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Abstract: The increasing installed capacity of VRE(variable
renewable energy) in areas with a high proportion of wind and
photovoltaic has always brought huge pressure to consume new
energy. The power spot market can reflect the power supply and
demand situation in real time through time-of-use price signals,
guide users to shift peaks and fill valleys, and improve new energy
consumption. As one of the first spot pilot provinces in China,
the Gansu Province has designed a unilateral spot market plan on
the power generation side that considers the participation of VRE
at the initial stage. However, because the spot price cannot be
transmitted to the user side during this stage, it is difficult for the
user side to adjust the electricity demand based on the price signal
obtained from the spot market, which restricts the market potential
of VRE consumption to a certain extent. This study focuses on
improving the existing spot market mechanism in Gansu. Based
on an analysis of the current situation of marketization and
the consumption of VRE in Gansu Province, the spot trading
mechanism involving both the power generation side and the user
side is investigated, including organization methods, clearing
mechanisms, and settlement mechanisms. Through a calculation
example, the spot market clearance results under the unilateral and
bilateral modes are compared and analyzed. The results show that
the mode of user side participation in the spot market is conducive
to encouraging users to actively consume energy generated by
new sources and establish an electricity consumption curve that is
friendly to VRE consumption. Further, it can improve the capacity
of VRE consumption and provide a reference for the improvement
of the spot market mechanism of regions with a high proportion
of VRE.

Keywords: electricity spot market; high proportion of VRE;
VRE consumption; user side; bilateral transactions; node
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Table 1 Locations and capacities of generation units

Fs EETR BIEEE  EES/MW
1 30 AL 1200
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9 38 AR, 1200
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R2 RENANRLEHRFES
Table 2 Generating unit spot declaration information
MW, JT/MWh
FS  HAXE  EBEERMHE  HARE  BERME  HAORE  RROE HAORE BEME HAXKE BRI
1 (0,240) 30 (240,480) 60 (480,720) 120 (720,960) 240 (960,1200) 360
2 (0,180) 90 (180,360) 180 (360,540) 240 (540,720) 360 (720,900) 450
3 (0,360) 50 (360,720) 100 (720,1080) 150 (1080,1440) 200 (1440,1800) 250
4 (600,720) 390 (720,840) 400 (840,960) 410 (960,1080) 420 (1080,1200) 430
5 (450,540) 395 (540,630) 425 (630,720) 425 (720,810) 435 (810,900) 445
6 (0,180) 40 (180,360) 80 (360,540) 120 (540,720) 160 (720,900) 200
7 (1200,1440) 370 (1440,1680) 380 (1680,1920) 390 (1920,2160) 400 (2160,2400) 410
8 (0,192) 80 (192,384) 120 (384,576) 160 (576,768) 200 (768,960) 240
9 (0,240) 100 (240,480) 150 (480,720) 200 (720,960) 250 (960,1200) 300
10 (0,120) 60 (120,240) 120 (240,360) 180 (360,480) 240 (480,600) 300

450
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Fig. 5 System marginal clearing price in the unilateral spot market
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Table 3 Demand price elasticity coefficient in each hour

et iE] 2H B i E3 41 et E] AH
0:00-1:00 0.98 8:00-9:00 1.29 | 16:00-17:00  0.85
1:00-2:00 0.92 9:00-10:00 1.26 | 17:00-18:00  0.97
2:00-3:00 0.97 | 10:00-11:00  1.29 || 18:00-19:00  0.98
3:00-4:00 092 | 11:00-12:00  1.25 || 19:00-20:00  0.97
4:00-5:00 0.85 | 12:00-13:00  1.08 || 20:00-21:00 1
5:00-6:00 0.92 | 13:00-14:00  1.02 | 21:00-22:00  1.05
6:00-7:00 0.98 | 14:00-15:00 0.98 || 22:00-23:00  0.85
7:00-8:00 1.08 | 15:00-16:00  0.82 || 23:00-24:00 0.9

B IHPAS SERTIAN, 2k
AT MR B, PAH A 110 KV R Tl A
FR B L A A FL A R ), BOH S AN Ry443.25T/
MWh. FEEIJF RGBS Hmr, I P xT
LTS 1 TN AR I B EOR R B ISR T S 1 I 1
B, ZHIETSE R P A ST A
BRI 2, A SCHCH A LM 110 KV Tl
FL By T FL Y 128.70/MWh.  BETTZ5 A& S I te 1 3
RGN PR TE N B B R Bk
I B TR SR AR L R A, RIS
Je B far g >R B KA AN e /IMELAN e 2 D P R 7 g 14
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Fig. 6 Load curve in the bilateral spot market
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Fig. 8 System marginal clearing price in the bilateral spot market

4.4 BERDW

MR ZR G S fef (A R TR, AR H A L )
Al P IRA 3B oy, I B O

K8:00-11:30. 15:00-16:00- 18:30-22:00, AKATHTEL
4123:00-1K H7:00, HARHEFEIYT-B, W0 sl IR A% i
GFRGhI G T, RGP A By
L T AN 4 T

x4 FEAMBRHRZRBE

Table 4 System power consumption at different times

MWh
At B BB Hin PYSUEIN:§i b7
B 50 754 51135
Hrp: 8:00-11:30 21472 22109
15:00-16: 00 7806 7818
18:30-22:00 21475 21208
B 41182 42 841
wE 42718 48 470
il 134 654 142 447

R, FFRAGABETIYE, REF T
U PR B i s B AR T, AR TIHANR
()R & iy KL R R FE et By, R G0 HI L ffey 3222
1 A DGR & B i B Fcde T, AR T2 deiRg
WIREHEN: BT PEREEL THE, HiRgGH
P, 67 ff 4R AT A A AR e L BT 2N

MORTREIR SEPRIH AN TG kR, B BT T AL
WG, FERFOUCERNES IR, i, &
GNP RNAS G SRR RS, b5
A HL 3 585.86 MWh. 31 561.05 MWhe

£S5 HREEFRIER

Table 5 Wind and photovoctaic power cartailments

MWh
Eih Pl teTiin WinB s
FER 19 310.83 15 724.96
ol 4118.263 2557212
RITHL 23 429.09 18 282.18

WA S RANRE, HP 2505 mygE, LT
TENY S B R A EE S, s T N, R4S
FRA LT HDP PR E T s BB ik oo . T L,
ARV IDOE S SNl el N (P I e 7o )
AT, IR S S A A
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Table 6 Node price of electricity users
JL/MWh
TR TREME TR TRME

3 252.01 23 170.31
4 227.16 24 203.23
7 225.68 25 194.70
8 223.97 26 213.69
12 226.12 27 253.23
15 218.77 28 203.69
16 208.78 29 193.69
18 212.43 31 189.11
20 186.30 39 207.02
21 211.47

LA kTR, e ittt h,
RGN E SRR SHM A A B, MRS
FH P BT HE S ) A FEL RO AR 443,290/ MWhs HL S HE P
e is 2 H 2 ST fa, SEhr A a4 i
ARSI BC R 5, RGP T34 F AR
“}339.76J5/MWh.

LR L RTIR, TR I RO CHTREIE M DX, B Re i
JIRTT S i E AN 2 ) AT BRI UG, A LI
RS 58085c Yy, WREMEIE B 5B ReUs 4 H il
LM VCHC 0 R Ge 00 far 42, G0 R T 94 25 1] .
XL T TP AT SN, AN IRE RS BRI A
I RAS, RINREGS S | RAEAS R 2 MY s P &
PR, fEaEHRelR et gs . 22 I B 2E

5 ZipKEIN

ASCLAH A i), T vy L A58 R D5 X A
TG IAR, 734 TRrRE IR T A0 98 BUIR LA B
BT T ML A AT 1 B AR BE USRI 44 1)
ok, IR RS 5B TP, &
MBI RG0SR, ks ZE A
PLE . RATEEE-3977 i By R SRR, AREADLEA 10 BR BT
M AAGL B H S PLH] T e b B XOEHTRE TR i ) 3%
GBI . RO1TR, SGLBLE T
HLA RIS 2 g R B TR AR SRl P 1
AEVR A AP I TN, A et o L KOG fiE
URRE AT A, 3 A S i L RE A 4 [ L
e BB REPR LT 20 -

R, B T EAIE T M3 By I Bl
Ry RpBb— 25838 w5 B RO HTRE IR BL B2 i AP -

D finpts @ g i A A AR, Pk kA
I 7 S BT AR KR Lk, S BUH A EAS 1
I, BT s TR MR SRR . il R
FA T R, T RAREE S T IR Y
Tk, AR S PG ] T 2L AE .

2) RN S5 SR E, B
B “HeEimn” TS SRR, fedth
JIH P SRR LBl A AR A L T
ZIHAVHTREN, DU ATEE /NI RE 2o AR T 4 5 22 1
AETR A ] .
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