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REACTIVE POWER CONTROL EQUIPMENT AND REACTIVE POWER

CONTROL METHOD

Technological Field
[0001]

The invention relates to reactive power control
equipment and a reactive power control method.
Background
[0002]

These days, with increasing environmental
consciousness, renewable energy power generation eq
is increasing at a high speed. The ratio of the po
through the renewable energy electric power generat
the whole generated electric power is increasing ye
year. The renewable energy electric power generati
however, is unstable in the power supply; for examp
photovoltaic power generation is affected by bad we
and wind power generation is affected by wind speed
Therefore, in the present circumstances, the power
generated by the renewable energy power generation
equipment is difficult to be completely replaced wi
power generated by the base load power generation
equipment such as thermal power generation and nucl
power generation.

[0003]
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Accordingly, the power supplied to an electric pow
grid is a combination of the power generated by the
renewable energy power generation equipment and the
generated by the thermal power plant and the nuclea
equipment.

[0004]

The ratio of the power generated by the renewable
energy power generation equipment tends to increase
Since one electric power grid includes the combined
generated by the renewable energy power generation
equipment and generated by the thermal power plant
nuclear power equipment, the voltage and frequency
electric power shows unpredictable behavior in each
terminal point (power consumption area) coupled to
electric power grid, and it is difficult to optimal
control the voltage and frequency in each load term
point (power consumption area).

[0005]

As the background art of this technical field, the
is Japanese Unexamined Patent Application Publicati
2016-208654. This publication discloses electric p
grid voltage and reactive power monitoring, and con
equipment that gives control data to the respective
equipment capable of adjusting the voltage and the

reactive power of the electric power grid. The abo
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equipment requires one and more allowable band widt
targeted value, using one and more indexes of showi
stability of the electric power grid, obtains the
information about the targeted value from the allow
band width of targeted value, and gives the control
including the information about the targeted value
respective equipment, so that the respective equipm
adjusts the voltage and the reactive power in each

place (refer to Abstract).

Summary of the invention

[0007]

Japanese Unexamined Patent Application Publication

No. 2016-208654 discloses the electric power grid v
reactive power monitoring and control equipment tha
balance between the voltage and the reactive power
electric power grid. The above equipment in the ab
publication, however, does not challenge to control
reactive power adjusted by a synchronous condenser
to the electric power grid and the reactive power o
electric power coupled to the electric power grid a
optimally control the reactive power of the electri

in each load terminal point (power consumption area

considering instability of the electric power suppl

from the renewable energy power generation equipmen
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[0008]

The invention provides reactive power control
equipment and a reactive power control method of
controlling the reactive power adjusted by a synchr
condenser coupled to the electric power grid and th
reactive power of the electric power supplied to th
electric power grid, to optimally control the react
power in each load terminal point (power consumptio
considering the instability of the electric power s
from the renewable energy power generation equipmen

[0009]

The reactive power control equipment described in

the invention includes an input portion that inputs
information of reactive power including the reactiv
adjusted by an automatic voltage regulator of
automatically adjusting a voltage of electric power
generated by an electric power generator and suppli
an electric power grid, reactive power adjusted by
synchronous condenser coupled to the electric power
the reactive power of electric power generated by t
renewable energy power generation equipment, and re
power set in each load terminal point (consumer are
consuming the electric power; a calculation unit th
calculates each setting value of the reactive power
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voltage regulator, using the information of the rea
power input in the input portion; and an output por
that outputs the setting values of the reactive pow
calculated by the calculation unit respectively to
synchronous condensers and the automatic voltage
regulators.

[0010]

Further, the reactive power control method describ
in the invention includes the following steps of:
inputting information of the reactive power includi
reactive power adjusted by an automatic voltage reg
of automatically adjusting a voltage of electric po
generated by an electric power generator and suppli
the electric power grid, reactive power adjusted by
synchronous condenser coupled to the electric power
reactive power of electric power generated by the
renewable energy power generation equipment, and re
power set in each load terminal point (power consum
area) of consuming the electric power; calculating
setting value of the reactive power adjusted by the
synchronous condenser and the automatic voltage reg
using the input reactive power information; and out
the calculated setting values of the reactive power
respectively to the synchronous condensers and the

automatic voltage regulators.

ctive
tion
er

the

ed

ng

ulator

wer

edto
a

grid,

active
ption

each

ulator,

putting



10

15

20

25

[0011]

The invention is to provide the reactive power
control equipment and the reactive power control me
controlling the reactive power adjusted by the sync
condenser coupled to the electric power grid and th
reactive power of the electric power supplied to th
electric power grid, to optimally control the react
power in each load terminal point (power consumptio
considering the instability of the electric power s
from the renewable energy power generation equipmen
[0012]

Other objects, structures, and effects than the
above will be cleared according to the description

following embodiment.

Brief Description of the Drawings
[0013]

Fig. 1 is an explanatory view for describing
respective power generation equipment coupled to an
electric power grid according to the embodiment;

Fig. 2 is an explanatory view for describing a
function of controlling the reactive power accordin
the embodiment;

Fig. 3 is an explanatory view for describing a flo

chart of controlling the reactive power according t

thod of
hronous
e

e

ive

n area),

upplied

of the

gto

o the



10

15

20

25

embodiment; and
Fig. 4 is an explanatory view for describing sligh
adjustment of desired deviation of the reactive pow

according to the embodiment.

Detailed Description of Embodiments
[0014]

Hereinafter, a preferred embodiment will be
described with reference to the drawings. The same
reference numerals are attached to the same compone
the description is saved when there is an overlappi
description.

Embodiment
[0015]

Fig. 1 is an explanatory view for describing
respective power generation equipment coupled to an
electric power grid in the embodiment.

[0016]

Electric powers generated by electric power
generators (GEN1, GEN2, and GEN3) are supplied to a
electric power grid 1. These electric power genera
(GEN1, GEN2, and GEN3) are installed in power gener
equipment (station) built in respective regions
(respective areas). For example, the electric powe

generators are installed in the thermal power gener
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equipment and the nuclear power generation equipmen
Further, these electric power generators (GEN1, GEN
GENSB3) are installed in the power generation equipme
(station) built in one region (one area). For exam

the electric power generators are installed in one

of power generation equipment in a multiple (multi-
way.

[0017]

The electric power generated by renewable energy

power generation equipment 10 is supplied to the el
power grid 1. The renewable energy power generatio
equipment 10 is, for example, the photovoltaic powe
generation equipment and the wind power generation
equipment.

[0018]

As mentioned above, in the embodiment, the
respective power generation equipment is coupled to
electric power grid 1, where there is the mixed ele
power generated by the renewable energy power gener
equipment 10 and generated by the electric power
generators (GEN1, GEN2, and GENB3) installed in the
power generating plant and the nuclear power genera
equipment.

[0019]

Further, respective load terminal points
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(hereinafter, described as “power consumption area”
which consume the electric power supplied from the
electric power grid 1 are coupled to the electric p
grid 1.

[0020]

As the result, particularly because of instability
of the electric power generated by the renewable en
power generation equipment 10, there is a possibili
a request reactive power value to be requested by t
power consumption area 2 cannot be set properly, as
the electric power supplied from the electric power
including a mixture of the electric power generated
renewable energy power generation equipment 10 and
electric power generated by the electric power gene
(GEN1, GEN2, and GEN3) installed in the thermal pow
generating plants and the nuclear power generation
equipment.

[0021]

The electric power generators (GEN1, GEN2, and GEN
respectively include AVRs (AVR: Automatic Voltage
Regulator; hereinafter, described as “AVR”) (AVR11,
and AVR13).

[0022]
The AVR11 (although AVR11 will be typically

described, AVR12 and AVR13 have the same function)
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described in the embodiment is to automatically adj
voltage of the electric power generated by the elec
power generator GEN1 (although this description wil
made by using the GEN1 corresponding to the AVR11,
same applies to the GEN2 corresponding to the AVR12
the GEN3 corresponding to the AVR13) to a predeterm
value. In short, the AVR11 is to automatically adj
voltage of the electric power supplied to the elect
power grid 1. The AVR12 and the AVR13 are the same
the embodiment, although the case of having three e
power generators and three AVRs is described, the n
is not restricted to this.

[0023]

The AVR11 has a function of information and
communication technology (ICT: Information and
Communication Technology, hereinafter, described as
and a function of automatic reactive power regulato
Automatic Q Regulator) (hereinafter, this function
described as “Var regulation function”). Here, the
regulation function is a function of automatically
adjusting the reactive power of the electric power
generated by the electric power generator GEN1 to a
predetermined value. The AVR12 and the AVR13 have
same function.

[0024]
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Further, a synchronous condenser 3 is coupled to t
electric power grid 1. Here, the synchronous conde
is coupled to the electric power grid 1 in a no-loa
to adjust the reactive power of the electric power
in this embodiment.

[0025]

Reactive power control equipment 4 described in th
embodiment is coupled to the power consumption area
synchronous condenser 3, the AVR11, the AVR12, the
the renewable energy power generation equipment 10,
central load dispatch center (hereinafter, describe
“dispatch center”) 5, to transmit and receive (inpu
output) the information of the reactive power to an
the above.

[0026]

The dispatch center 5 monitors the used amount of
the electric power in the power consumption area 2
electric generating power generated by the respecti
electric power generators (GEN1, GEN2, and GEN3) th
the respective AVRs (11, 12, 13), and shares variou
of information (effective electric power, frequency
voltage, and the like) including the information of
reactive power with the reactive power control equi
[0027]

The reactive power control equipment 4 in the
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embodiment is described using a cloud network (CLOU
NETWORK) capable of automatic analysis and high-spe
calculation; however, it is not restricted to this

as it can gather the information of the reactive po
automatically adjust the fluctuation of the reactiv

set in the power consumption area 2.

[0028]

The reactive power control equipment 4 receives th
reactive power Q(1) from the AVR11, the reactive po
Q(2) from the AVR12, and the reactive power Q(3) fr
AVR13. Each of the reactive power Q(1), the reacti
power Q(2), and the reactive power Q(3) is the reac
power of the electric power generated by each of th
electric power generator GEN1, the electric power
generator GEN2, and the electric power generator GE
[0029]

The reactive power control equipment 4 receives th
reactive power Q(r) of the electric power generated
renewable energy power generation equipment 10 from
renewable energy power generation equipment 10.

[0030]

The reactive power control equipment 4 receives th
reactive power Q(s) adjusted by the synchronous con
3 from the synchronous condenser 3.

[0031]
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The reactive power control equipment 4 receives th
reactive power Q(req) (request reactive power value
in the power consumption area 2, or requested by th
consumption area 2, from the power consumption area
[0032]

The reactive power control equipment 4 described i
the embodiment calculates the reactive power Q(idea
as the setting value, for example, using the reacti
power Q(req), the reactive power Q(1), the reactive
Q(s), and the reactive power Q(r) and outputs the r
power Q(ideal)(1) to the AVR11. Similarly, the abo
equipment outputs the reactive power Q(ideal)(2) to
AVR12 using the reactive power Q(2) and the like an
reactive power Q(ideal)(3) to the AVR13 using the r
power Q(3) and the like.

[0033]

Further, the above outputs the reactive power
Q(ideal)(s) as the setting value to the synchronous
condenser 3.

[0034]

Using the input reactive power information, the
reactive power control equipment 4 calculates the r
power (reactive power Q(ideal)(1) and the reactive
Q(ideal)(s)) for the adjustment of the AVR11 and th

synchronous condenser 3, and outputs the calculated
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reactive power (the reactive power Q(ideal)(1) and
reactive power Q(ideal)(s)) to the AVR11 and the
synchronous condenser 3. The AVR11 and the synchro
condenser 3 control the reactive power (the reactiv
Q(1) and the reactive power Q(s)) output by the AVR
the synchronous condenser 3, according to the input
reactive power (the reactive power Q(ideal)(1) and
reactive power Q(ideal)(s)). The same ones apply t
AVR12 and the AVR13.

[0035]

Further, the above equipment reports the reactive

power Q(ideal) as the setting value to the power
consumption area 2 (Report).
[0036]

Even in the electric power grid 1 including a
mixture of the electric power generated by the rene
energy power generation equipment 10 and the electr
power generated by the electric power generators (G
GEN2, and GEN3) installed in the thermal power gene
plant and the nuclear power generation equipment, t
reactive power control equipment 4 described in the
embodiment sequentially calculates the reactive pow
Q(ideal) in real time, for example, using the react
power Q(1) (the reactive power Q(2) and the reactiv

Q(3) are the same), the reactive power Q(s), and th
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reactive power Q(r), and controls the reactive powe
and Q(s)) to properly set the reactive power Q(req)
requested by the power consumption area 2, in other
the request reactive power value set in the power
consumption area 2. Here, the Q(k) is a general te
Q(1), Q(2), and Q(3).

[0037]

Fig. 2 is an explanatory view for describing a
function of controlling the reactive power in the
embodiment.

[0038]

The reactive power control equipment 4 described i
the embodiment includes an input portion database 4
the input portion, a calculation unit 42, and an ou
portion database 43 as the output portion. Hereina
the database will be described as “DB”.

[0039]

The input portion DB 41 includes a consumption are
input DB 25 for storing the reactive power Q(req) i
from the power consumption area 2, a synchronous co
input DB 35 for storing the reactive power Q(s) inp
the synchronous condenser 3, an AVR11 input DB 21 f
storing the reactive power Q(1) input from the AVR1
AVR12 input DB 22 for storing the reactive power Q(

input from the AVR12, an AVR13 input DB 23 for stor
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reactive power Q(3) input from the AVR13, and a ren
energy power generation equipment input DB 15 for s
the reactive power Q(r) input from the renewable en
power generation equipment 10.

[0040]

In other words, the input portion DB 41 is an inpu
portion for receiving the reactive power Q(req), th
reactive power Q(s), the reactive power Q(1), the r
power Q(2), the reactive power Q(3), and the reacti
power Q(r), as the information of the reactive powe
[0041]

The calculation unit 42 calculates the reactive
power Q(ideal)(1) as the setting value, for example
the stored reactive power Q(req), reactive power Q(
reactive power Q(s), and reactive power Q(r). Simi
the calculation unit 42 calculates the reactive pow
Q(ideal)(2), using the reactive power Q(2) and the
and the reactive power Q(ideal)(3), using the react
power Q(3) and the like. Further, similarly, the
calculation unit 42 calculates the reactive power
Q(ideal)(s) as the setting value.

[0042]

In short, the calculation unit 42 calculates the

reactive power Q(ideal)(s) to be adjusted by the

synchronous condenser 3 and the reactive power Q(id
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2, 3) to be adjusted by the AVR(11, 12, 13), using
input reactive power information.
[0043]

The calculation unit 42 subtracts a total of, for
example, the reactive power Q(1) adjusted by the AV
(the reactive power Q(2) adjusted by the AVR12 and
reactive power Q(3) adjusted by the AVR13 are the s
the reactive power Q(s) adjusted by the synchronous
condenser 3, and the reactive power Q(r) of the ele
power generated by the renewable energy power gener
equipment 10, from the reactive power Q(req) set in
power consumption area 2, to calculate a deviation
[0044]

The calculation unit 42 compares this deviation
value with predetermined reactive power (Q(gap) des
later).

[0045]

When the deviation value is the predetermined
reactive power (Q(gap) described later) and more, t
calculation unit 42 determines whether the loop con
time is greater than the predetermined time or not.
[0046]

When the loop duration time reaches the
predetermined time and more, the calculation unit 4

slightly adjusts the predetermined reactive power (
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described later) to shorten the loop continuous tim
[0047]

The output portion DB 43 includes an AVR11 output
31, an AVR12 output DB 32, an AVR13 output DB 33, a
consumption area output DB 26, and a synchronous co
output DB 36. The output portion DB 43 stores the
calculated reactive power Q(ideal)(1) in the AVR11
DB 31, reactive power Q(ideal)(2) in the AVR12 outp
32, reactive power Q(ideal)(3) in the AVR13 output
reactive power Q(ideal) in the consumption area out
26, and reactive power Q(ideal)(s) in the synchrono
condenser output DB 36, and outputs the calculation
results to the AVR11, the AVR12, the AVR13, and the
synchronous condenser 3.

[0048]

The AVR11, the AVR12, the AVR13, and the synchrono

condenser 3 control the reactive power (the reactiv
Q(1), the reactive power Q(2), the reactive power Q
and the reactive power Q(s)) output by the AVR11, t
AVR12, the AVR13, and the synchronous condenser 3,
on the output calculation results (the reactive pow
Q(ideal)(1), the reactive power Q(ideal)(2), the re
power Q(ideal)(3), and the reactive power Q(ideal)(
[0049]

In short, the output portion DB 43 is an output
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portion of outputting the reactive power calculated
calculation unit 42 (the reactive power Q(ideal)(1)
reactive power Q(ideal)(2), the reactive power Q(id
and the reactive power Q(ideal)(s)) to the AVR11, t
AVR12, the AVR13, and the synchronous condenser 3.
[0050]

Further, the output portion DB 43 reports the
reactive power Q(ideal) as the setting value to the
consumption area 2 (Report).

[0051]

According to this, even in the electric power grid
including a mixture of the electric power generated
renewable energy power generation equipment 10 and
electric power generated by the electric power gene
(GEN1, GEN2, and GEN3) installed in the thermal pow
generating plant and the nuclear power generation
equipment, it is possible to stably control the rea
power Q(req) to satisfy the reactive power Q(req)
requested by the power consumption area 2, in other
the request reactive power value set in power consu
area 2, for example, using the reactive power Q(1)
reactive power Q(2) and the reactive power Q(3) are
same), the reactive power Q(s), and the reactive po
Q(r), by sequentially calculating the reactive powe

Q(ideal) in real time.
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[0052]
Then, a reactive power control method described in

the embodiment includes a process of inputting the

reactive power Q(1) (the reactive power Q(2) and th e
reactive power Q(3) are the same), the reactive pow er Q(s),
the reactive power Q(r), and the reactive power Q(r eq) as
the reactive power information, a process of calcul ating

the reactive power (the reactive power Q(ideal)(1), the
reactive power Q(ideal)(2), the reactive power Q(id eal)(3),
and the reactive power Q(ideal)(s)) adjusted by the AVR(11,
12, 13) and the synchronous condenser 3, using the input
reactive power information, and a process of output ting

the calculated reactive power (the reactive power
Q(ideal)(1), the reactive power Q(ideal)(2), the re active
power Q(ideal)(3), and the reactive power Q(ideal)( s)) to
the AVR(11, 12, 13) and the synchronous condenser 3
[0053]

The reactive power control equipment 4 has an ICT

function, which enables centralized supervision and

centralized control. Further, the above has a func tion of
sequentially controlling the reactive power and a f unction
of centralizing the reactive power information in r eal
time. Even when the electric power grid 1 contains the
unsteadily-fluctuating renewable energy power gener ation

equipment 10, it is possible to sequentially solve the
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unpredictable behavior of the reactive power in the
consumption area 2 and properly control the reactiv
in real time.
[0054]

Further, the AVR described in the embodiment has t
ICT function and a Var regulation function, which e
data communication and data cooperation, and furthe
sequentially adjust the reactive power in real time
Especially, the AVR has a function of automatically
sequentially receiving (inputting) the reactive pow
calculated by the reactive power control equipment
real time, as a feedback instruction, until the rea
power in the power consumption area 2 becomes prope
Further, the Var regulation function is centralized
AVR, hence saving space in the installation area at
site can be expected.
[0055]

The embodiment enables the centralized supervision
and the centralized control of the reactive power o
power generation equipment affecting the power cons
area 2, according to the reactive power control equ
4. The unsteadily-fluctuating renewable energy pow
generation equipment 10, the AVR, and the synchrono
condenser 3 are cooperatively operated through the

reactive power control equipment 4, so that the sam

power

e power

he
nables

r, can

and

in the

the

f the
umption
ipment
er

us



10

15

20

25

22

equipment 4 receives (collects, inputs) the reactiv
information in real time from the renewable energy
generation equipment 10, the AVR, and the synchrono
condenser 3. The reactive power is sequentially
controlled in the AVR and the synchronous condenser
[0056]

Even in the electric power grid 1 increasing more
and more in the ratio of the electric generating ca
of the renewable energy power generation equipment
is possible to realize stable control of the reacti
power Q(req) (request reactive power value) request
the power consumption area 2 or set in the power
consumption area 2.

[0057]

Fig. 3 is an explanatory view for describing a flo
chart for controlling the reactive power in the emb
[0058]

The reactive power control equipment 4 receives
(collects and inputs) the reactive power Q automati
and continuously (sequentially and in real time) in
input portion, calculates the above in the calculat
unit 42, and transmits (outputs) the calculation re
the output portion.

[0059]

The reactive power control method includes a proce
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of inputting (collecting and receiving) the reactiv

Q automatically and continuously (sequentially and
time) in the input portion, a process of calculatin
reactive power Q in the calculation unit 42, and a
of outputting (transmitting) the calculation result
output portion.

[0060]

Particularly, the calculation unit 42 performs the
following processing (calculating process).
[0061]

At first, the processing starts with the repetitio
number (i) of calculation loop, or the loop number
(101).

[0062]

Then, various types of reactive power Q are input
(102).

[0063]

Specifically, the reactive power Q(1) is input fro
the AVR11, the reactive power Q(2) is input from th
and the reactive power Q(3) is input from the AVR13
the reactive power Q from the AVR(k) with the loop
i is represented as reactive power Q(k, i). For ex
the reactive power Q from the AVR11 of the loop num
(first) is represented as the reactive power Q(11,

[0064]

e power
in real
g the
process

in the

m
e AVR12,
. Here,
number

ample,

ber

1).



10

15

20

25

24

The reactive power Q(r) is input from the renewabl
energy power generation equipment 10. Here, the re
power Q from the renewable energy power generation
equipment 10 with the loop number i is represented
reactive power Q(r, i).

[0065]

The reactive power Q(S) is input from the
synchronous condenser 3. Here, the reactive power
the synchronous condenser 3 with the loop number i
represented as the reactive power Q(s, i).

[0066]

The reactive power Q(req) (request reactive power
value) is input from the power consumption area 2.
[0067]

Next, a process of monitoring the current value of
the reactive power Q and setting the setting value
(operation pattern) is performed (103). Particular
the embodiment, the above is performed on the react
power Q(K, i) and the reactive power Q(s, i). Ino
words, the reactive power Q(k, i) and the reactive
Q(s, i) are set as the reactive power Q(ideal)(k, i
the reactive power Q(ideal)(s, i) calculated in the
reactive power control equipment 4. In the case of
loop number i = 0, the reactive power Q(k, 0) and t

reactive power Q(s, 0) are set as the initial value
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[0068]

The reactive power Q(Kk, i) as the current value ca
be monitored sequentially and in real time, and the
reactive power Q(ideal)(k, i) and the reactive powe
Q(ideal)(s, i) as the setting value are set after
examining the fluctuation factor comprehensively.
fluctuation factor includes, for example, fluctuati
the electric generating power in the renewable ener
power generation equipment 10 with the form of the
electric power generation (photovoltaic power gener
and wind power generation) and regionality taken in
consideration, a change of the operation pattern in
power consumption area 2, and stability of the elec
power grid 1 depending on the running number and th
installation number of the electric power generator
GEN2, and GEN3) and the synchronous condenser 3.
[0069]

Next, it is determined whether or not a deviation
value of the reactive power Q(req) (request reactiv
value) from the total of the reactive power Q(k, i)
reactive power Q(s, i), and the reactive power Q(r,
within a predetermined values (reactive power Q(gap
(104). The reactive power Q(gap) is a desired devi
of the reactive power and the initial setting value

reactive power Q(gap) is set based on the major
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conditional plan described later (accumulated data
past). This reactive power Q(gap) (reactive power
deviation) can be changed between daytime and night
[0070]

Specifically, the relation of (1) If{Q(req) - [Q(k
i)+ Q(s, i) + Q(r, )] < Q(gap)} is determined. W
there are plural Q(k, i) + Q(s, i) + Q(r, i), these
added.

[0071]

In the calculating process, the reactive power of
adding Q(k, i), Q(s, i), and Q(r, i) is subtracted
the Q(req) to calculate a deviation value.

[0072]

Further, in the calculating process, this deviatio
value is compared with the Q(gap) (predetermined re
power deviation).

[0073]

When the relational expression (1) is satisfied, i
other words, when the left side is less than the Q(
the reactive power Q is determined to be proper (no
light on).

[0074]

When the relational expression (1) is not satisfie

in other words, when the left side is Q(gap) and mo

reactive power Q is determined to be improper (Alar

in the
desired

time.

hen

are

from

active

gap),

Alarm

re, the

m light
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on).
[0075]

Here, the reactive power Q(gap) can be adjusted in
the calculation unit 42 of the reactive power contr
equipment 4.

[0076]

Next, when the relational expression (1) is
satisfied, in other words, when the left side is le
Q(gap), the reactive power Q is kept (110).

[0077]

Then, the loop number i is increased by “1” and th
current value and the setting value of the reactive
Q are updated (111).

[0078]

On the other hand, when the relational expression
(1) is not satisfied, in other words, when the left
is Q(gap) and more, it is determined whether or not
loop continuous time is a predetermined time and mo
the embodiment, it is determined, for example, whet
not the loop continuous time is 0.1 second or more
[0079]

In other words, in the calculating process, when t
deviation value is Q(gap) (the predetermined reacti
power) and more, it is determined whether or not th

continuous time is the predetermined time (0.1 seco
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power
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the embodiment) and more.
[0080]

The above determination is performed because the
electric power becomes instable especially when the
renewable energy power generation equipment 10 is ¢
to the electric power grid 1; for the electric powe
generated by the renewable energy power generation
equipment 10 is greatly affected by the environment
example weather etc.) and the fluctuation of the el
power becomes large.

[0081]

When the loop continuous time is less than 0.1
second, the reactive power Q(ideal)(k, i) and the r
power Q(ideal)(s, i) as the setting value are recon
(106). Here, they are reconsidered also by
comprehensively re-examining the fluctuation factor
[0082]

Then, the loop number i is increased by “1”, to
update the current value and the setting value of t
reactive power Q (107).

[0083]

On the other hand, when the loop continuous time i
0.1 second or more, the Q(gap) is slightly adjusted
shorten the loop continuous time (108).

[0084]
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In the calculating process, when the loop continuo
time is the predetermined time (0.1 second in the
embodiment) or more, the Q(gap) (predetermined reac
power) is slightly adjusted to shorten the loop con
time.

[0085]

The above slight adjustment is performed because t
electric power becomes instable especially when the
renewable energy power generation equipment 10 is ¢
to the electric power grid 1; for the electric powe
generated by the renewable energy power generation
equipment 10 is greatly affected by the environment
example weather etc.) and the fluctuation of the el
power becomes large. Here, the slight adjustment i
modify the initial setting value of the Q(gap), reg
of the size of the modified value.

[0086]

Then, the Q(gap) is replaced with the slightly-
adjusted Q" (gap) (Q(gap) = Q" (gap)) and again the
determination of the relational expression (1) is
performed (109).

[0087]

Fig. 4 is an explanatory view for describing the

slight adjustment of a desired deviation of the rea

power according to the embodiment.
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[0088]

Here, the slight adjustment of the above desired

deviation is described using Fig. 4. Fig. 4 shows
relation, for example, between the reactive power (
the time (t), imaging that the reactive power (here
is described as (reactive power Q)) on the left sid
the relational expression (1) converges on the Q(id

[0089]

When the initial setting value is the Q(gap), the

(reactive power Q) does not converge in the range o
2Q(gap) with the Q(ideal) set as the center at the
On the other hand, when the initial setting value (
value) is slightly adjusted to Q"(gap), the (reacti
power Q) converges in the range of 2Q"(gap) with th
Q(ideal) set as the center at the time t1.

[0090]

As mentioned above, by slightly adjusting the
initial setting value from Q(gap) to Q" (gap), it ca
determined that the deviation value converges withi
allowance at the time t1 and later.

[0091]

According to the embodiment, from the viewpoint of

controlling the reactive power Q, automatic adjustm
the Q(gap) as the deviation value from the targeted

can solve the waste of time required for the determ

Q) and
, this
e of

eal).
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time t1.
initial
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loop of algorithm caused by not converging on the Q
because of the unpredictable fluctuation.
[0092]

Particularly, by automatically adjusting the Q(gap
in determination of the relation of (1), it is poss
solve a problem of wasting time more than the setti
(the loop continuous time) in the determination loo
algorithm caused by not converging on the Q(ideal)
of the unpredictable fluctuation of the renewal ene
power generation equipment 10 unsteadily fluctuatin
[0093]

Here, the setting time can be set to be shorter as
the determination becomes severer and to be longer
determination becomes looser.

[0094]

For example, considering the case where the
photovoltaic power generation and the wind power
generation as the typical renewable energy power
generation equipment 10 respectively supply the rea
power Qs(r, i) (photovoltaic) and the reactive powe
i) (wind power) to the grid side, the reactive powe
i) (photovoltaic) and the reactive power Qw(r, i) (
power) are different in the electric generating pow
under a predetermined condition, and according to t

the Q(gap) to be preset (initially set) has to be a

(ideal)
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[0095]

Particularly, in the case of the photovoltaic powe r
generation, the main conditional plan to affect the
reactive power Qs(r, i) (proportional to solar inso lation)
includes time (hh hour mm minute), date (mm month d d day),
weather (clear (cloud cover 0 to 10 %), fair (cloud cover

20t0 80 %),cloudy (cloud cover 90 to 100 %), rain, snow,
fog, and the like), place (regional difference in | atitude
and longitude), equipment specifications of the
photovoltaic power generation (panel area, power
generation efficiency, rated solar insolation, etc. ), and
the like.
[0096]

For example, coefficients for correction according
to the weather are classified, to adjust the gap th rough
multiplication by a predetermined rate. As the adj ustment

coefficient plan, the latest weather information is

obtained from a database of the Metrological Agency and
the like in real time. For example, as the correct ion by
(1) cloud cover, some amount x (100 - cloud cover)% and as

the correction by (2) rain, snow, and fog, some amo unt x

50 (typical)% may be considered.
[0097]
Particularly, in the case of the wind power

generation, the main conditional plan to affect the
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reactive power Qw(r, i) (in the power generation eq
the actually blowing wind affects the revolution pe
minute (RPM) of a wind turbine of the electric powe
generator) includes place (regional difference in |
and longitude), date (mm month dd day) (generally,
speed tends to be higher in winter and lower in sum
ground level (generally, wind speed tends to be hig
according as the altitude gets higher and lower acc
as the altitude gets lower), equipment specificatio
the wind power generation (installation number, rat
speed, power generation efficiency, yaw control of
windmill, presence or absence of the operating blad
etc.), and the like.
[0098]

Then, coefficients for correction according to the
oscillation factor are classified, hence to adjust
through multiplication by a predetermined average w
speed. For example, as the correction by (1) date
(seasons), some amount x 1.0 (spring/autumn), some amount
x 0.8 (summer), some amount x 1.2 (winter) (typical) and
as the correction by (2) yaw control of windmill an
presence or absence of operating blade, some amount
(0 : angle made by wind speed vector and windmill rotat
axis) may be considered.

[0099]
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In the above-mentioned embodiment, although the
description has been made in the case of using a pl
of adjustment coefficients, a single (constant) adj
coefficient may be used.

[0100]

In other words, in the embodiment, a DB about the
electric generating capacity of the renewable energ
the date and time in the past is provided, and
predetermined reactive power is set based on the el
generating capacity stored in the above DB. Furthe
predetermined reactive power is adjusted according
adjustment coefficient (adjustment coefficient plan
on the weather information in real time.

Further, by making the sampling time longer,
generally a change of parameter can be loosened and
plotted. Particularly, as for the parameter irregu
and rapidly changing like in the renewal energy pow
generation equipment 10, this method is effective i
sever determination like the relation of (1) in the
vicinity of the boundary range of the Q(gap).

[0101]

As mentioned above, by calculating the optimal
reactive power Q(ideal)(k, i) and reactive power
Q(ideal)(s, i) and outputting the above to the AVR1

AVR12, AVR13, and the synchronous condenser 3, to ¢
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the reactive power Q(1), the reactive power Q(2), t
reactive power Q(3), and the reactive power Q(S), i
possible to stabilize the electric power grid 1 eve

the renewable energy power generation equipment 10
great fluctuation of the electric power is coupled
electric power grid 1.

[0102]

The invention is not restricted to the
abovementioned embodiment but it includes various m
examples. For example, the abovementioned embodime
been described in details for the sake of easy
understanding of the invention and the invention is
necessarily restricted to the structure having all

described components.

List of Reference Signs

[0103]

1: ELECTRIC POWER GRID

2: POWER CONSUMPTION AREA

3: SYNCHRONOUS CONDENSER

4: REACTIVE POWER CONTROL EQUIPMENT

5: DISPATCH CENTER

10: RENEWABLE ENERGY POWER GENERATION EQUIPMENT

11, 12, 13: AVR

he
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to the

odified

nt has

not

the

15: RENEWABLE ENERGY POWER GENERATION EQUIPMENT INPT DB
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21, 22, 23: AVR INPUT DB

25: CONSUMPTION AREA INPUT DB

26: CONSUMPTION AREA OUTPUT DB

31, 32, 33: AVR OUTPUT DB

35: SYNCHRONOUS CONDENSER INPUT DB
36: SYNCHRONOUS CONDENSER OUTPUT DB
41: INPUT PORTION DB

42: CALCULATION UNIT

43: OUTPUT PORTION DB
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What is claimed is:

1. Reactive power control equipment comprising:

an input portion that inputs information of reacti
power including reactive power adjusted by an autom
voltage regulator of automatically adjusting a volt
electric power generated by an electric power gener
reactive power adjusted by a synchronous condenser,
reactive power of electric power generated by renew
energy power generation equipment, and reactive pow
in a load terminal point of consuming the electric

a calculation unit that calculates each setting
value of reactive power adjusted by the synchronous
condenser and the automatic voltage regulator, usin
information of the reactive power input in the inpu
portion; and

an output portion that outputs the setting values
the reactive power calculated by the calculation un
respectively to the synchronous condenser and the

automatic voltage regulator.

2. The equipment according to claim 1, wherein th

calculation unit subtracts a total of the reactive
adjusted by the automatic voltage regulator, the re

power adjusted by the synchronous condenser, and th
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reactive power of the electric power generated by t
renewable energy power generation equipment, from t
reactive power set in the load terminal point, to

calculate a deviation value.

3. The equipment according to claim 2, wherein th
calculation unit compares the deviation value with

predetermined reactive power.

4. The equipment according to claim 3, wherein wh
the deviation value is the predetermined reactive p
and more, the calculation unit determines whether o

loop continuous time is a predetermined time and mo

5. The equipment according to claim 4, wherein wh
the loop continuous time is the predetermined time
more, the calculation unit adjusts the predetermine

reactive power.

6. The equipment according to claim 3, wherein th
predetermined reactive power is set based on electr
generating capacity of renewable energy for date an

in the past.

7. The equipment according to claim 3, wherein th
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predetermined reactive power is adjusted by using a n
adjustment coefficient based on weather information in

real time.

8. A reactive power control method comprising the
following steps of:

inputting information of reactive power including

reactive power adjusted by an automatic voltage reg ulator
of automatically adjusting a voltage of electric po wer
generated by an electric power generator, reactive power
adjusted by a synchronous condenser, reactive power of

electric power generated by renewable energy power
generation equipment, and reactive power set in a | oad
terminal point of consuming the electric power;

calculating each setting value of reactive power
adjusted by the synchronous condenser and the autom atic
voltage regulator, using the information of the rea ctive
power input in the input portion; and

outputting the calculated setting values of the
reactive power respectively to the synchronous cond enser

and the automatic voltage regulator.

9. The method according to claim 8, wherein in th
calculation step, a total of the reactive power adj usted

by the automatic voltage regulator, the reactive po wer
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adjusted by the synchronous condenser, and the reac
power of the electric power generated by the renewa
energy power generation equipment, is subtracted fr
reactive power set in the load terminal point, to

calculate a deviation value.

10. The method according to claim 9, wherein in t
calculation step, the deviation value is compared w

predetermined reactive power.

11. The method according to claim 9, wherein in t
calculation step, when the deviation value is the
predetermined reactive power and more, it is determ
whether or not a loop continuous time is a predeter

time and more.

12. The method according to claim 11, wherein in
the calculation step, when the loop continuous time
predetermined time and more, the predetermined reac

power is adjusted.

13. The method according to claim 10, wherein the
predetermined reactive power is set based on electr
generating capacity of renewable energy for date an

in the past.
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14. The method according to claim 10, wherein the
predetermined reactive power is adjusted by using a
adjustment coefficient based on weather information

real time.



