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Multi-source AGC coordination optimization method with
Wind-PV-Hydro-Thermal based on multi-objective particle

swarm optimization algorithm
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Abstract: In order to realize the coordinated control of conventional AGC and renewable energy AGC under
the high penetration of renewable energy to grid, this paper proposes an AGC multi-objective coordination
optimization method with Wind-PV-Hydro-Thermal. This method not only ensures the economic operation
of the power grid, but also considers the frequency quality and power transmission capacity of the
grid. Firstly, based on the long-term AGC historical data in a certain region, the regulate frequency
characteristics of different types of wunits are analyzed, and the regulate frequency indexes are

calculated. Secondly, based on the requirements of the “Two Rules” of the Central China Power Grid,
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using the regulate frequency cost, power loss cost, regulate frequency speed and regulate frequency
accuracy as objectives, a multi-objective AGC active power coordination optimization model including
Wind-PV-Hydro-Thermal is proposed. Finally, considering the power grid structure and AGC data in an
inland region, the model is solved using the multi-objective particle swarm algorithm, and the active power
of each AGC station is obtained, verifying the effectiveness of the proposed method in this paper.
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Fig. 1  Flow chart of model solving



18 TR K FFHK % 45 &

Step6. HHTRL BT AY 8B A A 28T A DR T 5
Step7. | W2 75 35 B 5 K% A UCE A R ACUBOE BN A R Z5 0 A5 148 R it 5 21 A5 U &% 1] Stepd,

3 HEISH

3.1 HIEMERS

TSR SO BT AR O 2 A ASPE AR [ rh R N Bl b X 2020 4R T EE 500 kV.220 kV 110 kV =2
H, S £14) FL Y545 4 R O R 236 g 254 L L D L0 BT B BE TR AGC FNH M AGC BT JE L AL S mg . 2020 4R % X S A
3R T K HLTT I L 500 kV A A X AL HL L5 AR 2 A g i 220 kV ECE 110 kV
LRI IR, [R] B SO H SR AR S BT 2 b XA XU K K AL B AN SR B AR | ST 49 AR B ST 349 R ARG BE N %
1R,

F1 FHBMHHE

Table 1 Data from different stations

Y 40 B BRLPAA /P g YR R/ -S4y B ) ey W T Py 3/ B AL/
(MW -t D) (MW + min~") o 1 MW MW
KHTT 1 13.306 5 9.62 0.002 9 253.850 500
KT 2 12.594 4 8.50 0.003 7 266.412 360
KHLTT 3 14.114 2 15.54 0.003 4 213.303 300
KHLT 1 10.621 3 28.63 0.014 4 430.154 600
K31 12.659 1 1.92 0.009 6 30.000 100
KU 3 2 12.659 1 2.26 0.0025 30.000 100
SR 1 12.659 1 2.25 0.081 8 20.000 40
AR H 2 12.659 1 2.22 0.034 9 58.756 80
JGAR A 3 12.659 1 2.25 0.046 2 20.000 80
AR Ha sk 4 12.659 1 2.24 0.032 7 20.000 60
R 5 12.659 1 2.25 0.183 0 8.000 20

2 W1 01 I P ) s I I S R R VA N & O R R e 95 V) S| e R R e N =
K2 558 15 5 A BB R ML 2L 3R A0 1 AR A 7K HL R H 22 T A R R R ORGP, el A AR R AR
PERETE A5, 2556 25 HE RTS8 450 5 5 R IRLAA0RS 52 Wb 0 5 AN [) I TR B AL 0% 9 000 1 L R 2 B b A S A%
AL 3 1) RIS Ty 3R ST R S R
3.2 be6lsr EL R FL AL iR B X EE 43 A

EIMATHY AGC =2 rh, 238 1 J00% R4 4l 22 1130t ACE, Bl it ACE 4% BT 550t H ) 1) 6 gl 401
Z 5 2 R U FE A5 0 B A WL B L) 43 T DX S TRy TR . S TSGR A A A A kot S iR LR
2 ANFBIIEAT T X AT

Casel: 45 W [ 530 15 TR A 300 MW B, 484> 3750 e BB HIL 2 5 HE ) 0 A5 0 R 0 i

Case2: 4o W (4 B8 45 DR 4 300 MW B, #3 B8 SC AR i A48 80 1 47 2 S0 i

FE T PH b DX %) I 48455 A0 AL 20 7 1o B0 RN s AT 5 SR HIBC W corei5-9400 %41 CPU.2.90 GHz
FHi .16 GB A7 . Winl0 64bit #4E RGN, 5T Matlab R2019a A4 #2E  R F 2 H b #F 5512 %)
BT R AT SR i, 45 2000 RAT R AR L &l 2 pios



% 7 H RERF AT S AFETHLEAORAEKK SR AGC AL ® 19
0.0130 _
0.0125 | 0 %o
0.0120 P 0 %0 °
o) QO % O
£ 00115 | ofBepo ©
0.0110 ° %0 @%,Q o
= O B o) WO ®»8 O
00105 | @@%@
0.0100 8% 0
O
15.0 = o
14.5 1.70
1.69
14.0 1.68 % 104
. 1.67
VB 135 1.66 FBURA

B2 WEEEMLMEE

Fig. 2 Pareto optimal solution set
TEAT 200 RAFC R AR 4 2 )5 SR IBCRUE 28 8075 » DA S D10 At 41 vl 328 BB 8 4S8 £ S 0 At ol G T LA 30
ACBERDR A AGC SR DR RO 3 s .
450 -

[ PR E-Sc
I oy

400 -
350 |-
300 -

E 250 -

B

R 200 -
150

100 -

50+

0 N

N v

N
@}
X
3 MESBAHAR

Fig. 3 Power allocation scheme

'S ST S
FFPF P

Y
@}
R

TEF 3, DR BB R GEARE I8 AT » B VA 0T SR N A9 &S BILZEL /Y 3 7, Dy 8 8 5 o8 v, IO SRR B R 42
i 22 A AEAE IR R GE BRI D B 2 S5 L 4 BRSO AR LA Oy AT ) 3R 0 TE i A A T R

NPT 3 AT R0, 7K HEL 18 P A0 B A 5 AT, L 81 T8 A P R0 JBT R A o PR G 7K 7 T 4 53 TS IS K o
TARK ], KA B RRJE 500 MW A58 b+ 55 1) 45 SROK HL I A7 ZEAR KA 11 D7 28 [, 3K 2 2 1 B 1k )
25 A iy Ty 3R BHL K A% 1 R AL S 43 ) Fl K PRI G TR R L 3 S IR R K R | kR RITRT i R A 4 T SR e L 7E IR
TR VA A 28 55 M R B 1) () i iS22 T 8 A 1K R ) A2k 8 1) 4% i fE

Fie BB ML A 5 r o Le B AT DI R A B B 25 2R S T 4 TR [R5 2 RO [R] 7 8 iR An Xl L &5 SR an sk 2
Frn, Hor, 3 2 i 45 T Case2 AHXT T Casel BYAIHE 45 93 & H 4 L Inc.



20 TR K FFHK % 45 &

180
ml [ Casel
160 [ Case2
140

120 |-

FE/MW

SNSRI SO (. S .
& ¥ ) & & B R &
¥ ¥ DR %Sé' %Q‘%' %S& %o\& %o\&

B 4 Casel 1 Case2 I 4Bl FEXF Ltk

Fig. 4 Comparison of Power allocation scheme between Casel and Case2

+ 2 Casel F1 Case2 AL Rtk

Table 2 Comparison of results of regulating frequency between Casel and Case2
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Case . . o A NTURE . X
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Casel 3 806.93 14 229.25 13.70 0.013 7 0.339 1 1.044 7

Case2 3 474,73 12 496.03 17.83 0.015 8 0.318 1 0.926 7

Inc/ % —9.56 —13.87 23.14 13.11 —6.60 —12.73
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Table 3 Comparison of results of regulating frequency between Case3 and Case4

o PR/ R N LT 43PN

Case VAR / ot = (MW » min-1 TR AURG B2 1 4% 4%

Case3 3474.73 12 496.03 17.83 0.015 8 0.318 1 0.926 7

Cased 3 445.06 10 903.38 22.63 0.015 2 0.233 5 0.983 6
Inc /% —0.861 0 —21.20 14.60 3.996 1 —36.23 5.78
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