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This research investigated decentralized optimal operations of large-scale
energy supply and demand networks. Each agent is allowed to determine its desired set-point
according to the individual profit. In order to align the individual decision making with the
optimal solution that maximizes the social welfare of the network, an individual entity called
utility is allowed to provide an additional price signal. Interactions between the utility and
multiple agents lead the entire network to the optimal operating conditions. We also investigated
decentralized operations of the multiple networks. This hierarchical decentralized strategy realized

the integrated operation from energy generation to consumption.



B X C—19, F—19—1, Z2—19 (@)

1. WFEBRAE SO 5

B4 W BRI EAGE TR, () = ) R_R— g v oHftlE] 23, £ 5 &k BRikdl
BEAGE TIX, =RV X —DOLEHIENR: & =3V X —FIH ORI 28, BB E LT
HEET REFRE L Sz, KB ESCRIBEE Vo HRZ R VX —JR, E-EE MR &0
KEICHEA, IEHENZREROSER = 3L X —F8 G Ry FU—27 OEHIT, AROR
LTINS L ZOREEDNRD SN DHFFFRECTH D, Lo Laed bEIz ITHAE, kﬁﬁk%
WHE AT AOBFREED, KBSt oOEG e EREMA R L2 2 & 295, BE
H B9 2 Il &S O3B 2 AlRE L 3 2 72D OEEfE A D D, EEE—H0E ﬁAﬁ
L MHIFIS NI N TN D, $ﬁ@mﬁm%i FEARE/R T R ¥ — @%%%ﬁ%ﬁé
LEMEDOHAEERIILBAA, A DOT RNV —EH E DM AEERIC FHEEOFE
FCHMEEIC AN, HTo7efmE - ﬁﬁz/bv 7 DREBN, TR F— @%Em%%&ix
N —FIHOHELIIIA AR TH D,

2. WO BE®

KBGHHEE S AT Lg EICRFEESNDHENS, FEMBED DR SN D EEIS, 25 0FHE
FNORDEERAT, TN 1 WARICEB LT TH, %@@%&%f#%@ékﬁﬁ
VAT LTHDH, TIVHRBEY AT AZ R RAEFRIOFRABIC IV ERT 5 Z &id, BLED
T2V, S HITHIHFES ~O3SITHIR S 5 A®ﬁﬁ X, FEEMLR, FELA
%EM%&wot%ﬁ®%ﬁﬁ%ﬁ#é@ﬁ@kﬁ@/XTA@mﬁ@%ﬁz%&ﬁé AT
eI, B OB 7 I EERREE~DOFEE R L T 5 A OB F R EZRET H, SO
%SW@WEWQ%W@M¢6\ﬁ@®@%ﬁ%%%ﬁﬁé TAUT XY FEEHLE . B ERLA

LS OFEA W) 7B %2 FHE & 3 2 BB e OEH R 2129 5.,

3. WD L

FEESE, BEIS, FEILSIFET DEL2 DT 2L X —25 % B 5 OF1SMElk % Bfg I ——
Vb EWRZD. itmﬁ ROREER T B4 2—7 4 V7 40 —%2fET 5, Kﬂnf
X, 2—=7 4 V7 14— JZ51’5&*%’]&%%4::77@%?k%\i—“/:u/ kD5 HCE IR E I

DR OE T RERET D, S 6T, FKE %5 B 2EEME OMAEIER, FEISZ T
LA H DT A RT v 7S, 3 %%5 BIFDTF XV U TEHBORAEL W T2 KL
DFFEHA L 5 EA ORBEIZOWT S, TOREBEESFREZHA LT 5, 2 DKM OEH S
REIGH., MAICERAT 22 L2k, BENLOHE T TO— R FHER % EZH I 28
3 AT (VPP: Virtual Power Plant) OIEHFEZEERT 5,

4. WFFERRE
(1) KEJersE WCREFESNDBEERIT. Z2EOFR BRI L 0K S5 KBS A
%Ak@éo&<_%ﬁ% DB L D2 HEDOIETE . D WVIITROREAIC L 5 — DR E
FERR OB 72 E NI xS T E AR AR OEH FHKIL, BERAOEHIZE > TRX 72F]
JE D, AWFFETIR, [Hx DB AT— 0 ML L, ERAVERIEOEIE 28 E
Ltﬁf\%@%miéﬁﬁ%@ﬁ%hﬁm%ﬁk:@ﬁ%%%%@@ﬂhtm~yiybm
DHGEEREN OGRS D R OEM TR 2125 LT 5, AR 7S E 5 DR
ﬁ%i ME%%mﬁéﬁﬁm% BORDOFFERCBEIITIEFE LR, £flx D=—T = MT
RGERREIL, @5 kb E L TESfba i, BERS E~DFEELRS TH 5.,
Lkﬁof?%?é TR OEH RIT, B OBISCEERL S B 555 ThH . EH T ROEER
WIS TE RN EBT D, 1RET DN ﬁﬂ@@ﬁﬁ%%k%t%$mﬂﬂ%ﬁfm®ﬁﬁ
m ZERT 2 BEELBOMEIHIE, B D WIEE B OO SR EISIZIS T B 1]
FEXHCRER EICEA L, FOFMMEERGET S22 TETWD

(2) ffx DEBMBENFLER, MEREZRET 2EBISOEH T, AR CIRET DA
TRAHREAR S DA M | k%@ﬁ%&év4/k7/7ﬁ%%ibé AU, fE e OEE
MOV FRE ., BB S Vo TEIRREBICER L TAELDZ D TH D, £V A > 7 v 7HARIT
JEEEMEN S FEE @meﬁﬁmwﬁzﬁ ﬁ%&ﬁﬁwﬁﬂ%itéﬁg\ﬁ@@%@%m
lEE 23, AIFECTIE, Hx OEEMORFRE, SHEL Vo EIRREICER T2V A > R
Ty THSG L 28 & ZTHIBEMREEOLILEIHIT S 2 2OT U F UL U RNT v TS E
ﬁ THZENTETWDS, BETAHTVFUA Y RT v I HREO—%, EEM~DFE., K

FE4794 5 PCS (Power Conditioning System) OD&EEREE PCS @ BEEFRFIEIZFHIT 5
:Vbu—§®%@%ﬂﬁbk%®?%0\ﬁ%m%ﬁfééﬂﬁ%ﬁﬁé —FH. b —DOD
TUoFOAL Y RT v T HERIL, TTAABNRFEMERT A KT v TGN T 5 HIEMEGE
DOHALIHE 2 B ) & Ui 7 i 2/ L, (AR E S DEEE2B IR ) 6O TH
Do ZHIZX Y, XM A A E@{}luﬂ?' ﬁ]:‘/]\ﬂ 7%?*%‘?‘5%9(% UA LV RT > 7TH
BOEBRENTIREL 7> TWD, ZhiZ L TETEE. BB S WoTn, BEMEREE ORI
%@ﬁ%é%ﬁ?%\ﬁ@ﬁ%@%k%mﬁLt“ﬁ@@@%ﬁ%%%ﬁ#é EMTETH
Do



(3) ENABEKOZFNF—FH L Vo FEEHALIOEHMBE TR, 4 - A 70| - - K E
XIS Lo, BERE M ) () OB AIRER s DIRTEN T ORHEK E L TET oD, Fo
ZHUCED, 52 oz BIEREFEEREICHT BN RAETH Y | EEEEOINEICIEER 24
CAHF ¥ XY TBGNEAETLHRER DD, AR TIE, T & U U TBISEAEDRNEZH 6
MICTDHZENTETWD, LERSTF ¥ H Y U THRHE RS S - & b5 20T R
I AFRICEVHALNCENTZ LM 2FAL, BIEREEELZT v ¥V 7B E2E L RVME
WIRETDHZ L Een, LG, AERFHEEORE, EENLENLRWVICHbLH L, £
ZC, g R ORI BIEME IE & D W IXBERUE U ER OENMETE — REID A X 12 K D, 52
DS 2 D OF ¥ X ) o 7S RERE Lz, ZHUC XD, @l OMes. BEsmH
JIBE#R DIRTET A BHLARIZEHB W T | il 2 OBEEROBINCHERL & W o 7RIS b F RIS
AIREZR. I OER SR EFEB T H LN TE TN D,

(4) AWFFEIC L VIR Lo B ORI, FEA, FERROER TR AR ARICER T
5T LIk, HEEPOSHEE TO R REHEN 23319 5 s EF T (VPP: Virtual
Power Plant) OEMGREEEL T\ D, BETHEMTRTIE, FEELL, HEMLS, FE
WRPMEL DE—V = PRSI, ZRDERET D ELOSEOER T RIMES L
5o ZIZTCMA OREIE, TRETICRELCAEMOFRICI VI shEcEH S5, Lioh
- T VPP M RN TIE, DBSREMNOMIEZ b O H D, £72 Z ORI EHE S
(2R 0 MR OBINCHEBLZ & RIS KISATRER TR L 72> TRV | ZHLR, KBRS AT L
~OEMEAREE LT D, BET 20 HPBEE R OEN T ROAZMEIL, FEELA, HELA,
TR AT D SEA ORI 58 BOREERICL YV EES N TR Y | WSRO H
IS FIRAR O LI LICEER A TH D Z LR TE TV D,

(5)  ARHFFEDFHE T & D AERIIAMAEIE B O R T, EBEOFTEF I3 L X2 0ITEh &2 £ 4
THFHRE LT, ZHUTHT 2ITENRE, ISEICIL, FHEEBAORERK NS, £
TEELEOBMEZIELZEES S 2 b—Y a VEREOKEZ AT L, AL, FEZ2# 0 R%
BROHHOY I 2 b —F OELZ T LIz, 2KV, BEOMGE . BEENAL, KT
R IETHGICBW T, T SNEEEROERELEDHB R 2RI D Z ENAlfEL 72>
TW5, EHIT, NEROEINZ BT U4, FEEH 2 WITRG M OIK T, A2 EH
T HMARTE TEE OREZ I AN TSIG | oL T 52 L TETWDH, ZHUT K
V. ZNSHESME OEBORENTHSGSINE 2EOESEAICEZ D EEBERETHZ L
HTE TS,

(6) JRHEIPHICH L ERREA B 20 ) FREE A A, il COZ R F—FHEUE AT
ADFEBRIR EEERTHODOHKE LT T 7 U7 —ZOEANER STV D, ARFFE T,
BROT 7Y S = NEASNIZHIBICRBW T, EREHF I LT 7Y = =285 ~Dx
TR E U TEIRT R &E D, E WO BLEN D BFFRICBIT LU b7 Ui OERIC
HRHL, BEH, 77V =4 X —HHGHILE B 72 D =B = Rk L —FREAN G R > B
T—=7ZB TV T VBGFET N EREL TS, BETHN T UHEET V2RI
LIEfRITIC R Y 2 2OT7 7V 5= % FF HHIBIZIBW T, ~L 7 VB O 2 % THRE
FAHOR SN DGR, 72 2 OB M SR S 2 G A Ok E L CTHAREADOR
Hi7Ze ERFIRE & 22 o TN D, AWFFCAREIT, #EEIC 0B L e mEE ~OE L Vo =R ¥
—HEMEIIEICE A ORI E BT 5 2 8T, SLRZBMA TR LR TS,



Yasuaki WASA, Kenji HIRATA and Kenko UCHIDA 2
Optimal Agency Contract for Incentive and Control under Moral Hazard in Dynamic Electric Power 2019
Networks
IET Smart Grid 594/601
DOl
s s 55
2019
4017410
DOl
Yusuke OKAJIMA, Kenji HIRATA and Vijay GUPTA 1
Economic Impact and Market Power of Strategic Aggregators in Energy Demand Network 2020
Book chapter in Economically-enabled Energy Management -Interplay between control engineering 153/180
and economics
DOl
Kenji HIRATA 1
Real-time Pricing and Decentralized Optimization Strategy for Power Flow Balancing in EV/PHEV 2019
Storage Management
Book chapter in Design and Analysis of Distributed Energy Management Systems -Integration of 87/106

EMS, EV, and ICT-

DOl




’ , 54
2018
167/174
DOI
, , , , 30
2017
4397448
DOI
Kenji HIRATA, Hikaru AKUTSU, Akihiro OHORI, Nobuyuki HATTORI and Yoshito OHTA 64
Decentralized Voltage Regulation for PV Generation Plants using Real-time Pricing Strategy 2017
IEEE Transactions on Industrial Electronics 5222/5232
DOI
10.1109/TIE.2017.2650868

28 4 8

2020




2020

LQG

2019

2019

Hikaru AKUTSU, Kenji HIRATA, Akihiro OHORI, Nobuyuki HATTORI and Yoshito OHTA

Decentralized Power Curtailment Control using Real-time Pricing Strategy for PV Generation Plants with Storage and its
Experimental Verification

The 2nd IEEE Conference on Control Technology and Applications

2018

Yusuke Okajima, Kenji Hirata, Vijay Gupta and Kenko Uchida

Strategic Battery Storage Management of Aggregators in Energy Demand Networks

The 2nd IEEE Conference on Control Technology and Applications

2018




Kenji Hirata

An lIterative Bidding Process of Multiple Consumers/Suppliers in Energy Trading Markets and Social Welfare Maximization

The 4th Workshop on Management and Control of Energy Supply-demand Networks with Renewables

2018

Kenji Hirata

On Double Auction Type Bidding Process of Multiple Energy Consumers/Suppliers and Social Welfare Maximization

The 3rd Workshop on Management and Control of Energy Supply-demand Networks with Renewables

2018

2019

2019




2019

61

2018

61

2018

61

2018




62

2018

Hikaru AKUTSU, Kenji HIRATA, Akihiro OHORI, Nobuyuki HATTORI and Yoshito OHTA

Decentralized Control Approach to Power Curtailment Instruction Problem for PV Generation Plants with Storage

The 2017 Asian Control Conference

2017

Yusuke Okajima, Kenji Hirata, Toshiyuki Murao, Takeshi Hatanaka, Vijay Gupta and Kenko Uchida

Strategic Behavior and Market Power of Aggregators in Energy Demand Networks

The 56th IEEE Conference on Decision and Control

2017

Hikaru AKUTSU, Kenji HIRATA, Akihiro OHORI, Nobuyuki HATTORI and Yoshito OHTA

Decentralized Active and Reactive Power Control for PV Generation Plants using Real-time Pricing Strategy

2017 American Control Conference

2017




Kenji Hirata

Strategic Behavior and Market Power of Aggregators in Energy Demand Networks

The 2nd Workshop on Management and Control of Energy Supply-demand Networks with Renewables

2017

2017

Price Governor

2017

2017




2017

60

2017

60

2017

PCS

60

2017




60

2017

61

2017

61

2017




