxide from the reacted stream, thereby producing a shift converter outlet stream.
The shift converter outlet stream then enters a steam methane reformer pressure swing
absorption unit {(not shown) to remove the remaining carbon monoxide, carbon

dioxide, methane, and nitrogen, thereby producing a steam methane reformer pressure
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swing absorption unit outlet stream which is substantially pure hydrogen. The steam
methane reformer pressure swing absorption unit outlet stream may then enter a
hydrogen compressor, which compresses the pure hydrogen and sends it to the
hydrocracker unit 120 and the hydrotreater unit 140 via hydrogen streams 132, 154,
Approximately 1000 cubic feet of natural gas is consumed to produce oune barrel of
synthetic erude.

100071 As shown fn Figure 1, the beavy off stream 116 is sent to the
hydrocracker unit 120 where the hydrogen stream 152 s added at high temperatures
and af high pressure. Within the hydrocracker unit 120, the heavy oif stream 116 is
mitially sent through a fived heater (not shown) where the heavy oil stream 116 is pre-
heated, The pre-heated heavy ol stream is then combined with the hydrogen stream
132 and both are sent to a catalviic reactor {not shown) where cracking of the pre-
heated heavy oif stream oocurs, A catalytic reactor outlet stream is geperated and
flows into a scries of separators (not shown) to separate the vapors from the hauids.

The separated liquids are routed 10 a fractionator (not shown} for splitting the

t

separated Hauids into naphtha, jet kerosene, gas off, and heavy residuum.  The
naphtha, jet kerosene, and gas oil are sent to the hydrotreater unit 140 fov further

3.

cleaning via the hydrocracker unit light stream 122, while the heavy residuum 15 sent
to the coker anit 130 for further cracking via the hydrocracker unit heavy stream 124,
{0608 The hydrocracker anit heavy stream 124 enters the coker unit 130

1g as it passes through a

S

where I undergoes partial vaporization and mild crackis
coking furnace (not shown). A coking furnace outlet stream, containing Hguid and
apors, exits the coking furnace {not shown) and enters a coke drunt (not shown).
The vapors §n the coke drum (not shown) undergo cracking as they pass through the

coke drunt (not shown) and extt the coke drum {not shown} via a coke drum vapor

stream.  The coke drum vapor stream is sent to a fractionation facility (not shown)

B

where the coke dram vapor stream is separated into gas, naphtha, jet fuel, and gas oil
and is sent fo the hydrotreater unit 140 via a coker onit light stream 135, The
peiroleum coke within the coking furnace outlet stream remains in the coke drom (not
shown)  The heavy hydrocarbon Hauid trapped i the coke drum (not shown) is
snbjected to successive cracking and polymerization ontil it is converted to vapors and

coke. Typically, this coke may be sold as an end product via a coke stream 132,
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{09 e light oil stream 114 from the crude unit 110, the hydrocracker unit
fight stream 122 from the hydrocracker unit 120, and the coker unit light stream 135
from the coker unit 130 enter the hydrotreater unit 140 for further upgrading. Here,
the hydrogen streamy 154 i3 added at high temperatures and at high pressure o the
tight otf strewn 114, the hydrocracker anit light stream 122, and the coker unit light
stream 133, The hvdrotreater onit 140 may contain a naphthafiet hydrotreater (not
shown) and a gas ofl hydrotreater (not shown) for producing a product stream 145
The naphtha/iet hydrotreater {not shown) produces a jet fuel as ity product stream 145,
while the gas oil hydrotreater (not shown) produces a gas oif as its product stream
145, Bach of the naphtha/jet hydrotreater {(not shown) and the gas oil hydrotreater
(ot shown} have a fired heater {(not shown) for receiving at least one of the light oil
stream 114, the hyvdrocracker unit Hght stream 122, and the coker unit light stream
135, Upon being heated, streams 114, 122, 135 enter a catalytic reactor {not shown)
where hydrogen sulfide and ammonia are produced. The catalytic reactor (not shown)
produces a catalyvtic reactor outlet stream which enfers a separator {(not shown} where
the hydrogen and other gases are separated from the hguid. The separator {not
showny produces a separator Hoauid outlet stremn which then enters a stripper (not
shown to produce the product stream 145, The separator (not shown) also produces a
separator vapor outlet stream 142, which contains hydrogen sulfide, that is sent to the
sulfur plant 160, In the sulfur plant 160, hydrogen sulfide s converted to elemental
sulfur using methods and processes known to those of ordinary skill in the art. The
elomental suifur may be removed from the typical refinery process 100 via a sulfur
stream 162,

%

160101 As ilustrated above by the use of fired heaters, a large amount of heat
is required for crude fractionation and pre-heating of the crude upstream of the
reactors.  This is especially true for heavier crudes which require significant
processing (o convert them into Hghter material required for liguid fuels production.
in addition, heavier crudes produce a high carbon, high selfir, high metals residuum
material that is typically combusted in a botler. This combustion produces high COy,
80, N, YOUs, and particulates.  Further, the typical refinery process consumes

expensive natural gas to produce the hwdrogen required for the hydroprocessing.



WO 2010/053865 PCT/US2009/062964

Moreover, expensive equipment and costly maintenance are required to treat the by-
products from the hydroprocessing.
e in view of the foregoing discussion, need is apparent in the art for
redacing polistant emissions, iﬁciuding but not limited o MO, CO, and/or VOUCs.
Additionally, a need is apparent providing alternative heating methods 1 licw of
using fired heaters, fired boilers, methane reformers, and catalytic crackers for the
refining of heavy crude oil.  Further, there exists the need for reducing the
consumption of natural gas fuel during the refining of heavy crude oil. Moreover,
there exists a need for climinating the production of heavy crude bottoms products
which cause secondary emissions from the combastion of these bottoms products.
Furthermore, there exists a need for increasing refining efficiency thereby producing
mare barrels of fuel for each barre! of heavy crude. A technology addressing one or

maore such needs, or some other related shortcoming In the field, would benefit oil

refining processes. This technology is incloded within the current invention.

el

SUMMARY

{00121 Oue exemplary  embodiment of the itovention 8 an  infegrated
hydroprocessing and gasification system that includes an oif processing system and a
gasification facility, The oll processing system receives an oif processing feed stream

o

and produces a fuel/diesel outlet stream and a heavy product bottoms outlet stream.,

The gasification facility receives a gasification feed stream and produces a hydrogen
onitlet stream and a high pressure steamy outlet stream. The gastlication feed stream

includes the heavy product bottoms outlet stream. The hydrogen outlet stream and the
high pressure steam outlet stream are utilized within the oif processing system

{60131 Another exemplary embodiment of the invention is a method for
operating an inlegrated hydroprocessing and gasification system.  The method
inclades providing an oil processing system and coupling a gasification facility to the
oif processing system.  The ofl processing system receives an oif processing feed
stream and produces a fuel/diesel outlet stream and a heavy product bottoms outlet
stream.  The gasification facility receives a gasification feed stream and produces a

hydrogen outlet stream and a high pressure steam outlet stream. The gasification feed
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stream inclades the beavy product bottoms outlet stream. The hydrogen outlet stream

and the high pressure steam outlet stream are utilized within the ol processing

system.
BRIEF DESCRIPTION OF THE DRAWINGS
{0014 The foregoing and other features and aspects of the invention may be

hest understood with reference 1o the following description of certain exemplary
embodiments of the invention, when read in conjunction with the accompanying

drawings, wherein:

{00135} Figure 1 shows a schematic depicting a typical refinery process
aceording {0 & prior art;

{63161 ¥ ig-,a e 2 shows a flowchart of an integrated hydroprocessing and
gasification n that lustrates the equipment utilized in an off processing facility

in accordance with an exemplary embodiment;
(6017 Figure 3 shows a flowchart of an integrated hydroprocessing and
gasification system that iHustrates the equipment utilized in the gasification facility in

RS DA SR fare amthet syl
JCCOFAnCe Wit an GX&:I“?MI} uﬁlz)()ﬁ:iﬂﬁﬂi,

(G018] Figure 4A shows a bitumen yield graph comparing a prior art oil
refining system bitumen crude yield versus apn integrated hydroprocessing and

gasification system  bitumen crude vyield in accordance with an exemplary
embodiment;

{0018 Figure 4B shows a bitumen margin graph comparing a prior art ol
refining systemy cost versus an integrated hydroprocessing and gasification system
cost and comparing a prior at o refining system bitomen margin versus an
integrated hydroprocessing and gasification system bitumen margin in accordance
with an exemplary embodiment;

(60201 Fignre SA shows a comparison between a prior art oif refining system
Arab beavy crude vicld flowchart versus an imtegrated hydroprocessing and
gasification systermn Arab heavy crude yield flowchart in accordance with an

exemplary embodiment;



WO 2010/053865 PCT/US2009/062964

oot Figure 3B shows an Arab heavy margin graph comparing a prior art oi
refining system cost versus an integrated hydroprocessing and gasification system
cost and comparing a prior art oil refining system Arab heavy gross margin versus an

integrated bvdroprocessing and gasification system Arab heavy gross margin in

= pag v

accordance with an exemplary embodiment;

iy

100221 Figure 6A shows a comparison between a prior art oif refining syster

fJ‘C,
m

UAE crode vield flowchart versas an integrated hydroprocessing and gasifieation

svstent LIAH crude vield Hlowchart in accordance with an exemplary embodiment; and
{0023 Figure 6B shows an UAE mediam margin graph comparing « prioy art

oil refining system cost versus an integrated hydroprocessing and gasification syste
cost and comparing a prior art ol refining system UAE medium gross margin versus

b
ped

an integrated hydroprocessing and gasification system UAE medium gross margin in

Py

accordance with an exemplary emabodiment.
{24 The drawings iflustrate only exemplary embodiments of the invention
and are therefore not to be considered Himiting of its scope, as the invention may

embodiments,
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BRIEYF DESCRIPTION OF EXEMPLARY EMBODIMENTS

F60257 The application is directed to methods and systems for integrating two

or more ndhstrial processes.  In particular, the application is directed to methods and

[¥]

systems  for lntegrating  hydroprocessing and  gasification  processes o reduce
emissions, reduce by-products, and increase refining efficiency.  Although the
description of an exemplary embodiment of the nvention 15 provided below in
conjunction with g gasification process, alternative embodiments of the invention may
be applicable to any Industrial process capable of producing hydrogen and steam and
atilizing by-prodacts formed from hydroprocessing

0626] The invention may be better understood by reading the folowing
deseription of non-limiting, exemplary embodiments with reference to the attached
drawings, wherein like parts of each of the figures are identified by the same

reference characters, and which are briefly described as follows



WO 2010/053865 PCT/US2009/062964

100274 Figure 2 shows a flowchart of an integrated hydroprocessing and
gasification system 200 that illustrates the equipment utilized in an oll processing
faciiity 210 in accordance with an exemplary embodiment.  The integrated

hydroprocessing and gasification system 200 comprises an off processing facility 210
and a gasification facility 290, As shown, the oif processing facility 210 comprises a
first distillation unit steam heater 215, a first distillation unit 220, a scoond distiflation
gnit steam heater 228, a second distillation unit 230, a distillate upgrader steam heater
233, a distillate upgrader 240, a distillate finisher steam heater 245, a distillate finishey
236, a bottoms upgrader stcam heater 255, a botioms upgrader 260, a deasphalter

e ly
I
I

steam heater 265, and a deasphalter 270, Although a steam heater is fliustrated with

regpect to each of the equipment in the off processing facility, other types of no
emission heaters may be used withoot departing from the scope and spivit of the

exemplary embodiment,  Additionally, although a steam beater s Hlustrated with

for proper fuid flow, for proper separation of the fluid components, and/or for

assisting in the reaction withouot departing from the scope and spirit of the exemplary
embodiment, Moreover, although specific equipment have been described as being
part of the oil processing facility, some equipment may not be required or additional

eguipment may be added without departing from the scope and spirit of the exemplary

3

embodiment. Although one having ordinary skill in the art would realize that there

are many equipment and process and non-process lines in the oif processing facility,
only certain key equipment and proeess and non-process Hnes relevant to the
exemplary embodiment of the invention are illustrated in Figure 2. 1t is envisioned

wat any oil processing facility may be used in copjunction with the present

o

%
il

embodiment.

{0281 As shown in Figure 2, a heavy feed and diluent stream 212 comprising
heavy crude and dituent flows into the first distillation unit steam beater 215 and 315
heated via high pressure steam o a desired temperature to facilitate separation of the
dituent from the heavy orude. The desired temperature may vary angd is known fo
those of ordinary skill in the ant. The heavy feed and diluent stream 212 may be sert

from a storaze tank (not shown) or directly from a pipeline {not shown). Some non-

\.\..7
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imiting examples of heavy crude include, but is not limited fo, Bitumen crude, Arab
heavy orude, and United Arab Emirates crude. The bigh pressure steam enters the
first distillation uplt steam heater 215 vig a high pressure stean: inlet stream 292 and
exils the first distilfation unit stoam heater 215 via a high pressure steans outlet stream
293. The high pressure steam inlet stream 292 is produced in the gasification facility

vivich will he deseribed below, A first distilation unit steam heater outlet stream

o

~

18 exits the first distillation unit steam heater 213 and enters the first distillation unit

{297 The first distitlation unit 220 comprises a distilfation column {not

shown} and may include various other equipment (not showmn) such as separators,
drums, pumps, condensers, and reboilers. Once the first distillation unit steam heater
outlet stream 218 enters the {rst distillation onit 224, the diluent is separated from the
rest of the components within the first distillation unit steam heater cutlet stream 218

and iy recycled so that @ may be added to additional incoming heavy crude. The

%

dilyent exita the first distillation unit 220 via a dilvent owtlet stream 222, The

o~

¢ ‘”*luﬂ"“!“ '»i’)i}'ip{)ﬂ(fﬂts OF

A%

the first distiliation unit steam heater outlet streamy 218

include light components and heavy components which exit the {irst distiltation unit

226 and enter the second distillation unit steam heater 225 via a first distiliation wait

hottoms stream 224,

(00301 The first distiliation unit hottoms stream 224 flows into the second
distitiation unit steam heater 225 and is heated via high pressure steam fo a desired

temperatuee 1o faoilitate separation of the fivst distillation unit bottoms siream 224 into

t fraction, a heavy {raction, and a vac bottoms. The desired temperature may
vary and is known to those of ordinary skill in the art. The high pressore steam enters
the second distiflation unit steam heater 225 via the high pressure steam inlet siream
292 and exiss the second distitlation unit steam heater 225 via the high pressure steam
outlet stream 293, The high pressure steam inlet stream 292 is produced in the
gasification facility 290, which will be described below. A second distillation unit
steam heater outlet stream 228 exits the second distitiation unit steam heater 223 and
enters the sovond distillation unit 230,
{00311 The sccond distillation unit 230 comprises a distitlation columm {not

showry and may include various other cquipment (not shown} such as separators,
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drims, pumps, condensers, and reboilers.  Once the second distillation unit steam
heater outiet stream 228 enters the second distillation unit 236, the second distillation
urit steam heater outlet stream 228 is separated into various components, inciuding a
lght fraction, a heavy fraction, and a vac bottoms. The lHght fraction exits the second

distiliation unil 230 via a sccond distitiation unit Hght fraction outlet stream 231, The

J(TG

heavy fraction exits the second distiliation unit 236 via 8 sevond distillation unit

t

weavy fraction outlet stream 232, The vac bottoms exits the second distillation enit
230 via a second distillation unit vac bottoms outlet stream 233, The second
distiflation unit heavy fraction outlet stream 232 combines with a deasphalter tight oil
1 271 and a bottoms upgrader heavy oil outlet stream 261 and then enters
the distillate opgrader steam heater 235, The deasphalter light ol ocutlet stream 271
and the bottoms upgrader beavy off outlet stream 261 will be further described below.
Although a first distitlation unit 220 and a second distillation unit 230 ave both used in
the described embodiment, these onits may be combined into one unit or separated

mits without departing from the scope and spirit of the exemplary

prost
oo}
ot
<
<
-
prsc
s
b’
264
-

flhes
e
(47
P

embodiment.
{06327 The second distillation onit heavy fraction outlet stream 232, the
deasphalter Heht ol outlet stream 271, and the bottoms upgrader heavy oil outlet
stream 261 flow into the distillate spgrader steam heater 235 and s heated via high
prossure steam to a desired temperature 1o faciiitale separation of the streams 232,

271, 261 imdo Hght products and heavy products. Additionally, a distiliate upgrader

hydrogen inlet stream 298 also enters the distillate upgrader steam heater 235 for

4T T

heating and mixes with streams 232, 271, 261 prior to entering the distillate apgrader
240. The desired temperature may vary and is known to those of ordinary skill in the
art. The high pressure stcam enters the distillate upgrader steam heater 235 via the
high pressure steam inlet stream 292 and exits the distillate upgrader steany heater 235
via the high pressure steam outlet stream 2930 The high pressure steam inlet stream
292 is produced in the gasification facility 290, which will be described below. A
distiliate upgrader steam heater outlet stream 238 exits the distillate upgrader steam
heater 235 and enters the distillate upgrader 240,

{00331 The distillate upgrader 240 comprises a reactor/reactors {not shown)

and may inclode various other equipment {(not shown} such as distiftation columns,

10
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separators, drums, pumps, condensers, and reboilers.  According o some
smbodiments, fhe reactor may be combined with the distillation column., Unce the
distillate upgrader steam heater outlet stream 238 enters the distillate upgrader 248,
the distillate upgrader steam heater outlet stream 238 reacts with the hydrogen and

catalyst present within the veactor and s separated into a light product and a heavy
product. Dring the reaction, many of the long hydrocarbon chains ave broken into
smaller hydrocarbon chains, many of the double and triple bonds between carbon
molecules are broken into single bonded carbon molecules, and muoch of the solfivr in
the hydrocarbon chains are removed by forming hydrogen sulfide. The light products
exit the distillate upgrader 248 via a distillate upgrader light product outlet stream 242

%
H

and may be sent to an acid gas removal system (not shown) located within the

pasification facility 290, The heavy products exit the distillate upgrader 240 via a
dstillate upgrader heavy product outlet stream 244, The distillate upgrader bheavy
product ouilet stream 244 combines with the second distillation unit light fraction
outlet stream 231 and a bottoms upgrader fight ofl cutlet stream 262 and then enters
the distillate fnisher steam heater 245, The bottoms upgrader light oif outlet stream
262 will he fiwther described below.  According to one exemplary embodiment, the
distiflate upgrader 240 may comprise at feast two reactors coupled together In series
and an imer-stage vapor separation.  These two reactors may be ebullated bed
reactors.  The use of chulating bed hydroprocessing allows the heat of reaction to
supply the required heat for the operation. This reduces the feed preheat requirements
o a temperature fovel achievable by high pressure steam heaters.  Although this
ernbodiment shows that the reactors are ebullated bed reactors, the reactors may be
any type of reactor, ineluding but not Hmited to cbullated hed reactors, fixed bed
reactors, or a combination of these types of reactors. Additionally, the catalyst used
n these reaciors may cosaprise hydrotrating extrudates or trilobes type which
inciudes, but is not imited to, Criterion HDS-424, Criterion DIN-200, or Axens HTS-
358, Although some non-limiting examples have been provided for the catalysts, any
type of catalyst ysed for treating crude off may be used without departing from the
scope and spirit of the exemplary embodiment.

(00341 The distillate upgrader bheavy product outlet stream 244, the second

distiflation unit lght fraction outlet stream 231, and the bottoms upgrader light oif

11
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outlet stream 262 flow into the distillate finisher steam heater 248 and is heated vis
high pressure steam to a desired temperature to facilitate separation of the streams
244, 231, 262 into fight products and diesel/fjet fuel. Additionally, a distillate Huisher
hydrogen inlet stream 296 alse enters the distillate finisher steam heater 245 for
heating and mixes with streams 244, 231, 262 prior (o entering the distillate finisher
250, The desired temperatere may vary and is known to those of ordinary skilf in the
art. The high pressure steamn coters the distillate finisher steam heater 245 via the
high pressure steam inlet stream 292 and exits the distiliate {inisher steam heater 243
via the high pressure steam outlet stream 293, The bigh pressure steam inlet stream
292 is produced in the gasification facility 290, which will be described below. A
distillate finisher steam heater outlet stream 248 exits the distiliate finisher steam

hoater 245 and cnters the distillate fimsher 250,

~

FO035] The distillate finisher 250 comprises a reactov/reactors (not shown) and

may inclode various other equipment {(not shown) such as distillation columns,
separators, drums, pumps, condensers, and reboilers. According 0 some

embodiments, the reactor may be combined with the distillation column. Once the

¥

distillate finisher steam heater cutlet stream 248 enters the distillate finisher 250, the

distillate finisher steam heater outlet stream 248 reacts with the hydrogen and catalyst

Ny

present within the reactor and i3 separated into a light product and a dieseliet fuel
During the reaction, the remaining longer hydeocarbon chaing are broken into smaller

hvdrocarbon chains, any remaining double and triple bonds between carbon
molecules are broken into single bonded carbon molecules, and any remaining sulfur
in the hydrocarbon chaing is removed by forming hydrogen sulfide. The Eight

~

products exit the distillate {inisher 250 via a distillate finisher light product outlet

&
stream 252 and may be combined with the distiliate upgrader Hight product outlet

e

¥

stream 242 before being sent to the acid gas removal sysiem {not shown) located

}
within the gasification facility 290, The diesel/jet Tuel exits the distillate finisher 250
vig a dieselfjet fuel stream 234 and may then be collected, stored, and sold.
According o one exemplary embodiment, the distitlate finisher 250 may comprise at
feast two reactors coupled together in series and an infer-stage vapor separation.

These two reactors may be ebullated bed reactors.  The use of cbulating bed

hydroprocessing alows the heat of reaction to supply the required heat for the

12
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et

operation.  Thi

zl

v reduces the feed preheat requirements © a temperature level

7

achievable by high pressure steam beaters. Although this embodiment shows that the
reactors are chullated bed reactors, the reactors may be any type of reactor, including
but not limited 1o ebullated bed reactors, fixed bed reactors, or a combination of these
types of reactors.  Additionally, the catalyst used in these reactors may comprise
hyddrotrating extrodates or trilobes type which includes, but is not imited to, Criterion
HDS-424, Criterion DN-200, or Axens HTS-358.  Although some non-limiting
examples have been provided for the catalysts, any type of catalyst used for treating

b}

crude off may be used without departing from the scope and spirit of the exemplary

ey

{00367 The second distilation unit vac bottoms outlet stream 233 and 2

deasphalter heavy ofl outlet stream 272 {low into the bottoms upgrader steam heater
255 and is heated via high pressure steam to a desired femperature to {acilitate
separation of the streams 233, 272 into a light oil, a heavy oif, and a vac bottoms. The
deasphalter heavy oll outlet stream 272 will be further described below. Additionally,

by

& botioms upgrader hydrogen inlet stream 294 also enters the bottoms upgrader steam

~
’

heater 259 for heating and mixes with streams 233, 272 prior to entering the bottoms
upgrader 266, The desired femperature may vary and is known to those of ordinary
skiift in the art. The high pressure steam enters the bottoms upgrader steam heater 253
via the high pressure steam inlet stream 292 and exits the bottoms upgrader steam
heater 253 via the high pressure steam outlet stream 293, The high prossure steam
infet stream 292 s produced in the gasification facility 290, which will be described
below. A bottoms upgrader steam heater outlet stream 258 exits the bottoms upgrader
steany heater 255 and enters the bottoms apgrader 2640,
{00371 The bottoms upgrader 260 comprises a reactor/reactors {not shown)
and may include various other equipment {not shown) such as distitlation colamus,
separators, drums, pumps, condensers, and  reboilers. According to  some
embodiments, the reactor may be combined with the distiliation column. Once the
bottoms apgrader steam heater outlet streanm 258 enters the bottoms upgrader 260, the
bottoms upgrader steam heater outlet stream 238§ reacts with the hydrogen and catalyst
present within the reactor and {s separated into a fight oil, a heavy oil. and a vac

botioms, During the reaction, many of the remaining long hydrocarbon chains are

13
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broken into smaller hydrocarbon chains, many of the remaining double and triple
bonds between carbon molecules are broken into single bonded carbon malecules, and
much of the remaining selfir in the hydrocarbon chains are removed by forming
hvdrogen sulfide. The light oif exits the bottoms upgrader 260 via the bottoms
upgrader Hghi ofl outiet stream 262 and is combined with the distiliate upgrader heavy

product outlet stream 244 and the second distifiation unit light fraction oudet siream

231 prior o eniering the distillate finisher steam heater 2435, as described above, The
heavy off exits the bottons apgrader 260 via the bottoms upgrader heavy oif outlet
o Joel v

61 and is combined with the second distilation unit heavy fraction outlet
stremm 232 and the deasphalter light oil outlet stream 271 prior to entering the
distiliaie upgrader steam heater 235, as also described above. The vac bottoms exits
the bottomys upgrader 260 via 2 bottoms upgrader vac botioms outlet stream 263,
which flows o the deasphalter 270 via the deasphalter steam heater 265, According

3
3

mbodiment, the bottoms oepgrader 260 may comprise at least two

L&

to one exemplary
reactors coupled together in series and an inter-stage vapor separation.  These two

eactors may be chullated bed reactors. The use of ebulating bed hydroprocessing
allows the heat of reaction (o supply the required heat for the operation. This reduges
the feed preheat requirements o a temperature level achievable by bigh pressure
steam heaters. Although this embodiment shows that the reactors are ebullated bed
reactors, the reactors may be any type of reactor, including but not limited to ebullated

OF 1eacions.

~

bed reactors, fixed bed reactors, or a combination of these types
Additiomally, the catalyst used in these reactors may comprise sediment control
extrudates type which includes, but is not limited to, Criterion TEX2710, Criterion
TEX-2910, Criterion TEX-27HIN, or Uriterion TEX-2731.  Although some nog-
limiting examples have been provided for the catalysts, any type of catalyst used for
cating crude ofl may be used without departing from the scope and spirit of the
exemplary embodiment.
FO038Y The bottoms upgrader vac bottoms outlet stream 263 flows mto the
deasphalter steam heater 265 and is heated via high pressure steam to a desired
temperature. 1t is then mixed with an extracting solvent (not shown) in an exiractor
{not shown). The extractor temperature is controlied to facilitate separation of the

bottones upgrader vace bottoms outlet stream 263 into a light deasphalted oil, a heavy

14
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¥

deasphalted o, and an asphalf. The desired temperature may vary and is known 10
those of ordinary skill in the art. The high pressure steam enters the deasphalter steam
heater 265 via the bigh pressure steam inlet stream 292 and exits the deasphalter
steam heater 265 via the high pressure steam outlet stream 293, The high pressure
steamt inlet stream 292 is produced in the gasification facility 290, which will be
described below, A deasphalter steamn beater outlet stream 268 exits 1
steam heater 269 and enters the deasphalter 270

» ’

10039] The deasphaiter 270 comprises an extractor {not shown} and may
include various other equipment (not shown) such as distillation columns, separators,
drums, pumps, condensers, and reboilers.  According o some embodiments, the
extractor may be combined with the distilfation colunm. Once the deasphalter steam
fieater outlet stream 268 contacts with the solvent present within the extractor and is
separated into a light deasphaited [DA] oil, a beavy deasphalied [DA] oil, and ag
asphait. The Hght DA ofl exits the doasphalter 270 via the deaspbalter light DA ol
outlet stream 271 and is combined with the second distillation unit heavy fraction

outlet stream 232 and the boltoms upgrader heavy oil ountlet stream 261 prior to

R

entering the distiilate upgrader stear heater 235, as deseribed above, The heavy DA

il exits the deasphalter 270 via the deasphalier heavy DA oil outlet stream 272 and is
combined with the second distillation unit vac bottoms outlet strearm 233 prior 1o
entering the bottoms upgrader steam heater 253, as also deseribed above. The aspbalt
exits the deasphalter 270 via an asphalt stream 273, which flows as one of the feed
sources to the gasification facility 290, Acecording to one exemplary embodiment, the
deasphalier 270 may comprise at least one or two extractors. The extracting solvents
may inclode, but are not imited o, Cs, Gy, Cs, g, 08 Gy,

100407 The gasification facility 290 may be of any type of gasification facility
that is capable of producing hydrogen and high pressure steam. As shown in Figure
2, the asphait stream 273 and a coke stream 285 is fed into one or more gasitiers (not
shown) in the gasification facility 290. The gasiffcation facility 290 processes the
gsphal stream 273 and the coke stream 285 1o produce at least the distillate apgrader
hiydrogen inlet stream 298, the distillate {inisher hydrogen inlet stream 296, the
Hottoms upgrader hydrogen inlet stream 294, and the high pressure steam inlet stream

292, The gasification facility 290 also comprises an acid gas removal system {not
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shown) that processes the distiflate upgrader Hght product outlet stream 242 and the
distillate finisher light product outlet stream 252, which both contain hydrogen
sulfide.  Additionally, the gasification facility may produce synthetic natural gas
{“SMNG™Y and COy, which may be used for enhanced oif recovery.

(0041} Figure 3 shows a fowchart of an integrated hydroprocessing and
pasification system 200 that iilostrates the equipment uiifized in the gasilication
faciiity 290 in accordance with an exemplary embodiment.  The integrated
hydroprocessing and gasification system 200 comprises an ol processing facility 210
and a gasification facility 290.  As shown, the gasification facility 290 comprises an
aly separation unit 310, at least one gasifier 320, 330, 340, 350, 360, 370, a first
stng unit 380, and a sccond stream treating unit 390, Although specific
:

been described ay being part of the gasification facility, some

equipment may not he required or additional equipment may be added withount

having ordinary skill in the art would realize that there are many equipment and
process and non-process lines in the gasification facility, only certain Key equipment

and process and noseprocess lines relevant to the exemplary embodiment of the

invention are {lostrated in Figure 3. It is envisioned that any gasification facility

capable of producing high pressure steam and hydrogen may be used in conjunction

i

with the present embodiment
f00421 As shown in Figure 3, the atr separation unit 310 3x48% or 2x60%;

separaies air into af feast a nitrogen ("N component and an oxygen ("O)7)

component. At least some of the O component exits the alr separation unit 310

1

tirough an alr separation unit outlet stream 311, Upon exiting the alr separation unit
314, the alr separation unit outlet stream enters an O; supply header 312, which serves
o distribute the O to each of the at jeast one gasifier 324, 330, 348, 350, 360, 370,

he use of the oversized air separation unit 310 may result in an increase in overall
production of SNG, hydrogen, and/or steam.  Although exemplary capacities of the
atr separation unit 310 have been provided, alternative capacities may be used without

departing from the scope and spirit of the exemplary embodiment.

100431 The at least one gasifier 320, 330, 340, 350, 360, 370 comprises a first
gasifier 320 {1x25%), a second gasifier 330 (1x25%), a third gasifier 340 (1x25%}, a
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fourth gasifier 350 {1x25%), a fifth gasifier 360 (1x10%), and a sixth gasifier 370

{Ix1096). According to the embodiment shown in Figure 3, the coke stream 285 is

fed into cach of the first gasifier 320, the second gasifier 330, the third gasifier 340,

o2

and the fourth gasifier 350, while the asphalt stream 273, 304 from the ot processing
faciiity 210 s fed into each of the fifth gasifier 360 and the sixth gasifier 376, Bach
of the at least one gasifier 320, 330, 340, 350, 366, 370 produces a slag siream (not
shown) and & gasifier outlet stream 322, 332, 342, 352, 362, 372, The slag stream
{not shown} may comprise metals natorally ocourring in the coke stream 285 and the
asphalt stream 273, 304, and added minerals to control the melting point of the slag
stream {not shown), The slag siream (not shown) may be utilized as an aggregate in

congrete manefacturing and/or the manufacturing of other materials. The gasifier
outiel stream 322, 332, 342, 3352, 362, 372 comprises about 353% CO, about 13%
2, about 40% water (“H20™), and about 10% carbon dioxide {"COy™).

v oof the coke stream 285, the asphalt stream 273, 304, and the ailr

o
et
&
" ¥
;j
<
<
i
/
&
)

oy

separation uuit outlet stream 311 into the slag stream (not shown) and the gasifier

utlet stream 322, 332, 342, 352, 362, 372 is an exothermic process and as a result, &

high pressure saturated steam stream {not shown) also is produced, which may be

X
H
H

used in g methanation unit 383, Although specific compositions have been provided

for the gasifier outlet stremm 322, 332, 342, 352, 362, 372, allernative compositions

3 X

may be achieved without departing from the scope and spinit of the exemplary

{00441 Although one exemplary configuration of gasifiers and {feed streams
ustrated and described, alternative configurations may be otilized without
departing from the scope and spirit of the exemplary embodiment. For example, the
coke siream and the asphalt stream may both be fed into the same gasifier withowt
departing from the scope and spirdt of the exemplary embodiment.

{00451 The gasifier outlet stream 322, 332, 342, 352, 362, 372 exits the at
feast one gasifier 320, 330, 340, 350, 360, 370 and flows into a gasifier outlet
distribution header 374, A first distribution header cutlet stream 376 exits the gasifier
outfer distribution header 374 and flows into the first stream treating unit 380
{2x30%), which maay be designed to process anyone of the gasifier outlet stream 322,

332, 342, 352, 362, 372 50 that SNG s produced . A second distribution header outlet
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3

streamn 378 exits the gasifier outlet distribution header 374 and flows into the second
stream {reating onit 390 {1x100%%), which may be designed to process anyone of the

gasifier outlet strearn 322, 332, 342, 3352, 362, 372 so that hydrogen for the oil

o

processing facility 2180 is prodoce

{00461 The first stream treating wmit 380 comprises an acid gas removal unit

{“AGR™Y 381, a sulfur recovery unit (“SRU™Y 382, and a methanation unit ("MU™}

\
3

383, The first distribution header outlet stream 376 Hlows into the AGR 381, The

' .3 | T ~
AGR 381 may utilize Selexol™ for hydrogen sulfide (“Ha8™) removal and COu

ure. As a result, a vapor CO; stream 389 is produced. The vapor CO; stveam 389

<
&
o
o]
prot
o

may be compressed Into a Hguid CO,, which may then be utilized for enhanced oil

Iy

recovery by pumping the liquid CO; into the ground to increase the production of ol
he €O may be used in other areas of the faciiity, for example, during startap
processes or even sold

1O047] The AGR 381 also produces an acid gas stream (not shown), which

enters the SRU 382 to produce a sulfur stream 388 and a regyele tail gas stream {not

»

shown) The salfin stream 388 comprises sulfur and may be sold to fertilizer plants
and the fike. The recyele tail gas stream (not shown} comprises some suffur and may
e recyoled back into the AGR 381,

{00448 The AGR 381 also prodaces an acid gas removal systeny outlet stream
{not shown} comprising mainly of CO and Hy. Since the CO; has been removed
within the AGR 381, the acid gas removal system outlet stream {not shownj
comprises about 25% CO and about 75% Ha. In certain embodiments, the acid gas
removal system outlel stream {not shown) may be sold as syngas to wmarket or
consamed by other systems reguiring the syngas (not shown). The syngas may be
used as ammonia, methanol, or hydrogen, or be atilized in the production of power or
chemicals,  Although specific compositions have been provided for the acid gas
removal system outlet stream (not shown), alternative compositions may be achieved
without departing from the scope and spirit of the exemplary embodiment,

100491 The acid gas removal system outlet stream (not shown) may then enter
a MU 383, which includes one or more methanation reactors (not shown). The MU

383 converts the acid gas removal system outlet stream (not shown) into &

~7

methanation unit outlet stream 387, The methanation unit outlet stream 387
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comprises SNG and may be sold to market or consumed by other systems requiring
the syngas.  In certain alternative embodiments, a portion of the methanation unit
outlet stream 387 may enter combustion turbings (not shown} to g)mdu £ power o he
sufd o market.

{00350} As previousty mentioned, the high pressore saturated steam stream (not

(

showr) from the at feast one gasifier 320, 330, 340, 350, 360, 370 may enter the MU
383. The conversion of the acid gas removal system outlet stream {not shown} o
the methanation unit outlet stream 387 in the MU 383 is an exothermic reaction and
as a result, the high pressure saturated steam stveam (not shown) is converted to a high
pressure superheated steam stream 292, which may be utilized in at jeast ¢

heaters of the oif processing facility 210 and also in a steam turbine {not shown) to

produce power to be sold to market or consumed by other systems requiring the

power
{0051 The second stream treating unit 390 comprises an acid gas removal

unit {(“AGR™ 391 and a pressure swing absorber ("PSA™) 392, The second
distribution header cutlet stream 378 Jows into the AGR 391, Also, the distillate
upgrader Hght product outlet stream 242, which includes the distiliate finisher light
wroduct outlet streamn 252, exits the ol processing facility 210 and enters the AGR
391 for treating. The AGR 381 may utilize Selexol™ for hydrogen salfide "HLS™
removal and CO; capture. As a resuft, a vapor COs stream 394 is produced. The
vapor (O stream 394 may be compressed into a liquid €Oy, which may then be
utilized for enbanced oil recovery by pumping the lguid CO; into the ground to
increase the production of oil. The CO» may be used in other areas of the facility, for
example, during startup processes or even sold.

§O0323 The AGR 391 also produces an acid gas stream 398, which enters the
SRS 382 of the first stream treating wnit 380 to contribute 1o the production of the
sulfur stream 388, as described above. The AGR 391 also produces an acid gas

.

removal system outlet stream {(not shown) comprising mainly of CO and Hy. The acid
oas removal system outlet strearn (not shown} may then enter the PSA 392, which
separates the gases and produces a high purity hydrogen stream that exits the PSA 392
via the bottoms apgrader hydrogen inlet stream 294, which includes the distillate

upgrader hydrogen inlet stream 298 and the distiltate finisher hydrogen inlet stream

19



WO 2010/053865 PCT/US2009/062964

296 and is utilized in at least the distillate upgrader 240 (Figure 2}, the distillate
finisher 250 Figure 2), and the bottoms apgrader 260 {Figure 2} of the oil processing
facility 210, The PSA 392 alse produces a tail gas streamn 396, which may be
recyeled back iinto a shift reactor system {not shown) that may be located between the
at least one gasifier 320, 330, 340, 350, 360, 370 and the first strearn treating unit 380.
his tail gas stream 396 is eventually converied to SNG, which thereby eliminates the
need o combust this tail gas stream 396,

(0033 The ofl processing facility 210 may be of any type of oil processing

facility that is capable of utilizing at least hydrogen and/or high pressure steam
prodoced by the gasification facility 290, Ag shown in Figure 3, the heavy feed and

-

difuent stream 212, the high pressure superheated steam siream 292, and the bottoms

upgrader hydrogen inlet stream 294, which includes the distillate upgrader hydrogen
fnlet stream 298 and the distillate finisher hydrogen inlet stream 296, are fed into the

oif processing facility 210, The oil processing facility 210 processes the heavy feed
and dilnent stream 212 to prodace at feast the asphalt stream 273, the distillate
3

apgrader light product outlet stream 242, which inchudes the distillate finisher

i

Hght

+1

product outlet stream 252, the diluent outlet stream 222, and the diesel/jet fuel stream

(0054} Although the embodiment described above illustrates a gasification
faciiity having both the first strear treating unit and the second stream freating unit,
the gasification facility may have an alternate stcam treating unit having at least an
AGR, a SRU, and a PSA without departing from the scope and spirit of the exemplary
embodiment. Additionally, although a separvate AGR is described for each of the first
streanmt treating unit and the second stream treating unit, there may be only one AGR
for both the first stream treating unit and the second stream freating unit without
departing from the scope and spirit of the exemplary embodiment. Further, although
the embodiment described above ilustrates a gasification facility having at least one
gasifier capable of being fed both the coke stream and the asphalt stream, the
gasification facifity may have gasifiers designed to be fed only the asphalt stream
without depariing from the scope and spirit of the exemplary embodiment. Moreover,
although the above embodiment illustrates that the high pressure superheated steam

stream generated from the gasification facility is used in the steam heaters of the oil
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nrocessing facility, any type of high pressure steam, including saturated steam,

generated from the gasification facility may be used in the steam heaters of the oil

embodiment,

{0055 Agcording to another exemplary embodiment of the oil processing

4

facility 210, the distillate upgrader 240 may comprise at least two reactors coupled

together in series and an inter-stage vapor separation.  These two reactors may be

AR
o

chublated bed reactors. The use of chulating bed hydroprocessing allows the heat of

b

<

reaction to supply the reguired heat for the operation. This reduces the feed preheat
requirements (0 a temperature fevel achievable by high pressure steam heaters.

1.
I

Although this embodiment shows that the reactors are ebullated bed reactors, the
reactors may he any type of reactor, incloding but not limited to ebullated bed
reactors, fixed bed reactors, or a combination of these types of reactors. Additionally,
the catalyst used in the first stage reactor may comprise hydroconversion extrudates
type which includes, bat is pot limited to, Criterion HDS-24438 or TEX-2910. The
cataivst used in the second stage reactor may comprise hyvdrotrating extrudates or
{rifobes type which inclades, but is not limited to, Criterion HDS-424, Criterion IIN-

200, or Axens HTS-358. Although some non-limiting examples have been provided

rran

for the catalysts for cach of the resctors, any type of catalyst used for treating crude
off may be used without departing from the scope and spurit of the exemplary
embodiment.  Alse, according to this exemplary embodiment, the bottoms apgrader
260 may comprise at least two reactors coupled together in series and an inter-stage
vapor separation.  These two reactors may be chullated bed reactors. The use of
ebulating bed r\é aprocessing allows the heat of reaction to supply the required heat
for the operation. This reduces the feed preheat requirements to a temperature level
achievable by high pressure steam heaters. Although this embodiment shows that the
reactors are chulfated bed reactors, the reactors may be any type of reactor, including
but not lmited 1o ebullated bed reactors, {ixed bed reactors, or a combination of these
types of reactors.  Additionally, the catalyst used in these reactors may comprise
sediment conirol extrodates type which inchudes, but is not Himited to, Criterion TEX-
2710, Criterton TEX-2910, Criterion TEX-27 10N, or Criterion TEX-2731. Although

some non-limiting examples have been provided for the catalysts of these reactors,
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v

any type of catalyst used for treating crude oil may be used without departing from
the scope and spirfit of the exemplary embodiment.  The reactors of the distiflate
finisher 250 may be configured similarly 1o the reactors of the distilate upgrader 240.
Simitarly, the extractors of the deasphalter 270 may be configured similarly 1o the

reactors of the bottoms upgrader 260, In the stream configuration for this exemplary
embodiment, the deasphalter light DA oil outlet stream 271 and the deasphalter heavy
DA ol outlet stream 272 are now fed into the first stage reactor of the distiliate
upgrader 240} and a bottoms stream {not shown} from the distillate apgrader 240 may

now be fed into the reactor of the bottoms upgrader 260, This configuration may

fy

increase the total crude rate to the refinery.

{00361 Figure 4A shows a bitumen yield graph 400 comparing a prior art oif
refining system bitumen crude vield 402 versus an integrated hydroprocessing and
gasification system bitumen crude yield 404 in accordance with an exemplary

4
H
H

erpbodiment, The bitumen vield gmp} 400 tllustrates the prior art oil refining system
bitumen crude vield 402 and the integrated hydroprocessing and gasification system

bitumen crude vield 404 on the x-axis and a volumetric yield percentage 406 on the yv-

v
100871 According o the prior art oil refining system bitumen erude vield 402,

the volumetric vield percentage, which comprises a distillate yield 410 and a naphtha

~4

and lHght products gas yield 420, is about 85%. The distilfate yield 410 comprises
diesel tuel, jet fuel, and other valuable fuels and has about 48% volumetric yield, The
naphtha and light products gas yield 420 has about 43% volumetric vield. However,
according to the integrated hydroprocessing and gasification system bitumen crude
vield 404 in accordance with an exemplary embodiment, the volumetric yield

percentage, which comprises a distifate yield 430 and a naphtha and light products

gas yield 440, is about 120%. The distillate yvield 430 comprises diesel fuel, jet fuel,

and other valaable fuels and has about 85% volumetric yield, The naphtha and lght

&t

products gas vield 440 has about 35% volumetric yield, The distillate vield 410, 430
has o margin of about $13-825/barrel, while the naphtha and light products gas vield
420, 440 has a margin of about $0-§$5/barrel.  Thas, the profitabilily margin

substantially increases because greater volumetric yield percentages of higher value
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fuel

o

are produced using the integrated hydroprocessing and gasification system in
avcordance with an exemplary embodiment versus the prior art oif relining system.

[0058] Figure 4B shows a bitumen margin graph 430 comparing a prior art oil
refining system cost 451 versus an integrated hydroprocessing and gasification system
cost 453 and comparing a prior art oif refining system bitumen margin 452 versus an

3

itegrated  hydroprocessing  and  gasification  system  bitumen margin 454 in

accordance with an exemplary embodiment. The information iilostrated within the
bitumen margin graph 450 is for refining only. The bitumen margin graph 4530
Hlustrates the prior art off refining system cost 451, the priov art oif reflining system
hitumen gross margin 452, the integrated hydroprocessing and gasification system
cost 433, and the mtegrated hydroprocessing and gasification system bitumen gross
margin 454 on the x~axis and a dollar/barrel value 456 on the y-axis.

[0039] According to the prior art ol refining system cost 451, the total cost,
which comprises a capital recovery cost 460, an operating and maintenance cost 462,
a fuel cost 464, and a transportation cost 466, is about $28 per barrel. The capital
recovery cost 460G s about §7 per harrel. The operating and maintenance cost 462 s
about $2 per barrel. The fuel cost 464 is about $1 per barrel, The transportation cost
466 is about $18 per barrel, However, according to the integrated hydroprocessing
and gasification system cost 453 in accordance with an exemplary embodiment, the
ttal cost, which comprises a capital recovery cost 480, an operating and maintenance
cost 482, a fuel cost 484, and a transportation cost 486, is about §26 per bar The
vapital recovery cost 480 is about $14 per barrel. The operating and malntenance cost
482 is about $3 per barrel,  The fuel cost 484 is about $1 per barrel.  The
transportation cost 486 is about $8 per barrel. Thas, the total cost for refining otl 35
shightly less when utiliving the integrated hydraprocessing and gasification system in
accordance with an exemplary embodiment versus the prior art oil refining systen.
(O0601 Also shown in Figure 48, according to the prior art oil refining system
biturnen gross margin 452, the bitumen crude margin 470 is about $3¢ per barrel.
However, acvording to the integrated hydroprocessing and gasification sysiem
bitumen gross margin 4534 in accordance with an exemplary embodiment, the bitumen
crude margin 490 s about $72 per barrel. Thus, the gross margin for refining ofl is

substantially higher when utilizing the integrated hydroprocessing and gasification
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system in accordance with an exemplary embodiment versus the prior art oif refining

{1 Figure SA shows a conmparison between a prior art otl refining system
Arab i';-':zwy crude yield flowchart 500 versus an integrated hydroprocessing and
gasification systemn Arab heavy crude yield flowchart 520 in accordance with an
exemplary embodiment. The prior art oil refining system Arab heavy crude yield
flowchart 360 iHtustrates an Arab heavy crude stream 304 and a nataral gas stream 366
enioring a prior art off refining system 510, The prior art oil refining system 310
procosses the Arab heavy crude stream 504 and the natural gas stream 500 and
produces a coke stream 512, a distilates strean 514, and 4 light product gas and
gasoline stream 316, According to one embodiment, the flowrate of the Arab heavy

s
Ny

crude sircam 504 may be about 400 million barrels per day ("MBID™} and the flowrate

1

of the natural gas stream 306 may be about 130 million standard cubic feet per day

MMSCFD™). These foed flowrates produce the coke stream S12 having a flowrate

of about 5000 standard tons per day (sTPD), the distillates stream 514 having a
flowrate of about 150 MBD, and the Hght product gas and gasoline stream 316 having
a flowrate of about 190 MBD.  This prior art refining system 518 produces about a

G

\c,

o yield when having the Arab heavy crude stream 504 enter the prior art refining

1+

system 10, Although an exemplary flowrate has been provided for each of these
ative stream flowrates may be produced without departing from the
scope and spirit of the exemplary embodiment.

{00621 The integrated hydroprocessing and gasification systern Arab heavy
crude vield flowchart 320 iHustrates an Arab heavy crude stream 524 and a coke

stream 326 entering an integrated hvdroprocessing and gasification systesn 330 in

aa

accordance with an exemplary embodiment.  The integrated hydroprocessing and
gasification systen 330 processes the Arab heavy orude stream 524 and the coke
stream 526 and produces a distillates stream 534 and a light product gas and gasoline

stream 336, According 1o one embodiment, the {lowrate of the Arab heavy crude

3

stream 324 may be about 400 MBD and the flowrate of the coke stream 526 may be

o o

T

abowt 10,000 STPD. These feed flowrates produce the distitiates stream 534 having a
flowrate of about 275 MBD and the light product gas and gasoline stream 536 having

a Howrate of about 170 MBD. This integrated hydroprocessing and gasification
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systemy 330 produces about a 110% yield when having the Arab heavy crade stream
524 enier the integrated hydroprocessing and gasification system 336, Although an
exemplary fowrate has been provided for each of these streams, alternative stream
flowrates may be produced without departing from the scope and spivit of the
exemplary embodiment.  As scen in Figure §A, the percent yield substantially
imereases when utilizing the integrated hydroprocessing and gastfication system 530
in accordance with an exemplary embodiment than when utitizing the priov art ol
refining system 310, This vield increases because byproducts are not formed in the
integrated hydroprocessing and gasification system 530 and hydrogen is not produced

in the integrated hydroprocessing and gasification system §30 by using valuable

natural gas feed streams.
{00831 Figure 3B shows an Arab heavy margin graph 330 comparing a prior
art oif refining system cost 337 versus an integrated hydroprocessing and gasification

systent cost 553 and comparing a prior art off refining system Arab heavy gross
margin 332 versus an integrated hydroprocessing and gasification system Arab heavy

gross margin 534 in accordance with an exemplary embodiment. The Arab heavy

smargin graph 4540 illustrates the prior art oif refining system cost 851, the prior art oi
refining sysiem Arab heavy gross margin 352, the integrated hydroprocessing and

pasification system cost 333, and the integrated hydroprocessing and gasification

systemn Arab heavy gross margin 554 on the x-axis and a dolar/barrel value 356 on

{6064 According to the prior art oif refining system cost 551, the total cost,
which comprises a capital recovery cost 560, an operating and maintenance cost 562,

and a fuel cost 364, is about $19 per barrel. The capital recovery cost 560 is about

54
poik
3
C:‘
€]

et barrel, The operating and maintenance cost 562 is about §2 per barrel. The

fuel cost 564

o

54 15 sbout $5 per barrel.  However, according to the integrated
hydroprocessing and gasification system cost 553 in accordance with an exemplary
embaodiment, the total cost, which comprises a capital recovery cost 580, an operating
and maintenpance cost 382, and a fuel cost 584, is about $16 per barrel. The capital
recavery cost 380 is about $12 per barrel. The operating and maintenance cost 582 is
about $3 per barrel, The fuel cost 584 is about $1 per barrel. Thus, the total cost for

refining oif is shightly less when utilizing the imtegrated hydroprocessing and
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gasification system in accordance with an exemplary embodiment versus the prior art
il refining system.

{00631 Also shown in Figure 5B, according to the prior art oil refining system
Arab heavy gross margin 532, the total margin, which comprises an Arab heavy
margin 570, is about $22 per barrel.  However, according to the integrated
hydroprocessing and gasification system Arab heavy gross margin 554 in accordance
with an exemplary embodiment, the total margin, which comprises an Arab heavy
margin 390 and a CO; and Np margin 592, is about $46 per barrel. The Arab heavy

margin 390 is about $43 per barrel. The €Oy and N, margin 592 is about §3 per

iiumo

k3

barrel. Thus, the gross margin for refining oil is substantially higher when
the integrated hydroprocessing and gasification system in accordance with an
exemplary embodiment versys the prior art off refining system.

fO066] Figure 6A shows a comparison between a prior art off refining system

UAE crude vield flowchart 600 versus an integrated hydroprocessing and gasification

X

system UAE orude vield flowchart 620 in accordance with an exemplary embodiment.
The prior art of! refining system Arab heavy crude yield flowchart 660 Hustrates an
UAE crude stream 604 and a natural gas stream 606 entering a prior art oil refining

y 4

sysiem 610, The prior art oif refining system 610 processes the UAE crude stream
504 and the natural gas stream 606 and produces a coke stream 612, a distillates
strearn 634, and a lght product gas and gasoline stream 616, According 1o one
embodiment, the flowrate of the UAE crude stream 604 may be about 500 MBI and
the flowrate of the natural gas stream 606 may be about 150 MMSCFD. These feed
flowrates produce the coke stream 612 having a flowrate of about 5600 sTPD, the
distilates siream 614 having a flowrate of about 260 MBI, and the light product gas
and gasoline stream 616 having a flowrate of about 240 MBD.  This prior art vefining
system 610 produces about a 98% vield when having the UAE crude stream 604 enter
the prior art refining system 614, AithougL an exemplary flowrate has been provided
for each of these streams, alternative stream {flowrates may be produced without
departing from the scope and spirit of the exemplary embodiment.

{00671 The integrated hydroprocessing and gasification systemy UAE crude

vield flowchart 620 iHlustrates an UAE crude stream 624 and a coke stream 626

I

entering an integrated hydroprocessing and gasification system 630 in accordance
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with an exemplary embodiment.  The integrated hydroprocessing and gasification
system 630 processes the UAE corude stream 624 and the coke stream 626 and
produces a distillates stream 634 and a light product gas and gasoline stream 636.
According to one embodiment, the flowrate of the UAE crude stream 624 may be
ahout 300 MBD and the flowrate of the coke stream 626 may be about 10,0600 sTPD.

[EeY

These feed flowrates produce the distiltates stream 634 having a flowrate of about 340
MBI and the light product gas and gasoline stream 636 having a flowrate of about
205 MBD. This integrated hydroprocessing and gasification system 630 produces
about a 109% vield when having the UAE crude stream 624 enter the integrated
hydroprocessing and gasification system 630. Although an exemplary flowrate has
been provided for each of these streams, alternative stream flowrates smay be
produced without departing from the scope and spirit of the exemplary embodiment.
As seen in Figure 6A, the percent yield substantially increases when utilizing the
integrated hydroprocessing and gasification system 630 in accordance with an
exemplary esnbodiment than when utilizing the prior art oil refining system 610, This
vieid increases because byproduets are not formed in the integrated hydroprocessing
and gasification system 630 and hydrogen s not produced in the integrated
hydroprocessing and gasification system 630 by using valuable natural gas feed
streams.

{{}68] Figure 6B shows an UAE medium margin graph 650 comparing a prioy
art ofl vefining system cost 651 versus an integrated hydroprocessing and gasification
system cost 633 and comparing a prior art oif refining systern UAER medium gross
margin 632 versus an integrated hydroprocessing and gasification system UAE
medium gross margin 634 in accordance with an exemplary embodiment. The UAE
medium margin graph 650 iHastrates the prior art ol refining system cost 631, the
prior art oif refining system UAE medium gross margin 652, the integrated
hydroprocessing and gasification system cost 653, and the integrated hydroprocessing
and gasifivation system UAE medium gross margin 634 on the x-axis and

doHarbarre] valoe 656 on the y-axis,
(0069] According to the prior art ol refining system cost 651, the total cost,

which comprises a capital recovery cost 664, an operating and maintenance cost 662,

and a fuel cost 664, is about $18 per barrel. The capital recovery cost 660 is about
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3

$11 per barrel. The operating and maintenanee cost 662 is about §2 per barrel, The
fuel cost 664 s asbout $5 per barrel.  However, according to the integrated
hydroprocessing and gasification system cost 653 in accordance with an exemplary
embaodiment, the total cost, which comprises a capital recovery cost 680, an operating
and maintenance cost 582, and a fuel cost 684, is about $15 per barrel. The capital
recovery cosi 680 is about $12 per barrel. The operating and maintenance cost 682 i3
about §2 per barrel. The fuel cost 684 is about 81 per barrel. Thus, the total cost for
refining ofl is slightly less when watilizing the integrated hydroprocessing and
gastfication system in accordance with an exemplary embodiment versus the prior art
ol refining system.

[G0701 Also shown in Figure 68, according to the prior art oil vefining system
UAE medium gross margin 652, the total margin, which comprises an UAE medium

margin 670, 1

o

about $20 per barrel.  However, according fo the integrated

hydroprocessing and  gasification system UAE medium gross margin 654 in
accordance with an exemplary embodiment, the total margin, which comprises ap
UAE medium margin 690 and a CO, and Ny margin 692, is about $38 per barrel. The
UAE medium margin 690 is about 836 per barrel. The COn and Ny margin 692 i
about 82 per barrel. Thas, the gross margin for refining oif is substantially higher
when utilizing the integrated hydroprocessing and gasification system in accordanc
with an exemplary embodiment versus the prior art oif refining system.

3071

[

in summary, when using the integrated hydroprocessing and

gasification system, emissions of CO, NO,. VOUs, and particulates are substantially

o

climinated. There are still fugitive emissions, but no stack emissions.  Also, the

1
H
H

consurnption of more vahuable natural gas fuel is substantially reduced. Instead of
hivdrogen gas being generated from natural gas in a methane reformer, the hydrogen
may be generated from Jess valuable coal or coke within the gasification facility and
used to refine the heavy crude oil. The heavy crude oil, like bitumen, may be entirely
hydroprocessed using the hydrogen and steam from a gasification facility, without the

need of blending the heavy crude with better crudes.  The gasification facility
produces much more hydrogen gas in an efficient manner than in a methane reformer.

ey

The hydrogen gas is used in the hydroprocessing of the heavy erude oil to replace the

o

Y

carbom double and triple bonds, the carbon rings, and the single carbon bonds when
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the longer carbon chaing are broken down into smaller carbon chains. This process,
as described within one of the embodiments of the present invention, thereby
increases the cetane number and makes the fuel cleaner burning and more
environmentaily friendly than the processes used in the prior art.  Thus, in the
integrated hydroprocessing and gasification system, there are no fired heaters, fired
botlers, methane reformers, or catalytic crackers used to refine the heavy erude oil;
instead, there are high pressure steam heaters and an integrated gasification facility in

aceordance with some of the embodiments,

panan
o

$072% Also, when using the integrated hydroprocessing and gasification
system, there are no heavy crude bottoms products, or asphalt streams, that are
aroduced, which thereby eliminates secondary emissions. The heavy crude bottoms
product is sent to the gasification facility as a feed stream. Typically, in prior art

processes, these heavy crude bottoms product, or asphalt streams, contain sulfor and

o

+

metals and the combustion of these heavy crude products typically produce more
N, 80, VOUCs, and particulates than the cleancr distillate fuels. Additionally, these

heavy crude ﬁmducts must be consamed in a fower efficiency engine which increases

{0073 Further, when using the integrated hydroprocessing and gasification
systers, higher vohametric refinery yields are achieved, even when processing heavy
crudes. These bigher volumetric yiclds are due to the hydrogen being produced from
an external Jow vahue fuel source, which is added to the crude during vefining. This
hydrogen addition increases refining efficiency, thereby producing more barrels of
fuel for each barrel of heavy crude. Hence, by refining crude ot using the integrated
hydroprocessing and gasification system, the crude reserves are effectively ncreased.
{00741 Although the invention has been described with reference to spectfic
embodiments, these descriptions are not meant to be construed in a Hmiting sense
Various modifications of the disclosed embodiments, as well as aliernative
embadiments of the invention will become apparent to persons of ordinary skill in the
art upon reference 1o the description of the invention. ¥t should be appreciated by
those of ordinary skill in the art that the conception and the specific embodiments
disclosed may be readily utilized as a basis for modifying or designing other

structures or methods for carrying out the same purposes of the invention. ¥t should
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aise be realived by those of ordinary skill in the art that such equivalent constructions
do not depart from the spirit and scope of the invention as set forth in the appended
claims. It is theretore, contemplated that the claims will cover any such modifications

~

or embodiments that fzil within the scope of the invention.
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WHAT I8 CLAIMED IS

L. An integrated hydroprocessing and gasification system, comprising:

o

an oif processing system producing a fucl/diesel ountlet stream and a
heavy product bottoms outlet stream from an oil processing feed stream,

a gasification facifity producing a hydrogen outlet stream and a high
pressure steam outlet stream from a gasification feed stream,

wherein the gasification feed stream comprises the heavy product
bottoms outlet stream, and

wherein the hydrogen outlet stream and the high pressure steam outlet

stream are utilized within the oif processing system.

2 The integrated hydroprovessing and gasifieation system of claim
wherein the high pressure steam stream is a superheated steam stream.
3. The integrated hydroprocessing and gasification systern of claim I,

4, The integrated hydroprocessing and gasification systern of claim 3,
wherein the heavy crude is selected from the group consisting of a bitumen heavy

crude, an Arab heavy orude, and an UAE heavy crude,

3. The integrated hydroprocessing and gasification system of clamm 1,
wherein the off processing system comprises a first distillation uanit, a second
distiflation unit, a distillate gpgrader, a distiflate {inisher, a bottoms upgrader, and a

deasphalte
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8. The integrated hydroprocessing and gasification system of claim 3
wherein the ol processing system further comprises at feast one steam heater coupled
o each of the first distillation unlt, the second distillation unit, the distillate upgrader,

the distillate finisher, the bottoms upgrader, and the deasphalier, wherein at least one

steam heater utilizes the high pressure steam produced from the gasification facility.

7 The integrated hydroprocessing and gasification system of claim 5,
wherein the distitlate upgrader, the distillate finisher, and the boltoms upgrader utilize

the hydrogen stream produced from the gasification facitity.

8. The Integrated hydroprocessing and gasification systerm of claim 3,
whereln the bottoms upgrader comprises a phurality of ebullated bed reactors having a

catalvst within the phaality of ecbullated bed reactors and an Interstage vapor

separation.

8. The integrated hydroprocessing and gasification system of claim 8,

wherein at least two of the plurality of challated bed reactors are connecled in series.

The integrated hydroprocessing and gasification systemy of claim §,

whereln the catalyst comprises sediment control extradates type.

11, The itegrated hyvdroprocessing and gasification system of clamm 5,
wherein the distillate upgrader comprises a plurality of ebullated bed reactors having a
catalyst within the plurality of cbullated bed reactors and an berstage vapor

separation.

PR

12, The integrated hydroprocessing and gasification system: of claim 11,

wherehn at feast two of the plaraiity of ebullated bed reactors are connected in series.
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13, The integrated hydroprocessing and gasification system of claim 11,

e

whereln the catalyst is selected from at least the group cousisting of a hydrotrating

exirudates type or trilobes type.

i4,  The integrated hydroprocessing and gasification system of claim 11,
wherein the catalyvst of one of the plurality of chullated bed reactors comprises
hvdroconversion extradates type and the eatalyst of another of the plurality of
shullated bed reactors is selected from at least the group consisting of a hyvdrotrating

extrudates type or trilobes type.

The integrated hydroprocessing and gastfication system of claim |,

omss
LR

wheren the gl wification fd&ii?‘r\ \OEHDH‘QCS an air %enamt on ‘Li‘iii at least one 24 i‘wih"“

an acid gas removal unit, & sulfur recovery unit, and a pressure swing absorber.

16, The integrated hydroprocessing and gasification system of claim 135,

wherein the gasification facility further comprises a methanation unit,

17, The integrated hydroprocessing and gasification system of clabm 15,
wherein the pressure swing absorber generates a tail gas, the tail gas being converted

B

into @ synthetie natural gas.

I8, The integrated hydroprocessing and gasification system of clabm 1,

wherein the volumetric yield percentage is greater than 100%.

v
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9. A method for operating an integrated hydroprocessing and gasification
systent, comprising:
providing an oil processing system, the ot processing system
producing a fuel/dlesel outlet stream and a heavy product botioms outlet stream from
an oif processing feed stream,

coupling a gasification facility to the oil processing system, the

o3

asification facility producing a hydrogen outlet stream and a high pressure steam
cutlet stream from a gasification feed stream,

wherein the gasification feed stream comprises the heavy product
bottoms cutlet stream, and

wherein the hydrogen outlet stream and the high pressure steam outlet

streany are utilized within the oil processing system.

o

The method of clatm 19, wherein the high pressure steam stream is a

[y
pot
<z

superheated steam stream,

-y -~

2 The method of claim 19, wherein the oil processing feed stream is a

Fres

heavy erude.

22. The method of claim 21, wherein the heavy crude is sclected from the
group consisting of a bitumen heavy crude, an Arab heavy crade, and an UAE heavy

crude,

23, The method of claim 19, wherein the oil processing system comprises
a first distiliation undi, a sccond distillation unit, a distillate opgrader, a distilias

{inisher, a bottoms upgrader, and a deasphalte

-

24, The method of claim 23, wherein the oil processing system {urthe

-

comprises at least one steam heater coupled to each of the first distillation unit, the
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second distillation unit, the distillafe upgrader, the distillate finisher, the bottoms
upgrader, and the deasphalter, wherein the at least one steam heater atitizes the high

pressure steam produced from the gasification facility.

25, The method of claim 23, wherein the distillate upgrader, the distillate
finisher, and the bottoms upgrader atilize the hydrogen siream produced from the

gasification facility.

26, The method of claim 23, wherein the bottoms upgrader comprises a
pluraiity of chullated bed reactors having a catalyst within the plurality of cbullated

bed reactors and an interstage vapor separation.

27, The method of claim 26, wherein at least two of the pluralty of

ehullated bed reactors are connected in serigs.

28,  The method of claim 26, wherein the catalyst comprises sediment

comtrot oxdrudates type.

28, ’ih‘: El’)(f{h{)d Of Ciﬂifﬂ 2:{ ‘Nhe!‘ﬁiﬂ U".C (E';Stniﬁ{@ i ')S,’K“Ei{k?‘:‘ C(’)iﬂpi‘iS@S a
: Pe }

133 lzi”cigki t" L'Ju 181 “d 11&.6 EAcLors ha Vii’?“ b1 cat’afvsi‘ Wﬁhlﬁ thc '}iiirﬁiif\" Qf c;fbuiiated

% o v k o

red reactors and an inferstage vapor separation.

I

30, The method of claim 27, wherein at least two of the plurality of

challated bed reactors are connected in series.

31 The method of claim 27, wherein the catalvst s selected from at least

the group consisting of a hydrotrating extrudates type or trilobes type.

35
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B
N

The method of claim 27, wherein the catalyst of one of the plurality of
chullated bed reactors comprises hydroconversion extrudates type and the catalyst of
another of the

¥

olurality of ebullated bed reactors is selected from at least the group

onsisting of a hydrotrating extrudates type oy trilobes type.

33 The method of claim 18

4, wherein the gastfication facility comprises an
alr separation unit, at least one gasifier, an acid gas vemoval unit, a sulfur recovery
unit, and a pressure swing absorber.

34, The method of claim 33, wherein
Comprises

1 the gasification facility further
a methanation unit.

Lo

(%21
s

s

o}

The method of claim 33, wherein

the pressure swing absorber
generates a tail

gas, the tail gas being converted into a synthetic natural gas.

36, The method of claim 19, wherein the volumetric yield percentage |
greater than 100%.

o

36



PCT/US2009/062964

WO 2010/053865

1/6

0T
/
GE€1 7y
Y1
81 ——
mm/ﬁ 57T « \7 ocT 601
$S1 LO1
A
y
o11/
7 o A 11 ort [T
Syl 501
1] 7 ay
A4 143!
091
2014 oo
I 94NO14



PCT/US2009/062964

2/6

WO 2010/053865

H\mwm T
T TeT
T p »(97 0Lc
O@N \\\ WQN
s gor  €6C
| s B2
6¢ / \ _ 767
\ _ SST)E
o 092 85T
- €67
\\ ’ /
86T s
N ~€€T
/ 76T 96C 6T
% __ Stz 0€z
7 N 0S¢ a7 =\ ove 8TC
ST €67
M v |T7e
N 8 <
< : A 4 1€¢
T 4 2O
7 TANOIA

1444

(1744




PCT/US2009/062964

WO 2010/053865

3/6

127

v61
_m v
\ | | Z6€ vsd Gz )
L] | T6E MOV | e Ut yog
pes 06e 8LE @ 81¢
€ gr VLIS ,
N R
| 86¢ 96¢ @
v i ¢Se S8T  91¢
| | e W AIAl@uWA'
u = — “— e 68T S1E [—<C
1 |[Wous || g % 11€
~ ] [ € wov Cet 8T VIS N 4
0ge @
.............................. 443 AL
¢ TAINOLA

e
<
rAL?
01¢
N 067
AN 007



450

400

PCT/US2009/062964
4/6

5/ ;
\

vol %

120% -

100% -
80% -
60% A
40%
20% -

0%



WO 2010/053865

5/6

PCT/US2009/062964

590

ittt
o050

O -
~
W
o o L
<t Ne) Ne)
O v v
/1 W
B TR
o
o R
wn
v
= \LR ,,,,,,,,,,,,,
£ )
A
H 1] 1 1] 1]
) o o o o ©
T} <+ 9] I3
& - & & & *
<
2 3 A 5
a.| @ 2
O
o
7
X——b o c?y
N v
2 < L
N o\
o
- Ve

500
504

520
524

v
w
wy
« R
sy
-]
Q
[0
(@]
wy
wy
-
w
<
wy
QO
[



PCT/US2009/062964

6/6

WO 2010/053865

g9 TINOIA
59 €59
i %\ ] I O%
089° 099 - 0L$
789
89 4 v%\
0.9 - 023
069
- 0€$
769
”
D
- ov$
19V/$

059

V9 $dNOIA
F\omo
/ _
145 0c
N 29
9¢9
AN
029
ﬁ\m 19
Eo“ 55 e
Aatwtl, 09
919
909
N
009



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 09/62964

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - C01B 3/22; C10G 45/00 (2009.01)
USPC - 208/49; 208/89, 423/650

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) -- C01B 3/22; C10G 45/00 (2009.01) and USPC -- 208/49; 208/89; 423/650

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC -- 208/86

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)
PubWest (PGPB,USPT,USOC,EPAB,JPAB); USPTO; Espacenet; Google Patents; Google Scholar; Google -- please see extra sheet for
Search Terms Used

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 5,958,365 A (Liu) 28 September 1999 (28.09.1999) Fig 2; col 2, In 10-13; col 3, In 26-32; | 1-36
col 3, In 46-61; col 5, In 29-34; col 5, In 40-43; col 5, In 50-53; col 6, In 10-15 ; col 6, In 41-50

Y US 3,854,895 A (Muller) 17 December 1974 (17.12.1974) Figs 1-3; col 5, In 30-37; col 5, In 1-36
48-50; col 5, In 66 to col 6, In 1; col 7, In 3941

Y US 4,235,044 A (Cheung) 25 November 1980 (25.11.1980) Fig 1; col 6, In 62 to col 6, In 6 2,20

5,7-17,23,25-35

Y US 2004/0118745 A1 (Rettger et al.) 24 June 2004 (24.06.2004) Fig 7; para [0094); para
[0095)
15-17,33-35
Y US 4,678,480 A (Heinrich et al.) 07 July 1987 (07.07.1987) Fig 1; col 4, In 10-13
6,24
Y US 2007/0209966 A1 (Abhari) 13 September 2007 (13.09.2007) Fig 3; para [0004]; [0007];
[0025); [0029]; [0032]
Further documents are listed in the continuation of Box C. E]
*  Special categories of cited documents: “T”  later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the apﬁhqauon but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L” document which may throw doubts on priority claim(s) or which is step when the document is taken alone

gnegiatlor::sl?)lr)lh(szg ;he cri’ggg)ca"o" date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

s pe S spe . L considered to involve an inventive step when the document is

O” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  «g»

the priority date claimed document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
22 DECEMBER 2009 (22.12.2009) 1 2 JA N 20 ]0
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450
.. PCT Helpdesk: 571-272-4300
Facsimile No.  571.273-3201 PCT OSP: 571-272.7774

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 09/62964

C (Continuation). = DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2006/0118463 A1 (Colyar et al.) 08 June 2006 (08.06.2006) Fig 1; para [0063]; [0065]; 7-10,13,14,25-28,31,32
[0066]
Y US 2008/0193345 A1 (Lott et al.) 14 August 2008 (14.08.2008) Fig 2C; para [0021}; {0093]; 8-13,26-31
[0173)
Y US 4,676,885 A (Bush) 30 June 1987 (30.06.1987) col 9, In 25-30 14,32
Y US 4,895,639 A (Bellinger et al.) 23 January 1990 (23.01.1990) col 2, In 25-47 10,28

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/US 09/62964

Search Terms Used:

ASPHALT$ COKE CRUDE OIL DEASPHALTS DE-ASPHALTS DIESEL DISTILL$ EBULLAT$ EXTRUDATES FUEL/DIESEL FUEL-
DIESEL GASIF$ HEAT-EXCHANGS$ HEAVY CRUDE HIGH PRESSURE STEAM HYDROGEN HYDROTREAT$ HYDRO-TREATS JET
FUEL KEROSINE KEROSENE METHANATION OIL PROCESSING PREHEATS PRE-HEAT$ PRESSURE SWING PRESSURE-
SWING PSA SEDIMENT SEDIMENT CONTROL SLURRY REACTOR STEAM STEAM HEAT$ SUPERHEATED STEAM TRILOBES$
TRI-LOBE$ UPGRADS$ UP-GRAD$

Form PCT/ISA/210.(extra sheet) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

