
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.
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 1 

Table 1 Locations and capacities of generation units

/MW

1 30 1200

2 31 900

3 32 1800

4 33 1200

5 34 900

6 35 900

7 36 2400

8 37 960

9 38 1200

10 39 600
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Fig. 1 IEEE 39-bus test system
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Fig. 3 System power load curve

 2 

Fig. 2 VRE forecast maximum output 
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Fig. 4 VRE wins in the unilateral spot market
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Table 3 Demand price elasticity coefficient in each hour

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 0.92 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

110 kV

443.2 /

MWh

110 kV

128.7 /MWh

 2 

Table 2 Generating unit spot declaration information

MW /MWh

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
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Fig. 5 System marginal clearing price in the unilateral spot market
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Fig. 7 VRE wins in the bilateral spot market
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Fig. 8 System marginal clearing price in the bilateral spot market

3

8 : 00-11: 30 15: 00-16: 00 18:30-22:00

23: 00 7: 00

4

 4 

Table 4 System power consumption at different times

MWh

50 754 51 135

8 :00 11:30 21 472 22 109

15:00 16:00 7806 7818

18:30 22:00 21 475 21 208

41 182 42 841

42 718 48 470

134 654 142 447

5

3 585.86 MWh 1 561.05 MWh

 5 

Table 5 Wind and photovoctaic power cartailments

MWh

19 310.83 15 724.96

4 118.263 2 557.212

23 429.09 18 282.18
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Fig. 6 Load curve in the bilateral spot market
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Table 6 Node price of electricity users

/MWh

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

443.2 /MWh

339.76 /MWh

IEEE-39

1

2

“ ”

3

[1] . 2019

2020 2 28 [N]. 2020-03-

02(2). 

[2] . 

[J]. 2018

1(5) 565-573.

 WANG Caixia, LEI Xuejiao, LIU Lihua, et al. Design of short-

term renewable energy integration mechanism in the electricity 

market transition period[J]. Journal of Global Energy 

Interconnection, 2018, 1(5): 565-573(in Chinese). 

[3] . [J]. 

2019(4) 84-85.

 WANG Chunwei. Research on coping strategies of Gansu new 

energy spot market[J]. Energy Conservation & Environmental 

Protection, 2019(4): 84-85(in Chinese). 

[4] . 

[J]. 2020(5) 65-68.

[5] . 

[J]. 2014 38(20) 127-135.

 WANG Ke, YAO Jianguo, YAO Liangzhong, et al. Survey 

of research on flexible loads scheduling technologies[J]. 

Automation of Electric Power Systems, 2014, 38(20): 127-

135(in Chinese). 

[6] . 

[J]. 2015 33(4) 491-496.

 HE Guixiong, CAO Nianlin, JIANG Limin, et al. Research on 

peak-load regulating with participation of high-use industrial 

consumers in wind power rich area[J]. Renewable Energy 

Resources, 2015, 33(4): 491-496(in Chinese). 

[7] . 

[D]. 2017.

[8] . [D]. 

JGEI 

 
 

 
      J

GEI



450 3 5

2019.

[9] , . 

[J]. 2014

38(13) 18-27.

 ZOU Peng, CHEN Qixin, XIA Qing, et al. Logical analysis 

of electricity spot market design in foreign countries and 

enlightenment and policy suggestions for China[J]. Automation 

of Electric Power Systems, 2014, 38(13): 18-27(in Chinese). 

[10] . 

[C]//

2018 . 

2018 62-67. 

[11] . ( )

[J]. 2018 12(12) 42-48.

 MA Hui, CHEN Yuguo, CHEN Ye, et al. Mechanism design 

of Southern China(starting from Guangdong Province)electric 

spot market[J]. Southern Power System Technology, 2018, 

12(12): 42-48(in Chinese). 

[12] . 

[J]. 2017 41(24) 16-21.

 LIANG Zhifei,  CHEN Wei, ZHANG Zhixiang, et al. 

Discussion on pattern and path of electricity spot market design 

in southern region of China[J]. Automation of Electric Power 

Systems, 2017, 41(24): 16-21(in Chinese). 

[13] . 

[J]. 

2019 2(1) 27-34.

 XU Tanghai, LU Zongxiang, QIAO Ying, et al. High 

penetration of renewable energy power planning considering 

coordination of source-load-storage multi-type flexible 

resources[J]. Journal of Global Energy Interconnection, 2019, 

2(1): 27-34(in Chinese). 

[14] .

[J]. 2020 48(10)

52-60.

 BAI Fan,CHEN Hongkun,CHEN Lei, et al. Research on 

dispatching flexibility of power system based on deterministic 

evaluation index[J].Power System Protection and Control, 

2020, 48(10):52-60 (in Chinese).

[15] Ella Chou . 

[J]. 2019 41(1) 19-24.

 ZHAO Yongqiang, CHOU E, LIU Jian. Electric power market 

design to promote flexibility and renewable energy integration[J]. 

Energy of China, 2019, 41(1): 19-24(in Chinese). 

[16] . [J]. 

2016 18(6) 49-51.

 WANG Jing. Analysis of Gansu new energy accommodation [J]. 

Power Demand Side Management, 2016, 18(6): 49-51(in Chinese). 

[17] . 

[J]. 2019 43(8) 2682-2690.

 ZHANG Xiang, CHEN Zheng, MA Ziming, et al. Study 

on electricity market trading system adapting to renewable 

portfolio standard[J]. Power System Technology, 2019, 43(8): 

2682-2690(in Chinese). 

[18] . 

[J]. 

2017 41(24) 90-96.

 MA Ziming, ZHONG Haiwang, TAN Zhenfei, et al. Incenting 

demand and supply of renewable energy with renewable 

portfolio standard: mechanism design of national renewable 

energy market[J]. Automation of Electric Power Systems, 

2017, 41(24): 90-96(in Chinese). 

[19] . 

[J]. 2017 41(24) 35-41.

 ZHANG Xinyu, CHEN Qixin, GE Rui, et al. Clearing model 

of electricity spot market considering flexible block orders[J]. 

Automation of Electric Power Systems, 2017, 41(24): 35-41(in 

Chinese). 

[20] . 

[J]. 2018 46(1) 1-6.

 SHEN Tong, XIA Qing. Spot market with temporal and spatial 

distribution optimization of resource and its application in 

China[J]. Smart Power, 2018, 46(1): 1-6(in Chinese). 

[21] . 

[J]. 2017

41(17): 1-8.

 GUO Hongye, CHEN Qixin, ZHONG Haiwang, et al. Spot 

market mechanism design and path planning based on standard 

curve for financial delivery[J]. Automation of Electric Power 

Systems, 2017, 41(17): 1-8(in Chinese). 

[22] . 

[J]. 2019 43(8) 2743-2751.

 LUO Ziya, JI Tianyao, JING Zhaoxia, et al. Design and 

application of contract for difference in electricity market[J]. 

Power System Technology, 2019, 43(8): 2743-2751(in Chinese). 

[23] . 

[J]. 2016 40(5) 1529-1535.

 AI Xin, ZHOU Shupeng, ZHAO Yuequn. Study on time of 

use pricing of user side considering wind power uncertainty[J]. 

Power System Technology, 2016, 40(5): 1529-1535(in Chinese). 

1973

1994

E-mail yangy2937@163.com

JGEI 

 
 

 
      J

GEI




