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Table 2 Optimization results under four combinations
of adjustment parameters

e A A A, ) HOR B
ONA /S WA/ $ WA/ $
1 1 0 0 3180 580958.58  584138.58
2 0 1 0 4350 559952.02  564302.02
3 0 0 1 4650 560217.51 564867.51
4 1 1.5 05 4090 559847.69  563937.69
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A e/ NME S B ARSEFT 0 AL, PR 30 1) 58 6 A2 24
WA RIHLA S/ Na S AR R $ 3 180, {HAH I [ #K
B =35 $580958.58, Hi I AT & H I A8 2R F ik
B I Bh AT RE A5 B8N B & A . 2453 5]
PAFFHLAILLL () S P AR A FILEL T e 5 F el 4 b
Ffetl B AR (55 R S A 2 RSB A 3 AL
TEIEIE ) I, Ji s A Br s n , (R B AS 20T [
AND | BT A AR & AR AT B R AIG o 3 A I3k e
B4, =1.4,=1.5.4,=0.5( RIZE 4 & 4) i, fig
g A I B A 485 1, LT 10 S HL4H B9 B/ B
AH$563937.69, Hor 3 g A $4 090, AL
SCER A A, =1.4,=1.5.4,=0.5,

FIAN  AE AL A TR v FREE RS SR i 45
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Table 3 Effects of population size on
optimization results

AT L ¥y
B/ 6 Tt BRI RO A bk R /s

10 1123836 1124748 1124339 164 12

20 20 1123783 1124541 1124154 327 21

40 1123297 1124461 1123407 314 31

80 1123297 1124340 1123398 332 56

10 3364197 3366397 3365066 863 32

20 3363704 3366022 3364717 851 49

60 40 3362040 3363907 3363505 667 75

80 3362040 3363885 3363458 829 146

10 5607313 5609472 5608225 882 64

100 20 5604534 5606541 5605827 908 85

40 2601942 2605204 5604070 852 130

80 2601942 5604910 5603998 843 238

ATLLE B FRRERLEIAG SN, & ML
H 33817 ARG 2] T K, AT V=40 1)
I, N,=80 B ¥ i AS A T T B, ELIg 38 2 AN KA
b, H V=40 B PR ER 22 ZE T /o UL, AR 4l I3
2L UM A ASHL G 100 G I A SCHrHp g
FRTERIAS A 40,5 R TS AT RERG AP IHE 0 25, 7
100 5 HLAL LA L R A , A RRBEE EUCA 80,
42 KBEREBRSHH

B T3 3 H Y 3 R HLAL AL, A5 X 10~1000 5
HLA FP HAB ML T A9 UC R B EA TR i, 45 HLZH
FBLT (A S A SRR & B A T3 A
6 4N 2% 4 s, Hidt 10~ 100 S LA R 10 ki 4T

rR R A S5 5, 200 ~ 1000 & HLH ML S s i
W A 45

F4 FAREVNAMETHRULER

Table 4 Optimization results under different unit sizes

HLEA R SRR B aES
ML/ & A /S WA/ $ WA /8 A /s
10 4090 559847.69  563937.69 17
20 8400 111489743 112329743 31
40 16940 2226017.10  2242957.10 51
60 25980 3336059.93  3362039.93 75
80 34940 444816175 448310175 94
100 43420 5558521.89  5601941.89 130
200 90370 1111875624 1120912624 476

400 185150
600 278580
800 373560
1000 469 100

P12 1 AR ST SR AR SR figk i (1] FAIL 2H KA

22236672.96 22421822.96 840
33347603.81 33626183.81 1238
44466775.32  44840335.32 1543
55588724.25 56057824.25 1995
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Fig.1 Relationship between computing time of
proposed model and unit size
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Table 5 Comparison of solution results of 10- and
100-unit under different methods

WLEAREE / & SR MARA /¢ HEmE /s
EPL 563977 1
ELR 563977 4
MILP 563938 1
QI-ADP 563977 12
10 GA 565825 221
EP 564551 100
BADE 563938 —
QBPSO 563977 18
AT 563938 17
EPL 5608440 65
ELR 5605678 345
MILP 5597770 6341
QI-ADP 5605622 138
100 GA 5627437 15733
EP 5623885 6120
BADE 5602324 —
QBPSO 5602486 833
RS 5601942 130
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Table 6 Optimization results when considering
ramp constraint

WL KA / & BARNA /$| LM / & BAHEA / $
10 565064 60 3375625
20 1126709 80 4503958
40 2251175 100 5624827
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Transient voltage stability analysis of Hunan Power Grid with infeed UHVDC
QIU Wei', HE Jingbo', YU Zhao', XU Xialingz,YANG Dan®,LIU Na*
(1. National Power Dispatching and Control Center,Beijing 100031, China;
2. Central China Branch of State Grid Corporation of China,Wuhan 430077, China;
3. State Grid Hunan Electric Power Company Limited,Changsha 410007, China;
4. State Grid Beijing Electric Power Company,Beijing 100031, China)
Abstract: With the increasing growth of long distance trans-regional HVDC transmission system, the tran-
sient voltage stability problem of receiving-end system is becoming increasingly outstanding. The transient
voltage stability of load center in Hunan Power Grid after the operation of +800 kV Qilian-Shaoshan
UHVDC project is researched. Firstly,a transient voltage stability index is constructed,and its effectiveness
is verified by Hunan Power Grid. Secondly,from the perspective of operation demand of actual power grid,
a practical operation control method is proposed to ensure the transient voltage stability of receiving-end
system, which is employed to develop the operation control strategy of Hunan Power Grid. Lastly,the major
factors affecting the UHVDC power receiving capability of Hunan Power Grid are analyzed.
Key words: UHVDC;transient voltage stability ; Hunan Power Grid;operation control strategy
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Large-scale unit commitment solution based on binary differential
evolution algorithm and objective function decomposition
ZHU YongLi',LIU Gang"?,HUANG Zheng’,XIE Wei’
(1. School of Electrical and Electronic Engineering,North China Electric Power University, Baoding 071003, China;
2. School of Electrical and Information Engineering, Guizhou Institute of Technology,Guiyang 550003, China;

3. Nanping Power Supply Company of State Grid Fujian Power Co.,Ltd.,Nanping 353000, China)
Abstract: In order to avoid the problem of time-consuming caused by the internal and external two-level
nested solution of unit start-stop schedule and load economic dispatch in the solving process of UC (Unit
Commitment) ,two adjustable sub-objectives,namely the total average fuel cost of start unit and the system’s
spare spinning reserve capacity,are introduced to decompose the traditional UC model into two independent
optimization objectives, then a two-stage UC model based on the objective function decomposition is pro-
posed, in which the sub-stage model can be solved independently. An improved BDE (Binary Differential
Evolution) algorithm is used to solve the unit start-stop schedule objective in the first stage. The handling
mechanisms such as the minimum unit start-stop time constraint, the spinning reserve capacity constraint,
the unit de-commitment, and so on,are applied to each individual coding that represents the start-stop sta-
tus of unit, which can effectively guarantee the validity of each solution and reduce the search space of
the algorithm. According to the solved start-stop status of unit, the semi-definite programming method is
used to solve the load economic dispatch objective in the second stage. The effectiveness of the proposed
method in solving the large-scale UC is verified by a classical test example.

Key words: unit commitment; economic dispatch; binary differential evolution algorithm ; objective function decom-

position;average fuel cost;semi-definite programming method
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Table A1 UC optimization results of 10-unit system

i} BLEH H J1/MW w4 % , < 4
N B )Yl )E'Zi] R A/ R/
LA 1 HLZH 2 HLAL 3 WL 4 WL 5 HLZ 6 HLAL 7 BLAl 8 MlZ 9 HLZH 10 MW JRA/$ MW
1 455 245 0 0 0 0 0 0 0 0 700 0 13683.13 210
2 455 295 0 0 0 0 0 0 0 0 750 0 14554.50 160
3 455 370 0 0 25 0 0 0 0 0 850 900 16809.45 222
4 455 455 0 0 40 0 0 0 0 0 950 0 18597.67 122
5 455 390 0 130 25 0 0 0 0 0 1000 560 20020.02 202
6 455 360 130 130 25 0 0 0 0 0 1100 1100 22387.04 232
7 455 410 130 130 25 0 0 0 0 0 1150 0 23261.98 182
8 455 455 130 130 30 0 0 0 0 0 1200 0 24150.34 132
9 455 455 130 130 85 20 25 0 0 0 1300 860 27251.06 197
10 455 455 130 130 162 33 25 10 0 0 1400 60 30057.55 152
11 455 455 130 130 162 73 25 10 10 0 1450 60 31916.06 157
12 455 455 130 130 162 80 25 43 10 10 1500 60 33890.16 162
13 455 455 130 130 162 33 25 10 0 0 1400 0 30057.55 152
14 455 455 130 130 85 20 25 0 0 0 1300 0 27251.06 197
15 455 455 130 130 30 0 0 0 0 0 1200 0 24150.34 132
16 455 310 130 130 25 0 0 0 0 0 1050 0 21513.66 282
17 455 260 130 130 25 0 0 0 0 0 1000 0 20641.82 332
18 455 360 130 130 25 0 0 0 0 0 1100 0 22387.04 232
19 455 455 130 130 30 0 0 0 0 0 1200 0 24150.34 132
20 455 455 130 130 162 33 25 10 0 0 1400 490 30057.55 152
21 455 455 130 130 85 20 25 0 0 0 1300 0 27251.06 197
22 455 455 0 0 145 20 25 0 0 0 1100 0 22735.52 137
23 455 425 0 0 0 20 0 0 0 900 0 17645.36 90
24 455 345 0 0 0 0 0 0 0 800 0 15427.42 110
& 4090  559847.69 —
Tz A2 EMMALFERN B BATTEE
Table A2 Comparison of total costs among different optimal methods
. SRS
LB/ & —
EPL ELR MILP QI-ADP GA EP BADE QBPSO AL H¥k
10 563977 563977 563938 563977 565825 564551 563938 563977 563938
20 1124369 1123297 1123297 1124056 1126243 1125494 1123297 1123297 1123297
40 2246508 2244237 2242575 2243721 2251911 2249093 2244740 2242957 2242957
60 3366210 3363491 3359955 3362485 3376625 3371611 3362256 3361980 3362040
80 4489322 4485633 — 4484974 4504933 4498479 4484136 4482085 4483102
100 5608440 5605678 5597770 5605622 5627437 5623885 5602324 5602486 5601942
200 — — — 11215894 — — — — 11209126
800 — — — 44845179 — — — — 44840335
1000 — — — 56058368 — — — — 56057824
R A3 ML AR T E B 3T EE
Table A3 Comparison of computing time among different optimal methods
T 5 1] /s
HLA B 6 — —
EPL ELR MILP QI-ADP GA EP BADE QBPSO A
10 1 4 1 12 221 100 — 18 17
20 3 16 16 22 733 340 — 50 31
40 12 52 960 47 2697 1176 — 158 51
60 23 113 271 75 5840 2267 — 328 75
80 44 209 — 99 10036 3584 — 554 94
100 65 345 6341 138 15733 6120 — 833 130
200 — — — 287 — — — — 476
800 — — — 1208 — — — — 1543

1000 — — — 1743 — — — — 1995
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