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DESCRI PTI ON *~6~~~~* SYSTEM AND METHOD FOR @ L FUEL BURNI NG | ﬁﬁ(
COwvBI NE%&FGB R GENERATI ON BACKGROUND OF THE | NVENTI g‘%"ﬁ % E
| NVENTI $&sent invention relates to a system and rre or oil fuel
burni ng i ntegrated conbl ned cycl e power generation. DESCRI PTION OF THE
RELATED ART In the int egrat ed conbi ned cycle power generation where oil

fuel is burne ower generatibn, the power generation is carrl ed
out by rot at H bi ne usi ng conmbusti on gas obt alm g fuel
as and the e

g neratlon IS ied out by r am
turbine with ste¥i™Which is prodbﬁ%egiﬁgéﬁveri ng waste heatssil"ﬁ.{.om
hi gh-t enper ature exhaust gas di scharged fromthe gas turbine. This type of

the integrated conbi ned cycle power generation can achieve the thernal

ef ficiency of alaubndPiN MEISHY B%té‘@tﬂ%*tﬁ'ﬁﬁé’uﬁ%ﬂhbzﬁ\ttﬁ&ﬂ’rﬁﬁ' ve

utilization of e energy chn que of Tombi n a power ‘generation
system for carrying qup EH@EU‘%‘?@*L% ?’@)W@ﬂ@k{)ﬁd Noovver generation and
a fuel producing system or producing gas tur ne 0|I is described in
JP- A-9-189206 and so on. For exanple, JP-A-189206 descrl bes that in the
fuel producing system crude oil is distilled to be separated into a | ow
boiling point fracti on BACHKGROQUNDIOF THRANMENTRERN I on and the | ow
boiling point fraction is fed to a fuel oil tank using a punp, then the
fuel oi FIEEDsOR THEOINVENTIIR to a conbustor of a gas turbine systemin

t he power generation 0 8 MAY 2003 WD 01/ 3656G 2 PCTI JP00107988 system vi a
a transport | The presentuavantien ralatsisnie ayistem: ard mefhodofori iy fpai nt
fraction is used as boiler fuel for driving a steamturbine. On the other
hand, fBRTBiRRdRIGEIaRd FOBMPHGHEYCA. DY BFREMALOA-one unit calorie of feed

2t hi 'gLDﬁiﬁléﬁ?ﬁ@t?@ﬁéQ%"Tﬁfﬁﬁh gl s Sxiractod al the mgh rate,
mpuri 1 as, oo HERUEuEd SRt e M B benb RGP ER Difluctis e

the resppgedl f'orq_ﬂ@tﬁé\%f'%eﬂ%&&?,atﬁ/e BBYAr dehetifilinds carried out by

rotating a gas turbine using combustion gas obtained by burning fuel gas

and the power generation is further carried out by rotating a steam
turbine with steam which is produced by recovering waste heat from
high-temperature exhaust gas discharged from the gas turbine. This type
of the integrated combined cycle power generation can achieve the thermal
efficiency of about 49% in gross heating value to realize the effective
utilization of the energy.

A technique of combining a power generation system for carrying
out such integrated combined cycle power generation and a fuel producing
system for producing gas turbine fuel oil is described in JP-A-9-189206
and so on. For example, JP-A-189206 describes that in the fuel
producing system, crude oil is distilled to be separated into a low boiling
point fraction and a high boiling point fraction and the low boiling point
fraction is fed to a fuel oil tank using a pump, then the fuel oil is sent from

the tank to a combustor of a gas turbine system in the power generation



boiler fuel, the flanme tenperature of a burner in a boiler incrgi hlg to
about 1300C whi ch exceeds nelting tenperatures of the inpuri ti(!.J f@ﬁ@@ S
vanadi um contained in the residue oil. Among the nelted inpurities, nelted
vanadi unWohel@es@dheres to a netal surface of the inside ofPGTHEPORBTMBES
causes hi gh-tenperature corrosion. Accordingly, when high-inpurity residue
oil containing, for exanple, vanadiumno |ess than 100ppmis used as boiler
fuel, it is necessary to prepare a bpiler conbustion furnace with a speci al
structure which can prevent an occurrence of excessively-high-tenperature
portions, whose volune is |arge enough and where it is necessary to add a
neut r al Syséemsvieha dsanagoddinerte goivepa gabigrbing while dhefligh bgthng there i s
rai sed a cost problem such as an increase in operation_cost and

const r uReindraciden ismaedeas bpHer dael for divingra §E@afbd‘i‘-lrbﬁn90wer generat i on
using the residue oil is as If)w as 40%or less which is |ower than that of

the general daB & other band, IFarradiGing asTRiicT Bpwer @fcROFibl &amght o |
obtained fromthe feed_ oi] is.used as fuel for th t ur bi ne pqwer
oner At ECRRES BL ROty it IBmespser fo Heanban el dabe ser termsoi | e
ower neration .the total effic¢jency o bgco .as _|l.ow a bqut 44%to
Dave 15081 id 19 ils BlePiaties B Sissonheaient SaSimiiacd 08K i on
Ther ef Lt bj . D i i i i grpr oved
Iher ef Qi bl Ro AR AT BBl BT SRS hOLED BELASAR P! O
can ef fifehiilek, Wid | hen fRAaPllich ACRIdaaiRlth, BANRIIAGHSRAAL.. |1 1S

anot her ject o he present 1 nvention to provide an i'nproved oil fuel
bur ni ng i nt egilepdtisOFOsIAGE SiY ebAtAANSE nYEER TlavemeBAINRILWBE Gl can

effectively utilize feed oil to carry out power generation. According to
one asfssilerofucl hthe flases tempeeatirernni 4 betraer $npr buileethareases Upiedb bur ni ng
i ntegrated conbi ned cycle power generation system conprising: a fuel

pr oducialgpsty $86aPCombidls exceedl ssmedting itomperatgrdsoof tepamngninges sughoi |
conposed of a _crude oil, and/or heavy oil into a light portion and a heavy
por t i or§s ¥aBadiue; contadnaddndhegiesidite pilng ATRengithgimslied BAPUSILIAM ai n f uel

oil; a gasifjcation systemf gasi fyin he heavy_portion to_Rroduce
syngas I@Giﬁegl‘fﬁ'rh%f? r‘B%E:? ﬁ‘gée%ﬁ?'dt%%rnagﬁ?ﬁrﬁﬁﬁ el tag ingideef bi ne power
enerat,i an systemfor. driving, a gas turbine, usi t.he f.uel oil and the
gyngas }%%IT U géﬁr?'ge%’tﬂerg&'/ﬁ%%ﬂﬁﬁp&i cfh?coéﬁgn%]ysf”é}?ﬁ‘t ur bi ne power
gener atyiQRn fox. el 1 yi : i i : ¢ by heat
P ecoveriigh FphERr Rt e BN R o L ADI Ve B A RO S ik
ge”efatl@@P 1} idTRY éeasabfﬁ&_gﬁfkl} R?E dteshaf) t@%)? atd'd 1594pd,£M conprises a
tank for s ]8r|ng tﬁe fuel oil, and the gas “turbi ne power generation system

requi r eprabeebisrafiirrfitePithod spBeiad weaastulre Abhidheca Preventisen system as
basic fuel and further requires a supply of the fuel oil fromthe tank as

auxi | i asgcudmmenhcé of exdessivelyghiglptewapengznemeapordiorasyouinose epdénnieniy on power
demand. It may be arranged that the separation neans conprises a
di stil |larg@mnmhsanddvgemﬂmémeqstéa@phm adda meanealizexdsuela@st he refini ng
~ 8 MAY 7003 WO 01/3G566 4 PCT/JP00107988 neans conprises a hydrotreating
uni t f JRABBESHIHGUPAR bugnpgdhe beyter ied ot Thg, sheresis (RiSEHA £08t

i,on.

specif i;():raotblem, such as an increase in operation cost and construction cost.
Further, the efficiency of the boiler power generation using the
residue oil is as low as 40% or less which is lower than that of the general
gas turbine power generation. Therefore, even if the light oil obtained
from the feed oil is used as fuel for the gas turbine power generation and

the residue oil (heavy oil) is used as fuel for the boiler power generation,

the total efficiency only becomes as low as about 44% to 48%.



It may be arranged that the gas turbine power generation systefrgMpmpises a
conpression turbine connected to the gas turbine for producing conpressed
air to be fed to a conbustor of the gas turbine, and that the gasification
syst em cwordigsseut partial oxidation of the heavy porti on RESIAIR§0/07988
conpressed air fed fromthe conpression turbine. It may be arranged that
the oil fuel burning integrated conbined cycle power generation system
further conprises an oxygen separatign unit provided between the gas
turbine power generation systemand the gasification system wherein the
gas turbine power generation system conprises a conpression turbine
connected to the gas tur bSRMMARYY I THBJNMBENTHSINed air to be fed to a
conmbustor of the gas turbine, wherein the oxygen separation unit carries
out | owt enpeTinterctoree flasaan objastt afxthgeprdsemhipuention tohpraxddpragssed air
fed fromthe conpression turbine, and wherein the gasification system

car ri es improged dihfue bwaringringggrated woavhinest eyda nesverggengeaticd ed from

he OxYach ScRaLablon ULt TR 5. & Lapged Lt e ol Lyl ur i no
e P R P P S b A e~
ox!dat | o) B1 15 DR BLLPR BRI NIED L LA, BI950 BERIYCT 0
Teans. agdae ol ABRARRLI NG EEARSout WndrediaaterRO L on fed o the

gasification systemi1s a resi epdrate ol'vent deasphal ting

means from a heawydiy td 8Ae Hspele of €RE RebeAPIRdITbAYIHAR is PMBVRIEBCSSE 5
0 8 MAY 2003 PCT/JP0O0/ 07988 distillati on means, and that the residue is

uni f or may, 6lil $Qel baeninyg thtegretedodsimbitled eythepaatet idetetratibnsyisitem as wat er
slurry fuel. It may be arranged that the gas turbine power generation
syst em kcampripmgera Higratduomg syathm coshprising agsepratiorhare snplomer
generati on amount_ obtai nabl e bg using all the anmount of the syngas produced
in the gaphraidngifeed sjseanpoped iy ea1de praed/ ehheavneilgadotallighhe power
generation systemcarries oyt m xed conusti on of _the fuyel 8_{ l..inaliquid
phase aP@rtige and a heavy portion, and a refining means for refining the light

portion to obtain fuel oil; a gasification system for gasifying the heavy

portion to produce syngas containing hydrogen gas and carbon monoxide

gas; a gas turbine power generation system for driving a gas turbine using

the fuel oil and the syngas as fuel to carry out power generation; and a

steam turbine power generation system for driving a steam turbine using

steam produced by heat recovered from exhaust gas of the gas turbine to

carry out power generation.

It may be arranged that the fuel producing system comprises a

tank for storing the fuel oil, and the gas turbine power generation system

requires a constant supply of the syngas from the gasification system as

basic fuel and further requires a supply of the fuel oil from the tank as

auxiliary fuel for adjusting a power generation amount depending on

power demand.

It may be arranged that the separation means comprises a

distillation means and a solvent deasphalting means, and that the refining



syngas in a gaseous phase. It may be arranged that the gas turby gmﬂomer
generation systemconprises a plurality of gas turbines includi @ ﬂmbas
turbi nes each driven by the syngas and the gas turbines each driven by the
fuel oi IWOI0§/365%¢ be arranged that the syngas is constant| PGT&R00/879%8%e
correspondi ng gas turbines as basic fuel, while the fuel oil is fed to the
correspondi ng gas turbines as auxiliary fuel for adjusting a power
generation anount dependi ng on power 4demand. Accordi ng to anot her aspect of
the present invention, there is provided an oil fuel burning integrated
conbi ned cycl e power generation nethod conprising: a fuel producing step of
separ atinegnsseagnprisesya ydretrgasimgiunitoforfrefming (thedigidspartidn &ocr ude oi |
and/or heavy oil intp,a Light paortign satisfying a gas turbine fuel

speci f i tHiSI¥ A EA8 t&fh@&@%&@@%ﬁ%@mg a residue of the feed oil after
separation of the light portjon therefrom_ a gasification step of gasifying
essential |y dtmaldeamiangsst thalthegas tHEPNCROVEF E65ETRHPR YISteM dat i on

torbi gCCHBRé” & F? %ﬁﬁ%ﬁi‘ér%‘ﬁgiq?ﬁfgﬂé%%%%ﬁ%eaﬁglt&a d@bagﬁm ;o%nlgﬁzggﬁf gﬁsh
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wer eman eratl o

dependi ng on p ; and a steam turbine power gen step of

carryi nNSo:3n PRYEE tHEtepicN edshitTed iPam M OebeRTRYiok arHigaper ature
exhaust” gas obtainhed in the gas turbine power generation step. It may be

arranged t hatlttrhaydnsafiiiedothat fe dil9nel basnine ifRayytdiPebidine@t 0 wat er
uniformy to formwater slurry fuel when the heavy portion obtained in the

fuel prouile ipogvest ggndrasiom systeenifngthsyi cdmprighsrarn bapgdr @€pasationhen
gasifies the water slurry fuel to produce the syngas, that the gasification
step foani previdedbetweenithe gan tuehinePpoHer genexgtion shsteyofamhithg point is
hi gher than 110C and no hi gher than 140C, and then gasifes the enul sion
fuel tBaHBeaben:systeghrRcraandheras tubigsnawergeneraiiel systgsm t he heavy

ti it is i hi gh-t t t th fteni int i
R gher SHERFEES(@ CRPERBIP S e TnediEa sy Beret o Rng Biuce (he
ek L £.hat I ' [
o ot it (B ANR iy Bind 87 Ll BBMor B IAERRS RIS 5, ana
sti | g Step, “a’sor ral POt
oot ai ned Ty RO OREST SBfpt PRI AR AP Rt vont

deasphaddpdidtiv@Paf akygdh Hicth - pdrit dTahel@Apredi@adairall kb B3si fication step

uses conpressed air produced’in the gas turbine power generation step to
carry admbphesgionttivabime atad ivelnereih the)gdxifiedtion gydtémadanes out f uel
burning integrated combi ned cycle power generation nethod further conprises
t he st gpamialprodationgiothegbheavhpontjibnl wsinigergea fadefroapahataxygefir om
conpressed air produced in the gas turbine power generation step, wherein
t he separation unit.
It may be arranged that the oil fuel burning integrated combined
cycle power generation system further comprises an oxygen producing
unit for separating oxygen from air using a pressure swing adsorption
method, wherein the gasification system carries out partial oxidation of
the heavy portion using oxygen fed from the oxygen producing unit.
It may be arranged that the separation means comprises a
distillation means and a solvent deasphalting means, that the heavy

portion fed to the gasification system is a residue separated by the solvent

deasphalting means from a heavy portion of the feed oil obtained by the



0 8 MAY 2003 WD 01/ 3656G 7 PCT/ JP00107988 gasification step carries out the
partial oxidation using the produced oxygen. | t may be arranged @mhy ?drqp
r

oi | fuel gp(?h@(@?ﬁel nt egrat ed conbi ned cycl e power generati opc.pﬁi;dg%ggsgur

conpri se p of producing oxygen using a pressure sw ng adsorption
met hod, wherein the gasification step carries out the partial oxidation
usi ng the produced oxygen. It may be arranged that the fuel producing step
conprises a distillation separating sPep of separating the feed oil into a
first light portion and a first heavy portion, and a sol vent deasphalting

por 11 on ARtACBECEERCany Br M ot B \HiBEEH SiendfotniS S gl
th 140 ILfi | ' th d h
por i on st B0%ab 4Rt AeNTEPRRLA SR ALRS WAlel MBKTRRY ol ™ and (hon

gasifies the V}’?%.gé%?@sé%eébr{#@ tldl 0Bal RErBRd aweP Eblela 8 sibidiBY be

arranged t hat € power gBneration Sstep €arries out m Xe

combust iy Iaggsov?%ﬁgéﬁéi‘&t%ﬁ ldé?;ggt&i WhidH§s g}éﬁ't%r RAGH! é)?)ﬁgx{b : drietitiinPhase

and the syng gaseous p It may De arranged e gas turbine

pover gejpfibahit ¥btaifabRePRiRfiAL AL ad hasodt of fite BOWRAS §RBELREA A thel ng t he
syngas and the power generation using the light portion, and that the power

gener at igaisification tdystenngas is carried out as basic power generation, while
t he power generation using the light portion is carried out as auxiliary
power gener at ilbmaybesappingeshthatgthichgas deibineopewen ganertiom sy SRnkF

DESCRI PTI ON OF THE DRAW NGS The present invention wll_ be understood nore
fully fressrieseout migegopmbostiap of1ilssHed oil in a liquid phase and the

syngas in a gaseous phase.

It may be arranged that the gas turbine power generation system
comprises a plurality of gas turbines including the gas turbines each
driven by the syngas and the gas turbines each driven by the fuel oil.

It may be arranged that the syngas is constantly fed to the
corresponding gas turbines as basic fuel, while the fuel oil is fed to the
corresponding gas turbines as auxiliary fuel for adjusting a power
generation amount depending on power demand.

According to another aspect of the present invention, there is
provided an oil fuel burning integrated combined cycle power generation
method comprising: a fuel producing step of separating essentially all the
amount of feed oil composed of a crude oil and/or heavy oil into a light
portion satisfying a gas turbine fuel specification and a heavy portion
being a residue of the feed oil after separation of the light portion
therefrom; a gasification step of gasifying essentially all the amount of the
heavy portion through partial oxidation to produce syngas containing
hydrogen gas and carbon monoxide gas; a gas turbine power generation
step of carrying out power generation based on essentially all the amount

of the syngas supplied as basic fuel and further based on the light portion



PCT/ JPO0O/ 07988 det ai |l ed description given hereinbel ow, taken in Cﬁﬁ{#ﬂ%ﬁf’”
with the acconpanying drawings. In the drawings: Fig. 1 is a diag

schematical |y showing the overall structure of an ail fuel '
i nt egr at 2P UGKBsohed cycl e power generation system accordi n"ﬁ@%’eﬁ’%f erred

enbodi nent of the present invention;, Fig. 2 is a diagramschematically
showi ng a structure of a partial oxidation unit incorporated in the oil
fuel burning integrated conbi ned cycl & power generation system shown in
Fig. 1, Fig. 3 is a diagram schematically show ng one exanple of a power
generation systemincqQrporated in the oil fuel burning integrated conbined
cycl e pofidp dea‘aﬁ%hg@é?%fgﬁ@muﬁﬁngiagpowpr geaeralion AmauRtdi agr am

schemati cal | y showi ng anot her exanpl.e of a power generation system

i ncor poréFEG%fiH‘g P& 8pweru£qmm5h5ﬁs 5 ﬁf‘@dPéP\égl%RBWﬁécquP OBoHEP
generatiop syst.em shown in Fig. 1. DESCRI PTI ON OF. THE, PREFERRED ENMBODI MENT
Now, a pPLFRrRATEEHIORPHEA ECHE R NN FRIE NSFRBIRISELPYI be descri bed

i ngr am BTHEETRSIAGTE ARG EAS ORRITT B P o TAIrBHe P fuel bur i ng

I nt egr at | ycl e power generation system according to the
preferreggré'g 0 |ﬁgs(r§?ﬁbf the present invention. In Fig. 1, feed oil 1 1is

separat ed i nt oj@n|d\9BEk RPhHEEN tARH tRe P8 MUication step disperses the heavy
portion into water uniformly to form water shurry fuel when the heavy
portion obtained in the fuel producing step has a softening point higher
than 1400°C, and then gasifies the water slurry fuel to produce the syngas,
that the gasification step forms the heavy portion into emulsion fuel when
the softening point is higher than 110°C and no higher than 140°C, and
then gasifies the emulsion fuel to produce the syngas, and that the
gasification step keeps the heavy portion as it is in a high-temperature
state when the softening point is no higher than 110°C, and then gasifies
the heavy portion to produce the syngas.

It may be arranged that the fuel producing step comprises a
distillation separating step, a solvent deasphalting separation step and a
refining step for refining through a hydrotreatment the light portion
obtained through the distillation separating step and the solvent
deasphalting separation step.

It may be arranged that the gasification step uses compressed air
produced in the gas turbine power generation step to carry out the partial
oxidation.

It may be arranged that the oil fuel burning integrated combined
cycle power generation method further comprises the step of producing
oxygen through low-temperature separation from compressed air

produced in the gas turbine power generation step, wherein the



portion in a separation system2 of a fuel oil producing systen128. From
the light portion, fuel oil (light refined oil) 30 is obtained at 08 MAY 2003
hydrotreating unit 31. The fuel oil 30 is tenporarily stor i
internedwgﬁégfﬁﬁk 32 and then, when necessary, supplied tg%%”bﬁyﬁpﬂ¥bine
power generation 0 8 MAY 2003 WD 01/ 3G5GG 9 PCTI JPO0O/ 07988 system 5 (see
Fig. 3) of a power generation system 7 as gas turbine fuel. On the other
hand, the heavy portion is gasified ih a gasification system4 so that
syngas 50 is obtained. The syngas 50 is al so used as gas turbine fuel.
Accordingly, in this enbqdinent, the oil fyel burning. integrated conbi ned
cycl e p&wﬁcaa«m LR FAENISE OM LIRS wﬂalﬁﬂég@emwngythmrqdi@e&}munt of the
feed oil for producing gas turbine fuel. The feed oil 1 nay be crude oil or
heavy o?¥Y8%} a mixture of crude oil and heavy oil. The heavy oil also
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t oget hegadificht RS E&Ip eattiefotht e PaxtiAlckilAtiBnaAlsiAgUBRUSTRlas thereby to
renove al kali netal "which adversel'y affects a gas turbine. The feed oil 1
thus desgldegt is sent to the separation system2. In the separation system
2, the feed oil 1 is first fed to an atnospheric distillation colum 21 as
a distillatidit megnbe wreargedi¢hfibdélde dukl produciegastapembmprisesiaght oi |
(atnmospheric light oil) 22 having a bojling point below _for exanple, 340C
t o 370Cligtidlagion Ssrerabingsyiepud snaragngatheteed il g afist lightpoi nt .
Thereafter, th?gft spheric residue oil 23 is E@ﬁtegﬁﬁo a predeterm ned

t enper RFOT R StSa O RQEOR nBPdsh 8ANFNA NEasREAIARE SepaRaU B uUm

Sy S
bot |1 ng 5811 ?*%%V%W s Rt Ronige AR Pl TRRGR, 2003 vo
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Since t ed ol 1s used Int i ment as
descri h@ﬂte&beﬁeforhlﬂg teaptithice aiadee sRirfrydbet adhd ehtH ddiefie S eR@kaitesd 1 nto
deasphalted oil 28 being a light portion and a heavy portion 29 being a

r esi dusslufriafigel vierdugieahphairtial@xtdatiod7 as a sol vent extracting nmeans.
This separation is carried out such that, for exanple, the vacuum residue
oil 26 and a Konagnie arranggpthatthegesdusbingmomesrgemspatioanstepower si des
t hereof to, achieve a countercurrent contact therebetween, thereby to

separ atGAITIES QU FpinedesomiItion oy sippgltanepysly byrning the dight meatipnporti on
accor di.ng ﬁjio a differencg..in sol ubili téﬁto t he.solvent. The thus obtaine d

dfaasphdpt% B1d phageand the sYRBES I3 fs‘?%uw}?aaei nto the light oil 22
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ccor i BB P B B e . & large
anount l_ﬁinﬁ%d EghEa s chericdsou 88/basid peties getératiochwshidbtiae peders a
solid pitch having a pitch softening point no less than, for exanple, 140C.
I n t he deydratioentisigg the tighl, pditivrl igbarmded o2 Asvauriliamytowse vacuum | i ght
oil 25 and the deasphalted oil 28) and conpressed hydrogen gas sent froma
hydr ogegeneiration( fart sspplenpentiegctheskasicpgpaes generdtabyst bed, thereby to
renove inpurities such as a small anmount of netal, sulfur and nitrogen
entering into hydrocarbon nol ecules of the light oil 22. The

i mpurity-renoved |ight oil pé?lréaht refined oil) 22 is.in a liquid phase at
ordinary tenper at ur eB3EFs RIRTIOR OR{EHBdARAMEINGR/K 32 as the fuel oil

30 which is lied to,the gas t.urbi ne power generation systemb5
Lﬁ)ep present 1nvent?on wxﬂ be understood more fully fro¥n the




0 8 MAY 2003 WD 0113656G 11 when necessary. PCT/JP00/ 07988 The fuel oil 30
corresponds to gas turbine fuel oil or a light portion satisfying gMNa#03
turbine fuel specification recited in clainms. On other hand, the heavy
porti on WO (18§6566d to the gasification system4. Since it PETHPPINEBEt to
handle (i.e. store/transfer) the heavy portion 29 as it is at normnal
tenperature, the heavy portion 29 is fornmed into a slurry in a pretreating
unit 41. In the pretreating unit 41, g he heavy portion 29 in the form of,
for exanple, a cooled solid pitch is comm nuted and then added with water
and a dispersing agent to be forned into a residue-water slurry 40 using a
r esi duedettilad descuptiongiventhareinbglows itaken inccajpustion wmith/tlsecosi ty by
the residue-water m xture apparatus is gasified in a partial oxidation unit
42. Fi gaCQOm§a@Yélﬁlﬁg5rT&m1§€herrati cally showing a structure of the partial
oxidation unit 42. |In the partial oxidation unit 42, the slurry 40 and

hi gh- pr essur el ta@@ramangeat ed i n advance and injected into a reactor 43
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carbon is conpletely renbved, and then Sent to a heat exchanger 45 where

t he gasoxkigla¢ivdl aehit m@u”rg@rdiemarrytm@memu Bifrnidfehetrheéd combsiedci d gas
absorbing columm 46, HzS is selectively absorbed and part of acid gas such

as C02 cyclalmowabgen redticro sy biatm tshevary iy d8g5Q0; conposed of 0 8 MAY 2003
WO 011 36566 12 PCT/JP00/ 07988 high-purity CO gas and H2 gas is obtained

whi ch can be bige® saglisgrampschematicallpshovemngtane gagipleafiaopowgst em 4
and the power, generatiaqn system 7.is_praovided an expander (not shown) for

r educi nECREFRLATESEFIEN dNCPIROTAIeH MR e qthBacleupyng ntegsatsdn separ at ed
it aAomned Rtk BaREr # s el R RN Pl . 1000008 | h 1S
b acessi ng. url & PE1s ala BN Bchud Sho¥fied dnd@itr SIRERR o £

tenper b ey BefePEABRNY Reimt HlcorpbidEd SPalCBITHEL Brfing Reatdl
nitr Ogeébrhftﬁl}x@@a:?cl@ﬂ@\ﬂe% geieralibR dydte RDSROWNTG IMgoh-purity oxygen gas. As

the air used in the oxygen separation unit 62, conpressed air to be used
for conbustion in the gas turbine, which will be described later, is
utilized. Fig. 3 is a diagram schematically showi ng one exanpl e of the
DESCRIPTION OF THE PREFERRED EMBODIMENT
Now, a preferred embodiment of the present invention will be
described hereinbelow with reference to the accompanying drawings.
Fig. 1 is a diagram schematically showing the overall structure of
an oil fuel burning integrated combined cycle power generation system
according to the preferred embodiment of the present invention.
In Fig. 1, feed oil 1 is separated into a light portion and a heavy
portion in a separation system 2 of a fuel oil producing system 20. From
the light portion, fuel oil (ligh't refined oil) 30 is obtained at a hydrotreating

unit 31. The fuel oil 30 is temporarily stored in an intermediate tank 32

and then, when necessary, supplied to a gas turbine power generation



power generation system7 incorporated in the oil fuel burning integrated
conbi ned cycl e power generation systemshown in Fig. 1. In Fig. (33 MMhell
power generation system?7 is in the formof a conbined cycle power

gener at | wo @yds@m i N whi ch a gas turbine (expansion turbi nGT/FO04AWP8a st eam
turbine 74 are conbined. Air is conpressed by a conpression turbine 70a
rotating coaxially with the gas turbine 71. The conpressed air is fed to a
conbustor 70 to burn gas turbine fuelg thereby to drive the gas turbine 71
by conbustion gas so that the power is generated in a generator 72. The
conpressed air obtained through the conpression turbine 70a is fed to the
oxygen sypéematd ¢geeaifig. Hofva poswvear gemezatianggratam Fhas gas sulsbane fieel. upst r eam
of the combustor 70. Specifically, the conpression 0 8 MAY 2003 WO

A / 3G6©On3heanhepdrandods haavy pertion is gadgified an cogpsificasbmsystein 4 or
exanpl e, about 20 to_30kg/ cnR for conbustion in the conbustor 70, and part
of thi s seothateszgrubP ipohirined.edThe syngasoynalsepused iasngamibyripzme On t he
ot her hand, high-tenperature exhaust gas discharged fromgthe gas turbine 71
is fed tgeh whseerdingly, in PWWIP&R"?3Pet%bﬁéﬁgyb‘€ml@&ﬂt§g@f§ﬁeam by
heat of the, exhaust, gas. The steam drives the st.eamturbine 74 so that the
pover | SOPRREIA BHCIErbON e BERERAIO SYSUER BiIGHOLFE CSSFBPRGY 411 tARd 74 have

t hei tput. .shafts ineFig., 3. .th lsq b d ially with

bach of rEpotnf At hE1etd gkl hadicibE B BB Pl Sl on Lur bi ne roa.the
turbine 7 : 2 ' : i

Gener at 1 on- syl GLAPARNTbE ordfe NG Helkg AL SR 0T PR

turbine o?ﬁaﬁ&%é;ﬂ%r ganeTakeMehr 6107234d h&ﬁlﬁd@s%tﬁ%@;%l&'&t?b NesRRYERIGRNer ation

system 5a. Fig. 3°shows only one gas turbine 71 1nthe gas turblne power

gener at iv@eueihtregidue Oil. t A thleRllohdang exiplai@tion| HOihesHlimeddethtifeat a
plurality of gas turbines are provided and the nunber of the gas turbines
to be opdlaeh as themrabibacdcesttoa dight srutibeiomkiclgennatainisolesanount
dependi ng on demand. In the exanple of Fig. 3, the fuel oil 30 in a liquid
phase adthpumdties and makes it possible to recover a large amount of gas turbine

fuel is used as the feed o0il 1. The feed oil is first subject to a desalting
treatment in a desalting section (not shown). In the desalting treatment,
the feed oil and water are mixed together to transfer salt and mud matters
into an aqueous phase, thereby to remove alkali metal which adversely
affects a gas turbine. The feed oil 1 thus desalted is sent to the
separation system 2.

In the separation system 2, the feed oil 1 is first fed to an
atmospheric distillation column 21 as a distillation means where the feed
oil 1 is separated into light oil (atmospheric light oil) 22 having a boiling
point below, for example, 340°C to 370°C and atmospheric residue oil 23
having a higher boiling point. Thereafter, the atmospheric residue oil 23
is heated to a predetermined temperature in a heating furnace (not shown)
and then fed to a vacuum distillation column 24 as a distillation means
where the atmospheric residue oil 23 is separated into vacuum light oil 25
being a light component in the atmospheric residue oil 23 and having an

atmospheric boiling point below, for example, 565°C and vacuum residue



syngas 50 in a gaseous phase are sinultaneously supplied to the [b%gll\! tgurué)i ne
71 for m xed conbustion. Fig. 4 is a diagram schematically show ng anot her
exanpl e of the power generation system 7 incorporated in the oil fuel

bur ni ng WR &g#&fed conbi ned cycl e power generation system BREWRPOOR3Ri g. 1.
In Fig. 4, the gas turbine power generation system5 includes m gas

turbi nes GTA1L to GIAm each using the syngas 50 as fuel, and n gas 0 8 MAY
2003 WO 01/ 365GG 14 PCTI JP0O0O/ 07988 turtyi nes GIB 1 to GIBn each using the
fuel oil 30 as fuel. Although not shown, the steam turbine power generation
systemb5a is also provided as in the exanple of Fig. 3. In the exanple of
Fig. 4, ahéepy partionk26drRANg a he@vpmamponenicen for a base load, i.e. fox
a firmoutput, while the gas turbines GIB1 to _GIBn are driven for an

auxi | i ary out pRimcedhestglptizabnhighyquadityifeed edtisuasedh im thismemdodimengher .
The syngas (CO .+ H2). 50 adjusted in pressure is fed to the gas turbines GTA
1 to GT&H descHbpd baves ihgsmamumorasidue one26 Gasy bgdusther soparatetr r i ed

R I N M
| e, dus i he .ni,gh he. d i [ 1., In.thi

L e

i ne P4 o, LA S 8, 016 SEPELALIAN WA CRRMERdeaRRIS O

' | ary . Ju n. O\II\BI’
amount . difoBhi §d GRE6lvehtdrbUshplidd iftd 8EoliAM trldfn Wi SerEei abget ank 32 to
one or nore of the gas turbines GIB 1 to GIBn according to variation in

demand. &k thetddfStoraclaiRge B Bbunitércifte SOV tddtaRIVBEIVERIL 1Rk &y k6 OM
smal| scale to large scale, and the power supply is ensured even during the
peak densephrate the diacgum riekidfie dlgRb igteadightrecrtéod atid®teadl, t he present

portion according to a difference in solubility to the solvent. The thus

obtained deasphalted oil 28 being a light portion is mixed into the light oil

22 along with the vacuum light oi]l 25 and fed to the hydrotreating unit 31

as a refining means. The foregoing operation performed in the separation

system 2 for recovering as much light portion as possible is called deep

drawing wherein, for example, the light portion which is nearly 80vol% of

the feed oil 1 is recovered as fuel oil in the separation system 2.

Accordingly, the heavy portion 29 being a residue after recovery of a large

amount of the light portion is highly viscous and is thus obtained as a

solid pitch having a pitch softening point no less than, for example, 140°C.

In the hydrotreating unit 31, the light oil 22 (mixed with the

vacuum light oil 25 and the deasphalted oil 28) and compressed hydrogen

gas sent from a hydrogen plant (not shown) are caused to pass a catalyst

bed, thereby to remove impurities such as a small amount of metal, sulfur

and nitrogen entering into hydrocarbon molecules of the light oil 22. The

impurity-removed light oil (light refined oil) 22 is in a liquid phase at

ordinary temperature and stored in the intermediate tank 32 as the fuel

oil 30 which is supplied to the gas turbine power generation system 5



invention, the feed oil 1 is separated into the light portion and the heavy
portion V\/nerel n the light portion is used for obtaining the gas tuﬁﬁlm 2003
fuel oil, and the heavy portion is gasified to obtain the ch is
used as 3’&01{385‘% ne fuel. Thus, one unit calorie of the fe %ﬂg@ﬁmﬂ;h
utilized as gas turbine fuel vvith essentially no waste so that the hi gh
power generation efficiency can be achieved. Further, since essentially no
wast e 0 8 MAY 2003 WD 01/ 36566 15 Mdtter is produced, it is also goad for
t he environment. PCT/JP00/ 07988 Further, as in the exanple of Fig. 4, all

t he syngas V\/mch is difficult to store is used as fuel for the base |oad
power ¢ C6ASSHR1 e the gas turbine fuel oil which can be stored in the

LELS{ Zﬁg'n?? ﬁg&ﬁ?kf%%veﬁfﬁéeééﬁs%ﬁﬁﬂé‘ﬁé@é@ TS Syeha %‘?‘ﬁ%ﬁﬁgiﬁhﬁgw duri ng
Furt her SaPREABE A BAYSuh %%?\Qﬁfﬁﬁéﬁlﬁ%%ﬁ?é‘g%?ﬁaaﬁw%ﬁg“?Le parti al
oxi dati on uni b % hér ﬁ%@t{heén%gé‘ﬁagggp Qp% @tl% gQF c%ct%rl[ t pl ncl udes

the | owtenperature process a requen

oper ati gg&enﬁﬂﬂr adgirdeL 1s@1fﬁ&§ltft8rmet(f‘@ Eﬁﬁ‘é Qfaxﬁs?fef Hd el L1 al

oxi dat i unit 42 are brittl evx/nentheterrperatu andes frequently. In
vi ew of pbbtien 29 dsSitad\@Maeaaal ferhperdtare) ehé Heaas é&tﬁﬁ: Qgsi‘sqbfﬁh‘éh Wen
pr oduci ng gaseous hi gh-concentrati on oxygen, the air | owtenperature
processimm@ asltrmeiivarmettdetingrriesded Iai theopretreatiagampitel 1,ahel east about
5kg/ cnR2. In this enbodi nent, since the conpression turbine 70a for f eedi ng
the combpeesygbréion 28 inhthgisrmwibfaressianple @ osekedasolad pihsisf or f eedi ng
the conpressed air to the oxygen separation unit, it is not necessary to
separ at EPyupiEViekandctign adddiedgvithangtersand & disparsingagerttobei s

expensi (& IS advané geous | vi ew _of cost ﬁllsiﬁer than the air
Iowtené@?%\? ABtQ Agesidp @”%mrtsuaw 89\ EingR SBHAYGWREE TRIXEFREE  f or
exanple, _a GA pressure sw ng adsorption) nmethod nay be used as the oxygen
separ at PBRAATS62. This oxygen produci ng unit separ at es oxygen gas from

a1 using a niogen-aUSPLAhl ABaAALs GeP BRIV ALLERISPaASCaEIY Lo the

PSA et hod, 'S s or a case anournt o oxy necessary

for par Ta;)%br%g?é bABifled in 8 eﬁall\ﬂ%! 0%98338&9 @&{t%%Fg PlTER dQQ%éE}%%B

10000NNB l'ess.” Since the conpressed air is alsotequire [ is
advant ageRematicdlBeshbwifgWsRseiare bfithe parridd okdati®edinig 40he 1n the

partial oxidation unit 42, the slurry 40 and high-pressure steam are
heated in advance and injected into a reactor 43 along with oxygen, and
then separated into slag and gas containing CO (carbon monoxide) and Ha
(hydrogen) as main components through a partial oxidation reaction
under a process condition of, for example, 1200°C to 1500°C and 2 to
85kg/cm?2. The thus obtained gas is rapidly cooled to, for example, 200
to 260°C by water in a quenching room provided on a lower side of the
reactor 43, so that most of non-reacted carbon is removed. Then, the gas
is sent to a cleaning column 44 where slightly remaining non-reacted
carbon is completely removed, and then sent to a heat exchanger 45
where the gas is cooled to an ordinary temperature. Thereafter, in an
acid gas absorbing column 46, H»S is selectively absorbed and part of acid

gas such as COz is also absorbed so that the syngas 50 composed of



conpressed air to the oxygen producing unit. In the foregoing pwmﬁ@ﬁ
enbodi nent of the present invention, the relatively high-quality Ara ?

extra light crude oil is used as the feed oil 1, and the separation system
2 perforWP BRES6§eep drawi ng. However, depending on the qué’FiPFfJ}'on?”%e f eed
oil 1, for exanple, the contents of inpurities such as vanadi um or nickel,
the ratio of a light portion to be extracted by the separation system 2
changes. Under the present conditionk2 since vanadi um danages gas turbine
bl ades, it is necessary to change the separation ratio of a |light portion
(the degree of _draw ng) depending on the contents of vanadiumin the feed
oi |, tHagdpPUryyLEhras andhH2 st snktaged sdughsan hetdred asigasd oi |
obt ai ned throygh, t hydrotyeating. Since the natuyre, such as the,
Vi scosiW&’l’aFL%‘g‘eherg?f‘é%?’? it ﬁa’%séfg‘F%ﬂfé‘) SXF%“C#%H@ CRPWRHBRPCHA PR

' necessar, ect refrea met hod far the

degree of draw.n it o sel ti

ot duSTRLEDT di HPHAIERS A FEPantRE [l Shob o IP B D PTESRERA Bf ¢ he
feed oi th V, r of light portion fromthe feed oil is

control d§y§%%§§@ ‘S’%@’sﬁ%&sm recovery rate of a heavy portion as
a'residue als : i quqp i Qf

pr esent inven‘?fgg%q?%‘%?aﬁég&v%/ﬁg %ﬁ?’gia%goﬁ%rfﬁéﬁ%fe p(ri%gﬁglhnlg %ér%gess IS
used aspf LPt Aosdidh Catik @B pr ; , r égq}{, i's

carri eﬁnogtf\é g?cgégleﬁg to t%g{ngr?ur ewgl?ﬁtst_#g eaﬁto?ileqﬂ$tgci§ﬁ ca %’, when
the pitfph eS@rhSIH, TDEOONINYTh ieedidavd iR ithe PeatRd Bxilddion et BEAMTOI | s
cornm nuted and added with water and a di spérsing agent to be forned into
uni f or rdiy 16Ws pahpedaraveeprovtiseing Lt i6 heed as\Whenothienpsépdragivn eming poi nt
of the heavy oil is higher than 110C and no hi gher than 140C, the heavy oil
i s uni fa2nl The dir JomAerapotati@eqirceesShghanRGiqudidy Ol ai exdeimely nel t ed
state with an enulsifier to be forned into enul sion fuel. Further, when the
pi tch dewt temnpgrpbina and fraetippates i§ifor pepagation keto exygen {Og, gahand
pretreatnment i ot performed.and the heavy oil Jis fed to the gasification
pr ocessmééog%iNakﬂqg @é%‘gb‘?’ syiahle dox 9ETEHn %%‘Q@#T@%‘é’r%’é‘g 8t eASFor
exarrple,c when th .A[qa_lbi an |1ight crtéde oi l éé used as t e.fg)seg Qil 1, the

pi tch S8 21 REED I HICHPIELE FRRAAUSS BPUC20CoRPTESSTH 810G PE3R] on
system -aho, 04 0 140C (m ddl e

dr aw ngiéag:g)r eeE %tliglcig){r E‘F‘ﬁéﬁﬁhﬁn‘&f’%ﬁﬂg%‘?%ﬁqﬁﬁ i#gg’ ltJ)‘"’e carried out
to formtifigedeavy oil 29 into enulsion fuel. On the other hand, for

exanpl e, when the Arabian heavy crude oil is used as the feed oil 1, the
heavy porti onpisd PREAMEEgRIMNEddhatitally 30eSinkbrid E£88IP1Y ofith800C and no
hi gher than 110C in softening point (shallow draw ng degree). In this case,
t he hegwywepgeherat@dnmystém Neaterparaded épttherovihfigldhatranganaegmratedt at e,
and then fed to the partial oxidation unit 42 without the pretreatnent as
shown mpmabiaed eycld pewarigenergtion spstém seepnng Figuildity. 1t may be
arranged that_ the comustor of the gas turbine in the gas turbine power
gener ation syl Big-53, i peves &gnsraHon ssemo] is irdbederm & and a syngas

253;& SO%ﬂzrx'lEmé"‘q‘Pdf&x?kiﬁB?v!% g%%%%ﬁﬂé&ri?eﬁéwﬁ%&@i%}éﬁ RS or g??lihinlﬁe )
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consunpti oh anount-used Tor opération em |
turbine 71. The compressed air is fed to a combustor 70 to burn gas

turbine fuel, thereby to drive the gas turbine 71 by combustion gas so that
the power is generated in a generator 72.

The compressed air obtained through the compression turbine 70a
is fed to the oxygen separation unit 62 via a pipe arrangement which is

branched upstream of the combustor 70. Specifically, the compression



In the foregoing preferred enbodi nent, pure oxygen w th approxi ?@%MV@%O%
oxygen concentration is used for partial oxidation in 0 8 MAY a

/ 36566 18 rcTirnooi 079ss the partial oxidation unit 42. Instead of it, air
Wi th 30%We9aeéeoncent rati on or oxygen-enriched air with PET/EPIALTPSS e
oxygen concentration between 30% and 100% nmay be used. When the air is
used, the oxygen separation unit 62 which is expensive is not required so
that the systemis sinplified in strygure and reduced in cost. <Exanple 1>
10000bb1/ D at nospheric residue oil of the Arabian extra |ight crude oil
including 11 ppm heavy netal was used as feed oil, and fuel was produced
usi ng t Herbine 7@l fdadrsmhcgcompewsmbdlrdﬂnfnm@camm,eamﬂog@ner ation
system shown in Fig. 1, resulted in recovery of 84vol% refined oil. The

r ef i ned ke emt dapopmbustien én dheigombastarnkO aadd pantiofddias gas t ur bi ne
fuel oil during the peak power demand. On the other hand, a 13vol% oil

pi tch omoannwsqdomralsrﬁawe%ptth@rpxy@é&&ﬁr@ram@ HAENOZ. 150C) in softening

ES'ntS);sa?ﬁ the QArBeftE hed hlgihv\iéfgg)si%‘g{rrﬁib SRS (e r%‘é%it%%%dg;?t ’
|5 carr 88 BAh CHEERO ARITE RO R PAS T tEES R Pihch GtePy; Sgﬁriﬁh"f”he
he- basiheenars SiRmay fielk of the (HRATAT BB, D 3RE Sritn AR deRRCn Wi
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the gas {upMOT4 §¢khat khe Podft rrlelg@e,%%atﬂe@ﬂ%?é&rawp?shewm %hgﬁ% oi |

of the Arabiran light crude oil inc I ng 32ppm heavy netal was u as feed

oi |, andurbghes\d PHAQGUFBEvEThBE dRA diltEuftl&iaf&U{rﬂm 3Ntegy sl atybi ned

cycl e power generation system shown in , resulted inr ecover y of
76v01% rsf anethged coddnallyewithechah bthey. terrpor arily stored in the tank and
utilized as gas turbine fuel

In Fig. 3, the combustor 70, the compression turbine 70a, the gas
turbine 71 and the generator 72 constitute the gas turbine power
generation system 5, while the waste heat recovery boiler 73, the steam
turbine 74 and the generator 75 constitute a steam turbine power
generation system 5a.

Fig. 3 shows only one gas turbine 71 in the gas turbine power
generation system 5. On the other hand, it may also be arranged that a
plurality of gas turbines are provided and the number of the gas turbines
to be operated is controlled to adjust the power generation amount
depending on demand.

In the example of Fig. 3, the fuel oil 30 in a liquid phase and the
syngas 50 in a gaseous phase are simultaneously supplied to the gas
turbine 71 for mixed combustion.

Fig. 4 is a diagram schematically showing another example of the
power generation system 7 incorporated in the oil fuel burning integrated
combined cycle power generation system shown in Fig. 1.

In Fig. 4, the gas turbine power generation system 5 includes m

gas turbines GTA1l to GTAm each using the syngas 50 as fuel, and n gas



0 p MAY 2003 WO 01/365G6 19 PCT/ JP00/ 07988 oil during the peak pB§eMAY 2003
demand. On the other hand, a 2lvol%ooil pitch obtained froma heavy portion
(residue) was low ( 130C) in softening point and thus was i l e for
bei ng f oMf28/363¢6 a water slurry. Accordingly, the oil pit g&ﬂg@mtﬁgqgrred
into emulsion by a mxer and then gasified into syngas in the parti al
oxidation unit to be used as basic fuel in the gas turbine power gen
eration system Wen the conbined cydhe power generation is carried out as
in Exanple 1, the system generates about 50MN using only the basic fuel,
while it can generate %%OMNat maxji mumin conbinatign with the gas turbine

fuel oi FurkipesdplB lsto Gidneachpsingdymbaclol 84 asduel | AMthengh Kothi an
heavy crude oil including 110ppm heav t al s used ag feed ojl, and fuel
was pr oBlERE UEERFEAR B PITIBP ST g PR CTF I BL DB R RR PTEyed Bower
generation, systemshowa.in Fig. 1, resulted in recovery of 66vol%refined
oi l . ThénttBFiWBfel oﬁAEl'?t‘g%Tporari |y stored in the tank and utilized as gas

e el 5 kol ok B B PO G RO SIS S it 1
point apd. 246 lbﬂd‘“i%f??% Byﬁﬂﬁnog%f&ta%ﬁ@?h& %té% Mﬁﬁ%ﬁ?%ftb n a

hi gh-t enperat ure st aft cor the or I pit ch was y sent to the

parti al ; b Of bl jnl i (Wolal

a1 o Vi e ol i SukiRly Qugh® P auTRRIANE s IEhE ol
gener at yerp¥ehtnd YWenghée conbined cycle power generation is carried out
as in Exanple 1, the system generates about 70MN using only the basic fuel,
while it can FheeyaigaSIOMY &lo) SiXkadjusted inoptdssatriedn fed ttb thieegegas t ur bi ne
fuel oil. Wiile the present invention has been described in ternms of the
pr ef er r tarkmesdaAdt to GTAmmiara pipe asrangemenbeol thatithbe pawert o, but can
0 8 MAY 2D03 WD Q1/ 36566 PCTIJZ' 00/ 07988 20 be enbhodi ed in_varjqus ways
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magnitude of demand, for example, even during the night when the
demand is small. In this embodiment, since about 60 to 80vol% of the
feed oil is produced as gas turbine fuel oil, when large-scale power
generation is required, part of the fuel oil is used as auxiliary fuel for
adjusting the power generation amount. In this case, the fuel oil is fed
from the intermediate tank 32 to one or more of the gas turbines GTB1 to
GTBn according to variation in demand. With this arrangement, it can
cover the power generation from small scale to large scale, and the power
supply is ensured even during the peak demand.

According to the foregoing preferred embodiment of the present
invention, the feed oil 1 is separated into the light portion and the heavy
portion wherein the light portion is used for obtaining the gas turbine fuel
oil, and the heavy portion is gasified to obtain the syngas which is used as
gas turbine fuel. Thus, one unit calorie of the feed oil can be utilized as
gas turbine fuel with essentially no waste so that the high power

generation efficiency can be achieved. Further, since essentially no waste



a fuel producing  systemconprising a distillation neans for separating feed
oil conposed of a crude oil and/or heavy oil into a first |ight pd}ﬁwﬁhuﬁhd
a first rtion, a solvent deasphalting nmeans for s i he
first hé&@@y%gggion into a second |ight portion as deasphgp?ggﬁ%l 8sfamd a
second heavy portion as a residue, and a refining neans for refining the
first and second |ight portions to obtain fuel oil: a gasification system
for gasifying the second heavy portibd to produce syngas contai ni ng

hydr ogen gas and carbon nonoxi de gas; a gas turbine power generation system

for drivi . bi ng .usi h il .and th fuel
cgiryrgéhﬁﬁaaﬁggag%ﬁéﬁ P Hg%g%ggé°§ﬂ%§ﬁ#?3$ﬁ?ﬁguﬁ% Tségggfa??onugys:gnlfor
dri vi t bi ne. usi t heat d f haust
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fuel oi} B Qtu}%i&@ﬁfla%i@ cRUE] Le&REF&d Eﬁ‘ﬂhéXﬁE&fi’?Bé&%‘db gggpgconstant

supply o e syngas fromthe gasification systemas basic nd further
requi r egsad SUPRh¥ AixiliRey Pdterddnerabion! foe sidiieterdivig khapowdre! for

adj usting a power generation anount dependi ng on power demand. 0 s MaY
2003 22geénerditor®idastdadn hleymgasnfaoeedmple abiingdheysé£k dewingener at i on
system according to claimZ, wherein the refining nmeans conprises a

hydr ot r Fatispdt cantcover thefwidenxprigecof power alednammdond | i ght portions to
satisf y a gas turbine fuel specification. 9. The oil fuel burning

i ntegrated colfvirtesr, dhel exygenesenprasion Yot 69 Jeedingexygtitnte thecl aim |,
wherein the gas_turbine Pomer eneratjon system conpri ses a conpression

t ur bi nePabipkexitation LRdL desistibAblE P52 FRRHNEPHS WeRrptitas8imcs it to be fed
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cor i oonthags P oV aher s Star S AR HTHE U5 s ES Fregenti ng he
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ot bt ap it Estan ferdohd, Cuf QHRISSE, BRCKH Bhilhe Whe Ffcfiraq R il 1) O
further oo oiRr b1 LAY 48T RERAIRE Wik Bhé tOmPErdesrPELNRESs t he gas

t ur bi ne” power generation system and the gasification system wherein the
gas turpieaeicpeler laevienabi thiss ytsiserdwnoiiapesas ta i@ sgheas 50 hsne
connected to the gas turbine for producing conpressed air to be fed to a
conbust baswffudle gas turbine, wherein the oxygen separation unit carries
out |owtenperature separation of oxygen frompart of the conpressed air
fed fromthe Vingn preducing gbseeys highwomcehtration gaygéncte air syst em
carries_out partial oxidatign of the second heavy portjon using oxygen fed
from t KOV tBUIFTSEPES RIPEESIIRRUNIt requirnpRherpmpaessedmig @y FOX uel ~ bur ni ng

T DA B SRR, T 0
U5 PRSI GRS R g B RaodSEA D DSBSl Lo

oxygen r S5 g i Fhof lJB@k i ng
i nt egr aifglsgoﬁﬁ%%gg éé?/%l e pgémlg{yégieﬂ%rtgﬁicgﬁiévg;%%%gé%rtlali@nog toﬁcl aim1l.,

wher ei Ns¢pgraafn®Rhit|E@vy narmédeRshsy tﬁlhépaféwl}dbﬁ@ﬁﬁ%@cbﬁim‘e\é@iﬁ% and fed
to the gasification systemas water slurry fuel. 8. The oil fuel burning
i nt egr afsghreoniBineed Ay @lie compressgeireghengiveyittieadenageogs in viéwi m 1,
wherein the gas turbine power generation system has a power gene ration
capaci t 9f vbstch Qthey dwtethe lsan lowgompergtnre procassing antit,olm aixygbhe by
using all the anmount of the syngas produced in the gasification system 9.
. The oi | preducing wnitgusing der esanydaba A (prassupe wavingadsaption)syst em
according to claim1, wherein the gas turbine power_ generation system
car ri esTENOR T8y komMsGstaD e LXY BN SERRTRIPN YN §F.qullisppaigerand t he

10. The oil_fuel, burning inte

. syngas in gaseous hase. . rat ed combined
cycle BRI B SRAISIE? O BT A T grdiah: niGREFR et
ol udi AESTL HERST i FREE AT AT kb th FvEmihod Bntti R R b nes

each drpvaleRyhEAEthd 8mShht of oxygen necessary for partial oxidation is
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generation system according to claim10, wherein the syngas is constEhMAY, 2003
fed to the correspondi ng gas turbines as basic fuel, whil .B ob/dsdsg0i | fed
to the cHNQPE4di ng gas turbines as auxiliary fuel for adjusting a power
generation amount dependi ng on power demand. 12. An oil fuel burning

i ntegrated conbi ned cycle power generation nethod conprising: a fuel
producing step including a separatiodfstep of performng a distillaiton to
separate essentially all the anount of feed oil conposed of a crude oil

and/ or heavy oil jnto a firgt light portion and.a first heayy.portion being
2 T esi ddOOGONmE/ hewalessi ﬁp@%tgsmpxweéfmmg AlBRFeqTEd) itglﬁt portion

t herefrom and further perform ng a sol vent .de hal ti ng. separation to

separ at @Qf’ RBLgGQYS ﬁ%é’%‘? mﬁ'??@g’qﬁﬁ?@nat%r &Bﬁﬁa} &theﬁ‘gﬂg ® as deasphal t ed
oil and_a_second,hea ortion_as._a,lesi and further including a

rlefi ni nﬁog}%rﬁsggd@éf;fﬁitﬁa ?’h’egeﬂ qud%ﬂﬁlgggﬁ%hd | gﬁt port: onsutij gbt ain

ref i ni nfStR55F f1 Pt nd 1ight portions to obtair

of “gasi fyi ng SaAoReEeRgRg iR dRboBRRE L T A b s PRV, 8% b ohon
gasi fyi ng € | ™ :

ronox 48 B e B B R e P R A et ey

carryi ngn@Uuih PS¥EATAEHNE 'sPstaR Dyeefbravs %é@@%badlﬂa‘;(viﬁgl Hewesgynt of the
syngas supplied ‘as basic fuel and further based on the fuel oil supplied~as

auxi | i aggpetding oh €t uysikalitg of theVieed @ik firl @tarapie)thedspetedit®@fon power
demand; and a steam turbi ne power generation step of carrying out power
gener at impuritiey sachaas yeoddodech by nickel; thepatiatefr lighh postiogato bet ai ned in
t he gas turbine power generation step. 13. The oil fuel burning integrated
conbi ne@xtrasted fywkre geparation Systemcd chesgesi nYnderdihg Bresentuher ein t he

gasification step disperses the second heav ortiopn intp water uniformy
to for wmﬂgﬂogﬁu?werma@)m cla%aaseéwsabﬁ‘b?%tbﬁ# » AR PRCETRATY IO

duci h f i i i_gh 9DC. dth i fi
Phe et Ehadieerind e ations Pofifl % Rentprgfin' GRE strs aE8iabat xon step
f t odtct . oa i
o it ohaFPRRERAE pBCRLY SBRn Yot fadilih IpARe ek AR OBy RE ' PR " P o
fuel t Osﬁgeﬂesg thBRoMBHRS of F0HaWiRiLINth O SefACH fdiP@Ha‘i’ﬁeéttﬁPoﬁgﬁgihet he

second heavy portion as it is i1n a high-tenperature state when

sof t eni hgdpetreatirty. NSiticehtie hhfire; Kch asdhthaescaxiy, fofes hehey peetiosh heavy
portion to produce the syngas. 19. The oil fuel burning integrated conbi ned
cycl e pesidgensisat cloan ges Hegeading dnndhet degreri ofi d2awinlge it &f necexpasyep
refines the first and second Iight portions through a hydrotreatnent. 15.

The oi | t¢ seledhia prefyerbimggmetbad dontthasgsidusg acerrting dertbeapaBirenet hod

o1 o0uceHIPTFalne s SRFTUNBHE R BERLPIOIEE ) (o ESHNP TS 0RLE AL Spar 1 al
oxi dati ﬂght portion from the feed oil is controlled, and as a result, the recovery
rate of a heavy portion as a residue also changes.

In the foregoing preferred embodiment of the present invention, the
heavy oil obtained in the fuel producing process is used as fuel in the
gasification process. However, a pretreatment is carried out according to
the nature of the heavy oil. Specifically, when the pitch softening point of
the heavy oil exceeds 140°C, the heavy-oil is comminuted and added with
water and a dispersing agent to be formed into uniformly dispersed/mixed

water slurry fuel. When the pitch softening point of the heavy oil is
higher than 110°C and no higher than 140°C, the heavy oil is uniformly
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generation nethod according to claim 12, further conprising the step of
producmqW %en t hrough | owt enperature separation from conpressed air
produced %/#1656§as turbine power generation step, wherei nPERIPYAEPES cation
step carries out the partial oxidation using the produced oxygen. 17. The
oil fuel burning integrated conbi ned cycle power generation nethod
according to claim 12, further conprisjng the step of produci ng oxygen
using a pressure swi ng adsorption nethod, wherein the gasification step
carries out the partial oxidation using the produced oxygen. 1B. The oi

f uel bur nmiged nhennatléed state witth ay cneulsofiver tgbadomniedrintetemodlsacodudl.ng t o
claim12, wherein the step of performng the solvent deasphalting )
separ at i oHusthm avkentthe pitelsofteninyg pomt ehthehoavneilsscumbrighehthamer ti on
and the second heavy Portlon whose pitch softenlng poi nt _is higher than

140C, andlhR¥Fethe pretgatIENtds Nt quéqfrm: @é&(%tb,e bﬁevx@elonadfeﬁet&/sh@ortlon
into water u?lform to prodﬁb1 V\ﬁtler slurr gthen asifies the
wat er sl uB®$t F@E’Pnt % %a‘?’ Hg kegRing iy tyi@"“ igh-de @Fu’fﬁjr ni ng
i nt egr at ed_conbi ned cycI e power generation nethod according to claim12,
wherein t t@ﬁas tur bi ne power generation step carries out m xed conbusti on

for sinultaneou iing s Q14 1 |.LQuL d.: ngas in
a gaseous phaseﬁhy engah%}%Y“g%g‘kh%Aﬁgbi%ggglt Fl—‘?&%%ﬂg%r ?%%g‘gn egra

conbi ned 6ol {HRONEER eARAithp YbifTbh e a%aegqu?ao&f’zg'féa%%e uher ei 1 the
gas turbine power generation-step separately carries out the~power :
gener at i oga éificBtiohhSy sty asbédint S abpoveio keBahall P10SidHH hbchighelr oi |,

and wherern the power generation using the syngas is carried out as baS| C
power genthat ilekQcOnprhiddle drapangrdeprae) atAamordivigly, tieefualsion | is carried
out as auxiliary power generation for supplenenting the basic power

gener at i opretregtmennmEy hp caxgicakowny torforan LthArchaA(yA@d 28 intal emulsion
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on, and a self-consumption amount used for operation of the system itself.

In the foregoing preferred embodiment, pure oxygen with

approximately 100% oxygen concentration is used for partial oxidation in
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When the air is used, the oxygen separation unit 62 which is
expensive is not required so that the system is simplified in structure and
reduced in cost.
<Example 1>

10000bbl/D atmospheric residue oil of the Arabian extra light
crude oil including 11ppm heavy metal was used as feed oil, and fuel was
produced using the oil fuel burning integrated combined cycle power
generation system shown in Fig. 1, resulted in recovery of 84vol% refined
oil. The refined oil is temporarily stored in the tank and utilized as gas
turbine fuel oil during the peak power demand. On the other hand, a
13vol% oil pitch obtained from a heavy portion (residue) was high (150°C)
in softening point and was thus formed into a water shurry which was then
gasified into syngas in the partial oxidation unit to be used as basic fuel in
the gas turbine power generation system. When the combined cycle
power generation is carried out in combination with the gas turbine power
generation and the steam turbine power generation, the system generates
about 30MW using only the basic fuel, while it can generate 330MW at
maximum in combination with the gas turbine fuel oil.
<Example 2>

10000bbl/D atmospheric residue oil of the Arabian light crude oil
including 32ppm heavy metal was used as feed oil, and fuel was produced
using the oil fuel burning integrated combined cycle power generation
system shown in Fig. 1, resulted in recovery of 76vol% refined oil. The

refined oil is temporarily stored in the tank and utilized as gas turbine fuel
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and thus was not suitable for being formed into a water slurry.
Accordingly, the oil pitch was formed into emulsion by a mixer and then
gasified into syngas in the partial oxidation unit to be used as basic fuel in
the gas turbine power generation system. When the combined cycle
power generation is carried out as in Example 1, the system generates
about 5O0MW using only the basic fuel, while it can generate 320MW at
maximum in combination with the gas turbine fuel oil.
<Example 3>

10000bbl/D atmospheric residue oil of the Arabian heavy crude oil
including 110ppm heavy metal was used as feed oil, and fuel was
produced using the oil fuel burning integrated combined cycle power
generation system shown in Fig. 1, resulted in recovery of 66vol% refined
oil. The refined oil is temporarily stored in the tank and utilized as gas
turbine fuel oil during the peak power demand. On the other hand, a
32vol% oil pitch obtained from a heavy portion (residue) was 80°C in
softening point and 24cSt in viscosity at 300°C and was thus transferable
in a high-temperature state. Accordingly, the oil pitch was directly sent
to the partial oxidation unit while kept in the high-temperature state, and
gasified into syngas to be used as basic fuel in the gas turbine power
generation system. When the combined cycle power generation is carried
out as in Example 1, the system generates about 70MW using only the
basic fuel, while it can generate 310MW at maximum in combination with
the gas turbine fuel oil.

While the present invention has been described in terms of the

preferred embodiment, the invention is not to be limited thereto, but can
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be embodied in various ways without departing from the principle of the

invention as defined in the appended claims.
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CLAIMS

1. An oil fuel burning integrated combined cycle power
generation system comprising:

a fuel producing system comprising a distillation
means for separating feed oil composed of a crude oil
and/or heavy oil into a first light portion and a first
heavy portion, a solvent deasphalting means for separating
the first heavy portion into a second light portion as
deasphalted oil and a second heavy portion as a residue,
and a refining means for refining the first and second '
light pértions to obtain fuel o0il;

a gasification system for gasifying the second heavy
portion to produce syngas containing hydrogen gas and
carbon monoxide gas;

a gas turbine power generation system for driving a
gas turbine using the fuel oil and the syngas as fuel to
carry out power generation; and

a steam turbine power generation system for driving a
steam turbine using steam produced by heat recovered from
exhaust gas of the gas turbine to carry out power

generation.

2. The oil fuel burning integrated combined cycle
power generation system according to claim 1, wherein
the fuel producing system comprises a tank for storing
the fuel oil, and the gas turbine power generation
system requires a constant supply of the syngas from
the gasification system as basic fuel and further
requires a supply of the fuel oil from the tank as
auxiliary fuel for adjusting a power generation amount
depending on power demand.
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3. The oil fuel burning integrated combined cycle
power generation system according to claim 1, wherein the
refining means comprises a hydrotreating unit for refining
the first and second light portions to satisfy a gas

turbine fuel specification.

4. The o0il fuel burning integrated combined cycle
power generation system according to claim 1, wherein the
gas turbine power generation system comprises a compression
turbine connected to the gas turbine for producing
compressed air to be fed to a combustor of the gas turbine,
and wherein the gasification system carries out partial
oxidation of the second heavy portion using the compressed

air fed from the compression turbine.

5. The o0il fuel burning integrated combined cycle
power generation system according to claim 1, further
comprising an oxygen separation unit provided between the
gas turbine power generation system and the gasification
system, wherein the gas turbine power generation system
comprises a compression turbine connected to the gas
turbine for producing compressed air to be fed to a
combustor of the gas turbine, wherein the oxygen separation
unit carries out low-temperature separation of oxygen from
part of the compressed air fed from the compression
turbine, and wherein the gasification system carries out
partial oxidation of the second heavy portioh using oxygen

fed from the oxygen separation unit.
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power generation system according to claim 1, further

comprising an oxygen producing unit for separating oxygen

from air using a pressure swing adsorption method, wherein

the gasification system carries out partisl oxidation of

the second heavy portion using oxygen fed from the oxygen

producing unit.

7. The oil fuel burning integrated combined cycle

power generation system according to claim 1., wherein the

second heavy portion is uniformly dispersed into water and

fed to the gasification system as water slurry fuel.

8. The oil fuel burning integrated combined cycle
powex generation system according to claim 1, wherein
the gas turbine power generation system has a power

generation capacity which is greater than a power

generation amount obtainable by using all the amount of

the syngas produced in the gasification system.

9. The oil fuel burning integrated combined cycle
power generation system according to claim 1, wherein
the gas turbine power generation system carries out
mixed combustion of the fuel oil in a liquid phase and

the syngas in a gaseous phase.

10. The oil fuel burning integrated combined cycle

power generation system according to claim 1, wherein
the gas turbine power generation system comprises a
plurality of gas turbines including the gas turbines
each driven by the syngas and the gas turbines each
driven by the fuel oil.
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11. The oil fuel burning integrated combined cycle
power generation system according to claim 10, wherein
the syngas is constantly fed to the corresponding gas
turbines as bagic fuel, while the fuel oil fed to the
corresponding gas turbines as auxiliary fuel for
adjusting a power generation amount depending on power
demand.

12. An oil fuel burning integrated combined cycle
power generation method comprising:

a fuel producing step including a separation step of
performing a distillaiton to separate essentially all the
amount of feed oil composed of a crude o0il and/or heavy oil
into a first light portion and a first heavy portion being
a residue of the feed oil after separation of the the first
light portion therefrom and further performing a solvent
deasphalting separation to separate the first heavy portion
into a second light portion as deasphalted oil and a2 second
heavy portion as a residue, and further including a
refining step of refining the first and second light
portions to obtain fuel oil satisfying a yas turbine fuel
specification;

a gasification step of gasifying essentially all the
amount of the

second heavy portion through partial oxidation to
ﬁroduce syngas containing hydrogen gas and carbon monoxide

gas;
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10bb @ gas turbine power generation step of carrying out
power generation based an essentially all the amount of the
syngas suppl%ed as basic fuel and further based on the fuel
oil supplied as auxiliary fuel for adjusting a2 power
generation amount depending on power demand; and

2 steam turbine power generation step of carrying out

power generation using steam produced by high-temperature

exhaust gas obtained in the gas turbine power generation
step.

13. The o0il fuel burning integrated combined cycle
power generation method according té claim 12, wherein the
gasification step disperses the second heavy portion into

water uniformly to form water slurry fuel when the heavy .
portion obtained in the fuel producing step has a softening
point highéx than 140°C, and then gasifies the water slurry
fuel to produce the syngas, wherein the gasificatxon step
forms the second heavy portion into emulsion fuel when the
softening point is higher than 110°C and no higher than
140°C, and then gasifies the emulsion fuel to produce the
syngas, and wherein the gasification step keeps the second
heavy portion as it is in 2 high-temperature state when the
softening point is no higher than 110°C, and then gasifies

the second heavy portion to produce the syngas.

14. The oil fuel burning integrated combined cycle
power generation method according to claim 12, the refining
step refines the first and second light portions through a

hydrotreatment.

15. The oil fuel burning integrated combined cycle
power generation method according to claim 12, wherein
the gasification step uses compressed air produced in
the gas turbine power generation step to carrxy out the

partial oxidation.
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16. The oil fuel burning integrated combined cycle
power generation method according to claim 12, further
comprising the step of producing oxygen through low-
temperature separation from compressed air produced in
the gas turbine power generation step, wherein the
gasification step carries out the partial oxidation

using the produced oxygen.

17. The oil fuel burning infegrated combined cycle
power generation method according to claim 12, further
comprising the step of producing oxygen using a
pressure swing adsorption method, wherein the
gasification step carries out the partial oxidation

using the produced oxygen.

18. The oil fuel burning integrated combined cycle
power generation method according to claim 12, wherein the
step of performing the solvent deasphalting separation
separates the first heavy portion into the second light
portion and the second heavy portion whose pitch softening
point is higher than 140°C, and wherein the gasificatidn
step disperses the second heavy portion into water
uniformly to produce water slurry fuel, and then gasifies

the water slurry fuel through the partial oxidation.

19. The o0il fuel burning integrated combined cycle
power generation method asccording to claim 12, wherein the
gas turbine power generation step carries out mixed
combustion for simultaneously burning the fuel oil in a

liquid phase and the syngas in a gaseous phase.
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20. The o0il fuel burning integreted combined cycle
power generation method according to claim 12, wherein the
gas turbine power generation step separately carries out
the power generation using the syngas and the power
generation using the fuel oil, and wherein the power
generation using the syngas is carried out as basic power
generation, while the power generation using the fuel oil
is carried out as auxiliary power generation for

supplementing the basic power generation.



