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101 31 41 

The invention is intended to produce high-pressure light fuel 
gas With good combustibility by contacting and reacting 
high-temperature, high-pressure Water and heavy oil With 
each other in a contact-reaction unit to extract light oil com 
ponents from the heavy oil and to remove metals. The high 
temperature, hi gh-pres sure Water and the heavy oil are intro 
duced to the contact-reaction unit for contact and reaction 
With each other therein. Heavy oil components not dissolved 
in the high-temperature, high-pres sure Water are separated by 
precipitation from hydrocarbon gases and light oil compo 
nents Which are dissolved in the high-temperature, hi gh-pres 
sure Water. The separated heavy oil components are burnt or 
incinerated Without any further modi?cation. 
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HEAVY OIL TREATING METHOD AND 
HEAVY OIL TREATING SYSTEM 

CROSS-REFERENCES 

[0001] This is a continuation application of US. Ser. No. 
10/910,579, ?led Aug. 4, 2004, the disclosure of Which is 
hereby incorporated by reference, and Which claims priority 
to JP 003-205953, ?led Aug. 5, 2003. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a heavy oil treating 
method and a heavy oil treating system. More particularly, the 
present invention relates to a method of contacting heavy oil 
With high-temperature, high-pressure Water to remove metal 
components in the heavy oil, thereby obtaining light oil con 
taining hydrocarbon gases, Which is suitable as fuel for use in 
gas turbines, etc. 
[0004] 2. Description of the Related Art 
[0005] In vieW of that heavy oil containing a large amount 
of heavy metals is not suitable as fuel for generation of elec 
tric poWer by gas turbines, methods of removing those heavy 
metals for conversion into a useful energy source are pro 

posed in Patent Reference 1 (JP,A 2000-109850, Abstract) 
and Patent Reference 2 (J P,A 2003-49180, Abstract). 
[0006] Patent Reference 1 discloses a method of contacting 
high-temperature, high-pressure Water (supercritical Water), 
an alkali and heavy oil With one another in a supercritical state 
(critical point of Water: 3740 C. and 22.1 MPa) to decompose 
the heavy oil, thereby producing light oil components, hydro 
carbon gases, metal oxides, an alkaline salt, and supercritical 
Water. The obtained decomposition product is separated by an 
extractor into the hydrocarbon gases, the light oil compo 
nents, and Water. By repeating those steps of modi?cation and 
separation, metal components and sulfur in the heavy oil are 
removed and light oil is produced. The basis of that disclosed 
technique resides in reacting the heavy oil With the supercriti 
cal Water under the presence of an alkali for conversion into 
the light oil. 
[0007] HoWever, adding an alkaline metal and others, as a 
modifying catalyst, in heavy oil is disadvantageous in that, 
When produced light oil is used as fuel for gas turbines, 
corrosion of gas turbine parts is caused unless the added 
alkaline metal and others are removed. 

[0008] Patent Reference 2 discloses a method of contacting 
supercritical Water and heavy oil With each other to dissolve 
light oil components in the supercritical Water for separation 
into the light oil components and heavy oil components, and 
further contacting the remaining heavy oil components With 
the supercritical Water for modi?cation of the heavy oil com 
ponents. The ?nally left residue is incinerated. To promote 
decomposition of the residue, Patent Reference 2 also dis 
closes addition of an alkaline metal as a catalyst. 

[0009] In any of the above-cited Patent References, the 
heavy oil components Which have not dissolved in the super 
critical Water are further reformed, and an alkaline catalyst is 
added to decompose and modify those heavy oil components 
Which are hard to modify. It is therefore problematic to 
employ the reformed light oil components, as they are, as fuel 
for gas turbines. Further, repeating the modifying step 
increases the fuel cost. 
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SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to eliminate 
the need of using a catalyst, such as an alkali, When modifying 
heavy oil With high-temperature, high-pressure Water, to 
remove heavy metals from the heavy oil, and to produce fuel 
for gas turbines. 
[001 1] The present invention is featured in contacting high 
temperature, high-pressure Water and heavy oil With each 
other, and after the lapse of a predetermined contact time, 
separating light oil components dissolved in the high-tem 
perature, high-pressure Water and heavy oil components con 
taining metals from each other by precipitation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a block diagram shoWing the construction 
of a heavy oil treating system according to one embodiment 
of the present invention; 
[0013] FIG. 2 is a graph shoWing an in?uence of vanadium 
concentration in light oil With respect to change in ratio of oil 
Weight to Water Weight in the ?rst embodiment; 
[0014] FIG. 3 is a block diagram shoWing the construction 
of a heavy oil treating system according to an other embodi 
ment of the present invention; 
[0015] FIG. 4 is a block diagram shoWing the construction 
of a heavy oil treating system according to an other embodi 
ment of the present invention; and 
[0016] FIG. 5 is a graph shoWing the relationship betWeen 
vanadium concentration in gas turbine fuel and temperature 
of a contact-reaction unit in the third embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The present invention provides a heavy oil treating 
method comprising the steps of contacting high-temperature, 
high-pressure Water and heavy oil With each other; after the 
lapse of a predetermined contact time, separating heavy oil 
components not dissolved in the high-temperature, high 
pressure Water from light oil components dissolved in the 
high-temperature, high-pressure Water; and directly burning 
or incinerating the separated heavy oil components. The high 
temperature, high-pressure Water is supercritical Water or 
sub-critical Water. 

[0018] Contact conditions (such as temperature, pressure 
and time) betWeen the heavy oil and the supercritical Water 
are selected so that the heavy oil components not dissolved in 
the high-temperature, high-pressure Water contain metal 
compounds at relatively higher concentrations than those in 
the light oil components dissolved in the high-temperature, 
high-pressure Water. 
[0019] In the present invention, the heavy oil components 
not dissolved in the high-temperature, high-pressure Water 
are separated from the light oil components dissolved in the 
high-temperature, high-pressure Water by employing a pre 
cipitation process (by utiliZing their oWn Weight, i.e., grav 
ity). This process for separating the heavy oil components is 
therefore most rational and cost effective, and requires less 
energy consumption. 
[0020] Upon contact of the supercritical Water and the 
heavy oil, parts of the light oil components and the heavy oil 
components react With the supercritical Water, thus causing 
the so-called modi?cation described in the above-cited Patent 
References l and 2. The present invention also accompanies 
such a phenomenon, but the treatment method of the present 
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invention is essentially intended to dissolve hydrocarbon 
gases and the light oil components in the supercritical Water, 
to separate the heavy oil components not dissolved in the 
supercritical Water by precipitation, and to burn or incinerate 
the separated heavy oil components Without any further 
modi?cation. The contact conditions betWeen the supercriti 
cal Water and the heavy oil are selected so that the components 
not dissolved in the supercritical Water is not more than 10 
Weight % of the loaded heavy oil. In particular, the contact 
conditions are preferably adjusted so that the non-dissolved 
heavy oil components are not more than 5 Weight % of the 
loaded heavy oil. 
[0021] In the present invention, the heavy oil components 
not dissolved in the high-temperature, high-pressure Water 
are separated by precipitation to remove metals in the heavy 
oil. Stated another Way, only gravity is utiliZed to precipitate 
the heavy oil components for separation, and the separated 
heavy oil components containing a large amount of heavy 
metals and sulfur are burnt or incinerated Without any further 
modi?cation. As a result, fuel for gas turbines, etc. can be 
easily and inexpensively obtained. In addition, since the 
heavy oil components containing heavy metals are disposed 
of by burning them, harmful components for gas turbine parts 
such as an alkali are positively prevented from being mixed in 
fuel and the total cost can be held at a loWer level. 

[0022] The process of separating the heavy oil components 
and the light oil components from each other in the present 
invention can be performed as shoWn in FIGS. 1, 3 and 4. 
Heavy oil is supplied vertically doWnWard into a contact 
reaction unit 1 through a noZZle 21, and high-temperature, 
high-pressure Water alone or high-temperature, hi gh-pres sure 
Water mixed With an oxidant is supplied so as to contact With 
the heavy oil. Light oil components dissolved in the super 
critical Water are taken out from the contact-reaction unit 1 
together With the supercritical Water through a reformed oil 
extraction pipe 105 that is provided separately from a means 
for supplying the heavy oil. 
[0023] Indissoluble hydrocarbons having large molecular 
Weight are compounds containing metals, such as vanadium 
porphyrin. The heavy oil components containing enriched 
metals are in phase of a liquid having ?uidity at high tem 
peratures, and hence they can be easily extracted from a 
high-pressure container. Further, since no coke is generated 
under the above-described contact conditions in the present 
invention, the step of cleaning coke is not required. 
[0024] More concretely, the reaction process is carried out 
as folloWs. The contact-reaction unit 1 is installed With the 
How direction set to extend vertically, and the heavy oil is 
supplied doWnWard vertically from the top of the contact 
reaction unit 1 to react With the high-temperature, high-pres 
sure Water supplied from a side of the contact-reaction unit in 
its loWer portion. Hydrocarbon gases and light oil compo 
nents both produced by the reaction are dissolved in the 
high-temperature, high-pressure Water and then caused to 
How out of an upper portion of the contact-reaction unit 1. 
Heavy oil components having large speci?c gravity and pre 
cipitated through the contact and reaction steps are accumu 
lated in a bottom portion of the contact-reaction unit 1. A 
means for extracting the heavy oil components, such as a lock 
hopper, is disposed at the bottom of the contact-reaction unit 
1 to extract the heavy oil components from the contact-reac 
tion unit. 

[0025] To accelerate the decomposing reaction of the heavy 
oil in the contact and reaction steps, an oxidant may be added 
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to the high-temperature, high-pressure Water. Also, because 
an optimum temperature, pres sure and steam partial pres sure 
in the reaction and separation steps differ depending on kinds 
of heavy oil (such as A-grade heavy oil, B-grade heavy oil, 
C-grade heavy oil, depressuriZed residual oil, olimulsion, oil 
sand, oil shell, and Waste oil), the optimum temperature, 
pressure and steam partial pressure are not limited to particu 
lar values. It is essential that hydrocarbon gases and light oil 
components are produced by causing heavy oil to contact and 
react With high-temperature, high-pressure Water, and that 
heavy oil components not dissolved in the high-temperature, 
high-pressure Water are produced in small amount and metals 
contained in the heavy oil are enriched in the heavy oil com 
ponents. 
[0026] According to the present invention, in a method of 
removing metals in heavy oil With a contact-reaction unit in 
Which high-temperature, high-pressure Water and the heavy 
oil are contacted and reacted With each other to decompose 
the heavy oil, thereby producing hydrocarbon gases, light oil 
components and heavy oil components, for the purpose of 
e?iciently removing, from the heavy oil, the metals contained 
in the heavy oil, the hydrocarbon gases and the light oil 
components among those three components produced With 
the contact-reaction unit are dissolved in the high-tempera 
ture, high-pressure Water to obtain reformed oil. Preferably, 
the heavy oil components comprising indissoluble hydrocar 
bons having large molecular Weight are separated and burnt 
or incinerated as they are. 

[0027] By enriching, in the heavy oil components, metal 
compounds, such as vanadium porphyrin, contained in the 
heavy oil, the components usable as fuel for gas turbines can 
be separated. Further, since the heavy oil components con 
taining enriched metals are in phase of a liquid having ?uidity 
at high temperatures, they can be easily extracted from a 
high-pressure container and the step of cleaning coke is not 
required. 
[0028] More concretely, the reaction process is carried out 
in the contact-reaction unit as folloWs. The contact-reaction 
unit is installed With the How direction set to extend vertically, 
and the heavy oil is supplied doWnWard vertically from the 
top of the contact-reaction unit to react With the high-tem 
perature, high-pressure Water supplied from a side of the 
contact-reaction unit in its loWer portion. Hydrocarbon gases 
and light oil components both produced by the reaction are 
dissolved in the high-temperature, high-pressure Water and 
then caused to How out of an upper portion of the contact 
reaction unit. Heavy oil components produced by the reaction 
and having large speci?c gravity are accumulated in a bottom 
portion of the contact-reaction unit. A means for extracting 
the heavy oil components, such as a lock hopper, is disposed 
at the bottom of the contact-reaction unit to extract the heavy 
oil components from the contact-reaction unit. 
[0029] In the contact and reaction unit, to accelerate the 
decomposing reaction of the heavy oil, an oxidant may be 
added, or a decomposing catalyst or the like may be ?lled. 
Also, because an optimum temperature, pressure and steam 
partial pressure in the reaction-separation unit and the sepa 
ration step differ depending on kinds of heavy oil (such as 
A-grade heavy oil, B-grade heavy oil, C-grade heavy oil, 
depressuriZed residual oil, olimulsion, oil sand, oil shell, and 
Waste oil), the optimum temperature, pressure and steam 
partial pressure are not limited to particular values. 

[0030] It is essential that hydrocarbon gases and light oil 
components are produced by causing heavy oil to contact and 
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react With hi gh-temperature, high-pressure Water, and that 
heavy oil components not dissolved in the high-temperature, 
high-pressure Water are produced in small amount and metals 
contained in the heavy oil are enriched in the heavy oil com 
ponents. 
[0031] Further, the present invention provides a heavy oil 
treating system comprising a noZZle for supplying heavy oil 
doWnWard; a structure for supplying hi gh-temperature, high 
pressure Water alone or high-temperature, hi gh-pres sure 
Water mixed With an oxidant at a level loWer than the noZZle; 
and a contact-reaction unit including a structure provided in 
an upper portion thereof for taking out light oil at a position 
aWay from the noZZle through Which the heavy oil is supplied. 
[0032] Still further, the present invention provides a heavy 
oil treating system comprising a contact-reaction unit for 
contacting high-temperature, hi gh-pres sure Water and heavy 
oil With each other and separating the heavy oil into heavy oil 
components and light oil components by precipitation; a 
means for discharging the heavy oil components containing 
metals and precipitated in a bottom portion of the contact 
reaction unit Without dissolving in the high-temperature, 
high-pressure Water; and a means for burning the heavy oil 
components extracted through the discharging structure. 
[0033] Embodiments of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. 

First Embodiment 

[0034] FIG. 1 shoWs a heavy oil treating system for treating 
heavy oil With high-temperature, high-pressure Water, remov 
ing, from the heavy oil, metals contained in the heavy oil, 
such as vanadium, according to a ?rst embodiment of the 
present invention. 
[0035] In this system, Water from supply 100 is pressuriZed 
to 20 MPa by a Water supply pump 30 for supplying the Water 
under pressure, and is then heated up to 4800 C. by a Water 
preheater 40, thereby producing high-temperature, high 
pressure Water 102. Similarly, heavy oil from supply 101 is 
pressurized to 20 MPa by a heavy oil supply pump 31 for 
supplying the heavy oil under pressure, and is then heated up 
to 350° C. by an oil preheater 41, thereby producing high 
temperature, high-pressure heavy oil 103. While electric 
heaters are employed as the Water preheater 40 and the oil 
preheater 41, the Water and the heavy oil may be heated by 
heat exchangers using high-temperature steam. 
[0036] A contact-reaction unit 1 is installed such that the 
high-temperature, hi gh-pressure Water and the hi gh-tempera 
ture, high-pressure heavy oil ?oW parallel to the vertical 
direction. The contact-reaction unit 1 is heated up to 4500 C. 
externally by a heater 20. The high-temperature, high-pres 
sure Water is supplied to a loWer portion of the contact 
reaction unit 1 through a high-temperature, high-pressure 
Water supply pipe 102. The high-temperature, high-pressure 
heavy oil is supplied to the contact-reaction unit 1 through a 
high-temperature, high-pressure heavy oil pipe 103 and a 
noZZle 21, Which is disposed at the top of the contact-reaction 
unit 1, for mixing and reaction With the high-temperature, 
high-pressure Water. Additionally, the contact-reaction unit 1 
may be provided With a line system for supplying an oxidant 
or any other suitable additive to it. As an alternative, a line 
system for supplying an oxidant or any other suitable additive 
together With the hi gh-temperature, high-pressure Water may 
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be disposed. In those cases, hoWever, an alkaline catalyst 
unsuitable as an additive for gas turbine fuel should not be 
added. 
[0037] Because an oxidant reacts With the high-tempera 
ture, high-pressure heavy oil in the contact-reaction unit 1 and 
generates heat, the output poWer of the heater 20 can be 
reduced by supplying the oxidant. To avoid an excessive rise 
of the temperature of the contact-reaction unit 1, the amount 
of the supplied oxidant is set to be in the range of 2 to 4 Weight 
% With respect to the amount of the supplied Water. 
[0038] In the contact-reaction unit 1, the high-temperature, 
high-pressure heavy oil reacts With the high-temperature, 
high-pressure Water and is reformed so as to produce hydro 
carbon gases, light oil components comprising light oil, and 
heavy oil components having large molecular Weight. The 
hydrocarbon gases and the light oil components are dissolved 
and mixed in the high-temperature, high-pressure Water to 
become reformed oil that is taken out from an upper portion of 
the contact-reaction unit 1 through a reformed oil extraction 
pipe 105. The heavy oil components are neither dissolved nor 
mixed in the high-temperature, high-pressure Water and are 
precipitated in a bottom portion of the contact-reaction unit 1. 
Metals contained in the heavy oil are enriched in the heavy oil 
components and removed from the reformed oil. The 
reformed oil from Which the metals have been removed is 
cooled by a cooler 4, depressuriZed by a pressure reducing 
valve 12, and then supplied to a gas-liquid separator 5 through 
a reformed oil extraction pipe 106 for separation into the 
hydrocarbon gases and a mixture of light oil and Water. The 
hydrocarbon gases and the mixture are sent respectively to a 
hydrocarbon gas tank 107 and a light-oil and Water mixture 
tank 108. 
[0039] While this embodiment employs a system for sup 
plying the reformed oil to the gas-liquid separator 5 to recover 
the hydrocarbon gases and the light oil components, the sys 
tem may be changed such that the hydrocarbon gases and the 
mixture of light oil and Water are supplied in the mixed state 
to a gas turbine or a boiler to be utiliZed for generation of 
electric poWer or as motive poWer. Also, the system may be 
changed such that the reformed oil is supplied to an engine, or 
that the heavy oil is cooled and depressuriZed to obtain a 
product transportable to the site of fuel consumption. Further, 
the mixture of light oil and Water may be separated into the 
light oil and the Water by a centrifugal separator for supply of 
only the light oil to a gas turbine or a boiler. 

[0040] The heavy oil components separated from the 
reformed oil in the contact-reaction unit 1 are discharged to 
the exterior of the system through a lock hopper 2. At that time 
of discharging, in this embodiment, a heavy-oil-component 
extraction valve 14 disposed doWnstream of the contact-re 
action unit 1 is closed and an outlet valve 13 of the contact 
reaction unit 1 is opened, thus alloWing the heavy oil compo 
nents to be extracted to the lock hopper 2. After the pressure 
in the lock hopper 2 has reached the same level as that in the 
contact-reaction unit 1, the outlet valve 13 of the contact 
reaction unit 1 is closed and the heavy-oil-component extrac 
tion valve 14, as one example of discharging means, is opened 
to extract the heavy oil components to the exterior of the 
system through a heavy-oil-component extraction pipe 104. 
[0041] Further, this embodiment employs a system for 
burning the heavy oil components extracted from the lock 
hopper 2 in a ?are stack 3. HoWever, the system may be 
changed such that the heavy oil components are supplied to a 
boiler through the heavy-oil-component extraction pipe 104 
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and burnt in the boiler to generate steam for driving a steam 
turbine for generation of electric power or for utilization as 
motive poWer. Also, the heavy oil components may be burnt to 
produce high-temperature, high-pressure Water or oil to be 
utilized as a heat source for the Water preheater 40 and/or the 
oil preheater 41 in the system of this embodiment. 

[0042] Results of a test example of removing metals from 
heavy oil by using the actual system of this embodiment are as 
folloWs. This test example Was conducted as a test of remov 

ing vanadium in heavy oil. An initial vanadium concentration 
in the heavy oil Was 4.0 ppm (Weight). The heavy oil Was 
heated up to 80° C. in a tank and then supplied to the contact 
reaction unit 1 by a pump at a rate of 8.0 g/minute While being 
heated up to 350° C. by the external heater 20. Water Was fed 
by a Water pump at a rate of 4.0 g/minute While being heated 
up to 480° C. by the external heater 20, for supply as high 
temperature, hi gh-pres sure Water to the contact-reaction unit 
1. The contact-reaction unit 1 Was in the form of a straight 
pipe With a length of l m. A fore end of the nozzle 21 Was 
positioned at a level spaced 0.2 m from the top of the contact 
reaction unit 1 and Was held at a temperature of 450° C. and 
a pressure of 20 MPa. The heavy oil Was treated With the 
high-temperature, high-pressure Water at a spatial speed of 
1.9 h-1 on the liquid basis, Whereby the reformed oil and the 
heavy oil components Were produced. 
[0043] The heavy oil components produced in the contact 
reaction unit 1 Were precipitated in the bottom portion of the 
contact-reaction unit 1, and 89.3 Weight % of heavy metals 
Were contained in the heavy oil components. The reformed oil 
produced through the above-described process Was cooled by 
the cooler 4 and depressurized by the pressure reducing valve 
12. Thereafter, the reformed oil Was sampled for analysis of 
compositions thereof. Gaseous substances at room tempera 
ture Were H2, CO, CO2, and hydrocarbons of Cl-C5 and light 
oil Was hydrocarbons having carbon numbers of C5 or more. 
The vanadium concentration in the light oil Was 0.5 ppm, and 
the calori?c value of the light oil Was 10,500 kcal/kg. 
[0044] Further, When a ratio of the amount of high-tem 
perature, high-pressure Water to the amount of heavy oil Was 
changed in the range of 0.5 to 1.5 While keeping the spatial 
speed on the liquid basis the same, the vanadium concentra 
tion in the light oil Was in the range of 0.5 to 0.7 ppm as shoWn 
in FIG. 2. The compositions and vanadium balance in the 
reformed fuel Were listed in Table l givenbeloW. As seen from 
Table l, 8.5 Weight % of the heavy oil Was occupied by the 
heavy oil components not dissolved in the high-temperature, 
high-pressure Water, and 89.3 Weight % of vanadium Was 
captured in the heavy oil components. Thus, the reformed oil 
having a loW heavy metal concentration Was produced. As 
Will be understood from those test results, this embodiment of 
the present invention has succeeded in e?iciently and easily 
removing metals contained in heavy oil and in obtaining 
desired reformed oil. 

TABLE 1 

Weight Vanadium Vanadium 
proportion concentration proportion 
(Weight %) (ppm) (Weight %) 

Heavy oil (start 100 4 100.0 
material) 
Soft gases 8.1 0.0 0.0 
Reformed oil 83.4 0.5 10.7 
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TABLE l-continued 

Weight Vanadium Vanadium 
proportion concentration proportion 
(Weight %) (ppm) (Weight %) 

Heavy oil 8.5 42 89.3 
components 

Second Embodiment 

[0045] This second embodiment represents a system for 
effectively utilizing Waste heat of a gas turbine by supplying 
reformed oil, Which is obtained by modifying heavy oil With 
high-temperature, high-pressure Water, to a gas turbine com 
bustor to generate electric poWer by the gas turbine, and by 
utilizing Waste heat of combustion exhaust gas to produce the 
high-temperature, high-pressure Water. The system of this 
embodiment Will be described beloW With reference to FIG. 3. 
[0046] In this system, Water from supply 100 is pressurized 
to 20 MPa by a Water supply pump 30 for supplying the Water 
under pressure, and is then heated up to temperature of 450 
480° C. by a Water heat exchanger 50, thereby producing 
high-temperature, high-pressure Water. Similarly, heavy oil 
from supply 101 is pressurized to 20 MPa by a heavy oil 
supply pump 31 for supplying the heavy oil under pressure, 
While steam extracted from the high-temperature, high-pres 
sure Water in a high-temperature, high-pressure Water tank is 
supplied to an oil preheater 51 through an extracted steam 
pipe 109, thereby heating the heavy oil up to 350° C. to 
produce high-temperature, high-pressure heavy oil. Addi 
tionally, a part of the high-temperature, high-pressure Water 
may be supplied to a steam turbine 63 to drive it for generation 
of electric poWer. 
[0047] As in the ?rst embodiment, a contact-reaction unit 1 
is installed such that the high-temperature, high-pressure 
Water and the hi gh-temperature, high-pressure heavy oil ?oW 
parallel to the vertical direction. As a means for heating the 
contact-reaction unit 1, a contact-reaction unit heater 20 is 
disposed outside the contact-reaction unit 1. The contact 
reaction unit heater 20 is in the form of a container holding the 
high-temperature, high-pressure Water therein, and it exter 
nally heats the contact-reaction unit 1 up to about 450° C. 
With supply of the high-temperature, high-pressure Water 
thereto. 
[0048] Also, as in the ?rst embodiment, the high-tempera 
ture, high-pressure Water is supplied to a loWer portion of the 
contact-reaction unit 1, and the high-temperature, hi gh-pres 
sure heavy oil is supplied to the contact-reaction unit 1 
through a nozzle 21, Which is disposed at the top of the 
contact-reaction unit 1, for mixing and reaction With the 
high-temperature, high-pressure Water. Additionally, the con 
tact-reaction unit 1 may be provided With a line system for 
supplying an oxidant or any other suitable additive to it. 
Further, a line system for supplying an oxidant or any other 
suitable additive together With the high-temperature, high 
pressure Water may be disposed as described above in con 
nection With the ?rst embodiment. 
[0049] In the contact-reaction unit 1, the high-temperature, 
high-pressure heavy oil reacts With the high-temperature, 
high-pressure Water and is reformed so as to produce hydro 
carbon gases, light oil components, and heavy oil compo 
nents having large molecular Weight. The hydrocarbon gases 
and the light oil components are dissolved and mixed in the 
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high-temperature, high-pressure Water to become reformed 
oil that is taken out from an upper portion of the contact 
reaction unit 1. 
[0050] The heavy oil components are neither dissolved nor 
mixed in the high-temperature, high-pressure Water and are 
precipitated in a bottom portion of the contact-reaction unit 1. 
Metals contained in the heavy oil are removed from the 
enriched oil in the reformed oil extraction pipe 105. The 
reformed oil from Which the metals have been removed is 
depressurized in a pressure reducing step 59, and then sup 
plied to a gas turbine combustor 60 in Which the reformed oil 
is used as gas turbine fuel. In the pressure reducing step 59, 
the reformed oil is depressurized by using a ?xed ori?ce or a 
?oW adjusting valve. When the reformed oil is depressurized 
in the pressure reducing step 59, the temperature of the 
reformed oil falls due to adiabatic expansion. In vieW of such 
a temperature fall, the reformed oil is heated externally by a 
pressure-reducing step heater 58 to prevent condensation of 
the reformed oil. If a part of the reformed oil is condensed, it 
can be extracted to the exterior by opening a drain valve 15. 
[0051] The gas turbine fuel is supplied to the gas turbine 
combustor 60 through a gas-turbine fuel supply pipe 110. The 
supplied fuel is mixed and burnt With air compressed by a 
compressor 62 to produce high-temperature combustion gas, 
thereby driving a gas turbine 61. 
[0052] On the other hand, the heavy oil components sepa 
rated from the reformed oil in the contact-reaction unit 1 are 
discharged to the exterior of the system through a lock hopper 
2. At that time, in this embodiment, the heavy oil components 
are extracted from the lock hopper 2 and burnt in a ?are stack 
3 in a similar manner to that in the ?rst embodiment, thereby 
further heating the combustion exhaust gas. The temperature 
of the combustion exhaust gas after driving the gas turbine 61 
is not higher than 500° C., but it can be further raised by heat 
generated upon combustion of the heavy oil components in 
the ?are stack 3. 
[0053] The higher temperature of the combustion exhaust 
gas reduces a contact area required to produce the high 
temperature, hi gh-pres sure Water betWeen the hi gh-tempera 
ture, high-pressure Water supply pipe 102 through Which the 
high-temperature, high-pressure Water ?oWs and the combus 
tion exhaust gas supplied to the Water heat exchanger 50 
through a combustion exhaust gas pipe 112. Therefore, the 
size of the Water heat exchanger 50 can be reduced. After the 
temperature of the combustion exhaust gas has loWered to 
about 160° C. through the heat exchange With respect to the 
Water, the combustion exhaust gas is discharged to the atmo 
sphere through a stack 53. 
[0054] Since the heat of the combustion exhaust gas is 
recovered With Water and the recovered heat is supplied to the 
contact-reaction unit 1 and then to the gas turbine combustor 
60 together With the reformed oil, the thermal input of the gas 
turbine 61 is increased and so is the output poWer thereof. 
According to this second embodiment, it is possible to pro 
duce the high-temperature, high-pressure Water by utilizing 
Waste heat of the combustion exhaust gas and to effectively 
utilize Waste heat of a gas turbine. 

Third Embodiment 

[0055] This third embodiment represents a control method 
for a system Wherein reformed oil, Which is obtained by 
reforming heavy oil With high-temperature, high-pressure 
Water, is supplied to a gas turbine combustor to generate 
electric poWer by a gas turbine. The system and the control 
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method Will be described beloW With reference to FIG. 4. The 
system of this embodiment includes a gas oil tank 113 and a 
gas oil pump 32 for supplying gas oil to the combustor. The 
gas oil is burnt in the gas turbine combustor at startup of the 
gas turbine, and a Water heat exchanger 50 is heated by 
combustion exhaust gas produced after driving the gas tur 
bine. 
[0056] In this system, as in the second embodiment, Water 
from supply 100 is pressurized to 20 MPa by a Water supply 
pump 30 for supplying the Water under pressure, and is then 
supplied to the Water heat exchanger 50. The pressurized 
Water is heated up to temperature of 450-480° C. by the Water 
heat exchanger 50, thereby producing high-temperature, 
high-pressure Water. Similarly, heavy oil from supply 101 is 
pressurized to 20 MPa by a heavy oil supply pump 31 for 
supplying the heavy oil under pressure, While steam extracted 
from the hi gh-temperature, high-pressure Water is supplied to 
an oil preheater 51, thereby heating the heavy oil up to 3 50° C. 
to produce high-temperature, high-pressure heavy oil. 
[0057] A contact-reaction unit 1 is installed such that the 
high-temperature, hi gh-pres sure Water and the high-tempera 
ture, high-pressure heavy oil ?oW parallel to the vertical 
direction. The high-temperature, high-pressure Water is sup 
plied to a loWer portion of the contact-reaction unit 1, and the 
high-temperature, high-pressure heavy oil is supplied to the 
contact-reaction unit 1 through a nozzle 21, Which is disposed 
at the top of the contact-reaction unit 1, for mixing and reac 
tion With the high-temperature, high-pressure Water. Also, as 
in the second embodiment, the high-temperature, high-pres 
sure Water is used as means for heating the contact-reaction 
unit 1. 
[0058] At startup of the operation, the high-temperature, 
high-pressure Water is supplied to the contact-reaction unit 1 
for preheating it up to 450° C. After measuring the tempera 
ture of gas turbine fuel and con?rming that the fuel tempera 
ture has risen up to 450° C., a controller 120 instructs the 
heavy oil supply pump 31 to start rotation for supply of the 
heavy oil. At this time, a reformed oil stop valve 16 is closed 
and the opening degree of an oil tank inlet valve 17 is adjusted 
such that the pressure in the contact-reaction unit 1 is held at 
20 MPa. Then, initial reformed fuel is sent to a ?are stack 3 for 
burning through an initial reformed fuel supply pipe 114. 
Alternatively, the initial reformed fuel may be burnt in the 
?are stack 3 after being temporarily stored in an oil tank 6. 
[0059] The temperature of the contact-reaction unit 1 loW 
ers upon supply of the heavy oil. When the system returns to 
a steady state thereafter, the temperature of the gas turbine 
fuel rises again to 400-450° C. Upon detecting that the tem 
perature of the gas turbine fuel has risen up to 400° C. or 
higher, the controller 120 instructs the reformed oil stop valve 
16 to open and the oil tank inlet valve 17 to close. 
[0060] This third embodiment is featured in measuring the 
temperature of the gas turbine fuel and managing the nature of 
the gas turbine fuel. The metal concentration in the gas tur 
bine fuel varies depending on the temperature of the contact 
reaction unit 1. FIG. 5 shoWs a variation of the metal concen 
tration, particularly vanadium concentration, in the gas 
turbine fuel With respect to changes in the temperature of the 
contact-reaction unit 1. 
[0061] Because the metal concentration in the gas turbine 
fuel cannot be measured in real time, it is very effective to 
estimate the metal concentration in the reformed oil from the 
temperature of the gas turbine fuel and to regulate the supply 
of the gas turbine fuel to the gas turbine combustor 60. As 
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seen from FIG. 5, the vanadium concentration in the reformed 
fuel lowers as the temperature of the contact-reaction unit 
rises. In particular, When the temperature of the contact-reac 
tion unit rises over 4500 C., the vanadium concentration can 
be reduced doWn to 0.5 Weight % or beloW. With this embodi 
ment, that relationship betWeen the temperature and the vana 
dium concentration is measured in advance, and the timing of 
starting the supply of the reformed oil to the gas turbine is 
determined by detecting the temperature of the contact-reac 
tion unit 1 and estimating the vanadium concentration in the 
reformed oil. 
[0062] According to the present invention, as described 
above, When modifying heavy oil With high-temperature, 
high-pressure Water, metals can be removed from the heavy 
oil Without needing a catalyst, such as an alkali, Whereby fuel 
suitable for use in gas turbines can be produced. 

What is claimed is: 
1. A heavy oil treating method comprising the steps of: 
?rst step for supplying a heavy oil to a contact-reaction unit 

doWnWardly in a vertical direction from an upper portion 
of said contact-reaction unit, and for contacting said 
heavy oil to high temperature and high presser Water 
supplied from a loWer portion of said contact-reaction 
unit; 
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second step for dissolving a light oil into said high tem 
perature and high pressure Water in said contact-reaction 
unit, and for separating a heavy oil into a heavy oil 
components and a light oil components by a precipita 
tion process, said heavy oil components not being dis 
solved in the high temperature and high pressure Water, 
said light oil components being dissolved in the high 
temperature and high presser Water; and 

third step for extracting said heavy oil components from a 
loWer portion of said contact-reaction unit, and for 
extracting said light oil components from an upper por 
tion of said con tact-reaction unit. 

2. A heavy oil treating method according to claim 1, 
Wherein said high temperature and high pressure Water is a 
supercritical Water or sub-critical Water. 

3. A heavy oil treating method according to claim 1, 
Wherein said high temperature and high pressure Water con 
tains an oxidant, not containing an alkaline metal. 

4. A heavy oil treating method according to claim 1, 
Wherein, based on a temperature measured value of reformed 
fuel produced by reacting the heavy oil and the high tempera 
ture and high pressure Water With each other, the time of 
starting supply of the reformed fuel to a gas turbine is decided. 

* * * * * 


