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Multi-objective interval optimal dispatch method for regional power grid

considering hydrodynamics

Yu Xiaofeng', Sheng Xuan®, Zhong Baohua', Luo Rixin', Lin Shunjiang®
(1. Heyuan Power Supply Bureau, Guangdong Power Grid Co., Ltd., Heyuan 517000, China;
2. School of Electric Power Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract: The uncertainties of the power output of renewable energy stations such as wind power and photovoltaic and
the hydrodynamic characteristics of the river channel connecting various run-of-river hydropower stations pose a great
challenge to the generation dispatch scheduling of the regional power grid containing wind power-photovoltaic-run-of-
river hydropower. The Saint-Venant equations are used to describe the dynamic relationship between flow rate and water
level in the river channel. The numerical solution of the equations is obtained by the Preissmann difference method, and
the convexified equations are further obtained through McCormick envelope and convex envelope relaxation methods.
Interval numbers are used to describe the uncertain fluctuation characteristics of multiple uncertain quantities, including
light intensity, wind speed, and upstream water flow, and a multi-objective interval optimal dispatch model for the
regional power grid aiming at minimizing the central value and radius value of the total operation cost is proposed. The
interval possibility degree method and extreme value theorem are used to deal with the constraints and objective
functions containing interval numbers. Through the method of directly solving the compromise optimal solution of the
multi-objective optimization problem, the original optimization problem is finally transformed into a directly solvable
single-objective mixed-integer quadratically constrained programming problem. In addition, a convex relaxation

tightening strategy is proposed to reduce the relaxation gap generated by the convex envelope relaxation of the quadratic
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equality constraints and improve the computational accuracy. Finally, the correctness and effectiveness of the proposed

model and solution method are verified through the simulation analysis of a real regional power grid case containing

wind power-photovoltaic-run-of-river hydropower.

Key words: Saint-Venant equation; hydrodynamics; regional power grid dispatch; multi-objective optimization;

interval optimization; convex relaxation tightening
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Figure 1 Schematic diagram of operation of run-of-river

hydropower station
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Figure 3 Schematic diagram of feasible domain of original

convex envelope relaxation constraints
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Figure 4 Schematic diagram of feasible domain after adding

inner polygon constraints
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Table 1 Parameters of thermal power units and dam-type

hydropower units

R/ REO0/1/2 TeHGER/ FF/4E0L o/
HL4 INDIER/ WOARZR (100MW- A/ fEhL )/
(100MW) #/(10°¥)  min")  (10°¥) (15min)
YHA 1#/2%  6/3  0/0.6352/0  0.120  140/30  48/12
FSB 1= 1/0 0/0/0 0.500 16/8 4/4
FSB2%  0.8/0 0/0/0 0.400 16/8 4/4
XFI1#  0.925/0  0/0/0 0.463 16/8 4/4
XFI2#  0.725/0  0/0/0 0.363 16/8 4/4
XFJ3%/4#  0.85/0  0/0/0 0.425 16/8 4/4
YHB 3#/4%  10/5  0/0.6203/0  0.200  140/30  96/12
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Table 2 Optimal dispatch results 10° Jo

sk mak o HE Rk

WA A R A A

P 895.409 555.272 310 22.912 5.240  1.986
AR 33.611 0.467 22.676  10.468  0.000 1
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Figure 10 Dispatch results of thermal power units and

dam-type hydropower units
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Figure 11 Dispatch results of central values of flow rate of
LT, SLB, and LC stations
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Figure 12 Dispatch results of central values of pre-station

water level of LT, SLB, and LC stations
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Table 3 Dispatch results with uncertain quantities
following uniform distribution 77 7L
K HL Ja 5 Ep st K
A A A WA A
R 899.573  561.389  308.152 21.283  6.336  2.413

HEE Bk

L 34.013 1.017 1.248 21.034 10.572 0.142

Fa4 RHEFMAEL YA EELR
Table 4 Dispatch results with uncertain quantities
following normal distribution 77 7L
R ERES R I FK
BA A A ORA R
HS M 887.972  547.272  312.392  22.231 4.783 1.294

W B

LA 30.294 1.557 3.115  19.852  6.758 0.012
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Table 5 Optimal dispatch results under different objectives

SEZ Joid/ TG froa/ FTIE d, d, Ad®
min f 856.778  80.403  1.0000 1.000 0 0
min f,4 1481.368  33.144  1.0000 1.0000 0
min Ad” 895.409  33.611 0.0626 1.3640 —1.857

R6 KF % AARMALT H a2 R
Table 6 Comparison of results of different multi-objective

optimization methods

ik PN s Y
fa]/s
PIAURNE 967.824  50.164  —0.924 2737.411
e 921.762  42.682  —1.388 3815.630
M fbEL A 901.257  37.241  —1.756  4257.175

EHEOR AT R 895.409 33.611  —1.857  615.712




56 LN I .

L:j

Eid VN 2% il 2026 4 5 A

43 ORMEREENITE RS

WS s SO SV VA (L = T N
AU EHEE R R RN S 09 O AR B R | 0T B K R
MecCormick £ 2% F 5th J5 B9 A5 A 85 Y A 1 422 oK i
A o AR 2 P AR A A B A R L R 7 A
sl T Y TR G R AICIE M ) B A SR ] SBB oK i i
AT R AE , McCormick (3 48 it 5] A B it A, K3
TN A =qeq AR I (4) &R SEA
AL LA B, 42 R it A o Al 4 P R R A R A A 1Y
il SR DM B 22 SR A BRI, X R O AR AR L
PR KR A0 452 Y A i B A0 M SR A 2808 X A8 e W) AE Y
T8 U A R, ELAS 5 B N Jmy T e 0 A o 3 5K i
A St S AR TR 1Y i R D0 A L LT A S T
O 5 e AR AR A 32 TR A B S Bt S A RS R AT
A7 B K5 LR g Bsf ) A B S R o A0 R A A 2
AW AT I AR I A Bt T AY R Rk A L
FF T 30 2 A7 6 8 A 0 it ] R, AR 2 X T A 2k

% Ty (1 e A ot [ B v 3k 41.827 06, i 4R A5 il 1)
W A AK . B B2 0R % McCormick £ 25 #5 oib J5 8 AR
TR ) i S5 O e A (L L e KOS st ) o 0 T 22 4 st
(i) B 2652 o™ B s st BT, 3 156 B McCormick £ 2% #y
it 7E 1 Ak T SR BN P A A st . SR iR
IO FH T i A o W i A B A 1 A A 1 A AR G ok
AR5 U BN AT WS, BB T AR A ik 1) A 0 R IR T
B SR A T R b Bt S R B A (R T 3R AR B R
FEA T W WA T, 4RI T AR 0 SR A ol ] R A Sy
0.412 05 , - ¥ i 5t 18] Bt A A7 0.051 704, 3 S A
A it B AT AT A g A AR b B 2D A R AR AR Y i
A 328 W 3 AT D IR o O AR RS Y 09 W] AT R, P 3R A i
(8 B LA 3 TR T OF B, HOR A I A7 2> T DR
A PLARBERY . mT UL R B 4R A A A Bt 4
A SR A AR Ak VA R AR R Y 1 B AR L R R M AL 1k
BERVA AR K&+, B A B T 3515 g 19 11 &
K RE

RT FREEA LM LER

Table 7 Solution results of different models

A Sia/ T TG Suad/ FTTC RRANGBIIBR/ % P RAIBIRIBR/ Y6 SR AR ] /s

V7P AL st 4 5 R A AR 895.409 33.611 0.412 0.0517 615.712
i, st A5 Y 805.816 27.351 41.827 6.388 0 274.338
McCormick £ £ #74 5t 457 5 805.108 26.108 45.231 10.331 0 263.814
JEAE Y 455 Y 904.920 34.241 5153.412

T IR BT B B A ot A R R T R A Y Wi B
AR RN RO R ANZ PR X i 3 A 4 H 2
10 H % 2% — F B AT THR A TR B 1 oK A 45
R R 8 i o W LA MY, 1 22 7 KRB0 SR i 1Y
VB S5 B BOMOR i 3 A 7 B I Y 45 R AH 22 R
Ko B4R H ™ A A st A BT o A ol A 4
BRORMCOR 35 H ot ) B s /N T SR A T R R
st I AR TR 5 I LA 4 B B i ) SR A S8R M AR
=i R | S i DT OB R R /A LR

FT8 HELTRBIEREFA KA R
Table 8 Comparison of solution results of different models

for data of 7 consecutive days
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