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Transaction model for electricity spot market considering the volatility of wind power
and the randomness of electric vehicles

YIN Qilin, QIN Wenping, YU Hao, YAO Hongmin, ZHU Yunjie, JIA Yanbing, HAN Xiaoqing
(Shanxi Key Lab of Power System Operation and Control (Taiyuan University of Technology), Taiyuan 030024, China)

Abstract: In view of the impact of the volatility of wind power and the randomness of electric vehicle usage on the
normal operation of the electricity market, a joint transaction model of the day-ahead market and the real-time market that
comprehensively considers "source-network-load--storage" is proposed. The day-ahead market establishes a master-slave
game model which considers the configurability of electric vehicles between generators and three types of users, thus
forming a forecasted transaction combination between generators and users. Based on the actual power fluctuations on
both wind power producers and users, the real-time market aims to minimize social costs and establishes a demand
response model that considers the actual power fluctuations on both sides of supply and demand. In order to alleviate the
adverse effects of double-sided power fluctuations on the power grid and avoid speculation, a new type of predictive bias
penalty mechanism that accounts for both supply and demand fluctuations in power consumption is proposed. Finally, a
simulation verifies the feasibility and effectiveness of the constructed model.
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Fig. 1 Diagram of spot market transaction process
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Fig. 2 Solution process diagram of upper layer model
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Fig. 3 Solution process diagram of the lower layer model
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Table 1 Scene settings

% I Gimar/ (FRIT/ Giamin/ (FETT/ h,/(%fl;/
MWh) MWh) (MWh)")
1 100 30 0.067
1 2 100 30 0.134
3 250 184 0.403
1 100 30 0.067
2 2 100 30 0.134
3 100 30 0.067
B R a,-/(?éﬂi/ bil(3IT/ e
(MWh)?) MWh)
1 — 29.6 —
1 2 — 29.6 —
3 0.003 183.448 1254269
1 — 29.6 —
2 2 — 29.6 —
3 — 29.6 —
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Table 2 Game results of generators’ bid price

T /xjﬁrﬁ (5 /xfﬁ?ﬂ 2/ /xfﬁ?ﬂ 3/
JG/MWh) JG/MWh) JG/MWh)
Jai B 38.79 36.76 24323
1 Wk 57.09 56.27 247.56
Tk 49.26 48.95 243.52
Jai B 34.42 3220 33.12
2wk 55.96 54.76 57.48
Tk 48.46 45.56 47.86

R3 TR 2N RBEERA

Table 3 Income of wind power producers in case 2

171 /T KR 1 K2 K3
Hiriis LIV ON 82 396 57979 74342
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Fig. 6 Industrial user’s optimal power purchasing distribution

among three power producers in case 1
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Fig. 7 Industrial user’s optimal power purchasing distribution

among three power producers in case 2
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Fig. 8 Electric vehicles scheduling curve in case 2



FHEIH, 2E

v SIS YA Al A B 1 D BB T A S B - 125 -

fHs AU Fe IR BT R AR 18:00 A2 A7 vl SEIUK
H B S . 76 18:00 UL T H: ik, =
A Ay (1P FH LT SR A R B Ak T vy Ve I B, BRI R B))
VR4 ) HEL Y i — 8 20 Dh 2Rk 13— 20 AR AIK 47 A 0
Ho TR FEAAE RERF M 012 B BE i B C
BRI, I 55 28 45 e Ve N B A7 A s 0 R R
4.3 IHIAXSERESH
4.3.1 AT Hy 45 1 o B

7 biddgse 2 s, ASCRHRLFREEEK
fife 2% FEAE ST ML ) S Tl I R

Kl 9 45 SEm T A S a5 F . KL 9

4.0

35k

3.0F

251

20F

—
[
T

L iH/MWh

LOF [
E—
L5F .
C__1¢
720 1 1 1 1
1:00 5:00 10:00 15:00 20:00 24:00
k21
(a) J& BT P R VT - AT o 5
100 T T T T

MW

+
[ ]
I
]
]
[ ]
[—1

]

I|I |
|II II|
F .II I.-'A"-\ ; /
) v A%V
~60
I
80| ) Tl
outbuy
-100 . 1 . .
1:00 5:00 10:00 15:00 20:00 24:00

I 21
(b) NPT R A L bR B 5 TR

B9 IRMiIFRERHEHER

Fig. 9 Power trading results of real-time market

ATLEH, RSN RN R
B, TP —RAMEB R Z . AR
FHRAARFRIN SR B HEE R E R
WA AT B P NFLEEE R AE 17:00—
18:00; TV - 1% H M B AR AE 10:00. 19:00 A1
22:00, FNHEEEPEE 20:00—K H 4:00, Eik
M5, XN GEREA T, =K%
AT AT RS, R R B B N s,
FH i N B A R ey, S /MG RRAS A B
MK,

K10 g5 =2 P — R Mk . WK
10 Sl 40, 11:00—15:00, J& B w A
TP FH P e R A R AR ARAR s 7:00—10:00 FH
20:00—21:00, JEEF T @ R Ak A
WM RS AR Ry o it DR P AR Ml 7 1 P e 3
o /T T P, B Re B rh i),
PRI, o B FH P R P 1 45 B B A M A
B S T DM, I s i A% Sl A fe 1 50
X B R HT R, e R P R
FUORAS A 5 B R g5 1 T P, B[RS
RO P LA AN () P W SRR, DRI T DUAR 4
S B A R B B AN R ) R WM A%, T
S P R WT RS A o W S AR S S A ISR AE
LA BT AT LLIE R R, I AE S A 2 b H
A KU AN A2 T H 7 SRR A3 3K 40 £
o, BEGRIRIR DR . S5O P 9 IR 10 nTLAEH, fE
B fr FH L U I B, Pl o 7 R 18 1y U Y
SN e R i D R U (AR i 2 (= PN ]
A3 AN s 7ER AR T B, ARSI
M N PR AL W N B NI SR, I R
TR, AR F RS, B UE T

28 . 0.14
=
2
1
® =
= 2
£ i
o l4r 10.07 &
= =

. i A 0
1:00 5:00 10:00 15:00 20:00 24:00

]
— JREH T — il -
& 10 LFTHiAH EEMEMNE
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