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(54) CONTROL DEVICE FOR POWER GENERATION SYSTEM, POWER GENERATION SYSTEM, 
AND POWER GENERATION METHOD

(57) In the present invention, a turbine control panel
(TCP) (57) performs a pressure-changing operation
wherein the pressure of steam introduced into a steam
turbine is changed. In addition, a load capacity value cal-
culation unit (70) with which the TCP (57) is provided
calculates the actual load capacity value obtained from
the steam turbine on the basis of the deviation between
a target degree of opening of a speed adjustment valve
and the actual degree of opening of the speed adjustment

valve, and controls the degree of opening of the speed
adjustment valve on the basis of the calculated load ca-
pacity value. Thus, the TCP (57) does not use a pulse
signal, as in the prior art, to change the load capacity
value used in controlling the degree of opening of the
speed adjustment valve, so the speed adjustment valve
can be controlled without the occurrence of a time lag
that is typical of a pulse signal.
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Description

Technical Field

[0001] The present invention relates to a control device
for a power generation system, a power generation sys-
tem, and a power generation method.

Background Art

[0002] As an exhaust heat recovery for a ship (herein-
after, referred to as "marine exhaust heat recovery"), a
power generation system in which a part of exhaust gas
of a diesel engine (main engine) for ship propulsion is
extracted and is guided to a power turbine to be used as
a power generation output and steam generated using
the exhaust gas of the diesel engine is guided to a steam
turbine to be used as a power generation output is known.
In such a power generation system, a governor is pro-
vided in the steam turbine to adjust the flow rate of fluid
for driving the steam turbine.
[0003] PTL 1 discloses a technique in which a governor
is provided in a steam turbine and a control signal gen-
erated by the governor is output to an adjusting valve to
change an output of the steam turbine.

Citation List

Patent Literature

[0004] [PTL 1] Japanese Patent No. 5155977

Summary of Invention

Technical Problem

[0005] In the above-mentioned marine exhaust heat
recovery, as an example of a technique for causing gen-
erated steam to flow into a steam turbine to the maximum
to be recovered as an output of a generator, there is a
pressure-changing operation for operating a governor
valve that controls the flow rate of steam that is introduced
to the steam turbine at a position where the governor
valve is fully opened as much as possible. In the exhaust
heat recovery according to such a pressure-changing op-
eration, since a steam pressure is changed according to
the amount of exhaust heat from a main engine, a max-
imum output capable of being generated by the steam
turbine is also changed.
[0006] Here, load sharing with another generator (a
diesel engine generator) that configures a power gener-
ation system will be described with reference to a different
point from power generation in an overland plant.
[0007] In power generation in an overland plant that is
interconnected to a commercial power supply system
and is capable of being connected in parallel to an infinite
bus, the frequency of generated power is determined by
a system frequency of the infinite bus. Thus, in the over-

land plant that is interconnected to the commercial power
supply system, the opening degree of a governor valve
is fixed in the vicinity of a fully opened position or a fully
opened position, and the generated power can be con-
sequently output.
[0008] On the other hand, since a power generation
system for a ship is a so-called microgrid (also referred
to as an island mode), which is not connected to an infinite
bus, a governor of a generator cannot fix an opening
degree of a governor valve and is operated by a governor
control. Further, a power management system (PMS)
monitors the frequency of generated power and controls
load sharing using an available power (an output capable
of being used by a generator) of each generator so that
the frequency becomes a predetermined value. In addi-
tion, in the marine exhaust heat recovery based on the
pressure-changing operation, since an available power
of a generator cannot be fixed to a constant value, the
following method is used for control of generated power.
[0009] Here, in the pressure-changing operation of the
marine exhaust heat recovery, the pressure of main
steam is also changed in addition to change of the
amount of exhaust heat, but it is difficult to accurately
calculate an available power of each generator according
to changes through measurement and calculation.
[0010] Thus, in the related art, as shown in Fig. 9, a
PMS 100 retains (stores) in advance an available power
value by an available power valve retaining unit 102, and
increases or decreases the available power value re-
tained in the available power value retaining unit 102 by
a pulse signal (on/off signal) output from a turbine control
panel (TCP) 104. The pulse signal output from the TCP
104 is based on the pressure of main steam and the
opening degree of the governor valve, and is a value for
increasing (increment) or decreasing (decrement) the
available power value in stages by a predetermined val-
ue. In this way, the reason why the control for increasing
or decreasing the retained available power value in stag-
es by the pulse signal is that it is difficult to accurately
calculate an absolute value of the available power value
in the pressure-changing operation.
[0011] Further, a governor control in the related art in
the pressure-changing operation will be described in de-
tail with reference to Fig. 9.
[0012] The PMS 100 includes a load sharing control
unit 106 and a governor increase/decrease pulse gener-
ator 108. The load sharing control unit 106 generates a
load sharing signal indicating load sharing of a steam
turbine and another generator 110 (diesel engine gener-
ator) on the basis of the available power value retained
in the available power value retaining unit 102. The gov-
ernor increase/decrease pulse generator 108 generates
a governor increase/decrease pulse signal for increasing
or decreasing a control value (speed setting) with respect
to the steam turbine and the other generator 110 on the
basis of the load sharing signal from the load sharing
control unit 106, and outputs the result to governors
112A, 112B, and 112C.
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[0013] The governor 112A is provided in the TCP 104,
and controls a rotation speed of the steam turbine. The
governor 112A outputs an opening degree of a governor
valve based on the speed setting (governor increase/de-
crease pulse signal) of the rotation speed instructed by
the PMS 100 to the governor 112A, to thereby control an
output of the steam turbine and perform a control so that
the opening degree of the governor valve becomes a
target opening degree.
[0014] The governors 112B and 112C are respectively
provided in the generator 110, and control a rotation
speed of the generator 110. The governors 112B and
112C output the opening degree of the governor valve
based on the speed setting (governor increase/decrease
pulse signal) of the rotation speed instructed by the PMS
100 to the governor valve, to thereby control an output
of the generator 110.
[0015] On the other hand, in order to output the pulse
signal to the PMS 100, for example, the TCP 104 includes
a comparator 114, a comparator 116, an increase pulse
output unit 118, and a decrease pulse output unit 120.
The comparator 114 compares an actual opening degree
of the governor valve of the steam turbine with a target
opening degree thereof. The comparator 116 compares
a measurement value of the pressure of main steam with
a set value of a minimum pressure of the pressure of the
main steam. Further, the increase pulse output unit 118
generates an increase pulse signal for increasing an
available power value on the basis of the comparison
results of the comparators 114 and 116. Further, the de-
crease pulse output unit 120 generates a decrease pulse
signal for decreasing the available power value on the
basis of the comparison results of the comparators 114
and 116.
[0016] That is, as the results of comparison based on
the comparators 114 and 116, in a case where the open-
ing degree of the governor valve does not satisfy the
target opening degree, the increase pulse signal is output
to the PMS 100 from the increase pulse output unit 118.
Further, as the results of comparison based on the com-
parators 114 and 116, in a case where the opening de-
gree of the governor valve exceeds the target opening
degree, or in a case where the pressure of the main steam
is smaller than the minimum pressure, the decrease
pulse signal is output to the PMS 100 from the decrease
pulse output unit 120.
[0017] If a pulse signal is input from the TCP 104, the
PMS 100 increases or decreases the available power
value retained in the available power value retaining unit
102 according to the pulse signal. The PMS 100 deter-
mines load sharing of the steam turbine and the other
generator 110 by the load sharing control unit 106 on the
basis of the increased or decreased available power val-
ue, and outputs the governor increase/decrease pulse
signal to the governors 112A, 112B, and 112C. Further,
as described above, when the governor 112A controls
the opening degree of the governor valve, in a case where
the opening degree of the governor valve after the control

is different from the target opening degree, for example,
the increase pulse signal or the decrease pulse signal is
output to the PMS 100 from the TCP 104, and the avail-
able power value is increased or decreased in stages by
a predetermined value.
[0018] Here, since if the amount of exhaust heat or the
like is also changed as a condition of a plant are changed
in marine exhaust heat recovery, an actual available pow-
er is also changed, it is also necessary to change the
available power value retained in the PMS 100 as de-
scribed above.
[0019] However, since the available power value is in-
creased or decreased by the pulse signal from the TCP
104, the speed of the change of the available power value
depends on the interval (hereinafter, referred to as a
"pulse interval") or the width (hereinafter, referred to as
a "pulse width") of the pulse signal. Further, there is a
case in which the PMS 100 performs weighting with re-
spect to the pulse signal from the TCP 104 to change the
available power value. In such a case, the speed of the
change of the available power value also depends on the
weighting. The weighting is performed on the basis of
the opening degree of the governor valve, the pressure
of the main steam, the output of the steam turbine gen-
erator (hereinafter, referred to as an "STG output"), a
main engine load, or the like.
[0020] The pulse interval or the pulse width of the pulse
signal output from the TCP 104, the weighting with re-
spect to the pulse signal in the PMS 100, and the like are
factors that affect a response of the STG output and also
are adjusting items for adjusting the response in a case
where a condition of a plant such as the amount of ex-
haust heat is changed. Further, in a case where the re-
sponse of the STG output cannot be appropriately con-
trolled, there is a possibility that hunting or the like occurs.
[0021] However, in the increase or decrease of the
available power value based on the pulse signal, a delay
occurs due to increase or decrease in stages, for exam-
ple. Thus, although a condition of a plant is changed, an
optimal value of the condition of the plant cannot be re-
flected in the available power value without a time lag,
and the control of the opening degree of the governor
valve is also delayed. Accordingly, although the pulse
interval or pulse width of the pulse signal output from the
TCP 104, the weighting with respect to the pulse signal
in the PMS 100, and the like are adjusted, there is a case
in which it is not possible to prevent hunting.
[0022] Further, in a plant in which a power turbine is
connected to an STG, as described above, only with the
increase or decrease of the available power value using
the pulse signal to maintain the pressure of main steam
or the opening degree of the governor valve at a target
value, although the output of the power turbine is
changed, the available power value is not changed.
[0023] Here, a related-art control using a pulse signal
in a configuration in which a governor is not provided in
a power turbine will be described.
[0024] In the related-art control using the pulse signal,
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in a case where an output of the power turbine is changed
as a condition of a plant is changed, the frequency is also
changed. Thus, the governor 112A is operated to absorb
the change of the output of the power turbine according
to a speed droop characteristic, and accordingly, the gov-
ernor 112A changes an opening degree of a governor
valve. Thereafter, the PMS 100 increases or decreases
the available power value according to a pulse signal to
maintain the pressure of main steam or the opening de-
gree of the governor valve at a target value.
[0025] In this way, in the related-art control using the
pulse signal, the governor valve of the steam turbine is
controlled every time according to the change of the out-
put of the power turbine and the change of the available
power value. Thus, while the condition of the plant is be-
ing changed, the opening degree of the governor valve
is excessively decreased or is fixed at a fully opened
position, and thus, there is a possibility that the control
becomes unstable.
[0026] As described above, in the marine exhaust heat
recovery in the related art, since the available power val-
ue is increased or decreased by a pulse signal, there is
a possibility that if a condition of a plant is changed, the
control becomes unstable.
[0027] The invention has been made in consideration
of the above-mentioned problems, and an object of the
invention is to provide a control device for a power gen-
eration system, a power generation system, and a power
generation method capable of performing stable control
in exhaust heat recovery in a case where a condition of
a plant is changed.

Solution to Problem

[0028] In order to solve the above problems, a control
device for a power generation system, a power genera-
tion system, and a power generation method employ the
following means.
[0029] According to a first aspect of the invention, there
is provided a control device for a power generation sys-
tem that includes a steam turbine that is driven by steam
generated by exhaust gas, a governor valve that controls
the flow rate of steam that is introduced to the steam
turbine, and a generator that is connected to the steam
turbine, and performs a pressure-changing operation for
changing the pressure of the steam that is introduced to
the steam turbine, the control device for a power gener-
ation system including: calculation means for calculating
an actual available power value obtained from the steam
turbine on the basis of a difference between a target
opening degree of the governor valve and an actual open-
ing degree of the governor valve; and control means for
controlling an opening degree of the governor valve on
the basis of the available power value calculated by the
calculation means.
[0030] The power generation system according to this
configuration includes the steam turbine that is driven by
the steam generated by exhaust gas, the governor valve

that controls the flow rate of steam that is introduced to
the steam turbine, and the generator that is connected
to the steam turbine, and performs exhaust heat recovery
in which exhaust heat is used for power generation. The
exhaust gas is generated by a main engine, for example.
Further, the power generation system according to this
configuration performs a control so that the opening de-
gree of the governor valve becomes constant (the target
opening degree), to thereby perform a pressure-chang-
ing operation for changing the pressure of steam that is
introduced to the steam turbine.
[0031] Here, in the related-art control, for example, an
available power value indicating an output of a steam
turbine capable of being used by a generator is retained
in advance in a PMS, and the retained available power
value is increased or decreased in stages by a predeter-
mined value by a pulse signal output from a TCP. Further,
control means controls a governor valve of the steam
turbine on the basis of the retained available power value,
so that the output of the steam turbine is controlled and
the opening degree of the governor valve is controlled to
become a target opening degree.
[0032] However, since the increase or decrease of the
available power value due to the pulse signal causes a
time lag, although a condition of a plant is changed, an
optimal value of the condition of the plant cannot be re-
flected in the available power value without a delay at
that time, and a delay occurs even in the control of the
opening degree of the governor valve.
[0033] Thus, in this configuration, the calculation
means calculates the actual available power value ob-
tained from the steam turbine on the basis of the differ-
ence between the target opening degree of the governor
valve and the actual opening degree of the governor
valve as an absolute value. The available power value
calculated by the calculation means is not a pulse signal
as in the related art, but is an analog signal (voltage val-
ue). Further, the opening degree of the governor valve
is controlled by the control means on the basis of the
calculated available power value, and the opening de-
gree of the governor valve comes close to the target
opening degree.
[0034] In this way, in this configuration, the actual avail-
able power value is not calculated by various measure-
ment values, and the available power value is calculated
on the basis of the difference between the actual opening
degree of the governor valve and the target opening de-
gree, and the opening degree of the governor valve is
controlled. That is, in this configuration, the actual open-
ing degree of the governor valve is compared with the
target opening degree, and the available power value is
increased or decreased so that the opening degree of
the governor valve becomes the target opening degree.
Thus, in this configuration, since the available power val-
ue used for the control of the opening degree of the gov-
ernor valve is not increased or decreased by the pulse
signal as in the related art, it is possible to control the
governor valve without a time lag specific to such a pulse

5 6 



EP 3 293 364 A1

5

5

10

15

20

25

30

35

40

45

50

55

signal.
[0035] Accordingly, in this configuration, it is possible
to perform more stable control in exhaust heat recovery
in a case where a condition of a plant is changed.
[0036] In the above-described first aspect, an upper
limit may be determined with respect to the available pow-
er value calculated by the calculation means.
[0037] According to this configuration, the upper limit
of the available power value is a value calculated on the
basis of a load of the main engine and an outside air
temperature, for example. Since the upper limit is set with
respect to the available power value, the available power
value based on the reality is calculated.
[0038] In the above-described first aspect, the calcu-
lation means may calculate a smaller value among a first
available power value based on the difference between
the target opening degree of the governor valve and the
actual opening degree of the governor valve and a sec-
ond available power value based on a difference between
a set value of the pressure of the steam that is introduced
to the steam turbine and an actual pressure of the steam,
as an actual available power value obtained from the
steam turbine.
[0039] As the opening degree of the governor valve
increases, the pressure of steam decreases, but since a
minimum value is set in the pressure of steam, it is nec-
essary to set the actual pressure of steam so as not to
be smaller than the set minimum value. Here, a case in
which the second available power value is smaller than
the first available power value refers to a case where the
actual pressure of steam is smaller than the set minimum
value. In such a case, the second available power value
is selected, and an available power value capable of
maintaining the actual pressure of steam to be equal to
or greater than the minimum value is selected.
[0040] Thus, it is possible to prevent the pressure of
steam that is introduced to the steam turbine from being
smaller than the set minimum value.
[0041] In the above-described first aspect, the control
device for a power generation system may further include
a power turbine that is driven by the exhaust gas, the
generator may be connected to the power turbine and
the steam turbine, and the calculation means may output
a sum of the calculated available power value and an
output value of the power turbine as an available power
value capable of being used by the generator.
[0042] According to this configuration, although the
generator is connected to the power turbine and the
steam turbine, it is possible to calculate an available pow-
er value capable of being easily used by the generator.
[0043] In the above-described first aspect, the output
value of the power turbine may be calculated by subtract-
ing a calculation value of an output of the steam turbine
from a measurement value of an output of the generator.
[0044] According to this configuration, it is possible to
easily calculate an absolute value of the output value of
the power turbine.
[0045] According to a second aspect of the invention,

there is provided a control device for a power generation
system that includes a power turbine that is driven by
exhaust gas, a steam turbine that is driven by steam gen-
erated by the exhaust gas, a governor valve that controls
the flow rate of steam that is introduced to the steam
turbine, and a generator that is connected to the power
turbine and the steam turbine, and performs a pressure-
changing operation for changing the pressure of the
steam that is introduced to the steam turbine, the control
device for a power generation system including: calcu-
lation means for calculating an output value of the power
turbine by subtracting a calculation value of an output of
the steam turbine from a measurement value of an output
of the generator and calculating an available power value
of the generator by adding the calculated output value of
the power turbine to an available power value obtained
from the steam turbine; and control means for controlling
an opening degree of the governor valve on the basis of
the available power value of the generator calculated by
the calculation means.
[0046] The power generation system according to this
configuration includes the power turbine that is driven by
the exhaust gas, the steam turbine that is driven by the
steam generated by the exhaust gas, the governor valve
that controls the flow rate of steam that is introduced to
the steam turbine, and the generator that is connected
to the power turbine and the steam turbine, and performs
exhaust heat recovery in which exhaust heat is used in
power generation. The exhaust gas is generated by a
main engine, for example. Further, the power generation
system according to this configuration controls the open-
ing degree of the governor valve to be constant (target
opening degree), to thereby perform a pressure-chang-
ing operation for changing the pressure of steam that is
introduced to the steam turbine.
[0047] In the related-art control using a pulse signal,
the governor valve of the steam turbine is controlled every
time according to the change of the output of the power
turbine and the change of the available power value.
Thus, while a condition of a plant is being changed, the
opening degree of the governor valve is excessively de-
creased or is fixed at a fully opened position, and thus,
there is a possibility that the control becomes unstable.
[0048] On the other hand, in this configuration, the out-
put value of the power turbine is calculated by subtracting
the calculation value of the output of the steam turbine
from the measurement value of the output of the gener-
ator, and the available power value of the generator is
calculated by adding the calculated output value of the
power turbine to the available power value obtained from
the steam turbine. Thus, the change of the output of the
power turbine is reflected in the available power value of
the generator in real time. Accordingly, although the out-
put of the power turbine is changed, it is possible to obtain
the calculated available power value of the generator
without a time lag, and thus, it is possible to stabilize the
control of the governor valve.
[0049] Accordingly, in this configuration, it is possible
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to perform stable control in exhaust heat recovery in a
case where a condition of a plant is changed.
[0050] According to a third aspect of the invention,
there is provided a power generation system that in-
cludes the above-described control device and performs
a pressure-changing operation for changing the pressure
of steam that is introduced to the steam turbine.
[0051] According to a fourth aspect of the invention,
there is provided a power generation method that in-
cludes a step of driving a steam turbine by steam gen-
erated by exhaust gas, a step of controlling the flow rate
of steam that is introduced to the steam turbine using a
governor valve, and a step of performing power genera-
tion by driving of the steam turbine, and performs a pres-
sure-changing operation for changing the pressure of the
steam that is introduced to the steam turbine, the power
generation method including: a first step of calculating
an actual available power value obtained from the steam
turbine on the basis of a difference between a target
opening degree of the governor valve and an actual open-
ing degree of the governor valve; a second step of con-
trolling an opening degree of the governor valve on the
basis of the available power value calculated in the first
step.
[0052] According to a fifth aspect of the invention, there
is provided a power generation method that includes a
step of driving a power turbine by exhaust gas, a step of
driving a steam turbine by steam generated by the ex-
haust gas, a step of controlling the flow rate of steam that
is introduced to the steam turbine, and a step of perform-
ing power generation by driving of the power turbine and
the steam turbine using a governor valve, and performs
a pressure-changing operation for changing the pressure
of the steam that is introduced to the steam turbine, the
power generation method including: a first step of calcu-
lating an output value of the power turbine by subtracting
a calculation value of an output of the steam turbine from
a measurement value of an output of the generator and
calculating an available power value of the generator by
adding the calculated output value of the power turbine
to an available power value obtained from the steam tur-
bine; and a second step of controlling an opening degree
of the governor valve on the basis of the available power
value of the generator calculated in the first step.

Advantageous Effects of Invention

[0053] According to the invention, in exhaust heat re-
covery in a case where a condition of a plant is changed,
it is possible to achieve more stable control.

Brief Description of Drawings

[0054]

Fig. 1 is a schematic configuration diagram illustrat-
ing a turbine generator system according to an em-
bodiment of the invention.

Fig. 2 is a schematic configuration diagram illustrat-
ing a power generation system according to an em-
bodiment of the invention.
Fig. 3 is a functional block diagram relating to a gov-
ernor control according to an embodiment of the in-
vention.
Fig. 4 shows an example of a functional block dia-
gram relating to calculation of an output value of a
power turbine in an available power value calculation
unit according to an embodiment of the invention.
Fig. 5 is a graph illustrating temporal changes of var-
ious control values in a pressure-changing operation
according to an embodiment of the invention.
Fig. 6A is a graph illustrating temporal changes of
various control values in the related art when a power
turbine is operated.
Fig. 6B is a graph illustrating temporal changes of
various control values according to an embodiment
of the invention when a power turbine is operated.
Fig. 7A is a graph illustrating temporal changes of
various control values in the related art when a power
turbine is stopped.
Fig. 7B is a graph illustrating temporal changes of
various control values according to an embodiment
of the invention when a power turbine is stopped.
Fig. 8A is a graph illustrating temporal changes of
various control values in the related art when an in-
board power load increases.
Fig. 8B is a graph illustrating temporal changes of
various control values according to an embodiment
of the invention when an inboard power load increas-
es.
Fig. 9 is a block diagram according to a governor
control in the related art.

Description of Embodiments

[0055] Hereinafter, embodiments of a control device
for a power generation system, a power generation sys-
tem, and a power generation method according to the
invention will be described with reference to the accom-
panying drawings.
[0056] Fig. 1 shows a schematic configuration of a tur-
bine generator system 1 of a power generation system
according to an embodiment of the invention. In this em-
bodiment, a diesel engine for ship propulsion is used as
a main engine 3.
[0057] The turbine generator system 1 includes the
main engine 3, a turbocharger 5 that is driven by exhaust
gas of the main engine 3, a power turbine (gas turbine)
7 that is driven by the exhaust gas of the main engine 3
extracted from an upstream side of the turbocharger 5,
an exhaust gas economizer 11 that generates steam by
using the exhaust gas of the main engine 3, and a steam
turbine 9 that is driven by the steam (high-pressure
steam) generated by the exhaust gas economizer 11.
[0058] An output from the main engine 3 is directly or
indirectly connected to a screw propeller through a pro-
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peller shaft. Further, an exhaust port of a cylinder portion
13 of each cylinder of the main engine 3 is connected to
an exhaust manifold 15 which is an exhaust gas collecting
pipe. The exhaust manifold 15 is connected to an inlet
side of a turbine portion 5a of the turbocharger 5 through
a first exhaust gas pipe L1. Further, the exhaust manifold
15 is connected to an inlet side of the power turbine 7
through a second exhaust gas pipe L2 (steam extracting
passage). A part of the exhaust gas is extracted before
being supplied to the turbocharger 5 to then be supplied
to the power turbine 7.
[0059] On the other hand, a gas supply port of each
cylinder portion 13 is connected to a gas supply manifold
17, and the gas supply manifold 17 is connected to a
compressor portion 5b of the turbocharger 5 through a
gas supply pipe K1. Further, an air cooler (intercooler)
19 is provided in the gas supply pipe K1.
[0060] The turbocharger 5 includes the turbine portion
5a, the compressor portion 5b, and a rotation shaft 5c
that connects the turbine portion 5a and the compressor
portion 5b.
[0061] The power turbine 7 is rotationally driven by ex-
haust gas extracted from the exhaust manifold 15
through the second exhaust gas pipe L2, and the steam
turbine 9 is supplied with steam generated by the exhaust
gas economizer 11 to be rotationally driven.
[0062] The exhaust gas economizer 11 is supplied with
exhaust gas discharged from an output port of the turbine
portion 5a of the turbocharger 5 through a third exhaust
gas pipe L3 and exhaust gas discharged from an output
port of the power turbine 7 through a fourth exhaust gas
pipe L4, and evaporates water supplied through a water
supply pipe 23 using heat of the exhaust gas to generate
steam by a heat exchanger 21. Further, the steam gen-
erated by the exhaust gas economizer 11 is introduced
to the steam turbine 9 through a first steam pipe J1, and
the steam after processing in the steam turbine 9 is dis-
charged through a second steam pipe J2 and is guided
to a condenser (steam condenser) 40.
[0063] Further, on the first steam pipe J1, a steam
dump pipe J3 that extracts steam that is directed to the
steam turbine 9 and guides the steam to the steam con-
denser 40 is provided. On the steam dump pipe J3, a
dump valve 41 that controls the flow rate of the steam
that is guided from the steam dump pipe J3 to the steam
condenser 40 is provided. Steam to be excessive in being
supplied to the steam turbine 9 passes by the steam tur-
bine 9 to be discarded to the steam condenser 40 by the
steam dump pipe J3.
[0064] The power turbine 7 and the steam turbine 9
are coupled in series to drive a turbine generator 25. A
rotation shaft 29 of the steam turbine 9 is connected to
the turbine generator 25 through a speed reducer and a
coupling (which are not shown), and a rotation shaft 27
of the power turbine 7 is connected to the rotation shaft
29 of the steam turbine 9 through a speed reducer (not
shown) and a clutch 31. A clutch detachably mounted
with a predetermined number of revolutions is used as

the clutch 31, and a synchro self shifting (SSS) clutch is
preferably used, for example. In this embodiment, the
power turbine 7 and the steam turbine 9 are coupled in
series to drive the turbine generator 25, but the power
turbine 7 and the steam turbine 9 may be coupled in
parallel to drive the turbine generator 25 through a speed
reducer using each rotational power.
[0065] Further, an exhaust gas flow rate adjusting
valve 33 that controls the flow rate of gas introduced to
the power turbine 7 and an emergency shutoff valve 35
that shuts off the supply of exhaust gas to the power
turbine 7 in an emergency are provided in the second
exhaust gas pipe L2. The exhaust gas flow rate adjusting
valve 33 does not have a governor control function. That
is, the power turbine 7 is not governor-controlled.
[0066] Further, a governor valve (steam flow rate ad-
justing valve) 37 that controls the flow rate of steam in-
troduced to the steam turbine 9 and an emergency shutoff
valve 39 that shuts off the supply of steam to the steam
turbine 9 in an emergency are provided in the first steam
pipe J1. An opening degree of the governor valve 37 is
controlled by a governor 59 of a power generation system
control device 43.
[0067] As described above, the turbine generator sys-
tem 1 is driven using exhaust energy of the exhaust gas
(combustion gas) of the main engine 3 as power, and
forms an exhaust energy recovery device.
[0068] Fig. 2 shows a schematic configuration of a
power generation system 2 having the turbine generator
system 1 shown in Fig. 1.
[0069] The power generation system 2 includes plural
(two in this embodiment) diesel engine generators (gen-
erators) 60 that are separately provided in a ship, in ad-
dition to the turbine generator system 1 (see Fig. 1).
[0070] Further, the power generation system control
device 43 which is a control device of the power gener-
ation system 2 according to this embodiment performs a
control so that the opening degree of the governor valve
37 becomes a predetermined value (a target opening
degree), to thereby perform a pressure-changing oper-
ation for changing the pressure of steam to be introduced
to the steam turbine 9.
[0071] The power generation system control device 43
receives an input of a signal from a power sensor 45 that
detects an output power of the turbine generator 25. Fur-
ther, the power generation system control device 43 re-
ceives inputs of an output signal from the diesel engine
generator 60 and a signal from an inboard consumed
power sensor 51 that detects inboard consumed power.
[0072] Further, the power generation system control
device 43 includes a power management system (PMS)
53, a turbine control panel (TCP) 57, and a governor sec-
tion (governors 87 and 88 in Fig. 3) for the diesel engine
generator 60. In addition, the TCP 57 includes the gov-
ernor 59. The governor 59 controls a rotation speed of
the steam turbine 9. That is, the governor 59 controls the
output of the steam turbine 9 by outputting the opening
degree of the governor valve 37 depending on the speed
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setting of a rotation speed instructed by the PMS 53 to
the governor valve 37.
[0073] An instruction signal of an output depending on
a load factor set from the PMS 53 is output to the TCP
57 and the governor section for the diesel engine gener-
ator 60, respectively.
[0074] A control signal is output to the governor 59 of
the TCP 57 according to an output load ratio of the steam
turbine 9 instructed by the PMS 53, and the governor 59
outputs the opening degree of the governor valve 37 ac-
cording to the control signal to the governor valve 37.
Thus, the opening degree of the governor valve 37 is
controlled, so that the flow rate of steam supplied to the
steam turbine 9 is controlled.
[0075] Here, the power turbine 7, the steam turbine 9,
and the turbine generator 25 are coupled in series on
one axis. When these components are coupled in series
on one axis in this way, only the governor 59 related to
the steam turbine 9 which is a main motor is provided as
the governor. This is because it is difficult to perform con-
trol when two or more governors are provided on one
axis.
[0076] Accordingly, when an output from the power tur-
bine 7 is changed, the power generation system control
device 43 controls the governor valve 37 according to
the output of the steam turbine 9, that is, by the governor
59.
[0077] Here, since the governor is not provided in the
power turbine 7, the control of the power turbine 7 be-
comes only a control for opening and closing the exhaust
gas flow rate adjusting valve 33, and a fully opened state
is constantly maintained during normal operation. Here,
the opening degree of the exhaust gas flow rate adjusting
valve 33 is gradually increased or is gradually decreased,
only when the power turbine 7 is started or shut down.
Accordingly, if there is a change of the output of the power
turbine 7, the control of the opening degree of the gov-
ernor valve 37 due to the output of the steam turbine 9,
that is, the governor 59 is changed to absorb the change.
The starting of the power turbine 7 refers to a state where
the output of the power turbine 7 is increased from 0
which is a starting point, and the shutdown of the power
turbine 7 refers to a state where the output of the power
turbine 7 is decreased so that the output becomes 0.
[0078] Further, mixed steam (low-pressure steam)
from a low pressure steam source 61 is supplied to an
intermediate stage of the steam turbine 9. An adjusting
valve 62 that controls the flow rate of mixed steam intro-
duced to the steam turbine 9 is provided on a supply line
of the mixed steam. The opening degree of the adjusting
valve 62 is increased or is decreased according to an
increase and decrease in the flow rate of steam gener-
ated in the low pressure steam source 61. Accordingly,
if there is a change of the flow rate of the supplied mixed
steam, the control of the opening degree of the governor
valve 37 due to the output of the steam turbine 9, that is,
the governor 59 is changed to absorb the change. A low
pressure stage (see Fig. 1) of the exhaust gas econo-

mizer 11 may be used as the low pressure steam source
61.
[0079] As described above, a control signal according
to an output load ratio is output from the PMS 53 to the
governor 59 that operates the governor valve 37.
[0080] Next, a governor control according to this em-
bodiment will be described.
[0081] In the governor control according to this embod-
iment, an actual available power value obtained from the
steam turbine 9 is calculated on the basis of a limit value
of an available power indicating an output of the steam
turbine 9 capable of being used by the turbine generator
25 (hereinafter, referred to as a "limit available power
value"), and on the basis of a difference between the
target opening degree of the governor valve 37 and an
actual opening degree of the governor valve 37, by the
TCP 57. Further, the opening degree of the governor
valve is controlled by the governor 59 on the basis of the
calculated available power value. The target opening de-
gree of the governor valve 37 is an opening degree of
90%, for example, and does not need to be a fully opened
state.
[0082] The governor control according to this embod-
iment will be described in detail with reference to Fig. 3.
Fig. 3 is a functional block diagram according to governor
controls of the TCP 57 and the PMS 53 according to this
embodiment.
[0083] The TCP 57 includes an available power value
calculation unit 70 that calculates an available power val-
ue to be output to the PMS 53. The available power value
calculation unit 70 does not output a pulse signal for in-
creasing or decreasing an available power value that is
retained in advance in the PMS 53 to the PMS 53, but
calculates an absolute value of the available power value
and outputs the result to the PMS 53 as an analog signal
(a voltage value).
[0084] The available power value calculation unit 70
includes a limit value calculation unit 71 that calculates
a limit available power value.
[0085] The limit value calculation unit 71 calculates a
limit value of an available power value (hereinafter, re-
ferred to as the "limit available power value") on the basis
of a load (M/E load) of the main engine 3, for example,
and outputs the result to a multiplier 72. In other words,
the limit available power value is an upper limit value of
the available power value to be calculated. That is, the
upper limit value is set with respect to the available power
value calculated by the available power value calculation
unit 70. In this way, since the upper limit is set with respect
to the available power value, the available power value
calculation unit 70 can calculate an available power value
based on reality.
[0086] For example, the limit value calculation unit 71
calculates a limit available power value which is logically
calculated by a predetermined function that uses a load
of the main engine 3 and an outside air temperature (Ato-
mos. Temp.) as variables. The logically calculated limit
available power value is, in other words, a design value
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of an available power value. However, the limit available
power value is not limited thereto, and other parameters
may be added to the design value to obtain a more real-
istic value.
[0087] Further, the TCP 57 includes a subtracter 73
and a PID calculation unit 74.
[0088] The subtracter 73 calculates an opening degree
difference which is a difference between the target open-
ing degree of the governor valve 37 (GV Lift Setting) and
an actual opening degree of the governor valve 37 (GV
Lift), and outputs the result to the PID calculation unit 74.
[0089] The PID calculation unit 74 calculates an avail-
able power value (hereinafter, referred to as an "opening
degree difference available power value") on the basis
of the opening degree difference, and outputs the result
to a low value selector 75. The PID calculation unit 74
calculates an opening degree difference available power
value according to a predetermined function that uses
the opening degree difference as a variable.
[0090] The opening degree difference available power
value is compared with an available power value (here-
inafter, referred to as a "pressure difference available
power value") based on a difference between a set value
of the pressure of steam to be introduced to the steam
turbine 9 and an actual steam pressure by the low value
selector 75, and a smaller value is output from the low
value selector 75. The available power value output from
the low value selector 75 is, in other words, a target value
of an available power (hereinafter, referred to as an
"available power target value").
[0091] The available power target value output from
the low value selector 75 is input to a PID calculation unit
77 through a subtracter 76.
[0092] The subtracter 76 subtracts the available power
value output from the multiplier 72 from the available pow-
er target value, and outputs the subtraction result value
to the PID calculation unit 77. That is, the value output
from the multiplier 72 is a current value of the available
power target value, and a difference between the target
value of the available power and the current value is cal-
culated by the subtracter 76.
[0093] The PID calculation unit 77 calculates an input
difference to become a value that is equal to or smaller
than 1, and outputs the result to the multiplier 72. That
is, the difference between the target value of the available
power and the current value is set to be equal to or smaller
than 1 by the PID calculation unit 77 so that the calculated
available power value does not exceed the limit available
power value, and then, is multiplied by the limit available
power value by the multiplier 72.
[0094] In this way, the available power value calcula-
tion unit 70 calculates an available power value in which
a limit available power value is set as an upper limit, on
the basis of the difference between the target opening
degree of the governor valve 37 and the actual opening
degree of the governor valve 37.
[0095] High-pressure steam and low-pressure steam
are introduced to the steam turbine 9 according to this

embodiment, but with respect to the low-pressure steam,
the governor control is not performed. Thus, an available
power value output from the multiplier 72 is added to an
available power value (LP Avail. kW) based on low-pres-
sure steam which is separately calculated, by an adder
78. An available power value output from the adder 78
is an available power value (ST Avail. kW) of the steam
turbine 9 according to this embodiment.
[0096] Further, since the turbine generator system 1
according to this embodiment also includes the power
turbine 7, an output value (PT Act. kW) of the power tur-
bine 7 which is separately calculated is also further added
by an adder 79. That is, an available power value output
from the adder 79 is an absolute value of an actual avail-
able power value (STG Avail. kW) of the turbine generator
25 according to this embodiment, and this value is output
to a load sharing control unit 80 provided in the PMS 53
as an analog signal (a voltage value).
[0097] Further, the available power value calculation
unit 70 according to this embodiment calculates a smaller
value among an opening degree difference available
power value and a pressure difference available power
value as an actual available power value (available power
target value) obtained from the steam turbine 9, as de-
scribed above.
[0098] This is because as a governor valve opening
degree is opened, a steam pressure decreases, but since
a minimum value is set with respect to the steam pres-
sure, an actual steam pressure does not become a value
smaller than the set minimum value. That is, in a case
where the pressure difference available power value is
smaller than the opening degree difference available
power value refers to a case in which the actual steam
pressure is smaller than the set minimum value. In such
a case, the pressure difference available power value is
selected by the low value selector 75, and an available
power value capable of maintaining the actual steam
pressure to be equal to or greater than the set minimum
value is calculated.
[0099] Thus, it is possible to prevent the pressure of
steam that is introduced to the steam turbine 9 from being
smaller than the set minimum value.
[0100] Thus, in order to calculate a pressure difference
available power value, the available power value calcu-
lation unit 70 includes a subtracter 81 and a PID calcu-
lation unit 82.
[0101] The subtracter 81 calculates a pressure differ-
ence which is a difference between a measurement value
of a high-pressure steam pressure (HP Press) and a set
minimum value of the high-pressure steam pressure (HP
Press Min Setting), and outputs the result to the PID cal-
culation unit 82.
[0102] The PID calculation unit 82 calculates a pres-
sure difference available power value on the basis of the
pressure difference, and then, outputs the result to the
low value selector 75. The PID calculation unit 82 calcu-
lates a pressure difference available power value using
a predetermined function that uses a pressure difference

15 16 



EP 3 293 364 A1

10

5

10

15

20

25

30

35

40

45

50

55

as a variable.
[0103] If a difference between an actual steam pres-
sure and a set minimum value is excessively large, a
temporal change of a calculated available power value
also increases. In a case where the governor control is
performed using such an available power value, the tur-
bine generator system 1 may greatly change and the
control may be unstable. The reason why the control is
unstable is that there is a possibility that in a case where
the opening degree of the governor valve 37 of the steam
turbine 9 rapidly increases, a high-pressure steam pres-
sure rapidly decreases and a circulating water pump (not
shown) that circulates water between a high pressure
evaporator that is provided between a high pressure
drum (not shown) and the exhaust gas economizer 11
causes cavitation. In the high pressure drum (and a cir-
culating water pump inlet pipe), in a case where pressure
rapidly decreases compared with the temperature of wa-
ter (liquid), there is a possibility that water is evaporated
to cause cavitation by suction of the circulating water
pump.
[0104] In order to prevent the above-mentioned prob-
lem, the available power value calculation unit 70 in-
cludes a subtracter 83, a high value selector 84, and a
rate limiter 85.
[0105] The subtracter 83 subtracts a predetermined
change suppression value (a regulating value) from a
measurement value of a high-pressure steam pressure.
The change suppression value is 0.5 bar, for example.
[0106] The high value selector 84 compares a meas-
urement value obtained by the subtraction of the change
suppression value with the set minimum value, and out-
puts a smaller value to the rate limiter 85.
[0107] The rate limiter 85 outputs the value output from
the high value selector 84 to the subtracter 83 at a pre-
determined temporal change rate.
[0108] Here, in a case where the measurement value
of the high-pressure steam pressure is, for example, 6.2
bar, and the set minimum value is, for example, 5.5 bar,
the value output from the high value selector 84 is 5.7
bar, and a value output from the subtracter 81 is 0.5 bar.
Further, in a case where the measurement value of the
high-pressure steam pressure is, for example, 5.8 bar,
and the set minimum value is, for example, 5.5 bar, the
value output from the high value selector 84 is 5.5 bar,
and the value output from the subtracter 81 is 0.3 bar.
On the other hand, even in a case where the measure-
ment value of the high-pressure steam pressure is 8.0
bar, since the value output from the high value selector
84 is 7.5 bar, the value output from the subtracter 81 is
0.5 bar. That is, even in a case where a difference be-
tween the measurement value of the high-pressure
steam pressure and the set minimum value is large, the
available power value calculation unit 70 according to
this embodiment does not use a difference that exceeds
the change suppression value, that is, uses the change
suppression value as a regulating value to calculate an
available power value as a value which is equal to or

smaller than the change suppression value. Thus, a tem-
poral change of the available power value calculated by
the available power value calculation unit 70 is sup-
pressed from being greatly changed.
[0109] The available power value (STG Avail. kW) cal-
culated by the TCP 57 in this way is output to the PMS
53 as an analog signal (a voltage value).
[0110] The PMS 53 includes the load sharing control
unit 80 and a governor increase/decrease pulse gener-
ator 86.
[0111] The load sharing control unit 80 generates a
load sharing signal indicating load sharing of the steam
turbine 9 and the diesel engine generator 60 on the basis
of an available power value input from the TCP 57. The
governor increase/decrease pulse generator 86 gener-
ates a pulse signal (hereinafter, referred to as a "governor
increase/decrease pulse signal") indicating governor in-
crease or governor decrease for increasing or decreasing
a control value (speed set value) with respect to the
steam turbine 9 and the diesel engine generator 60, on
the basis of the load sharing signal from the load sharing
control unit 80, and outputs the result to each of the gov-
ernors 59, 87, and 88.
[0112] The governor 59 is provided in the TCP 57, and
controls a rotation speed of the steam turbine 9, and out-
puts a governor valve opening degree according to a
speed set value (governor increase/decrease pulse sig-
nal) of a rotation speed instructed by the PMS 53 to the
governor valve 37, to thereby control an output of the
steam turbine 9 and to perform a control so that the gov-
ernor valve opening degree becomes a target opening
degree.
[0113] Further, the governors 87 and 88 are provided
in each corresponding diesel engine generator 60, and
control the rotation speed of the diesel engine generator
60. The governors 87 and 88 output the governor valve
opening degree according to the speed set value (gov-
ernor increase/decrease pulse signal) of the rotation
speed instructed by the PMS 53 to the governor valve
37, to thereby control the output of the diesel engine gen-
erator 60.
[0114] Next, calculation of an output value (PT Act. kW)
of the power turbine 7 will be described.
[0115] The available power value (STG Avail. kW) of
the turbine generator 25 is a sum of the available power
value (ST Avail. kW) of the steam turbine 9 and the output
value (PT Act. kW) of the power turbine 7 as described
above (Expression (1)).

STG Avail. kW = ST Avail. kW + PT Act. kW ... (1)

[0116] Here, the output value (PT Act. kW) of the power
turbine 7 is calculated by subtracting an output measure-
ment value (ST Act. kW) of the steam turbine 9 from an
output measurement value (STG Act. kW) of the turbine
generator 25, as expressed by Expression (2).
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PT Act. kW = STG Act. kW - ST Act. kW ... (2)

[0117] The output measurement value of the steam
turbine 9 is calculated by a known method using various
measurement values such as a main steam pressure, a
steam temperature, or an exhaust pressure of steam that
is introduced to the steam turbine 9.
[0118] Further, the reason why the available power val-
ue (STG. Avail. kW) of the turbine generator 25 is calcu-
lated on the basis of Expression (1) will be hereinafter
described in detail.
[0119] It may be considered that the available power
value (STG Avail. kW) of the turbine generator 25 is cal-
culated from the following Expression (3) using the avail-
able power value (PT Avail. kW) of the power turbine 7.

STG Avail. Kw = ST Avail. kW + PT Avail. kW ... (3)

[0120] Here, the available power value (PT Avail. kW)
of the power turbine 7 is obtained by performing correc-
tion with respect to a function due to the load of the main
engine 3 using an outside air temperature (suction tem-
perature of the turbocharger 5) as a parameter. That is,
in Expression (3), since the available power value (PT
Avail. kW) of the power turbine 7 is determined to become
certain value using the load of the main engine 3 and the
outside air temperature, the available power value (PT
Avail. kW) of the power turbine 7 that frequently changes
during operation of the power turbine 7 cannot be calcu-
lated using the load of the main engine 3 and the outside
air temperature. Accordingly, in Expression (3), the avail-
able power value (STG Avail. kW) of the turbine generator
25 during operation of the power turbine 7 cannot be
calculated.
[0121] A method for gradually changing the available
power value (PT Avail. kW) of the power turbine 7 in
expectation of being close to a change of an actual output
value of the power turbine 7 during operation may be
considered. However, in a case where there is a differ-
ence between the reality and the expectation, if the gov-
ernor valve 37 of the steam turbine 9 is operated to absorb
the difference, there is a possibility that the opening de-
gree of the governor valve 37 of the steam turbine 9 may
be greatly moved.
[0122] Thus, by using the output value (PT Act. kW) of
the power turbine 7 as it is as in Expression (1), it is
possible to reflect the change of the available power value
during operation of the power turbine 7 in the available
power value (STG Avail. kW) of the turbine generator 25
with high accuracy in real time. Thus, a problem in that
the opening degree of the governor valve 37 of the steam
turbine 9 is greatly moved as described above does not
occur.
[0123] In order to maintain the opening degree of the
governor valve 37 of the steam turbine 9 (in other words,
an output of the steam turbine 9) as it is, the change of
the output value (PT Act. kW) during operation of the
power turbine 7 may also be considered as the change

of the available power value (STG Avail. kW) of the tur-
bine generator 25. Further, the change of the output dur-
ing operation of the power turbine 7 is expressed as the
change of the PT Act. kW calculated in Expression (2),
which may be obtained with high accuracy.
[0124] Fig. 4 shows an example of a functional block
diagram relating to calculation of an output value of the
power turbine 7 in the available power value calculation
unit 70.
[0125] The available power value calculation unit 70
includes a subtracter 90, a subtracter 91, and a PID cal-
culation unit 92.
[0126] The subtracter 90 subtracts an output measure-
ment value (ST Act. kW) of the steam turbine 9 from an
output measurement value (STG Act. kW) of the turbine
generator 25 to calculate an output value (PT Act. kW)
of the power turbine 7.
[0127] The subtracter 91 performs subtraction be-
tween the output value (PT Act. kW) from the subtracter
90 and an available power value of the power turbine 7
output from the PID calculation unit 92, and outputs a
difference. A case in which the difference output from the
subtracter 91 is not zero corresponds to a case in which
there is a change of the output of the power turbine 7.
[0128] The PID calculation unit 92 calculates the avail-
able power value of the power turbine 7 on the basis of
the difference output from the subtracter 91, and outputs
the result to the adder 79. In a case where there is a
change of the output of the power turbine 7 and a large
difference value is input, the PID calculation unit 92 does
not rapidly change the output value of the power turbine
7, but gradually changes the output value (available pow-
er value) of the power turbine 7 according to temporal
changes and outputs the result.
[0129] By calculating the output value of the power tur-
bine 7 in this way, the change of the output of the power
turbine 7 in a case where the load of the main engine 3
changes appears as an absolute value (analog signal).
[0130] Here, in the related-art control using a pulse sig-
nal, since the governor valve 37 of the steam turbine 9
is controlled every time according to a change of an out-
put of the power turbine 7 and a change of an available
power value in the PMS 53, while a condition of a plant
is being changed, the opening degree of the governor
valve is excessively decreased or is fixed at a fully
opened position, and thus, there is a possibility that the
control becomes unstable.
[0131] On the other hand, in this embodiment, the
change of the output of the power turbine 7 is reflected
in the available power value of the turbine generator 25
in real time. Thus, the PMS 53 can calculate load sharing
of each inboard power generator without a time lag using
the calculated available power value (STG Avail. kW)
although the output of the power turbine 7 changes, and
can output a command (a governor increase/decrease
pulse signal) for instructing each power generator to in-
crease or decrease of the opening degree of the governor
valve. That is, since the calculated available power value
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of the turbine generator 25 can be calculated without a
time lag although the output of the power turbine 7 chang-
es, it is possible to stabilize the control of the opening
degree of the governor valve. Further, although the out-
put of the power turbine 7 changes, it is possible to per-
form more stable control without greatly changing the
opening degree of the governor valve.
[0132] Next, a pressure-changing operation of the tur-
bine generator system 1 according to this embodiment
will be specifically described with reference to Figs. 5 to 8.
[0133] Fig. 5 is a graph illustrating temporal changes
of various control values in a pressure-changing opera-
tion. Here, Fig. 5(A) shows a temporal change of a load
of the main engine 3, Fig. 5(B) shows a temporal change
(solid line) of the opening degree of the governor valve
of the steam turbine 9 and a temporal change (broken
line) of the opening degree of the dump valve 41, Fig.
5(C) shows a temporal change of a high-pressure steam
pressure, and Fig. 5(D) shows a temporal change of the
output of the turbine generator 25. A transverse axis
(time) in Fig. 5 is divided into periods (1) to (14), for ease
of description.
[0134] First, a case in which the load of the main engine
3 increases will be described for each of periods (1) to (8).
[0135] Period (1) : An operation of the main engine 3
is started, and the exhaust gas economizer 11 is oper-
ated, so that generation of high-pressure steam is started
and the pressure rises.
[0136] Period (2): If the high-pressure steam pressure
rises to a set pressure of the dump valve 41, the dump
valve 41 is opened, and the opening degree of the dump
valve 41 is controlled so that the high-pressure steam
pressure becomes a predetermined pressure according
to increase of the flow rate of steam.
[0137] Period (3): An operation of the steam turbine 9
is started. Further, according to increase of the opening
degree of the governor valve 37 or according to increase
of load, the steam is introduced to the steam turbine 9.
Accordingly, the opening degree of the dump valve 41
decreases, and then, the dump valve 41 is fully closed.
That is, during the period (1) to the period (3), the high-
pressure steam pressure is controlled by the dump valve
41.
[0138] In addition, since the high-pressure steam pres-
sure exceeds a set minimum value up to the period (3)
and the opening degree of the governor valve is smaller
than a target opening degree, the TCP 57 increase an
available power value to be output to the PMS 53.
[0139] The PMS 53 outputs a pulse signal indicating a
governor increase command to the governor 59 accord-
ing to the increased available power value. Thus, the
governor 59 increases the opening degree of the gover-
nor valve, and thus, the load of the steam turbine 9 in-
creases.
[0140] Period (4): As the dump valve 41 is fully closed
and the opening degree of the governor valve increases,
the high-pressure steam pressure decreases. Opera-
tions of the TCP 57 and the PMS 53 and a change of the

available power value in the period (4) are the same as
in the period (3).
[0141] Period (5): While the opening degree of the gov-
ernor valve is being increased to become a target open-
ing degree, if the high-pressure steam pressure decreas-
es to reach the set minimum value, the opening degree
of the governor valve is controlled to maintain the set
minimum value. Further, as the flow rate of steam in-
creases, the opening degree of the governor valve in-
creases while maintaining the set minimum value.
[0142] If the high-pressure steam pressure is smaller
than the set minimum value, although the opening degree
of the governor valve does not reach the target opening
degree, the TCP 57 stops the increase of the available
power value up to then, and adjusts the available power
value to maintain the set minimum value.
[0143] Period (6): If the opening degree of the governor
valve reaches the target opening degree, the control of
the opening degree is stopped, and thereafter, if the flow
rate of steam increases, the high-pressure steam pres-
sure increases in a state where the target opening degree
of the governor valve 37 is maintained.
[0144] The control for maintaining the opening degree
of the governor valve at the target opening degree is tem-
porarily stopped, but strictly speaking, since if the flow
rate of steam increases in this state, the rotation speed
of the steam turbine 9 increases, the governor 59 is op-
erated to reduce the flow rate of steam to be introduced
to the steam turbine 9, and thus, the opening degree of
the governor valve decreases. Further, the TCP 57 in-
creases the available power value in order to further
maintain the opening degree of the governor valve at the
target opening degree, and the load increases according
to a governor increase command of the PMS 53. In this
way, even after reaching the target opening degree of
the governor valve 37, according to the increase of the
flow rate of steam, the available power value increases
while repeating the control for maintaining the opening
degree of the governor valve at the target opening de-
gree, and the load of the steam turbine 9 increases.
[0145] Period (7): The operation of the power turbine
7 is started. The opening degree of the governor valve
also transiently changes according to the increase of the
output of the power turbine 7, but since the available pow-
er value is controlled so that the change does not become
large, the change is not shown in the figure.
[0146] Period (8): According to the increase of the out-
put of the power turbine 7 due to the increase of the load
of the main engine 3, and according to the increase of
the flow rate of steam, until the governor increase com-
mand is received from the PMS 53, the opening degree
of the governor valve is controlled to be reduced, and the
available power value and the load of the steam turbine
9 increase in the same movement as in the period (6). If
the opening degree of the governor valve decreases to
be smaller than the target opening degree, the TCP 57
increases the available power value (STG Avail. kW) of
the turbine generator 25 to return the opening degree of
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the governor valve to the target opening degree. In ad-
dition, the governor increase command is received from
the PMS 53, and thus, the opening degree of the governor
valve increases toward the target opening degree. In this
way, in the period (8), the opening degree of the governor
valve maintains the target opening degree while repeat-
ing slight increase or decrease.
[0147] Next, a case in which the load of the main engine
3 decreases will be described for each of periods (11) to
(14).
[0148] Period (11): According to the increase of the
output of the power turbine 7 due to the decrease of the
load of the main engine 3, and according to the decrease
of the flow rate of steam, until a governor decrease com-
mand is received from the PMS 53, the opening degree
of the governor valve increases to compensate for speed
reduction of the steam turbine 9. On the other hand, the
TCP 57 decreases the available power value to return
the opening degree of the governor valve to the target
opening degree, and the load decreases due to the gov-
ernor decrease command of the PMS 53.
[0149] If the opening degree of the governor valve in-
creases to be larger than the target opening degree, the
TCP 57 decreases the available power value (STG Avail.
kW) of the turbine generator 25 in order to return the
opening degree of the governor valve to the target open-
ing degree. Further, the governor decrease command is
received from the PMS 53, and thus, the opening degree
of the governor valve decreases toward the target open-
ing degree. In this way, in the period (11), the opening
degree of the governor valve maintains the target open-
ing degree while repeating slight increase or decrease.
[0150] Period (12): The power turbine 7 is stopped.
Generally, the power turbine 7 is stopped due to reduction
of an extraction gas allowance due to reduction of the
load of the main engine 3. The opening degree of the
governor valve also transiently changes according to re-
duction of the output of the power turbine 7 and the stop
thereof, but since the available power value is controlled
so that the change does not become large, the change
is not shown in the figure.
[0151] Period (13): According to the reduction of the
flow rate of steam due to further reduction of the load of
the main engine 3, the opening degree of the governor
valve is maintained at the target opening degree, and the
high-pressure steam pressure decreases to the set min-
imum value. Then, since the available power value is
reduced to maintain the set minimum value of the high-
pressure steam pressure, the opening degree of the gov-
ernor valve decreases.
[0152] Period (14): If the available power value reach-
es a predetermined minimum value, the available power
value does not decrease any more, and the PMS 53 gives
a command (for example, an increase command) to the
governor 59 to secure a load of the minimum value, and
thus, the high-pressure steam pressure begins to de-
crease to become smaller than the set minimum value.
Then, according to the decrease of the output and the

decrease of the high-pressure steam pressure, the steam
turbine 9 is stopped.
[0153] Figs. 6A and 6B are graphs illustrating temporal
changes of various control values in the related art when
the power turbine 7 is operated, and temporal changes
of various control values according to an embodiment of
the invention. Fig. 6A shows temporal changes of various
control values in the related art, and Fig. 6B shows tem-
poral changes of various control values according to the
embodiment of the invention. Further, a time T1 repre-
sents a timing when the exhaust gas flow rate adjusting
valve 33 is opened to operate the power turbine 7, a time
T2 represents a timing when the clutch 31 of the power
turbine 7 is turned on so that the power turbine 7 is con-
nected to the turbine generator 25, a time T3 represents
a timing when the output of the power turbine 7 becomes
constant in this embodiment, and a time T4 represents a
timing when the exhaust gas flow rate adjusting valve 33
is fully opened.
[0154] (A-1) of Fig. 6A and (B-1) of Fig. 6B show tem-
poral changes of the load of the main engine 3, and in
Figs. 6A and 6B, a case in which the load of the main
engine 3 is constant is shown, as an example.
[0155] (A-2) of Fig. 6A and (B-2) of Fig. 6B show tem-
poral changes of the opening degree of the exhaust gas
flow rate adjusting valve 33. The opening degree of the
exhaust gas flow rate adjusting valve 33 is continuously
changed from a fully closed position to a fully opened
position during the time T1 to the time T4.
[0156] (A-3) of Fig. 6A and (B-3) of Fig. 6B show tem-
poral changes of the available power value (an available
power value of the turbine generator 25) in the PMS 53.
In (A-3) of Fig. 6A in the related art, since the available
power value is increased or decreased by a pulse signal,
the available power value increases in stages over time.
On the other hand, in (B-3) of Fig. 6B according to this
embodiment, since the available power value is ex-
pressed by an analog signal, the available power value
continuously increases.
[0157] In the increase of the available power value us-
ing the pulse signal in the related art, even after the time
T3 when the output of the power turbine 7 becomes con-
stant, the available power value increases in stages due
to a time lag. On the other hand, in the control according
to this embodiment, at the timing of the time T3 when the
output of the power turbine 7 becomes constant, the in-
crease of the available power value is terminated, and
thereafter, the available power value becomes constant.
[0158] (A-4) of Fig. 6A and (B-4) of Fig. 6B show tem-
poral changes of a governor speed set value with respect
to the steam turbine 9.
[0159] Since the change of the governor speed set val-
ue depends on increase or decrease of the available pow-
er value, in (A-4) of Fig. 6A in the related art, even after
the time T3 when the output of the power turbine 7 be-
comes constant, the governor speed set value increases
in stages by a predetermined value due to a time lag. On
the other hand, in (B-4) of Fig. 6B according to this em-
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bodiment, at the timing of the time T3 when the output of
the power turbine 7 becomes constant, the increase of
the governor speed set value is terminated, and thereaf-
ter, the governor speed set value becomes constant.
[0160] (A-5) of Fig. 6A and (B-5) of Fig. 6B show tem-
poral changes of the opening degree of the governor
valve. Further, (A-6) of Fig. 6A and (B-6) of Fig. 6B show
temporal changes of the output of the steam turbine 9,
the output of the power turbine 7, and the output of the
turbine generator 25.
[0161] As shown in (A-5) of Fig. 6A and (B-5) of Fig.
6B, as the output of the power turbine 7 increases, the
opening degree of the governor valve decreases. This
corresponds to a period "a". On the other hand, a control
for setting an excessively reduced opening degree of the
governor valve to the target opening degree is performed
in a period "b".
[0162] In the related art, the opening degree of the gov-
ernor valve is controlled according to the change of the
output of the power turbine 7, and thereafter, a control
for setting the opening degree of the governor valve re-
tained in the PMS 53 by a pulse signal or a steam pres-
sure to a target value is performed. Thus, a time lag oc-
curs in the control, and although the exhaust gas flow
rate adjusting valve 33 is fully opened, the power turbine
7 or the steam turbine 9 does not become a settling state
either.
[0163] On the other hand, in this embodiment, as ex-
pressed by Expression (1), since the change of the output
of the power turbine 7 is reflected in the available power
value (analog signal) of the turbine generator 25 in real
time, it is possible to perform the control of the opening
degree of the governor valve without a time lag, and to
shorten a time (period "b") necessary for the control for
setting an excessively reduced opening degree of the
governor valve to the target opening degree compared
with that in the related art. Particularly, in this embodi-
ment, at a timing when the exhaust gas flow rate adjusting
valve 33 is fully opened, since the opening degree of the
governor valve can be set to the target opening degree,
the power turbine 7 or the steam turbine 9 become the
settling state earlier than in the related art.
[0164] Figs. 7A and 7B are a graph illustrating temporal
changes of various control values in the related art when
the power turbine is stopped, and a graph illustrating tem-
poral changes of various control values according to an
embodiment of the invention. Fig. 7A shows temporal
changes of various control values in the related art, and
Fig. 7B shows temporal changes of various control val-
ues according to the embodiment of the invention. Fur-
ther, a time T5 represents a timing when the exhaust gas
flow rate adjusting valve 33 is closed, a time T6 represents
a timing when the clutch 31 of the power turbine 7 is
turned off so that the power turbine 7 is disconnected
from the turbine generator 25, a time T7 represents a
timing when the exhaust gas flow rate adjusting valve 33
is fully closed.
[0165] (A-1) of Fig. 7A and (B-1) of Fig. 7B show tem-

poral changes of the load of the main engine 3, and in
Figs. 7, a case in which the load of the main engine 3
becomes constant is shown, as an example.
[0166] (A-2) of Fig. 7A and (B-2) of Fig. 7B show tem-
poral changes of the opening degree of the exhaust gas
flow rate adjusting valve 33. The opening degree of the
exhaust gas flow rate adjusting valve 33 is continuously
changed from a fully opened position to a fully closed
position during the time T5 to the time T7.
[0167] (A-3) of Fig. 7A and (B-3) of Fig. 7B show tem-
poral changes of the available power value (the available
power value of the turbine generator 25) in the PMS 53.
In (A-3) of Fig. 7A in the related art, since the available
power value is increased or decreased by a pulse signal,
the available power value decreases in stages. In (A-3)
of Fig. 7A, the available power value of the turbine gen-
erator 25 excessively decreases due to a time lag of the
increase or decrease of the available power value due
to the pulse signal, and thereafter, the available power
value is changed to increase and becomes constant.
[0168] On the other hand, in (B-3) of Fig. 7B according
to this embodiment, since the available power value is
expressed by an analog signal, the available power value
continuously decreases without a time lag.
[0169] (A-4) of Fig. 7A and (B-4) of Fig. 7B show tem-
poral changes of the governor speed set value with re-
spect to the steam turbine 9.
[0170] Since the change of the governor speed set val-
ue depends on the increase or decrease of the available
power value, in (A-4) of Fig. 7A in the related art, the
governor speed set value decreases, and thereafter, in-
creases and becomes constant. On the other hand, in
(B-4) of Fig. 7B according to this embodiment, there is
no increase or decrease of the governor speed set value
as in the related art, and the governor speed set value
decreases and then becomes constant.
[0171] (A-5) of Fig. 7A and (B-5) of Fig. 7B show tem-
poral changes of the opening degree of the governor
valve. Further, (A-6) of Fig. 7A and (B-6) of Fig. 7B show
temporal changes of the output of the steam turbine 9,
the output of the power turbine 7, and the output of the
turbine generator 25.
[0172] In the related art, since there is a time lag in the
control, it takes time until the output of the turbine gen-
erator 25 becomes a settling state. On the other hand,
in this embodiment, since the control is possible without
a time lag, a time until the output of the turbine generator
25 becomes the settling state is shorter than the time in
the related art.
[0173] Figs. 8A and 8B are a graph illustrating temporal
changes of various control values in the related art when
an inboard power load increases, and a graph illustrating
temporal changes of various control values according to
an embodiment of the invention. Fig. 8A shows temporal
changes of various control values in the related art, and
Fig. 8B shows temporal changes of various control val-
ues according to the embodiment of the invention. Fur-
ther, a time T10 represents a timing when an inboard
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power load increases.
[0174] (A-1) of Fig. 8A and (B-1) of Fig. 8B show tem-
poral changes of the load of the main engine 3, and in
Figs. 8A and 8B, a case in which the load of the main
engine 3 becomes constant is shown, as an example.
[0175] (A-2) of Fig. 8A and (B-2) of Fig. 8B show tem-
poral changes of the opening degree of the governor
valve, (A-3) of Fig. 8A and (B-3) of Fig. 8B show temporal
changes of the available power value (the available pow-
er value of the turbine generator 25) in the PMS 53, (A-
4) of Fig. 8A and (B-4) of Fig. 8B show temporal changes
of the governor speed set value with respect to the steam
turbine 9, and (A-5) of Fig. 8A and (B-5) of Fig. 8B show
temporal changes of the output of the steam turbine 9,
the output of the power turbine 7, and the output of the
turbine generator 25.
[0176] If the inboard power load increases at the time
T10, the opening degree of the governor valve accord-
ingly increases, and the output of the turbine generator
25 also increases. On the other hand, since the opening
degree of the governor valve increases, the available
power value decreases to set the opening degree of the
governor valve to the target opening degree. As the avail-
able power value is changed, the governor speed set
value and the output value of the turbine generator 25
are also changed.
[0177] Here, in the related art, since the available pow-
er value retained in the PMS 53 is increased or decreased
by a pulse signal, a delay occurs in the change of the
available power value with respect to the output change
of the turbine generator 25. As a result, since a delay
occurs in the change of the governor speed set value or
the opening degree of the governor valve, as shown in
(A-2) to (A-5) of Fig. 8A, there is a possibility that hunting
occurs in various control values. In other words, since a
phase of the change of the available power value accord-
ing to the pulse signal deviates from a phase of the
change of the output of the turbine generator 25, the gov-
ernor speed set value or the opening degree of the gov-
ernor valve, there is a possibility that hunting occurs.
[0178] On the other hand, in this embodiment, since
the TCP 57 calculates an absolute value of the available
power value and outputs the result to the PMS 53 using
an analog signal, since the calculation of the available
power value, the output of the governor speed set value,
and the control of the opening degree of the governor
valve can be performed without a time lag, and thus, it
is possible to prevent such hunting as in the related art.
[0179] As described above, the TCP 57 according to
this embodiment performs a control so that the opening
degree of the governor valve 37 becomes a predeter-
mined value (a target opening degree), to thereby per-
form a pressure-changing operation for changing the
pressure of steam to be introduced to the steam turbine
9. Further, the TCP 57 calculates an actual available pow-
er value obtained from the steam turbine 9 on the basis
a difference between the target opening degree of the
governor valve 37 and an actual opening degree of the

governor valve 37, and controls the opening degree of
the governor valve on the basis of the calculated available
power value.
[0180] Thus, since the TCP 57 according to this em-
bodiment does not increase or decrease the available
power value used in control of the opening degree of the
governor valve using a pulse signal as in the related art,
it is possible to control the governor valve 37 without the
occurrence of a time lag specific to such a pulse signal.
Accordingly, the TCP 57 can perform more stable control
in exhaust heat recovery in a case where a condition of
a plant is changed.
[0181] Hereinbefore, the embodiments of the invention
have been described, but a technical scope of the inven-
tion is not limited to the scopes disclosed in the embod-
iments. Various changes or improvements may be added
to the embodiments in a range without departing from
the concept of the invention, and the embodiments to
which the changes or improvements are added may also
be included in the technical scope of the invention.
[0182] For example, in the embodiments, a configura-
tion in which the turbine generator system 1 according
to this embodiment is used as a power generation system
for a ship has been described, but the invention is not
limited thereto, and a configuration in which the turbine
generator system 1 according to this embodiment is ap-
plied to overland plant facilities may be used, for example.
[0183] In this case, the plant facilities may be operated
by a so-called microgrid (also referred to as an island
mode), which is not connected to an infinite bus.
[0184] Further, in the embodiments, for example, a
configuration in which exhaust gas is generated by the
main engine 3 has been described, but the invention is
not limited to thereto, and a configuration in which ex-
haust gas is generated by a device other than the main
engine 3, for example, is generated by a boiler may be
used. Reference Signs List
[0185]

2 POWER GENERATION SYSTEM
3 MAIN ENGINE
7 POWER TURBINE
9 STEAM TURBINE
25 TURBINE GENERATOR (GENERATOR)
37 GOVERNOR VALVE
43 POWER GENERATION SYSTEM CONTROL
DEVICE (CONTROL DEVICE)
59 GOVERNOR (CONTROL MEANS)
70 AVAILABLE POWER VALUE CALCULATION
UNIT (CALCULATION UNIT)

Claims

1. A control device for a power generation system that
includes a steam turbine that is driven by steam gen-
erated by exhaust gas, a governor valve that controls
the flow rate of steam that is introduced to the steam
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turbine, and a generator that is connected to the
steam turbine, and performs a pressure-changing
operation for changing the pressure of the steam that
is introduced to the steam turbine, the control device
for a power generation system comprising:

calculation means for calculating an actual avail-
able power value obtained from the steam tur-
bine on the basis of a difference between a target
opening degree of the governor valve and an
actual opening degree of the governor valve;
and
control means for controlling an opening degree
of the governor valve on the basis of the avail-
able power value calculated by the calculation
means.

2. The control device for a power generation system
according to claim 1,
wherein the available power value calculated by the
calculation means has a predetermined upper limit
value.

3. The control device for a power generation system
according to claim 1 or 2,
wherein the calculation means calculates a smaller
value among a first available power value based on
the difference between the target opening degree of
the governor valve and the actual opening degree
of the governor valve and a second available power
value based on a difference between a set value of
the pressure of the steam that is introduced to the
steam turbine and an actual steam pressure, as an
actual available power value obtained from the
steam turbine.

4. The control device for a power generation system
according to claim 1, further including a power tur-
bine that is driven by the exhaust gas,
wherein the generator is connected to the power tur-
bine and the steam turbine, and
wherein the calculation means outputs a sum of the
calculated available power value and an output value
of the power turbine as an available power value
capable of being used by the generator.

5. The control device for a power generation system
according to claim 4,
wherein the output value of the power turbine is cal-
culated by subtracting a calculation value of an out-
put of the steam turbine from a measurement value
of an output of the generator.

6. A control device for a power generation system that
includes a power turbine that is driven by exhaust
gas, a steam turbine that is driven by steam gener-
ated by the exhaust gas, a governor valve that con-
trols the flow rate of steam that is introduced to the

steam turbine, and a generator that is connected to
the power turbine and the steam turbine, and per-
forms a pressure-changing operation for changing
the pressure of the steam that is introduced to the
steam turbine, the control device for a power gener-
ation system comprising:

calculation means for calculating an output val-
ue of the power turbine by subtracting a calcu-
lation value of an output of the steam turbine
from a measurement value of an output of the
generator and calculating an available power
value of the generator by adding the calculated
output value of the power turbine to an available
power value obtained from the steam turbine;
and
control means for controlling an opening degree
of the governor valve on the basis of the avail-
able power value of the generator calculated by
the calculation means.

7. A power generation system comprising the control
device according to claim 1 or claim 6,
wherein the power generation system performs a
pressure-changing operation for changing the pres-
sure of steam that is introduced to the steam turbine.

8. A power generation method that includes a step of
driving a steam turbine by steam generated by ex-
haust gas, a step of controlling the flow rate of steam
that is introduced to the steam turbine using a gov-
ernor valve, and a step of performing power gener-
ation by driving of the steam turbine, and performs
a pressure-changing operation for changing the
pressure of the steam that is introduced to the steam
turbine, the power generation method comprising:

a first step of calculating an actual available pow-
er value obtained from the steam turbine on the
basis of a difference between a target opening
degree of the governor valve and an actual
opening degree of the governor valve;
a second step of controlling an opening degree
of the governor valve on the basis of the avail-
able power value calculated in the first step.

9. A power generation method that includes a step of
driving a power turbine by exhaust gas, a step of
driving a steam turbine by steam generated by the
exhaust gas, a step of controlling the flow rate of
steam that is introduced to the steam turbine, and a
step of performing power generation by driving of
the power turbine and the steam turbine using a gov-
ernor valve, and performs a pressure-changing op-
eration for changing the pressure of the steam that
is introduced to the steam turbine, the power gener-
ation method comprising:
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a first step of calculating an output value of the
power turbine by subtracting a calculation value
of an output of the steam turbine from a meas-
urement value of an output of the generator and
calculating an available power value of the gen-
erator by adding the calculated output value of
the power turbine to an available power value
obtained from the steam turbine; and
a second step of controlling an opening degree
of the governor valve on the basis of the avail-
able power value of the generator calculated in
the first step.

Amended claims under Art. 19.1 PCT

1. (Amended) A control device for a power genera-
tion system that includes a steam turbine that is driv-
en by steam generated by exhaust gas, a governor
valve that controls the flow rate of steam that is in-
troduced to the steam turbine, and a generator that
is connected to the steam turbine, and performs a
pressure-changing operation for changing the pres-
sure of the steam that is introduced to the steam
turbine, the control device for a power generation
system comprising:

calculation means for calculating an actual avail-
able power value obtained from the steam tur-
bine on the basis of a difference between a target
opening degree of the governor valve and an
actual opening degree of the governor valve;
and
control means for controlling an opening degree
of the governor valve on the basis of the avail-
able power value calculated by the calculation
means,
wherein the calculation means calculates a
smaller value among a first available power val-
ue based on the difference between the target
opening degree of the governor valve and the
actual opening degree of the governor valve and
a second available power value based on a dif-
ference between a set value of the pressure of
the steam that is introduced to the steam turbine
and an actual steam pressure, as an actual
available power value obtained from the steam
turbine.

2. The control device for a power generation system
according to claim 1,
wherein the available power value calculated by the
calculation means has a predetermined upper limit
value.

3. Deleted)

4. (Amended) The control device for a power gener-

ation system according to claim 1, further including
a power turbine that is driven by the exhaust gas,
wherein the generator is connected to the power tur-
bine and the steam turbine, and
wherein the calculation means outputs a sum of the
calculated available power value and an output value
of the power turbine as an available power value
capable of being used by the generator.

5. (Amended) The control device for a power gener-
ation system according to claim 3,
wherein the output value of the power turbine is cal-
culated by subtracting a calculation value of an out-
put of the steam turbine from a measurement value
of an output of the generator.

6. (Amended) A control device for a power genera-
tion system that includes a power turbine that is driv-
en by exhaust gas, a steam turbine that is driven by
steam generated by the exhaust gas, a governor
valve that controls the flow rate of steam that is in-
troduced to the steam turbine, and a generator that
is connected to the power turbine and the steam tur-
bine, and performs a pressure-changing operation
for changing the pressure of the steam that is intro-
duced to the steam turbine, the control device for a
power generation system comprising:

first calculation means for calculating an actual
available power value obtained from the steam
turbine on the basis of a difference between a
target opening degree of the governor valve and
an actual opening degree of the governor valve;
first control means for controlling an opening de-
gree of the governor valve on the basis of the
available power value calculated by the first cal-
culation means;
second calculation means for calculating an out-
put value of the power turbine by subtracting a
calculation value of an output of the steam tur-
bine from a measurement value of an output of
the generator and calculating an available pow-
er value of the generator by adding the calculat-
ed output value of the power turbine to an avail-
able power value obtained from the steam tur-
bine; and
second control means for controlling the open-
ing degree of the governor valve on the basis of
the available power value of the generator cal-
culated by the second calculation means,
wherein the first calculation means calculates a
smaller value among a first available power val-
ue based on the difference between the target
opening degree of the governor valve and the
actual opening degree of the governor valve and
a second available power value based on a dif-
ference between a set value of the pressure of
the steam that is introduced to the steam turbine
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and an actual steam pressure, as an actual
available power value obtained from the steam
turbine.

7. (Amended) A power generation system compris-
ing the control device according to claim 1 or claim 5,
wherein the power generation system performs a
pressure-changing operation for changing the pres-
sure of steam that is introduced to the steam turbine.

8. (Amended) A power generation method that in-
cludes a step of driving a steam turbine by steam
generated by exhaust gas, a step of controlling the
flow rate of steam that is introduced to the steam
turbine using a governor valve, a step of performing
power generation by driving of the steam turbine,
and performs a pressure-changing operation for
changing the pressure of the steam that is introduced
to the steam turbine, the power generation method
comprising:

a first step of calculating an actual available pow-
er value obtained from the steam turbine on the
basis of a difference between a target opening
degree of the governor valve and an actual
opening degree of the governor valve;
a second step of controlling an opening degree
of the governor valve on the basis of the avail-
able power value calculated in the first step; and
a third step of calculating a smaller value among
a first available power value based on the differ-
ence between the target opening degree of the
governor valve and the actual opening degree
of the governor valve and a second available
power value based on a difference between a
set value of the pressure of the steam that is
introduced to the steam turbine and an actual
steam pressure, as an actual available power
value obtained from the steam turbine.

9. (Amended) A power generation method that in-
cludes a step of driving a power turbine by exhaust
gas, a step of driving a steam turbine by steam gen-
erated by the exhaust gas, a step of controlling the
flow rate of steam that is introduced to the steam
turbine using a governor valve, a step of performing
power generation by driving of the power turbine and
the steam turbine, and performs a pressure-chang-
ing operation for changing the pressure of the steam
that is introduced to the steam turbine, the power
generation method comprising:

a first step of calculating an actual available pow-
er value obtained from the steam turbine on the
basis of a difference between a target opening
degree of the governor valve and an actual
opening degree of the governor valve;
a second step of controlling an opening degree

of the governor valve on the basis of the avail-
able power value calculated by the first step;
a third step of calculating an output value of the
power turbine by subtracting a calculation value
of an output of the steam turbine from a meas-
urement value of an output of the generator and
calculates an available power value of the gen-
erator by adding the calculated output value of
the power turbine to an available power value
obtained from the steam turbine;
a fourth step of controlling the opening degree
of the governor valve on the basis of the avail-
able power value of the generator calculated by
the first step; and
a fifth step of calculating a smaller value among
a first available power value based on the differ-
ence between the target opening degree of the
governor valve and the actual opening degree
of the governor valve and a second available
power value based on a difference between a
set value of the pressure of the steam that is
introduced to the steam turbine and an actual
steam pressure, as an actual available power
value obtained from the steam turbine.
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