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Abstract: In power systems with a high proportion of renewable energy, to achieve coordinated optimal

scheduling of source and load considering multiple uncertainties is an important issue in power system

operation. Therefore, a probabilistic spinning reserve optimization model based on multiple scenarios is

constructed. Multiple uncertain factors are considered in the model, such as wind power and solar power

forecast errors, load forecast error and unscheduled generator outage. Renewable energy curtailment and

load shedding are used as special reserve resources in the day-ahead security-constrained unit commitment

(SCUC) to improve the economic operation efficiency. The calculations of reliability indexes, expected

energy not served and expected energy curtailment, are simplified, and the inequality constraints related to

these two indexes are reduced, which improves the computational performance of the model. The model
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optimizes the total expected cost considering multiple uncertainties. Case studies based on the IEEE-RTS

demonstrate the effectiveness of the proposed model.

The numerical results show that the improved

calculation method of reliability indexes can effectively reduce the solution time of the SCUC model. The

reserve optimization model can realize the dynamic allocation of the spinning reserve capacity of the system

and improve economic operation of the system.

Keywords: renewable energy; spinning reserve; reliability index; security-constrained unit commitment;

cost-benefit analysis
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distribution for the net load
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Fig.3 Forecast of system load, wind and solar power

it 5% SR A« SK ARG BE T Bl 1070,
4.2 HERUSW

O TSR FHSCHRLS 7 TR AR SCHE A 3 Flnl 5
PESE AR E AL T WSk i SCUC Btk fig 8L, 5 18
XFEG B IX 3 B O AR T 6. 26 1 31
TRAX 3 RO IE LSRRG BE Ry 1077 R 100 ORE
FNAL O » LA RAS [ e 571 g T 00 2% 22 43 BB
SCUC Wy A it g Bt gntia. % 1 SR b5
YA far TN AR 22 4 BE B N OR8N, 3 ROy B 19 31
A R) S8 B i, Oy vk T T e ) A i e R
W TESRARRE B  107° Ny S 7 B 7 ik TR IH 5
W 1000 s, HEZEFEHRE, FEHFE IS5
Nk FHEHY 0-1 28 5 A 1 248 X N A, 15X 2 0-1
75 b IR G ) 240 B 46 A 5 B R a8 B W IR T
IR T ORFE 25k 28 5 N MG 0-1 48
L PO TUR T A6 F 07 36 1 A9 T 380 i ) ok
W28 5. 454 2. 2. 2 /ANAT R B 43 B T, O ik TIT A
XFF 7 T8/ T 5 40 Bl AR 5 A G 1 iz 35 . 3 6
vk I AR F vk Tk 1T 624 X N A
XA A Ry i TIT Y 31 5 i 18] AR X F 5 2 1
HE— 20 . Ny S 7 i, J5 2 T (31 380 1 1) Ry
1.35 s, 409l Sy J5 1 T AT i 11 31 35 B ] (94, 21 s

® 1 3MFIERME SCUC HfEREXS tE
Tab.1 Performance comparison of three methods for solving SCUC
1 11 111
SRR S Nk
EC/%IT R[] /s EC/%IT PR /s EC/%IT L] /s
1072 3 689 421 7.28 689 426 2.30 689 370 1.16
5 695 448 51.12 695 226 2.81 695 234 1. 06
7 697 071 94.21 697 008 4.68 697 058 1. 35
9 697 487 181.11 697 380 7.05 697 398 1. 86
1076 3 689 231 23.39 689 231 10. 17 689 231 2.38
5 695 167 181. 33 695 167 48.98 695 167 4.21
7 — =>1 000 696 910 60. 94 696 910 5. 43
9 — =1 000 697 342 80. 11 697 342 5. 46
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Tab.2 Cost comparison of three modes

o A WA/ HLfil R A/ Ja B A/ E T % 4 % # 2K B g il V) ik
I E ESH ESVH A/ 30 A/ I0 A/ 30 % T
Jrak 1 711 785 662 544 9 551 25 446 8 303 5942 0
Jrat 2 708 351 646 677 7 830 19 202 8 303 26 339 0
I 3 697 058 647 101 7092 22 889 4325 14 563 1088
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Fig. 4 Up reserve capacities of three modes
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