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x1 ANBHASEER
Parameter information of thermal power units

KH R BN TR, BoNESTIT . WG 1/
Ml MW MW (MW-h™') {EHLAfK/h MW

Table 1

Gl 455 182.0 136.5 6 182.0
G2 455 182.0 136.5 6 182.0
G3 162 64.8 48.6 4 64.8
G4 162 64.8 48.6 4 64.8
G5 130 52.0 39.0 2 52.0
G6 80 32.0 60.0 3 0

®2 NBUAHRNER

Table 2 Bidding information of thermal power units

0~40% 40% ~55% 50% ~70% 70% ~85% 85% ~100% Ji3 i

gl PUENLGE BUSLAE BUCLAE AUCHEE BUSLEE BN/

w/MW  m/MW B/MW m/MW m/MW oo
Gl 460 499 510 519 525 28.00
G2 470 509 520 528 533 25.20
G3 476 512 521 529 534 5.04
G4 487 530 539 550 556 5.04
G5 535 572 584 596 605 3.80
Go6 634 678 691 704 713 0.96
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Table 3 Bidding information of third-party entity reserves

R3 EZAETHERBNER

Tl T2
B R 7 VALY
MW (JC-MW™') MW (J5-MWTY)
1 16.32 15.50 25.76 17.00
2 1611 15.50 25.43 17.00
3 1590 15.50 25.10 17.00
4 15.69 15.50 24.76 17.00
5 15.27 15.50 24.10 17.00
6  15.16 15.50 23.93 17.00
7 15.79 17.50 24.93 18.00
8 18.85 18.50 29.75 18.00
9  19.90 18.50 31.41 18.00
10 21.16 18.50 33.41 21.00
11 22.00 18.50 34.74 21.00
12 2243 18.50 35.40 21.00
13 2285 18.50 36.06 21.00
14 2327 18.50 36.73 21.00
15 23.48 18.50 37.06 20.00
16 23.48 17.50 37.06 20.00
17 2327 17.50 36.73 20.00
18 22.00 17.50 34.74 18.00
19 21.58 17.50 34.07 18.00
20 20.74 16.50 32.74 18.00
21 21.16 16.50 33.41 17.00
2 21.37 15.50 33.74 17.00
23 19.90 14.50 31.41 17.00
24 18.85 14.50 29.75 17.00

Table 4 Unit startup and shutdown in 2 modes

x4 2HEXTHNABREER

KEBLA B 1 i 2

cl 111111 111111 111111 111111

111111 111111 111111 111111
2 L1111 111111 111111 111111
g 111111 111111 111111 111111
c3 111111 111111 111111 111111

111111 111111 111111 111111
ca 111000 011111 111000 011111

111111 111111 111111 111111
cs 000000 000111 000000 000000
7 111111 111111 000000 000000
c6 000000 000011 000000 000000

111111 111100

000000 000000

x5 2MBEXTHTIARE

Table 5 Market costs in 2 modes

gt RER A e -
WA =gy ogop AT
19567621 973 15012 98000 9 681 606
2 9519411 4571 12959 50400 9597 341

RAFIT T S THEEERNE &R S 5
6 SHLAL, BB A IR, B m .
B B K LA A B A AR =T B4R E& .
42 WHiENESH

Bl 3 FEL 4 43 5 AN [T i 28 bR 0
I =5 ERS HHEMAS . 801 T B 13
Bf B 17—21 B THLAL & A RO, F A T2
= ERERT S T 405 =07 R H,
HHABEMAE TR B2 T A/ HSH =
FRERFE G, BB 9—22 Finf Bt 24 A% =
77 ER bR H A SRR

100

38 : " | | | h
70 t
60
50 +
40t
30+

20
10 +

#&MEE/ MW

2 4 6 8 10 12 14 16 18 20 22 24
o B

P K LA e 0155 =05 4K

R K ML = BE302-58 =5 4k

3 2MEATHEARIRER
Fig.3 Bidding winning results of reserves in 2 modes
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Fig.4 Clearing prices of third-party entity
reserves in 2 modes
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Fig.5 Energy clearing prices in 2 modes
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Table 6 Costs of third-party entity in 2 modes Jjt

B RRERPYE AR sAMdE A
1 1 369 392 1970 973 1 370 389
2 1 279 996 2432 4571 1 277 857
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Comparison of two market clearing modes for day-ahead power

market incorporating third-party entity
ZHAO Jinquan"?, WU Tianjiao', LIN Sunben’, ZHOU Jing*, GENG Jian*
(1. College of Energy and Electrical Engineering, Hohai University , Nanjing 210098, China;
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4. China Electric Power Research Institute (Nanjing) ,Nanjing 210003, China)

Abstract: With more and more renewable generation integrated into power system, the number of thermal units decreased and
their reserves are not enough,so it is necessary to utilize the reserve capacity from third-party entities. Two kinds of day-ahead
power market clearing mechanism incorporating reserve ancillary service of third-party entities are proposed and compared in
this paper. In the first clearing mechanism, energy and reserves provided by the thermal units are jointly clearing at first and
then the reserves provided by third-party entities are cleared. In second clearing mechanism, joint market clearing mode for
electric energy and reserve on both sides. At first, based on the aspects of market development stage and shortage of reserve,the
advantages and disadvantages of 2 clearing modes are analyzed. Then the clearing models are presented and the impacts of
third-party entity on bidding results in 2 modes is analyzed. Furthermore,the costs and benefits of different market members are
analyzed. Finally,the numerical results of the modified IEEE 30-bus system are given to show that the reserves of third-party
entities can be purchased fully to decrease total costs of generation and reserves under the second clearing mechanism.
Keywords : energy market ; reserve ancillary service market; third-party entity; joint clearing mechanism; sequential clearing

mechanism; clearing model
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