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Two-stage AC/DC optimal power flow with VSC-MTDC considering uncertainty of wind power

YANG Zhelin, WANG Keyou, LI Guojie
(School of Electric Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Considering the impact of uncertain wind power integrated through a multi-terminal flexible direct current
(VSC-MTDC) transmission system on the operation of an AC system, a two-stage AC/DC optimal power flow model with
VSC-MTDC considering wind power uncertainty is proposed. This paper focuses on the optimization of VSC-MTDC in
real-time scheduling, based on the dispatching idea of “multi-level coordination and step-by-step refinement”. During
intraday rolling dispatching, the model optimizes the generator’s operation cost according to the short-term forecast data of
wind power. During real-time dispatching, it continuously adjusts and optimizes the control instructions of the VSC converter
station and the output of the buffer unit based on the ultra-short-term forecast data of wind power, and corrects the impact of
short-term forecast errors of wind power on AC system network losses and voltage levels immediately. The proposed model
is applied to the IEEE 30-node and IEEE 118-node example, and the validity and feasibility of the proposed model are
verified.
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Fig. 1 Two-stage active power dispatching model for
wind power integration
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Table 1 Optimization results of intraday rolling stage

RN Arhiy vscHi RS TS
Rz MW PR P /MW Q¥ /Mvar
GL(ZEMHl) 128772 VSC1 -28.513 -3.348
G2 40.814 VSC2 -61.455 0.101
G3 17.012 VSC3 — 13.359
G4 33.818 VSC4 6.859 11.314
G5 21.650 VSC5 49.753 10.326
G6 0 VSC6 — -2.341

etk gt Bon H R sy BUR AL Thi J1
VSC it TR T4, MRS KT, Keitr
R B RA BRI ZZ LA GL A&, HALLL
HER T G6 NREA I 71, HREHNAYZSE
KK 1h FIREIR, FEEAT M BIRATE
M D E . RIS B R FE AN N $T761.8.

VSC et sl T8 4% il 48 (A R AR T 5058 —
BrBOR BECAS, AR T —B Bt AT sSem 2 1R A5
B SR ) S 4 A -
4.3 ERHEEM B

TESER R BERY Be b, $2ET 15 min 18 ERk ok
15 min PN 0 KRR RE I U B0 Paas  BDFERT B
15:00—16:00 755 4 AN ZIH Paye 4 AN 2 X
FELER AT A TOUIN H R 2 i o

MF 2 HATLLEH, TR Lh ARHEIZE D)
O R% ETHE T ERES . I EAE 15:30 A 25K
KAH-

3k 2 15:00—16:00 A EZ X\ FE B AT HA TN 548
Table 2 Ultra-short-term wind power forecast data
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Table 3 Optimization results of scheme 1 and scheme 2

SR GRET ARG fioss/ MW HLE A 2 fufp.u.

RERTP UES! UEX) UES! UEX)
5% 14.271 9.062 3.157 1.646 7
10% 15.245 10.087 3.328 1.646 7
15% 16.331 10.405 3.367 16475
20% 18.378 11.933 3.437 1.649 6

M 3 HRT UE e, RS T R 22 ORI
VSC-MTDC Z 5% —Fr B ibfi % 2 ARk
FHE, HAoEWZERASERE N &

x4 gih TIRZEAKEN 10%00F, AR EIR
VSC Hufitul Ly f il Hig 28 . X AR 1R 4 ATRA
B, BB A 5 B B i sl R 4 A

B EHHAT TABIE, 192 1 i sl SE I #2811 45 21 «
& 4 & VSC il SERHEHIE S
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Table 5 Ultra-short-term wind power forecast
data of wind farm W-

B %) 15:00 15:15 15:30 15:45
Pua/ MW 57.621 34.577 65.713 83.913

gt B —W B H WER s Bk )5 13 31 22
PHHLAL G11 A1 G37 B H /7 43 il 211.406 MW Al
460.502 MW, HILAbA5 21 & LS AR 9$128 918.2.
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THELAF B0 A p i R B 22 B R A ey, R
PRI E 7 AR E R B ERIRE TR
0.95~1.05 p.u.. Ak 525717 5 1 H R L i 22 7K ~F
BRAR/N, JF HE L T RRAUEE, A6 g
Ho DA RS IRIRI, ASCOABR RIS T4
KL BER RS-




-32- 20 EREY D5 EH

160
140
5 120
= 100
g 80
¥ 60
LT
20
0
15:00 1515 15:30 15:45
R H A7 5
®PF ®OPF

7 15:00—16:00 Bt E% IEEE118 RGMR L RT/E R G MIRSTEL
Fig. 7 Comparison of system power-loss for IEEE118 before
and after optimization from 15:00 to 16:00
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Table A1 Generator operating parameters
kwdl  AYLE AUME EE KB R LA
e RMW O R/MW fR/Mvar  [R/Mvar  EEU($h)
1 360.2 0.0 10.0 -200  75P?+200P,
2 140.0 0.0 50.0 -40.0  250P +200P,
3 100.0 0.0 40.0 -40.0  625P? +200P,
4 100.0 0.0 40.0 -100  83P’+350P,
5 100.0 0.0 24.0 -6.0 250P? +300P,
6 100.0 0.0 24.0 ~6.0  400P? +500P,
A2 VSC Rt
Table A2 VSC converter station parameters
Re/p.u. Xiilp.u. Rd/p.u. X/p.u. B/p.u.
0.0015 0.1121 0.000 1 0.164 3 0.088 7

2 A3 VSC R R ERIREE R #

Table A3 VVSC converter station internal loss factors

BT L a b c
B 0.001 03 0.0015 0.000 8
JUE'Y 0.001 03 0.0015 0.0018

F M BHTEETIR
Table A4 Upper and lower limits of some variables

A ER)E AF L BR/p.u. T FR/p.u.
B U, 1.05 0.95
LIMARGE
I 11 0
U, 1.05 0.95
| 11 0
HiRS ocli
ARG Us 11 09
» 10526 0
SE Rk
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