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Abstract

Renewable energy sources have been introduced in power systems since the feed-in tariff (FIT) was adopted.
Especially, photovoltaic (PV) power has been widely installed in western Japan, causing a surplus of power that
increases the frequency of the power system.

Power companies maintain the frequency deviation of their power systems within £0.2 Hz. However, the surplus
power from PV generation disturbs the operation and stability of frequency. Therefore, power companies suppress
the disturbance by increasing or decreasing the output of the generators. This control is called load frequency
control (LFC). Automatic generation control means controlling the power capacities of many generators by using
LFC.

A standard power system model for automatic generation operation and control was published by the Institute of
Electrical Engineers of Japan (IEEJ). The standard model, called IEEJ AGC 30, is an interconnected power system
model. The power system in the interconnected power system model has 30 generators, including oil, coal, LNG,
GTCC, and pumped storage hydropower plants.

In this study, an expanded IEEJ AGC 30 model has been developed which can simulate for 24 hours. The system
includes unit commitment planning.
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Fig. 1 Demand Curve & Surplus Power from PV.
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Fig. 2 Developed model of Automatic Generation

Operation.
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Fig. 3 Roles of Frequency Control.

Fig. 6 Block Diagram of Pumped Storage Hydro Power
Generator Model.
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Fig. 7-1 Block Diagram of Doubly-Fed Type Pumped
Storage Hydro Power Generator Model.
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Fig. 7-2 Block Diagram of Pumping Up Motor Model.

2.3 BFEKREH M (Load Frequency Control)
FELHBEONRT U ABMmND & RFEO RIS
FOEENBENDL LN CENRKETIE,EBEOH
BB CTREROH D 2T 2 HI8 23T T
5.2 BT JE I SO (LFC) & W 9 LFC 123, #t
DFEEHE —FEIROZ DR EHME LT- FFC &,
RGEEBARTE L ZOERBERNDWRZ — T
RSO L HIFENZPWHEST S TBC Kb 5.8, E R
I OB EER L CGEHA SN D 720, A RHKD
7L ORFEREBEO LA/ NI WO RGN TBC &£
AL BHBEBDOKE NI FFC 28HM4 25 0N —fi%
HThHD.

AL L EMARETOYIab—va L E2EE
LTCWBH7H,LFC ® & LT FFC #8AH L7 LLT
\Z,FFC 7 1 v 7 #i X % 77~ L 7= (Fig.8).

Pares

ontrol
- + LFC Ref
@ o}

Fig. 8 Load Frequency Control Model ( Flat Frequency
Control ).

3. FHER - FIRBHIH I aL—2ay

3.1 1EEJ AGC 30 mode| MfE#T{IRE

AW ETHEHE LS AT LAOZY M2 BT 5 7~
®,IEEJ AGC 30 model & O L#i & (T - 7= SEHEET T LT
13,4 OOMHTHIEN AR ENTEBY, 20D 5 b
DR—=RAF—ALEINTWAEARMO 7r—2LFHEL
Yialb—varEiTo BARBEIZ,~HDOE
FEDH B R KENBEND 13:00~16:00 £ TO 3 K]
LLTW5,



BHFAGER - RO RIS I 2L —v 3 v ¥ 2T ORI

3.2 BREHOFR AR I 2L—a VKR

AWFFETHE LV AT AFEMBRAKE LTWDH T
O ER AR TOD,TBC ZHHAL TWVHER—RF—2
ERLIZVERRDILODO BIEO B TH L B R
EHROBEL LFC BAB L OREH 1TESHEOE
Kl vIal—va v AT ADOBREL LT
13,IEEJ AGC 30 model & RIZEOREEZA L TNDH I &
ﬁlﬁﬁmvﬂf%f’ vIialb—T 3 1%%1_/7:_ gﬂﬂﬁ
€ NET)&ﬁﬁﬁ"’{E' fIE (: Predict F&#EFHHI B PE CMEH L
EFHEBECTFHREZ XYL LTNE) BLO
EDC A #{# (: EDC) % Fig.9 |2, J& 1% ${ 3%[Hz] % Fig.10 |2
RLT E REEAENRKL CHAREELZSMEL T
% il % Fig.10 (Z I—JL<E/EE“CLFC’A‘£TB’\¥EL“C
WA A A Figll ISR L. 2RI L 0 EEOLEHIC
ﬁSET%%?é’f%%ﬁHjﬁ%?)ﬁ%&bfwé ZEB IS
WCIBREL CHEEEL CWVWD 2 &R TE /- £7-,LFC
BICHE SN TWDIERILLFC B L&D
?’a BIZEMET A7, BRBARE < AL 72 M

I RS EIC LFC BH OB MabiuTnd Z L ovE
mfért(Flg 12).

18100

18000

17900

Z wa00|
=
. |
5 17700 |N
(=]

17600

17500

[— Wt — Predicc  — EDCR
17400 :
0.0 0.5 10 15 2.0 25 30
time [hour]

Fig. 9 Net Demand and Predict Value of Demand.
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Fig. 10 Frequency Deviation.
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Fig. 11 Generator output & Reference Signal ( Oil Plant ).
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Fig. 12 Generator output & Reference Signal with LFC

( Oil Plant ).
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Fig. 5 Block Diagram of Gas Turbine Combined Cycle (GTCC) Generator Model.




