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Abstract of the Disclosure
In a high-efficiency power generating method to generate electric
power by an exhaust gas re-cambustion system using at least a gas turbine,
a boiler, and a steam turbine, crude oil or heavy 0il is heated with steam
5 obtained from the boiler; the crude oil or heavy oil is distilled under
reduced pressure; and electric power 1s generated by using an obtained

light oil fraction as a gas turbine fuel and by using a heavy oil fraction

as a boiler fuel.
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High-efficiency Power Generat ing Method

Background of the Invention
Field of the Invention

The present invention relates toa high-efficiency power generating
method.

In recent years, fractional distillation of crude oil or heavy oil
in anelectric power generating plant has been studied. Alightoil fraction
(low boiling point component) obtained by fractional distillation is sent
toagas turbine, and is burned therein, bywhichelectricpower is generated.
High-temperature combustion exhaust gas obtained by the gas turbine 1is
sent to a boiler in place of air, a heavy oil fraction (high boiling point
component) is burned in the boiler, and a steam turbine is rotated by
high-temperature, high-pressure steam produced in the boiler, by which
electric power is generated. That is to say, a method is provided in which
electric power is generated while what is called repowering, in which
exhaust gas of a gas turbine is charged into a boiler and is re-burned,
is performed.

As means for distilling crude oil or heavy oil, atmospheric
distillation has generally been used, 1in which crude oil or heavy oil
is distilled by being heated to about 360°C. Asmeans for heating, aheating
furnace has been used to obtain the above-described heating temperature.
The heating furnace generally burns fuel to obtain thermal enerqgy, and
heats stockoil by radiation heat generated duringburning and by convection

of combustion gas.
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The use of such a heating furnace allows the crude
oil or heavy oil to be heated easily to a high temperature.
When such a heating furnace i1s used, however, there arise
problems such that heat loss of exhaust gas 1s created, the
thermal efficiency is low, and treatment of SOxXx and NOx 1n

exhaust gas 1s needed.

Summary of the Invention

The present invention has been made 1n view of the
above situation, and accordingly an object thereof 1is to
provide a high-efficiency power generating method in which a
heating furnace 1s disused, so that a problem of heat loss
of exhaust gas 1s solved, and no load for treatment of SOx
and NOx 1n exhaust gas 1s added to a power generating
system, whereby the power generating efficiency of an
exhaust gas re-combustion system is further enhanced as a

whole.

Accordingly, the present invention provides a
high-efficiency power generating method to generate electric
power by an exhaust gas re-combustion system using at least
a gas turbine, a boiler, and a steam turbine, comprising the
steps of: heating crude 01l or heavy 0il with steam
obtained from said boiler; distilling said crude oil or
heavy 01l under reduced pressure to produce an obtained
light o1l fraction; and generating electric power by using
the obtained light oil fraction as a gas turbine fuel and by

using a heavy oil fraction as a boiler fuel.

In accordance with the present invention, the
crude o1l or heavy o0il can be heated easily by providing
means for effecting heat exchange between the crude oil or
heavy 01l and the light o0il fraction and/or heavy oil

fraction obtained in a distillation column.
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Also, in accordance with the present invention, a steam ejector

method in which a heating furnace is disused, so that a problem of heat

5 loss of exhaust gas 1S solved, and no load for treatment of SOx and NOX

enhanced as a whole.

10 Brief Description of the Drawlng

Embodiments in accordance with the present invention will bedescribed

avacuumdisti

90 in accordance with the present invention, making comparison with an

distillation column;

FIG. 3 is a graph showing an evaporation curve for crude oil B in

2 vacuumdistillationcolumn inthehigh-efficiency power generatingmethod

95  in accordance with the pres ent invention, making comparison with an
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5 vacuumdistillation column 1n

5 in accordance with the present invention, making comparison with an

atmospheric

2 vacuumdistillationcolumninthe high-efficiency power generatingmethod

invention, making comparison with an

distillation column; and

FIG. 6 is a graph showlng an evaporation curve for crude oil E 1in

2 vacuumdistillationcolumnin the high-efficiencypower generatingmethod

15  in accordance with the present invention, making comparison with an

evaporation curve for the crude oil E in a conventional atmospheric

distillation column.

Detailed Description of the preferred Embodiment

20 A high-efficiency power generating method in accordance with the

of a system for separating crude oil or heavy oil by distillation, of

25 systems for carrying ou

t a high-efficiency power generating method in
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accordance with the present inventionby us ing an exhaust gas re-combustion

system.

Adistillationapparatus inaccordance with this embodiment includes

5 The heater 1, which is means for heating crude oil or heavy o1l,
heats crude oil or heavy oil by heat exchange between steam and crude

0il or heavy oil. The steam 1is supplied from a boiler (not shown). The

steam obtained from the boiler is sent to a steam turbine to rotate the

same, by which electric power is generated. The steam supplied to the

10 heater 1 is one that has once rotated the steam turbine to generate electric

power. Usually, the steam having a temperature of about 600°C is supplied

to the steam turbine, and after power generation, the pressure and

temperature thereof turn to about 20 kg/cm’G and about 200 to 230°C,

respectively. The heater 1 is supplied with the steam having a pressure

15 of about 20 kg/cm’G and a temperature of about 200 to 230°C.
The vacuum distillation column 2 1is an apparatus for distilling

crude oil or heavy oil under reduced pressure. The vacuum distillation

column 2 is generally provided with a multi-tier tray, and a light oil

20 thereof, respectively.

The steam ejector 3, which is an apparatus for reducing the pressure

in the vacuum distillation column 2, sucks gas in the distillation column

by causing steam to flow at a high flow velocity, so that the pressure

25 atmospheric pressure.
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Next, one embodiment of a method for generating electric power with
high efficiency by carrying out the present invention will be described
using the system in accordance with the embodiment shown in FIG. 1.

crude oil or heavy oil supplied as a fuel to a power station passes
through the heater 1 through a supply line L1, and is supplied to the
vacuumdistillation column 2. As described above, theheaterl is supplied
with steam that has once rotated the steam turbine to generate electric

power. This steam, having a pressure of about 20 kg /cm®G and a temperature

of about 200 to 230°C, heats the crude oil or heavy oil flowing in the

heater 1 to a temperature of about 200°C.

The interior of the vacuum distillation column 2 1s deconmpressed
by the sucking operationof the steamejector 3. Inthevacuumdistillation
column 2 having a reduced pressure (50 mmig), the crude oil or heavy o1l
is distilled, and the light oil fraction evaporates efficiently even at
the temperature of about 200°C. The light oil fraction and the heavy oil
fractionareseparatedtotheupperandlowerparts of thevacuumdistillation
column 2, respectively.

As shown in graphs of FIGS. 2 to 6 showing evaporation curves for
crude oils A to E (A to E denote the classification of crude oil producing
area), the boiling point of component lowers under reduced pressure, and
the evaporation curve shifts from (A) to (B). Even at the temperature
of about 200°C, evaporation, condensation, and fractional distjj.lation
are effected efficiently.

Sodium, vanadium, potassium, and other components, which are harmful

to a gas turbine, should naturally be exc luded from the light oil fraction.

PoLa IS . r"«‘w‘m:qmw«wﬂintﬂmﬂn-



10

15

20

25

CA 02317681 2000-09-06

By distilling the crude oil or heavy oil as shown in the present invention,

the components such as sodium, vanadium, and potassium do not evaporate,

so that they do not intrude into the light oil fraction. Therefore, the
light oil fraction can provide a good-quality gas turbine fuel.

The light oil fraction 1is transferred to a separation tank 4 1in
such a manner as to be sucked by the steam ejector 3, and is separated
into a gas component and a liquid component in the separation tank 4.
The liquid component, which is the light oil fraction, is sucked from
the bottom portion of the separation tank 4 by a pump 7. Some thereof
recirculates to the upper part of the vacuum distillation column 2, and
the remainder thereof is stored in a storage tank 5. The gas component
is taken out from the upper part of the separation tank 4. The light oil
fraction is subjected to heat exchange with the crude oil or heavy oil
by using a heat exchanger 6 during the time when it 1s sucked by the steam
ejector 3, by which the crude oil or heavy oil is heated.

The heavy oil fraction sucked from the bottom portion of the vacuum
distillation column 2 by a pump 8 is stored in a heavy oil fraction storage
tank 10. The heavy oil fraction sucked by the pump 8 passes through a
heat exchanger 9 on the way to the storage tank 10, so that heat exchange
with the crude oil or heavy oil 1is effected, by which the oil is heated.

The light oil fraction and the heavy oil fraction stored in the
storage tanks 5 and 10, respectively, are taken out as necessary for the
use as fuel. In some systems, the light oil fraction and the heavy oil
fraction can be sent directly to a later-stage power generating process

without passing through the storage tank.
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The light oil fraction is used as a gas turbine fuel, and the heavy
oil fraction is used as a boiler fuel. The burning of boiler fuel using
the combustion exhaust gas of the gas turbine in which about 13 vol% or
more of oxygen remains does not cause special hindrance to the combustion
in the boiler. Since high-temperature thermal energy of about 580°C that
the combustion exhaust gas of the gas turbine has can be used effectively
in the boiler, the fuel for the boiler can be saved. The amount of power
generation canbe increased as a whole, and the power generating efficiency
per fuel can alsobe improved. That is to say, repowering can be performed.

Further, according to the power generating method in aecordance
with this embodiment, steam that is originally present inthe power station
is used effectively, and also there are not problems of heat loss of e)fhaust
gas and addition of a load for treatment of SOx and NOx in exhaust gas
because no heating furnace is used. That is to say, the power generating
efficiency of the exhaust gas re-combustion system i1s further enhanced
as a whole.

Although the present invention has been described with reference
to the embodiment shown in FIG. 1, it is not limjited to this embodiment.
All modifications, changes, and additions that are easily made by a person
skilled in the art are embraced in the technical scope of the present
invention. Inthe preferred embodiment of Fig. 1, the vacuumdistillation
column 2 has a reduced pressure of 50mmHg. However, this reduced pressure

may vary from 30mmHg to 500mmHg depending on the conditions.
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CLAIMS:

1. A high-efficiency power generating method to
generate electric power by an exhaust gas re-combustion
system using at least a gas turbine, a boiler, and a steam

5 turbine, comprising the steps of:

heating crude 01l or heavy o0il with steam obtained

from said boiler;

distilling said crude o0il or heavy 01l under

reduced pressure to produce an obtained light o0il fraction;

10 and

generating electric power by using the obtained
light o1l fraction as a gas turbine fuel and by using a

heavy 01l fraction as a boiler fuel.

2. The high-efficiency power generating method

15 according to claim 1, wherein heat exchange is effected
between said crude o0il or heavy o0il and either said light
01l fraction or heavy o0il fraction obtained by distilling
sald crude 01l or heavy o0il under reduced pressure or both

sald light oil fraction and heavy o0il fraction, whereby said

20 crude 01l or heavy o0il is heated.

3. The high-efficiency power generating method
according to claim 1 or 2, wherein a steam ejector is used

as means for reducing the pressure for vacuum distillation.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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