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Abstract: With the continuous increase in the proportion of new energy in the power system, the market-oriented trading mode of
new energy is gradually forming a system. Different proportions of new energy and different clearing modes will affect the clearing
results of spot electric energy and frequency regulation ancillary service markets. To address this, the trading models of new energy
participation in the market are summarized and a comparative analysis of the clearing rules of typical frequency regulation markets is
conducted such as PJM (Pennsylvania-New Jersey-Maryland interconnection)and CAISO(California independent system operator)in
the United States. On this basis, in order to simplify the complex market clearing process caused by separately accounting for op-
portunity costs, a frequency regulation market clearing model is constructed, where generating units voluntarily consider opportunity
costs during capacity bidding, and the clearing sequence is determined based on the units’ declared capacity bids and mileage bids.
Furthermore, based on this model, sequential and joint clearing models for the spot electric energy and frequency regulation ancillary
service markets are proposed. To study the cost-effectiveness of market clearing under different mechanisms with high and low
proportions of new energy participation, simulation cases are constructed for comparative analysis, which demonstrate that the joint
clearing mode has certain advantages in the context of high proportions of new energy.
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Fig. 2 System load curve and new energy forecast output curves
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Tab.4 Generator parameters(20 %)

HLH S Gl G2 G3 G4 G5
AT K 30 31 32 33 34
K HEA /MW 100 100 100 100 100
e/ NELLIHEHLI [H]/h 1 1 1 1 1
LA RS s#%/ (MW/15min) - 25 25 25 25 30
HEEA (TR 90 90 90 90 100
/NEER AL s A/(GE- ) 100 100 100 100 110
HLAL PR LR R A 5 5 5 5 6
HLALZE G IR R e A 0.7 0.7 0.7 0.7 0.7
MWL S5 G6 G7 G8 G9 GIO
JFAENT AR 35 36 37 38 39
KA /MW 100 100 100 100 100
I/ NESFHEHLAT E]/h 1 1 1
HL4L ey # =/ (MW/15 min) -~ 30 35 35 999 999
FBERA G- 100 110 110 0 0
B MEEHA R RA/GE R 110 120 120
HLEH P85 LA R AL 6 6 6 3 4
ML Zi & IR g e b 0.7 0.7 0.7 0.5 0.6
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Tab.5 Electric energy market bidding (20 %)
BB B 9B o5 00 B BB
DAL i 3 itV REWAR Azl Eir&ive REWAReA | (it v R itV v s
MW GEeMWTH MW GEeMWT) /MW OEeMWT) MW (EEMWTD) /MW (ErMWT)
Gl 10~20 200 20~40 250 40~60 300 60~80 400 80~100 510
G2 10~20 200 20~40 250 40~60 300 60~80 400 80~100 510
G3  10~20 200 20~40 250 40~60 300 60~80 400 80~100 510
G4 10~20 200 20~40 250 40~60 300 60~80 400 80~100 510
G5  10~20 210 20~40 260 40~60 310 60~80 410 80~100 520
G6  10~20 210 20~40 260 40~60 310 60~80 410 80~100 520
G7  10~20 220 20~40 270 40~60 320 60~80 420 80~100 530
G8  10~20 220 20~40 270 40~60 320 60~80 420 80~100 530
G9  0~20 130 20~40 160 40~60 200 60~80 280 80~100 380
G10  0~20 135 20~40 165 40~60 205 60~80 285 80~100 385
®6 MR (20 %) AEUEHLALHR (LRI 5 O HR ORI, HLALTRI A 1 25
Tab.6 Frequency regulation market bidding (20 %) {jt%qq;%;ggﬁwﬁ , %ﬁﬁﬁ/ﬁ*ﬂ?ﬂ%ﬂ%ﬁ%%{i{ﬁ%/@
L) VAR, K BLAL R e R ST
“%}ﬂﬁﬁﬁﬁgjﬁ%@fﬁ WEIE g T RATTTL PR A LA
) WA AR SR AR R B, 7 U RE T S A Ak s R 2
o vw S fioo, SRR,
o3 o 100 " s 3.2 #HeeiENEARESEEA 70 %rt
o0 . N WS, S RIASHINRS PR . RY
G5 0 100 11 15 100
G6 0 100 11 15 osh
G7 0 100 11 15
G8 0 100 1 15 or
G9 0 100 3 7 " 851
G10 0 100 4 8 g sof
BRREUR b LRI PR T R b . T
WE 3 PR . AR, B AEUR K O Pl - weoptmensna
ANETBE, BLELH TR GG T 2B [ i
iy, (BRI A I P RORTEE, o TR N R
AFB/15 min

S4. 5 B T R LAY 3 Befed, ArARe
TR siRe, WK R AR oK . RS
B RE IR K & sk B an sk BE 40—62 . BB 78—96, Hr

R7 20 %HEETER A T

Tab.7 Cost effectiveness of sequential and jo

B3 20 %HEEIR & L TR BB & B B FT BE IRH 40
Fig.3 New energy consumption for sequential and joint clearing
under a 20 % proportion of new energy
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Tab. 8 Generator parameters(70 %)

ML i Gl G2 G3 G4 G5
JIFTETS 5 30 31 32 33 34
KA /MW 100 100 100 100 100
T/ NELFHEHLT E]/h 1 1 1
ML [ FIeYHE# (MW/15 min) - 25 30 35 999 999
B ERA G- 90 100 110 0 0
B NEEHA R RA/GE R 100 110 120
HLAL PR35 LR R A 5 6 6 3 4
L ZRG IR e e b 0.7 0.7 0.7 0.5 0.6
ML i G6 G7 G8 GY9 GIO
FRTETT 35 36 37 38 39
KA /MW 100 100 100 100 100

I/ NESETFHEHLET ] /R
HLAL b FIEs s 2 (MW/15 min) 999 999 999 999 999

B BIRA G- 0 0 0 0 0
/R SE AR A G-k
HILLR VAR EL 7 FR 3 4 4 3 4
HLLLE S IR REFE A 0.5 0.6 0.6 0.5 0.6

WE4ps, mILPIHEREEES =T X T
RAEE T, TRTREIUZ L /e B, LA
R PR A A i BE R T i v . IR

F10 AT HIWMN (70 %)
Tab. 10 Frequency regulation market bidding (70 %)

PHBHRAN
BUL ey sisunhdy ARHRAY R
IMW /MW Gt-Mw™) Gt-Mw™)
Gl 0 100 10 15
G2 0 100 11 15
G3 0 100 11 15
G4 0 100 3 7
G5 0 100 4 8
G6 0 100 4 8
G7 0 100 5 9
G8 0 100 6 10
G9 0 100 5 9
G10 0 100 7 11

Gyrh, BReIR &t R, TR RE IR LA
PR AR O AR RN AR, RGP R TR
SeA U BTREIR LA &2, H IR BEA I K TR,
BRETRHLAE VAP 1EFEBE . AEOEIR S vt J7 I 4 Dk
N DRCH S Y T 32 i R Y B 56—69 H ]
PIAR IR RFLAL P s A A 22 5, R
WA AU Y e R T K RRALER 56 — B AN
DX 5] PR ) H T R SR R SR, AR AR AS
REVRALAL S AR 55 5 O AS U AR A AR AN P 5
MR, il FH I B AR BB BE IEUHLZH A6 A2 17 e
ok, PRI ML A R AR 55, X AR T2
TR A T SR o S e AR BT BE DAL B = kR

x99 HBEETIHMM(70 %)
Tab.9 Electric energy market bidding (70 %)
BB B =B EINES HE
DLAL i 3 itV th Jya R it/ th o yE it/ v iV 30 itV
MW GEeMWT) MW GEeMWTH MW (EeMWT) MW GEEMWT) MW GErMW )

Gl 10~20 200 20~40 250 40~60 300 60~80 400 80~100 510

G2 10~20 210 20~40 260 40~60 310 60~80 410 80~100 520

G3 10~20 220 20~40 270 40~60 320 60~80 420 80~100 530
G4 0~20 130 20~40 160 40~60 200 60~80 280 80~100 380
G5 0~20 135 20~40 165 40~60 205 60~80 285 80~100 385
G6 0~20 140 20~40 170 40~60 210 60~80 290 80~100 390
G7 0~20 145 20~40 175 40~60 215 60~80 295 80~100 395
G8 0~20 150 20~40 180 40~60 220 60~80 300 80~100 400
G9 0~20 155 20~40 185 40~60 225 60~80 305 80~100 405
G10 0~20 160 20~40 190 40~60 230 60~80 310 80~100 410
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Fig. 4 New energy consumption for sequential and joint clearing
under a 70 % proportion of new energy
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LERVEAT T XL e Mo WEFEASSRRW], TEARHTfE
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FIH
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Tab. 11 Cost effectiveness of sequential and joint clearing under a 70 % proportion of new energy T
HIEEL BERTTI RN RERTTIAI R NA BB 2o fi R PR I R A IR0 LR v A DRI TI 37 S v A
NBLUR H 7 6217 766. 93 9380 170. 87 3162 403.94 33731.18 104 220. 16 137 951. 34
A HE 6219047.34 9420 409. 83 3201 362. 49 36 120. 75 101 318. 50 137 439. 26
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