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Fig.1 Flowchart of power system dispatch when
wind power dispatch jurisdiction is

at lower grid
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is at upper grid
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Table 1 Parameters of units
F, o Wl P./MW P../MW a/$-MW?2) b,/($-MW") c./$ 7/ (MW +min™") ¢/ (MW -min™")
T 1 250 15 15 2.2034 0.00510 0.300 0.300
K 2 650 50 25 1.9101 0.00396 0.400 0.400
3 650 20 40 1.8518 0.00393 0.500 0.500
4 632 30 32 1.6966 0.00382 0.600 0.600
5 508 25 39 1.8015 0.00212 0.750 0.750
Lo 6 650 50 75 1.5354 0.00261 1.400 1.400
Fﬂ[m 7 560 75 49 1.2643 0.00289 1.600 1.600
8 540 120 82 1.2130 0.00148 2.225 2.225
9 830 125 105 1.1954 0.00127 2.600 2.600
10 1000 250 100 1.1284 0.00135 2.750 2.750
B 600 5 0 L ) ¢
5 400 S AN
= 200 £ oo
= = \
5 0 = — BRI )%
00:00 06:00 12:00 18:00 24:00 = ~500
i %l 00:00  06:00  12:00  18:00  24:00
3 RihE A
Fig.3 Wind power Bl 7 FEHihBRE AR BRS &Th & R in s KU Ih 2
500 P Fig.7 Variation of tie-line power and slack wind
E < power based on average marginal cost
S T N N
9 Np P G R S PR AR 251352 $/MW, B 9P 2
= : D
B PRACA N 23.151 $/MW , St FEAR 3 2,
-500 N R "
00:00 06:00 12:00 18:00 24:00 2 2MEETAMARIL R
Table 2 Comparison of cost between
i 22 ‘
) ) two dispatch modes g
B4 FHORRANBREZENETW — _—
. - _— A X3 B g A DX 3500 B AR 11
Fig.4 Variation of tie-line power based on Y H B 4 25 1l A B4 S B 2 2% A
average marginal cost BE e migkce WERE HERE
500 _p FgopM e TR R TZOLM
; © EH 42745x10° 4.7115x10° 4.3368x10° 4.8299x10°
o \ THHM  52265x10° 2.9413x10° 4.7379x10° 2.9413x10°
Jﬁ_ 0 AN P 24 R 5 5 5 5
= P. g BIRA 9.5010x10° 8.1249x10° 9.0747x10° 7.7712x10°
= KA 1.8820%10° 2.2348x10° 2.0584x10° 2.0584x10°
e 500 PLAH B A 7.6190x10° 5.8901x10° 7.0163x10° 5.7128x10°
00:00 06:00 12:00 18:00 24:00 B
i %1 FE 2 LI 7645 DXCIOH AR DX S8l B A A

B S5 REBARMANKELINRENL
Fig.5 Variation of tie-line power based on

regional marginal cost

500
=
< P HL ) %
= — B
&

-500

00:00 06:00 12:00 18:00 24:00
I 2]

Bl o XIBABRMANBKKLINRR MR EINZE
Fig.6 Variation of tie-line power and slack wind
power based on regional marginal cost

AR ) Xk 9 AR T O B AN ) B B 4% 4k T
FEM AR LR LN 2 55 5 T AE T 55 5 #r
THEASE] ) F g A PR A 21.1668 $/MW, T

AR DX SR A 2 T R A B DL PR EEAAE T 4
WO, 28 58 00 B0 MAS (HILEH HE T AR i E Bk 45 2 T 32
AR 0 X R D P A ) 58] JEE A b 20 R ) AT
IRE R LT G2 AR AR 3 B A B A8 20 1
A BERUAE T R R G0 s A R AIL 2H A #R A T 3
JERUAE b G HL A1 L

T3 %5 2 B PR A (Y FE B BT DL SR
R G PR AR B A O I 2% LA e
A BEACAE b 20 v I 0 2 T 0 I AR B RO AR R
PET 8 DXEER AT A B X802 PR AR Bk 48 2 T %
A BT

5 #it

M X BT Je 9 BE AR AN [R] W58 T 35 XL Y
YR W L g A DB I B SR R AL T



44) ® 4 & & it &

8355

AL B DL ACRERY TR I 3138 1 BB 45 2 T 3R AR ) A
e B 07 30, S 05 LA SR AR WY, 2 Al 2 T X AG 9
JERaHILAR —BON A LA 2R, R ETRR
i 1 V- 35 30 B JROAS AR Ay 6 2% 28 D) 38 RO HEAT R L
A R GERENE 1K B A B 2 AL A

AR SCHR HY AR IR 25 2 T AR AR Ol il KU
AN [ BEAS R b G B R 3 T AR G 9 5 L P A
Her A BT RARRE S 5 03 XA B 3 ) Bl 9 9
JEE 5 AU I B2 Ry b 28 JBE I A gt XUk B 3R 5 AL it
YK 246 2k Ty 38 52 T 432 11 [w) i 7 T T i R R T 44 XL
HL R D R, TR A BRI R JE B 2 AR
AH B E T3 3 S A [ X ) B 1] 8 B A A 2
ettt T 2%,

SEH .

[1]BILLINON R,BAI Guang. Generating capacity adequacy associated
with wind energy[J]. IEEE Trans on Energy Conversion,2004,19
(3):641-646.

[2] ARMANDO M L S,WARLLEY S S,LUIZANTONIO F M,et al.

Long-term probabilistic evaluation of operating reserve requirements

with renewable sources[J]. IEEE Trans on Power Systems,2010,

25(1):106-116.

WP X SCHE kAR AR XU HEE A Y R AR BT A A

[J]. B THARZE ,2014,29(2) :260-270.

JIANG Cheng,LIU Wenxia, ZHANG Jianhua,et al. Risk assessment

of generation and transmission systems considering wind power

—
(98]
[

penetration[ J ]. Transactions of China Electrotechnical Society ,
2014,29(2) :260-270.

BART C U,MADELEINE G,ENGBERTPELGRUMW L K,et al.
Impacts of wind power on thermal generation unit commitment
and dispatch[J]. IEEE Trans on Energy Conversion,2007,22(1):
44-51.

SR E | SE B SE R A R XU AL A H 0 £ A O ] R
()], P EEAL TR 4R ,2010,30(25) : 1-9.

ZHANG Liying,YE Tinglu,XIN Yaozhong,et al. Problems and
measures of power grid accommodating large scale wind power
[J]. Proceedings of the CSEE,2010,30(25):1-9.

Fo, B E IR A BT S A g i ) RSB
BATHE]]. B A3k ,2013,33(7):27-33.

JIANG Wen,CHENG Yexia,YAN Zheng,et al. Reliability-con-

strained dynamic economic dispatch of power system with wind

—
~
i

—
wn
[}

[6

[}

farms[J ]. Electric Power Automation Equipment,2013,33(7):
27-33.

LIU X,XU W. Economic load dispatch constrained by wind
power availability:a here-and-now approach[J]. IEEE Trans on
Sustainable Energy,2010,1(1):2-9.

(8] ERE B4, Fra, 55, TR S Bl )4 8 8 iy Jo 4] XU 0y %
BENLT]. I RS A Bk ,2010,34(16) :78-83.

WANG Caixia,LU Zongxiang,QIAO Ying,et al. Short-term wind
power forecast based on nonparametric regression model[]J]. Auto-
mation of Electric Power Systems,2010,34(16):78-83.

FERRUL SR8 A SCA AR R IKUH T 0 |, g AR 8 22 5 R R
DR g 4 g e ) T AR R [ T v B L TR 24,2010, 30
(13):23-27.

YUAN Tiejiang,CHAO Qin,LI Yiyan,et al. Short-term wind

power output forecasting model for economic dispatch of power

—
~
[

—
=)
[}

system incorporating large-scale wind power[]]. Proceedings of

the CSEE,2010,30(13):23-27.

[10] skT 35wl TR, — 2% 18 XU H I BIL 4 9 AL 2H 20 45 A5 2 0
B[], W THAREIR,2013,28(5) :22-29.

ZHANG Ningyu,GAO Shan,ZHAO Xin. An unit commitment
model and algorithm with randomness of wind power[]J]. Tran-
sactions of China Electrotechnical Society,2013,28(5):22-29.

(U] SRR JR, B AR, RS X H 392 A 3 0 98] i A o iy 22 9%

PEILER ()], I &S A 8hik,2011,35(22) :105-110.
ZHANG Lizi,ZHOU Na,WANG Nan. Economic comparison for
different generation schedulings with large scale wind power
connected power system[]J]. Automation of Electric Power Systems,
2011,35(22):105-110.

[12] WANG Caixia,LU Zongxiang,QIAO Ying. A consideration of
the wind power benefits in day-ahead scheduling of wind-coal
intensive power systems[J]. IEEE Trans on Power Systems,
2013,28(1):236-245.

[13] Uk W] 38, 5l a5, B Xl iy G ry i ) &

GERAHLOEARIREZ ()], M0 A Sk BE 4 ,2013,33(1) : 114-120.

YANG Hongming, WANG Shuang,YI Dexin,et al. Stochastic

optimal dispatch of power systemconsidering multi-wind power

correlation [J ]. Electric Power Automation Equipment,2013,33

(1):114-120.

INEIH AR Gkt IR KU e A 19 2 H AR BELIE Ak

PAEE()]. W A B4 ,2012,32(5) :123-128.

SUN  Huijuan,PENG Chunhua,YI Hongjing. Multi-objective

stochastic optimal dispatch of power system with wind farms[J].

Electric Power Automation Equipment,2012,32(5):123-128.

LYY X B BRI, A B IR KU — R Y 22 3 5w B

BERRYEER[)]. Iy A Bk 2014,34(1) :135-140.

GAO Hongjun,LIU Junyong, WEI Zhenbo,et al. Multi-scenario

two-stage dispatch decision-making model for wind farm with

[14

[

o,
5
el

integrated energy storage[J]. Electric Power Automation Equip-
ment,2014,34(1) :135-140.

[16] FANG Yao,ZHAO Yang,DONG Kemeng,et al. Quantum-inspired
particle swarm optimization for power system operations consi-
dering wind power uncertainty and carbon tax in Australia[J].

IEEE Trans on Industrial Informatics,2012,8(4):880-888.

(177 XUBAR Wi Wh AR, T B R 2 o A R BIL 2 VR 8 8] 0ée A nT b B

T KU D AR BE R[] ). L) A Sk B4 ,2012,32(1)
95-99.
LIU Xindong,CHEN Huanyuan,YAO Cheng. Economic dispatch
considering deep peak-regulation and interruptible loads for
power system incorporated with wind farms[J]. Electric Power
Automation Equipment,2012,32(2):95-99.

ERE .

FRE(1969—), % b RiErAA £
R A ERH GO @) A A 1A BRI IR 49 B

N ERREZGRAAE,
(1973 —), 8 T ThIREA SR
IR WL KFE A REIEFIEH TE,
EWE(1991—), 5 BN A HE
, FRA LR T AAREAEE b

RS

PP YV RIS

AL (1950—), %, 2 BHdESA FHE W LA S
WA N RGBTSR B AR R AE (E-mail ; wglseu@
hotmail.com)
(T #% 51 W continued on page 51)



%118 17 v I AP ST 6 o o =W I8 3 o G R L RO R o T @

M, 2003 :120-134. [J]. W RS A ,2009,33(1):85-89.

[14] MACQUEEN J. Some methods for classification and analysis of ZHAO Guobo,LIU Tianqgi,LI Xingyuan. Optimal deployment of
multivariate observations[C]//Proceedings of the Fifth Berkeley distributed generation as backup generators [J]. Automation of
Symposium on Mathematical Statistics and Probability, 1967. Electric Power Systems,2009,33(1):85-89.

[S.1.]:University of California Press,1967:281-297.
[15] BARAN M E,WU F F. Network reconfiguration in distribution EERA .
systems for loss reduction and load balancing[J]. IEEE Tran- Kok (1988—) B Tk A M4
Y/ OB - ), 5 - 7 , =

sactions on Power Delivery, 1989,4(2):1401-1407. . . .
% % T ) A Aot A
BEARAR W05, 3T Witk 25 43 3 Ak 45 U8R 50 KL B 0 T o FAL FATORCHRASA &
ZARAL AR (E-mail : willzsx@163.com) ;

WIELALT]. W A3k ,2013,33(11):123-127. N o ‘

DUAN Jiandong,YANG Shan. Reactive power optimization ) B ;‘?(1989_)’ B e A
BERE FRR T @ AR A RRRA,

AR (1962—), F driz & A K

[16

[}

based on modified differential evolution algorithm for power

distribution system with DFIG wind farms[]J]. Electric Power

Automation Equipment,2013,33(11):123-127. * k3 }Ié'i,@ﬂfﬁ?’ti%‘ﬁ ,Jfﬁ};ill‘ ,Eﬁ%ﬁ@?@ W 7
[17] B, X R 220405 A 2R A AR 45 VL U5 A p A T ZAMR WEAT BEKE,

Optimal allocation of intermittent distributed generator
in active distribution network
ZHANG Shenxi',LI Ke',CHENG Haozhong',ZHANG Yi?,YAO Liangzhong’

(1. Key Laboratory of Control of Power Transmission and Conversion,Ministry of Education,Shanghai Jiao Tong
University , Shanghai 200240, China;2. Electric Power Research Institute of State Grid Fujian Electric Power Company,
Fuzhou 350000, China;3. China Electric Power Research Institute, Beijing 100085, China)

Abstract: Since the IDG (Intermittent Distributed Generator),mainly the distributed wind farms and photo-
voltaic fields,is rapidly developed,a multi-scenario optimal IDGs allocation model with the minimum
annual carbon emission as its objective is built for the active distribution network,which considers the
sequential correlation among wind speed,illumination intensity and load,as well as three active management
measures ; transformer OLTC (On-Load Tap Changer) adjustment,IDG output power shedding and IDG power
factor regulation. The K-means clustering method is adopted to reduce the quantity of scenarios and obtain
the probability of each scenario. The adaptive genetic algorithm and the primal-dual interior point method
are combined to solve the model. The simulative results of IEEE 33-bus active distribution network verify

the effectiveness of the proposed model and method.

Key words: active distribution network; intermittent distributed generator; optimal allocation; active
management measure; K-means clustering method; hybrid solving strategy
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Optimal active power dispatch based on slack tie-line power
for bi-level power system with wind farm
LI Hongmei',LI Haifeng?, CUI Hantao’, WAN Qiulan'
(1. School of Electrical Engineering,Southeast University,Nanjing 210096, China;
2. State Grid Jiangsu Electric Power Company,Nanjing 210008, China;3. Department of Electrical
Engineering and Computer Science,The University of Tennessee,Knoxville 37996,USA)
Abstract: The large-scale integration of centralized wind power brings challenges to the active power
dispatch and control of power system. A strategy of interactive and coordinative dispatch according to
the jurisdiction of wind power dispatch is proposed for the bi-level power system with wind power.
The concept of slack tie-line power and slack wind power is proposed and used as the interactive
dispatch interface between the upper and lower grids to deal with the impact of wind power
fluctuation on the power grid dispatch and improve the wind power integration capacity to the upmost,
based on which,an economically-optimal dispatch model is built. Since the inter-region dispatch is
involved , the marginal cost is used for calculating the wind power cost and tie-line power cost,for
which , different marginal cost calculation methods are analyzed. Simulative results show that,when the
jurisdiction of wind power dispatch is at the lower grid and the average marginal cost of two regions
is taken as the tie-line power cost,the economy of whole system is the best.
Key words: wind power; dispatch; interactive dispatch; slack tie-line power; slack wind power; marginal cost
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