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Cleaning model of a spot electric energy market considering flexible ramping auxiliary
services and wind curtailment penalty
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Abstract: A cleaning model of a spot electric energy market considering modified flexible ramping auxiliary service and
wind curtailment penalty is presented to solve issues such as insufficient system ramping capacity caused by wind power
uncertainty and high total operating costs caused by a high penetration of wind power. First, a modified flexible ramping
auxiliary service is proposed. This is done by analyzing the flexible ramping speed constraints that a single-unit needs to
meet during output, startup and shutdown processes, and the flexible ramping ability constraints that the system needs to
meet because of net load fluctuations. Secondly, an objective function that takes into account the modified flexible
ramping auxiliary service and wind curtailment penalty is established. It uses output plans and the status of generators as
decision variables. Finally, two examples are given to verify the effectiveness of the proposed cleaning model through
in-depth analysis from different perspectives such as wind power forecasting error, penetration ratio, and curtailment
penalty cost. The simulation results show that the presented model not only improves system flexibility and economy of
system operation, but also enhances the consumptive ability of a high proportion of wind power.
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Fig. 1 Diagram of generator ramping capacity
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MW
LIl G=RYES USRI EES A TN % 72 B
11:00 66 660 13.2
11:15 68 636 13.6
11:30 68 612 13.6
11:45 66 588 13.2
12:00 68 552 13.6
12:15 69 553 13.8
12:30 75 588 15.0
12:45 77 624 15.4
13:00 78 660 15.6
13:15 51 696 10.2
13:30 41 732 8.2
13:45 42 768 8.4

BI2 25t T 3 FPBLAY S S WL TH R H T HER A,
AT LMRE A NS WL A tBnl. BE 2
AL, B3 NMHTER ], B 1 L 2—4 AT
TEICIRAS, B 2 rpLAL 3 AbFIEHRRAS . HLAL 2
FT 4 TEJG RN Z A0 T3 AL, TS 3 1 3
AHLA 3 & T IEHORAS . WA 2 iR Ml
4 IEAAENL. SRR 1 R 2 MIEL, B 3
K FH SSGEE 16 RS TCS A B = S 0 B AR R, BRAIG
T ey e A H AR

T EINRBAST AR R LR, £S5 HH
T3 FRBIALR S 2 RN T AR FH S LS .
FSEH, SRR AL, B2 s, &



- 138 - B R GARY 524

I 1211 22 [ HL2 3 I 24 X

z
=
R
H
0
11:00  11:30  12:00 12:30  13:00  13:30
B %]
(a) Y1
I L 1 I 412 [ 1243 I L7114 A
800
700
600
500
e
<400
R
= 300
200
100
0
11:00  11:30  12:00 12:30  13:00  13:30
iFZ1
(b) 1742
I 71 1 O 711> [ 1213 I 414 A 1
z
=
R
S

0 11:00  11:30  12:00 12:30  13:00  13:30
i 1)
(c) BLRL3
E 2 3 MiRB T & AAELESER

Fig. 2 Clearing results of generators under three models
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Fig. 3 Comparison of three models under different

wind power forecasting errors
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Fig. 4 Comparison of three models under different wind

power penetration ratios
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Fig. 5 Comparison of three models under different

wind curtailment penalty cost
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under two models
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Table 6 Comparison of economy under IEEE39 system
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Table 8 Comparison of system economy under different

wind power penetration ratios
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Table 7 Comparison of system economy under different

wind power prediction errors
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