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Optimal Dispatch of Unit Commitment and Multi-Scenario

Reserve Decision Considering CVaR
LI Jianzhao™, XIE Min, LI Shujia, LIN Shengzhen, HUANG Binbin
(School of Electric Power, South China University of Technology, Guangzhou 510640, China)

Abstract: [Introduction] In order to improve the consumption level of renewable energy and measure the risks caused by the
uncertainty of its output, this paper used the complementary and coordinated dispatch of different characteristics power as a means to
improve the economy of system operation and promote the consumption of renewable energy. Aiming at fluctuation and uncertainty
of renewable energy and load, the theory of conditional value-at-risk (CVaR) was introduced to evaluate risks caused by the
uncertainty in system dispatching and operation. [Method] Using multi-scenario technology to simulate system uncertainty, a unit
commitment and multi-scenario analysis reserve decision optimal dispatching model considering conditional value-at-risk (CVaR)
was established, and the objective was to limit the risk level to an acceptable premise and minimize the system operation cost.
Finally, the proposed model and method was implemented on GAMS (general algebraic modeling system) platform and solved with
the mixed-integer linear programming CPLEX solver. [Result] Simulation calculations show that unit commitment and reserve
decision of different types power can effectively improve system operation economy, reliability, and the consumption level of
renewable energy. [Conclusion] The rationality and effectiveness of the presented model and method were validated by the numerical
results of the improved IEEE 24 and the actual power grid system of a province.
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Tab.1 Probability of wind power and load scenarios

WAl WEps GRS BEps
S1 0.109 S1 0.270
S2 0.198 S2 0. 160
S3 0. 055 S3 0.273
S4 0. 059 S4 0.114
S5 0. 047 S5 0.183
S6 0. 026 — —
S7 0. 207 — —
S8 0. 038 — —
S9 0.109 — —
S10 0.152 — —
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Tab.3 System performance indices of different schnemes  $ 5 AR1EHBRNALS
— Fig.5 Unit output of scheme 1
BT R FEL O FE2 KFE3 O R4
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1.000F
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Fig. 6 Unit output of scheme 4
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Tab.4 Unit commitment planning and cost of schemes 1

MR RS A% P ) B HALS
1 t8 1430. 4
3 t8 1725.0
4 t10 3056.7
Ja sl
6 t8 312.0
9 t11 624.0
10 t10 2298.0
1 4 715. 2
3 t16 862.5
4 22 1528.35
5L 6 t18 156. 0
7 24 156. 0
9 3 312.0

1149.0
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Tab.5 Unit commitment planning and cost of schemes 4

FLAHR IR HLAS S I ] 2 JRA/S
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Fig. 7 Number of non-nuclear generators in operation in each
period of scheme 1 and scheme 4
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Tab.6 Calculation results of scheme 1 and scheme 4 under different wind power penetration

K7 /MW BERI% E S TR 375 5 BE I A /S & A W A /S F R R B FaF A R 0T 28
300 6.8 ES! 823 275. 3 7709. 4 100. 7
300 6.8 VEX! 822 871.9 5242.8 0
600 13.6 ES! 798 662. 3 9723. 4 0
600 13.6 ED! 796 863. 3 9395.8 0
900 20.3 FEL 773 252.8 18 031. 8 1523.8
900 20.3 VEX! 768 538. 3 19214.0 2327.8
1200 27.1 ES! 743327.1 51 160. 9 16 839. 3
1200 27.1 E X! 757 102. 1 21 600. 1 0
KA /MW BEFI% UES R 2 8 S R A /S SR AR /S CVaR/$
300 6.8 VES 7810. 1 831 085. 5 832 058. 0
300 6.8 VED! 5242.8 828 114. 7 828 165. 1
600 13.6 VES 9723. 4 808 385. 7 808 501. 4
600 13.6 Ji%4 9395.8 806 259. 1 806 360. 7
900 20.3 ES! 19555. 6 792 808. 4 792 826. 1
900 20.3 VES 21541.8 790 080. 0 790 080. 0
1200 27.1 ES 68 000. 2 811327.3 813 409. 4
1200 27.1 JrE4 21 600. 1 778 702. 2 778 724.3
x10° <% ®8 ARENKAEABTHITHEAR
84 -~ %4 Tab.8 Calculation results under different risk parameters ~ $
_§_ 8.2 KB 7 #iss Rl aya::)
5o Bp  MERA R WERA
%( 0 737 365.7 20 960. 1 758325.8  799213.3
B 78 0.1 739 283.0 19192.8 758 475.7  795472.6
%:2 0.2 741 279.5 17 629. 8 758909.4 793 106.0
8.2 3 57 0.3 743618.3 16 072. 8 759691.1  790768. 8
x10° 7.8 2 18 0.4 748 617. 1 13 694. 4 762311.5  785779.5
CVaR/$ 766 e
BB Y% 0.5 754 022.3 12337.9 766 360.2  780875.7
E8 AEREEZEZXRTHRAERAINCVaRHBRILR 0.6 756 267. 5 12139.0 768 406.5 779 036.2
Fig. 8 Efficient frontier of Dispatching CVaR under 0.7 756 858. 5 12 006. 1 768 864. 6 778 800. 1
different penetration of wind power 0.8 757 065. 0 11982.9 769 047. 8 778 738. 1
%£7 FH=E4HEEHRATNCVaR FEIE 0.9 757 102. 1 12014. 4 769116.5  778724.3
Tab.7 Total dispatching cost and CVaR reduction of scheme 4 1 757102. 1 21 600. 1 778702.2 7787243

BIER% S TH FE A % CVaR/%
6.8 — _
13.6 2.64 2.63
20.3 4.59 4.60
27.1 5.97 5.97
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Fig. 11 Scenarios of No. 1 wind farm
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Tab.9 System performance indices of different schemes Jt

B THE bR ES EX!
SR HL R B A 599 682 595 598 848 191
THAR Y e i 4 AR 592 (098 821 592 006 420
1R 22 s U R AR 7583 774 6 841771
25 A W A 7583 774 6841771
EVREIPN e 0.0 0.0
PRUIRLETTS L2 0.0 0.0
ERA N NIRC g P S e 0.0 0.0
CVaR 599 974 173 599 038 682
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Tab. 10 Calculation results under different risk parameters jt

Wz sy RS SKH CVaR

Bp o WERA BEWEERA EERA

0 591 506 854 7 087 759 598594 613 599 782 842
0.1 591799 165 6 925 843 598 725 008 599 548 623
0.2 591 874 169 6921 227 598 795 396 599 448 130
0.3 591 911 455 6902 821 598 814 276 599 116 590
0.4 591952 063 6 876 704 598 828 767 599 069 834
0.5 592 006 420 6841771 598 848 191 599 038 682
0.6 592 056 174 6 826 255 598 882 429 599 015 802
0.7 592 087 324 6 802 164 598 889 488 599 010 729
0.8 592 139 461 6 784 591 598 924 052 599 008 430
0.9 592 237 661 6 764 004 599 001 665 598 856 317

1 592237 936 6892 163 599 130 099 598 853 578
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Tab. A1 Technical parameters of generating units
Unit # 1 2 3 4 5 6 7 8 9 10
Node 1 2 7 13 15 15 16 22 23 23
Offer cost
11. 96 11.96 20. 03 20. 32 23.78 10. 25 10. 25 0 10. 25 10. 66
/[$-(MWh)™']

Aup/$ 1430.4 1430.4 1725.0 3 056.7 437.0 312.0 312.0 0.0 624.0 2298.0
P™"/(MW) 30.4  30.4 75 206. 85 12 54.25 54,25 300 108.5 140
P™/(MW) 152 152 300 591 60 155 155 300 310 350

R™/R™
- 152 152 300 540 60 155 155 300 310 240
/(MW -h™")
R"/R"™
121. 6 121. 6 225 384. 15 48 100. 75 100. 75 300 201.5 210
/(MW-h™")
s/ S5
B 152 152 300 540 60 155 155 300 310 240
/(MW-h™")
DT/h 4 4 8 10 2 8 8 0 8 48
UT/h 8 8 8 12 4 8 8 0 8 24
S0/h 0 0 2 1 1 2 0 0 0 0
U0/h 22 22 0 0 0 0 10 24 10 300

u0/h 1 1 0 0

0 1 1 1 1
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Tab. A2 Reactance and capacity of transmission lines
Form To node Reactance Capacity ~ Form To Capacity Capacity ~ Form  Capacity Reactance Capacity
node /(p.u.) /(MVA)  node node /(MVA) /(MVA)  node /(MVA) /(p.u.) /(MVA)
1 2 0.0146 245 8 10 0.176 2 245 15 21 0.0249 1400
1 3 0.2253 245 9 11 0.0840 560 15 24 0.0529 700
1 5 0.090 7 245 9 12 0.0840 560 16 17 0.026 3 700
2 4 0.1356 245 10 11 0.0840 560 16 19 0.023 4 700
2 6 0.2050 245 10 12 0.0840 560 17 18 0.014 3 700
3 9 0.127 1 245 11 13 0.048 8 700 17 22 0.106 9 700
3 24 0.0840 560 11 14 0.042 6 700 18 21 0.0132 1 400
4 9 0.1110 245 12 13 0.048 8 700 19 20 0.020 3 1 400
5 10 0.094 0 245 12 23 0.098 5 700 20 23 0.0112 1 400
6 10 0.0642 245 13 23 0. 088 4 700 21 22 0.069 2 700
7 8 0. 0652 245 14 16 0. 059 4 700 — — — —
8 9 0.176 2 245 15 16 0.017 2 700 — — — —
RA3 TRUABNMRZEZERSH
Tab. A3 Node location and distribution of the total system demand
Load # Node # % of system load Load # Node # % of system load
1 1 3.8 10 10 6.8
2 2 3.4 11 13 9.3
3 3 6.3 12 14 6.8
4 4 2.6 13 15 11.1
5 5 2.5 14 16 3.5
6 6 4.8 15 18 11.7
7 7 4.4 16 19 6.4
8 8 6.0 17 20 4.5
9 9 6.1 — — —
RA4L REE ZEMNEEVCES
Tab. A4 Location and distribution of wind power, nuclear power and energy storage
Unit Node # Rated power/MW
Wind farm #1 20 300
Wind farm #2 8 300
Wind farm #3 6 300
Wind farm #4 7 300
Nuclear plant #1 18 900
Nuclear plant #2 21 1000
Energy storage #1 7 300




