1/55

. 2 . 4 . 4
G-
—={ HOLVHINID $—= YOLVHINID >0 ORI | auaLLve
__|SNONOYHONAS __|SNONOYHONAS _ Iainis| |30VH01S
q0e - epg— Ly a7~
= o= 1> =
AY3LLYE LNINLYVY AYOL0VA g NMOL a NMOL
IVHoLS| | ¢ - - ]
o0y~ £01- 101~ 9001 - Poo1 -
N | [ |30\ NOISEaANDD
JUINOSEMOY) T~ | oniging 9 NMOL ¥ NMOL B0C ALY A0 o
—={ lod mﬁ% — — — e 3OVH0LS
T 017 opz ]| 2001~ Gz ~—] =001~ T e 0r-
wipg Pre~— (UAS)HOLYINDRY GASIOLYIND T w0 Lls 30030 [INV1d
J] S IDVLIOA DYLI0A IDYLI0A NOISEIANOOH JIMOd
NOLLY1SENS HOLIMS OLLYWOLNY OLLYWOLNY OLLYOLNY [—T—S—3H0d ¥Y10-¥03H| | Wv10S
og7 - ¢z egg-’ wyg L2 -VOIN
\ /
0z A\ 82— A\ 9~
Y3LINLTOA| [43LINLTOA Y3LINLTOA| [43LINLTOA Y3LINLTOA| [¥3LIWLTOA
72~ 72 170~ iR 75 egy-
SWID |
H—H
1% [ /
VA —~
(0SANALSAS _
B T S . .
NOLLNGLSIq ¥3od
1z~

|I"OI4



2/55

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

| OILSIMILOVHVHO VA4 NOLLVAIH0 |
| HNIJO0Y( |
| 91— yie- |
| 1nouo| |
| 1INOYIO TOY.LNOD SIWIO-NI - =INOILYYINID V1vd| |
m NOISSINSNVYL|
. 81e Le- |
| 1INJYIO LINOYHID i
| NOINNENELD 1INOYIO 1INoYIo|_ | Gz INI
. |3MVA ANVWNGO TS NSRRI ISY IOVHOLS [~ |NOLLYOINNWWOO[< T NOILVOINNWNOD
_ AONINOIYA |
. gle gre~ zle’ g’ m

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

¢ Old



3/55

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

1INOHIO NOILOIHHOO

NV'1d

NOILLVd3dO

Ad311vd 3OVHOl1S

vr1e-

1INOHIO NOISSINSNYYH.L
3OVHOLS JNIVA

—_—
vivd aNVINWOO ¥3MOd

(1€ 1INJYID ID9VHOLS)
91¢€ LINJOHID LNJWIODVNVIN
OILSIHI1OVHVHO ONIdOOHd

91€ LINJOHID LNJWIODVNVIN
> OJIISIHI1IVHVHO ONIdO0Hd

e

>

Grle-

1INOHIO LINJWIDVNVIN

orle

304NOS Y3IMOd d3LNgIdLSId
81€ 1INDYIO TOHdLNOD SWIO-NI

GIE 1INOHIO NOLLYHINIO

=<
< = JNTVA ANVIWANOD AONINOIYH

€1€ 1INDYIO NOILOITIOO
AON3IND3YH OV

v

=

1INOYIO NOILVHANTO

NV'1d

NOILYH3dO

Ad311vE 3OVHOl1S

ly1e—

i

v

v

1INJYID
NOILOId3dd

NOILJWNSNOD

dIMOd

1INJYHID
NOILOId3Hd
INNOWY
NOILVHINIO
d3Imod

e’

__AWIL Y33aM 40 AVQ
dvak ANV HINOW ‘Avd

¢l



4/55

GIE 1INOYIO
NOILVH3INID
ANTVA ANVINNOD
AON3IND3YA

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

43LSIO &g peLe

cele—’

11NJYID

€C1e ¢ele

(¢1€ 1INOYIO IDVHOLS)

oNOYYIAY S 8¢ LINDOHID TOHLINOD SIW3O-NI

¥OlI4



5/55

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

! 1INOHIO m
“ 2y — JOVAYILNI "
| NOILLYOINNINWOD |
| - |
“ 1INoYID e 1INOYIO “
| _| TOHINOO JOYINOD o |
_ anoo3as [ ] 1SyI4 _
| 607 vor-" [ A |
m m
L] S0v L
L\ : ) : AN : "
ve/ | fv< 1INDYIO ,:M< 1INDYIO ;< | ALY
oy NOISYIANOO [ o 5 NOISYIANOD o " I5VHOLS
“ 0V/0Q LSyl 0d/00 1Sy “
_ e le e
ve | ﬁ [ 1 o
| oLy cop 907 oy
| 807 - €0v - | or -




6/55

60 LINOYHIO T0HdLNOD

[ ANOD3S WOYH NOILLYINYOANI
5 (601 %:moww m < | 8\¢ 11NDYID
TOY1INOD ANOD3 | <———— NOISY3IANOD 0Q/00 LSYIA
£60y LINOYIO = | HINOHIO 10u.NOO dHlHL <— ¢ 4O NOILVIWHOANI SNLVLS
TOYLNOD H1YNO4 OL ! < !
| vwor- A |
| .. = LINJUD |1 90— 90 YI1LIWLTOA 40 LNdLNO
" JOYLINOD = _
! DNIDYVYHOSIQ [<—9-* — 10¥ Y3LIWLTOA 40 LNdLNO
Zvor—
(60 LINOYIO NOISHIANOD m 1INOYDD  |e= ° > 1IN0HI0 | m
00,/90 1SYl4 01) =——{ DNIHOLIMS TOYINOD = _
INTVA ANVININOD TOHLINOD | 1Sy <= DNIDYVHO [S—e—— 20v 43LIWAYV 40 LNdLNO
| evor— 10v—

90I4



7/55

€0y 1INJYIO

NOISYIANOD
B _ 00,00 1Syl 40
| | NOILYWHOANI

gy JOVAYIINI _ | | | SALVLS

NOILVOINNWOO OL _ | ¥0v LINOYIO
_ = " 704.LNOD LSHId

(0¥ LINOYIO | 1INDYIO TOYINOD HI¥NOA . 40 NOILYWYOANI
0YLINOD 1SHId OL) | |
¥¥0v LINOYIO | |
| — | LO¥ HALIWWY
0Y.LNOO QHIHL OL m m v HALINNY
| Loy A "
| 1IN0 |
| T04LNOD HOLVHINID |
| SNONOYHONAS |
m [ IVNLYIA !
| e6or— A m
m 4 |
| L |
| 1INOYIO LINDYID !
| = R R EREE Ly 4ILINAY
| 1QGANGD _ NOLLYINOTVO | 10 10d.LNO
m LA ¥3IMOd FALLOIHT [<—9 |
| 5607~ 2607~ |
(80v LINOYID | . @ |
NOISHIANOD | 1INOYIO | el 1IN0Y¥I0 |
Ov,/0Q 1S4ld OL) <=—H ONIHOLIMS 128593 NOILO313A |<—o " 0Ly YILIWLTOA
ANTVYA ANVIWWOO ‘| ONOO3S = gAIuIANI [ AON3INDIYA OV “ 40 1nd1No
04.LNOD | — ~ ~ "
| 960 760Y é A 160Y m
| e 90v Y3LIWLTOA
oo e 40 1nd1no

LOl4



8/55

NOILLYIWHOANI !

NOILO3LIA AONINOIYA < | L60b |

Y V V¥ N “

LINOYIO =—e— 1INDYHID |

A IR0 < NOLLYYINTD IAVM NOILD313a |

| | VaIOSNNIS 18¥ld f<— | AON3NDIYA |

. 21607 % m

| 1INOYID |

NOILYWHOANI NOILO313d | |
INIOd SSOM0 0¥aZ =~ ¢— NOLLDILI] |<—o——

| 3SVHd |

| 01607 -

160% -

(ISVHJ)
LE€60Y 1INDYIO ONILNANOO
W31SAS LNIOd SSVIN 40 1NdLNO

(AON3IND3YA)
LE€60Y LINDYHIO ONILNAWODO
W3LSAS 1INIOd SSVIN 40 1LNdLNO

Ol 4313NW110A 40 LNd1NO

g8'old



9/55

L60¥ LINOHIO TOHLNOD

HLYNO4 40 1NdLNO
Y3LINVEVd TOYLINOD
L1 ¥3LINWY 40 1Nd.LNO
(960% LINDYID INTVA ANYIWWOD v 3MVA 130UV IDVLIOA
ONIHO LIMS " 1IN0YI0 1INDYID - ANIHENO [ | 1noyu10 +o
ANOD3S O1) <———{NOISHIANOD le—] TOHLNOD X 1041NOD _ 907 Y3ILIWLTOA
3INTVA ANVINWOO | Wmd Lsd|  |1d aNOO3s Id 1Syl4 m 40 1Nd.LNO
104LNOO 97607 Gv6ov—~  vv60y ev6or|  zveor 1¥60Y |
...... 160y LINDYID
v6oy NOILD313a
AONINOIY

OV 40 LNd1Nno

6 OI4



10/55

(960% LINOHID
ONIHOLIMS
aNOO3S O1)
ANTVA
ANVININOD
TOHLNOD

L60¥ LINDOYIO TO0HLNOD

H14NO4 40 1Nd1NnO
0ty 43L3WLTOA 40 LNdLNO

| LNOYI

< | NoIsiaANOO le—NOLOMISIHL. | 4021R00
. |Wmd aNO93S Toul Id QHIHL
| G607 G560y~ £5601 -

1INJYID

NOILVHIANID JAVM
TvdIOSNNIS

aANODJ3S

¢560Y

1660y~

160% LINOYHIO

<+—— NOILO313d AONINOIYS

OV 40 NOILYIAHOANI JAYM
VAIOSNNIS 40 LNdLNO

<7 £60% LINOYID 10HLNOD

d01VHINID SNONOYHONAS
IVNLYIA 40 NOLLVINHOANI
3dSVHd - AONJN03YA

019I4



11/55

L60y LINDHID TOHLNOD
® HLYNO4d WOY4 NOILVINHOANI

(260 LINOYIO
NOLLV'1NO1VO 4dMOd
AAILO3443 40 LNd1NO)
Y . d3IMOd JALLOT44d
d3dNSYIW ATIVNLOV

(L60% LINOHIO TOHLNOD
HLYNO4 40 1Nd1lNO)
(#44)INTVA

ANVIANINOO AON3NO3YA

! ) GE60Y v !
(G60Y LINQYIO ! 1INDOYID [
- - ¥ LINOYID N (1160¥_LINOYIO NOILOALIQ
D L M T B S
NOLLY NGO A3 Vid =" 35vHa [ LNIOd SSYW H4ONH3IN0D | qNSYAN ATIVNLOV
| L£607 - 9e60Y ££607 - ceeor
| | (L60¥ 1INOHIO TOY.LNOD
| | HLI¥A04 40 LAd.LN)
| | (PId)INTYA
_ | ANVWINOD Y3MOd
60y -

117014



12/55

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

! 81 ,_\ ENVIE
m LINDYIO 8] x S+] m
| £e8607— 288607 1ES60 !
ees0 -

L60¥ LINDHIO T0H4LINOD HLHYNO4
NOH4 NOILVINHOANI

¢€60¥ 40LOVvd1dNS 40 1NdLNO

¢1'Old



13/55

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

039 NOILONYLSNI LHVLS NOILOINNOD dI™O
*NOLLYINHOANI NOILO313d AONINDIYS
"NOILVINHOANI NOILO313d SSOYD 043z

(G60% LINOYID TOHLNOQ
JDVLT10A H31H3IANI O1)

AON3INO3HA

M3N

ANTVA 1394V.L AONINO3IYA

y

FOVLTON HH1HIAN O _ (3SVHd
TOYLNOD IDVLTOA
d04 INTVA LIDYVL ISVHd

JOMINOD IDVLI0A 404 <7

1INJYID
NOILYINJTVO
3SYHd

9/£607 -

3944

+

+
GLE6OY

L
INV.LISNOD VILYANI: I E%ﬁmmm 130
X
xg
y €LEBOY
EAY) SX A
==
my 3
vLE60Y ZLe607

L60¥ 1INDHIO
104LNOOD
H1dNO4 NOY4
NOILLVINHOANI

9€60¥
d0.10vd.ldns
40 1Nd1NO

€1ol4



FIG.14

DEMAND
FLUCTUATION
RANGE

14/55

REGION COVERED BY
VIRTUAL SYNCHRONOUS
GENERATOR CONTROL \

A3

Ve

~ N % EDC
%, (ECONOMICAL LOAD
INERTIAL . A
RESPONSE ' (LLFOCZ 5 », DISPATCHING CONTROL)

A S
A Y

. GOVERNOR“, FREQUENGY *,

“\ FREE \, CONTROL) ™,

Ay

kN ‘ >
0.5 1 20 60
TIME (MINUTE)



15/55

FIG.15

AELECTRIC POWER

A

A Pmax

Pref=0

/ Fmax

Fmin

A Pmin

= FREQUENCY



16/55

FIG.16

FREQUENCY Hz
60.20

60.15

60.10 |
60.05 !WI" Hlﬂ |

60.00

5980 | | | | | | | | | | | | | | | | | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20 22 24 1ivEn



17/55

FREQUENCY RANGE OF E
INVERTER .

| . ELECTRIC i
| . POWER W |
i i Avaxivum |
| | DISCHARGING POWER |

DROOPING
CHARACTERISTICS

\ Pref (POWER COMMAND VALUE)

99.9 Fmin Fmax  60.1

MAXIMUM CHARGING POWER




18/55

FIG.18
RATED FREQUENCY RANGE OF
. AC SYSTEM .
: >
! ELECTRIC !
: POWER W :
! MAXIMUM :
ACTUALLY MEASURED! A YAKMOM. G POWER.

SYSTEM FREQUENCY +--- ]
(Fmeasure) ! A i
59.94H; \E :

Pref (POWER COMMAND VALUE)

DROOPING
CHARACTERISTICS

> FREQUENCY Hz

Fmax 60 1

Fref
(59.94Hz)

'\ E
' POWER W

i E
LECTRIC i
A  MAXIMUM
j | DISCHARGING POWER |

DROOPING
CHARACTERISTICS

60.1

o

HARGING POWER .

AXIMUM

= FREQUENCY Hz




19/55

FIG.19A
FREQUENGY Hz VSG CONTROL
A NG REGION
ACTUALLY MEASURED
60.1 SYSTEM FREQUENCY
60.0 ':.'..'.:'f:?:'::':;::.:?::':?:::'Z?T:.‘..'..'.T:.'.:?.T&;.‘..‘.T:.‘..‘..‘::.‘.
Fref (CONSTANT) IN FREQUENCY RANGE OF

50.9 COMPARATIVE EXAMPLE ~ INVERTER

> TIME



20/55

FIG.19B
FREQUENCY Hz UPPER LIMIT
A FREQUENCY
ACTUALLY MEASURED
60.1 SYSTEM FREQUENCY
== =~ — X FREQUENCY
[ - —__—_g_—-—l—"“—_‘ RANGE OF
____________ “____,——"_ = '———— - INVERTER
600 |====}p—mmm————— ! /-
———————— 1
-——=l / LOWER LIMIT
Fref IN PRESENT FREQUENCY
59.9 FIRST EMBODIMENT
> TIME

PRESENT CONTROL



21/55

FI1G.20 STORAGE BATTERY POWER CONVERSION DEVICE 41,
EACH CONSUMER (INCLUDING MEGA-
DSO21 CEMS31 SOLAR POWER CONVERSION DEVICE 27) VOLTMETER 22
- }OUTPUT REQUEST T0 QUTPUT -~ === -oooo oo
P1-"1 [MEASUREMENT DATAetc.  |OUTPUT REQUEST TO OUTPUT THIRTY-MINUTE !
| C MEASUREMENT DATA etc. CYCLE |
| 1 T PROCESSING |
| “F3 TRANSMIT i
%  FORCONNECTED |4~ MEASUREMENT DATAZ ¥ |
| DEVICES |
| _ 2l QUTPUT REQUEST TO |
| N QUTPUT MEASUREMENT |
| g ~F4 | DATAetc. :
L FOR PROVIDED | | N TRANSMIT A ;
K VOLTMETERS. 1% FS % MEASUREMENT DATA ¥ |
| TS rRanswT > |
| MEASUREMENT DATA' |
B ~F7 i
| NOTIFICATION OF DEMAND PLAW |
. |GENERATE OPERATION PLAN- et F8] PERATION BLAN - Fref_|-Fo |
' £ FORCONNECTED] 4 2 ) :
| DEVICES |
|: -z :C C_)[Ji'ISL_J'I_'hEEJ_lJES:I'_'I:()_(_)[J:I'IE’b:I' -z :C ::::::::::::::;:
| (| MEASUREMENT DATA ec. QNETMINUTE |
P2 _F10~7 PROCESSING !
L TRANSMIT MEASUREMENT), ’ |
‘%  FORCONNECTED | [RASH J ¥ |
| DEVICES Fi1 |
| OUTPUT REQUEST TO |
| OUTPUT MEASUREMENT |
! F12 | DATA etc. !
i FOR PROVIDED . T F13 L, [RANSMIT MEASUREMENT| i
: VOLTMETERS ’ |
| DETERMNATION AS TO MODIFGATION' [ NOTIFICATION OF |
| |OF OPERATIONPLAN - Fref 4™ [ MODIFICATION OF OPERATION |
' |VODIFY QPERATION PLAN- Fref FIS{ PLAN - Fref A Fi6 |
' ¥ FORCONNECTED | L gh ! |
: DRIGES % ,}}/gHmDhéomHoATION 4 |
B :.: e N P, ::E:ﬁmb%&:::::}
P CIGLE PROCESSING
S |ONE-MINUTE
Per el QYQL_E_F_’BQQESS_INQ'
e ONE-MINUTE
N S S S QYQL_E_ E’BQQESS_ING'
p{ - THRTY-MINUTE |
8 S S R CYCLE PROCESSING,
o~ ONE-MINUTE
e C_YQLE_EBQQES_S_ING:




22/55

FIG.21

START

S101

HAS
TRANSMISSION REQUEST
TO TRANSMIT MEASUREMENT
DATA BEEN RECEIVED
FROM DSO 21?

ES st

COLLECT MEASUREMENT

DATA
J, 5103

TRANSMIT MEASUREMENT
DATA

S104

HAS DEMAND

PLAN BEEN RECEIVED NO

FROM DSO 21?

YES 505

CREATE OPERATION PLAN

TIME TO S106
COLLECT VARIOUS
MEASUREMENT RESULTS?
(ONE-MINUTE
CYCLES)

YE
> _si07

COLLECT MEASUREMENT
DATA

S108

IS MODIFICATION
OF OPERATION PLAN
REQUIRED?

YES  _sio9

=
V /SHO

MODIFY OPERATION PLAN

TRANSMIT OPERATION

PLAN (INCLUDING
MODIFICATION)




23/55

FIG.22

START OF CREATION
OF OPERATION PLAN

/81051

PREDICT AMOUNT OF POWER
GENERATION BY MEGA-SOLAR
POWER PLANT

¢ /81052

PREDICT POWER CONSUMPTION
BY CONSUMER

J[ 51053

CREATE DEMAND PLAN

(CALCULATE AMOUNT OF CHARGING
AND DISCHARGING POWER OF
STORAGE BATTERY)

¢ 51054

DRAW UP CHARGING AND
DISCHARGING POWER OF STORAGE
BATTERY

¢ 51055

OBTAIN FREQUENCY OF POWER
DISTRIBUTION SYSTEM VOLTAGE
AND CALCULATE REPRESENTATIVE
VALUE (Fmesure )

HAVE CONTROL
PARAMETERS (Pref, Fref) FOR
ALL STORAGE BATTERY POWER
CONVERSION DEVICES 41
BEEN GENERATED?

VNO /81057

S1056

GENERATE FREQUENCY COMMAND
VALUE (Fref)

END OF CREATION
OF OPERATION PLAN




24/55

START OF GENERATION
OF FREQUENCY COMMAND
VALUE (Fref)

vV /810571

OBTAIN CONTROL PARAMETER
(DROOPING CHARACTERISTICS)
FOR VIRTUAL SYNCHRONOUS
GENERATOR

¢ 510572

GENERATE UPPER LIMIT VALUE -
LOWER LIMIT VALUE OF FREQUENCY
IN DROOPING CHARACTERISTICS

S10573

IS POWER
DISTRIBUTION SYSTEM
FREQUENCY WITHIN FREQUENCY
REFERENCE RANGE DETERMINED
BY UPPER AND LOWER LIMIT
FREQUENCIES IN DROOPING
CHARACTERISTICS?

NG ,~510574

YES

vV 510575

CALCULATE FREQUENCY
COMMAND VALUE (Fref)

FREQUENCY COMMAND VALUE
(Fref) = REFERENCE SYSTEM
FREQUENCY (60 Hz)

END OF GENERATION
OF FREQUENCY COMMAND
VALUE (Fref)




FIG.24

GENERATE
Fref

25/55

RATED FREQUENCY RANGE OF AC SYSTEM

FREQUENCY RANGE
OF INVERTER

| >
| ELECTRIC |
| POWER W |
i A i MAXIMUM
_________________ i i DISCHARGING
| A A """ POWER
! - N Pref (POWER COMMAND VALUE)
i F_offset i i i i F offéet
\ T o DROOPING
S w2 o CHARACTERISTICS
| )| L N\ - FREQUENCY Hz
59.9 Fmin | | Fmax 60.1
Fref=60Hz |

FREQUENCY REFERENCE RANGE

DETERMINED BY UPPER AND
LOWER LIMIT FREQUENCIES



26/55

FIG.25
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