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Two-stage Robust Optimization
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Abstract: The large-scale grid connection of renewable energy with strong randomness and volatility and the
net load fluctuation caused by time sequence put forward higher requirements for the operation flexibility of power
system. In order to quantitatively evaluate the operation flexibility capacity of power system, a mathematical model
for operation flexibility evaluation of power system based on two-stage robust optimization method was proposed.
In the first stage, it is assumed that the output of renewable energy is determined, and the objective function is
based on the minimization of operation cost, air abandonment and load shedding. In the second stage, adjust the
operation scheduling strategy in the first stage according to the uncertainty of renewable energy output.
Constructing a class of adjustable robust sets to characterize for uncertain factors. The dual theory and big M
method (Big-M) were used to transform the model into a solvable optimization model. The column-and-constraint
generation (CCG) algorithm was introduced to solve the model, and numerical simulation was carried out on the
improved IEEE RTS 24 bus test system to verify the effectiveness of the evaluation method.
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4 R AH

T B UE B 0 ) R e RN M T
Al HE SR (%) AT A7 P AN AT B80PE |, 7E e () IEEE RTS
24 MR GE AT T HUEBAU™, & LB i
DR 22 G0 ) e B A3 1 AR 2 IR 7815 A 1
b A XUHL 1 355 50 20% B35, o FT B 43 5]
WEE N 0.8 F11.2%", F| A Cplex 3K fiff i X T 412
RS RIEA TSR A

LTI B4 R T S f A i E P 4R (20% R AR
1) S i A, I BT B L R R R Ok il R R
éﬁ@?ﬁ%iﬁﬁﬁﬁﬁ%jﬁﬂﬁ%ﬁmﬂ VIR LEIER

FES R B0 0 BEE N 1000 $/(MW -h) AT 100
$/(MW h)Po B 342 T R T S AN T 2 P
S FT Ao e PESE RS 5, B TAESIMAE 1, 3

59



WA AR 20235F 534 9l

JEBR,F AT RN B GBI A A GiElTR

P N A S s

R1 IEEERTS 4 WRRGEL BHNASH
Tab.1 ~ Parameter of generators in IEEE RTS 24 bus system

DIECRE %

L #LE & Eﬁiiﬁ BATHIAY Seit e 3%/
T A 2R ($+ (MW -hy™) W vy MWeR)
122 2 01 40.85 20 11 3
14 2 002 15.3 76 266  2.66
2 2# 2 0.1 40.85 20 11 3
24 2 002 15.3 76 266  2.66
7 5% 3 004 24.8 100 55 15
13 77 3 005 22.7 197 108.35 29.55
15 1* 5 002 28.4 12 66 1.8
15 6 1 004 12.1 155 543 543
16 6 1 004 12.1 155 543 543
18 9 1 012 6.03 200 200 /
21 9% 1 0.12 6.03 200 200 /
22 3# 6 0.01 24.04 50 27.5 7.5
23 6" 2 0.04 12.1 155 543 5.43
23 8 1 0.08 124 350 140 52.5
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Tab.2 Maximum load for IEEE RTS 24 bus system
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6 136 14 194 22 0

7 125 15 317 23 0

8 171 16 100 24 0
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