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Table 1 Economic simulative results of two schemes
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1 1.357 0.507 0.262 0.147 0.138 0.173 0.625 0.279 0.097 — — — 98 035.5
2 1353 0465 0319 0144 0135 0169 0606 0242 0152  — — — 986101
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Table 2 Security simulative results of two schemes
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1 1.267  0.506 0324  0.157 0.146  0.184 0.616  0.247  0.137 — — — 991689 0.9255
2 1.270 0.485 0.329 0.162 0.149 0.189 0.606 0.242 0.152 — — — 99 287.8 0.917 0




2]

& 0 8 % w it %

%39%

o
oo
)

BUSA T8

0.1 0.2 0.3 0.4
N

3y, SRGRKANER

Fig.3 Relationship between vy, and total system cost

e
93
N

S

o
o
o

RRASTTI6
©
R

et

=

=N
—_
=]
—_
—_

1.2 1.3 1.4
V2
4y, SRGEARANER

Fig.4 Relationship between vy, and total system cost
5 it

HEF 26 AGC HLA S 5T R 2 v, AR SOK
AGC MUK Z 5K P AR AL 1, % i XU H 3 28
KWy 25 B FEASH R P 2R AN 2 B B i 7 )
I e T XU K G AR A A e S e A A
AN—F R, 357 2T DRO-MU (9 AGC AL Z 5
FURBIRL FrRE5is T .

(1) AGC HLALEAT L i & B PSR AR 2 T R 50
WL AGC MLAL & FHBE 1 se ke A A, B4t 17 e
4 AT T 5 e X KU 2R G It Tk v A Y
M — M

(2) 2t Benders B3 fiff e T AR AR Hp o i 2 R
A PSR A R e YR O R TR, ELAT ey A M S
IS

(3) R H DRO-MU 3l 2548 5 1 455 700 X6 5 Z2 1t
B BB B S A TR BRI A7 R A s, X
TG A AT — 7 %) PRI | SR A AR08 1 A 1R S8

SE 3k

[ 1] 8, ok et . B m AR m & s E R
KL HL ) R GEAHRE SRR IL AT R [ T]. M EAR ,2017,41(3)
769-774.

DATI Leisi, YE Chengjin, FU Xuhua, et al. Distributional robust joint
chance constrained optimal capacity installment of energy storage in
power system with high penetration of wind power [ J ]. Power
System Technology,2017,41(3) :769-774.

XA RGN, FOBNE 45, T R D S M R S0 FiE 4T X
B 2SR o K ) RGBS E VBT ]. P E L TR
2#4)%,2013,33(16) :9-15.

LIU Dewei,GUO Jianbo, HUANG Yuehui, et al. Dynamic economic

dispatch of wind integrated power system based on wind power pro-

—
[\S]
[

babilistic forecasting and operation risk constraints[ J]. Proceedings
of the CSEE,2013,33(16) :9-15.

[ 3] BTS20, ik, 5. HIERM CPS bR T i A — U Ia s
Feth AGC FE IR R [ 1], rp [ AL Pl TR 2% 42, 2016,36 ( 10) -

2656-2664.

ZHAO Wanzong, LI Bin, WEI Hua,et al. The optimal AGC control
strategy considering the primary frequency regulation under the con-
trol performance standard for the interconnected power grid [ J].
Proceedings of the CSEE,2016,36(10) :2656-2664.

[ 4] BRHAT. B RGEFRRSSHT M. ot b = e I Hh A, 2007
201-218.

[ 5] MR, i3k, B, 5. 25 IERR A3 29 TR A% & RALRR XU FE, e,

NEGHHBEHIFE[J]. BAORE SRR, 2014,29(4)
18-24.
LIN Tao,YE Jing, CHEN Rusi,et al. Study on unit commitment with
steady-state frequency constraints of power system including large-
scale wind turbine[ J]. Journal of Electric Power Science and Tech-
nology ,2014,29(4) .18-24.

[ 6 ] MOHAMMADI K, ALAVI O, MOSTAFAEIPOUR A, et al. Asses-
sing different parameters estimation methods of Weibull distribution
to compute wind power density[ J]. Energy Conversion and Manage-
ment,2016,108:322-335.

[ 7] Bk e, kkig 4. —FPIE T Beta 4340 1 XUHL D32 T 00

PR 22 e/ S DX T) Y B RS AN B [0 ). b [ L AR 2 4
2015,35(9) :2135-2142.
YANG Hong, YUAN Jinsha, ZHANG Tiefeng, et al. A model and
algorithm for minimum probability interval of wind power forecast
errors based on Beta distribution [ J]. Proceedings of the CSEE,
2015,35(9) :2135-2142.

[ 8] FhEEss, TRY, DAk, 5. FETR-G R/ (5 SR B e

R R R R BEOLALBERL [T ], Ty A B kB4, 2017,37

(10) :112-118.

SUN Guoqiang,ZHOU Yizhou, WEI Zhinong, et al. Dispatch opti-

mization model of virtual power plant based on hybrid stochastic

programming and information gap decision theory [ J ]. Electric

Power Automation Equipment,2017,37(10) :112-118.

WANG J J,ZHANG W,LI Y N, et al. Forecasting wind speed using

empirical mode decomposition and Elman neural network [ J]. Ap-

plied Soft Computing,2014,23.452-459.

[10] KEYVANSHOKOOH E,RYAN S M,KABIR E. Hybrid robust and

stochastic optimization for closed-loop supply chain network design

—
=)
[

using accelerated Benders decomposition [ J]. European Journal of
Operational Research,2016,249(1) :76-92.

R, B AR A5 25 XU Tl SR AR T A AN 0 5 T Y
DAL S L R JE D AR Tk [ 0] L) A 3l k47,2016, 36 (6)
40-47.

XIE Jun, WANG Lu, FU Xuhua, et al. Reactive power planning with

consideration of wind power probability distribution uncertainty for

[11

fl—

distribution network [ J]. Electric Power Automation Equipment,
2016,36(6) :40-47.

[12] DELAGE E,YE Y Y. Distributionally robust optimization under mo-
ment uncertainty with application to data-driven problems[ J]. Ope-
rations Research,2010,58(3) :595-612.

[13] JAMEZE, DAMRERS , T /NGy, 4. L 3 B DR 225 98 BE SR AW 5 4 A

ERLATTER[T]. PR BL TR A, 2015, 35 (13) £ 3248-
3256.
ZHOU Renjun, MIN Xiongbang, TONG Xiaojiao, et al. Distributional
robust optimization under moment uncertainty of environmental and
economic dispatch for power system[ J]. Proceedings of the CSEE,
2015,35(13) :3248-3256.

[14] PAREDES-PAREDES M C, ESCUDERO-GARZAS ] J, FERNAN-
DEZ-GETINO GARCIA M J. PAPR reduction via constellation ex-

tension in OFDM systems using generalized benders decomposition



%o

JAAEEE A5 e T B AN 20 A 5 PR L AL T3 (9 2L 3T L ) phe ®

[15]

and branch-and-bound techniques|[ J ]. IEEE Transactions on Ve-
hicular Technology,2016,65(7) :5133-5145.

LI Z G,WU W C,ZHANG B M, et al. Decentralized multi-area dy-
namic economic dispatch using modified generalized benders de-
composition| J |. IEEE Transactions on Power Systems,2016,31(1):
526-538.

[19] SIVARAMAKRISHNAN K K. Linear programming approaches to

semidefinite programming problems[ D ]. [ S.1.] : Rensselaer Poly-

technic Institute ,2002.

[20] PANIGRAHI B K,PANDI V R, DAS S, et al. Multiobjective fuzzy

dominance based bacterial foraging algorithm to solve economic

emission dispatch problem[ J]. Energy,2010,35(12) ;:4761-4770.

[16] ROCKAFELLAR R T, URYASEV S. Conditional value-at-risk for
general loss distributions[ J]. Journal of Banking & Finance,2002,
26(7) :1443-1471.

URYASEV S. Conditional value-at-risk : optimization algorithms and

applications[ C] // Proceedings of the IEEE/IAFE/INFORMS 2000

Conference on Computational Intelligence for Financial Engineering.

New York, USA ;. IEEE,2000:49-57.

(18] VEMRF, ik, R L. TH SR AR A K KB REHAA S
)RR 23— PR [T ). T I A ML AR 240, 2017,37 (1)
3148-3161,3370.

WANG Chaoqun, WEI Hua, WU Siyuan. A decomposition-coordina-

AL F (1964 —) , %, i K RA, #
B L EEHMES AL ZEMMN B
MK 5IEFT FHREBRBNRAE NG AL
BRI oA X & B AR (E-mail ; z2j0731@
163.co)

AHFH(1994—) , 4, W dEmA, R
THRAE, ERHR TG AR RKIES
5 %] (E-mail ; 905505189@qq.com) ;

RAEH (1989—) , B  Hd#mA Mt T EHEFT S
AW A & YiE AT 5 M%) (E-mail ;974559014@qq.com) ,

[17

[

JMEE

tion algorithm applied to hydro-thermal unit commitment problems
with power flow constraints[ J]. Proceedings of the CSEE,2017,37
(11) :3148-3161,3370.

Frequency regulation ratio decision-making of multi-generator based on
modified distributional robust optimization under moment uncertainty
ZHOU Renjun',REN Qingging' , MIN Xiongbang® ,ZHENG Quanguo’ , WU Xianxiang' , WANG Yangzhi'
(1. Hunan Province Collaborative Innovation Center of Clean Energy and Smart Grid,
Changsha University of Science and Technology, Changsha 410004, China;
2. Hydropower branch of Hunan Electric Power Co., Ltd. ,Changsha 410000, China;
3. State Grid Changde Power Supply Company, Changde 415000, China)

Abstract; When a single slack bus undertakes the unbalanced power of the whole network, it is easy to exceed its
regulating range. Aiming at this problem, multiple AGC ( Automatic Generation Control) units are considered to par-
ticipate in the frequency regulation,and the decision-making model of frequency regulation ratio for each AGC unit is
established ,and the frequency regulation ratio is taken as a decision variable. Considering the uncertainty of the mo-
ment of short-term wind power output distribution ,the proposed model is transformed into a distributional robust opti-
mization model under moment uncertainty ,which is further transformed into a determined semi-definite programming
model based on the duality principle. After dual transformation ,the element of semi-definite constraint matrix in the
model contains the quadratic of frequency modulation ratio, which cannot be solved by the conventional semi-definite
programming algorithm. Thus, Benders method is introduced to decompose the original problem by introducing the
matrix minimum eigenvalue equation to slack the original semi-definite constraints. Simulative results show that the
semi-definite programming model based on modified generalized Benders decomposition method has good conver-
gence, the general frequency regulation costs increases with the increase of the radius parameter of uncertainty set,
and compared with the case of fixed participation ratio, better economy and safety can be obtained by using frequency
modulation ratio as the decision-making variable.

Key words: frequency regulation ratio; AGC ; distributional robust optimization ; semi-definite programming; genera-

lized Benders decomposition ;matrix minimum eigenvalue equation



