
Abstract:  Considering the implementation of China’s 

renewable energy (RE) consumption guarantee mechanism as 

the background, in order to enable consumers of a province to 

complete a consumption assessment, the market mechanism 

must be used to encourage renewable energy consumption 

across provinces and regions. A two-level electricity market 

has been established, and interprovincial renewable energy 

dealers have been introduced to act as agents of consumers to 

buy RE from interprovincial RE markets. Under the two-level 

market framework, a non-linear bilevel optimization model is 

established with the objective of minimizing market operating 

costs, and the clearing results of the upper and lower levels are 

used as the calculation parameters for the other level. Using the 

Karush-Kuhn-Tucker conditions and Lagrange duality theory, 

the nonlinear bilevel problem is transformed into a single-layer 

linear problem. Finally, in order to verify the effectiveness of 

the proposed model, an example of a certain area is simulated to 

analyze the market operating costs under different quota ratios 

and prices of green certificates. The results show that the two-

level market can effectively reduce the market cost and promote 

the interprovincial consumption of RE.

Keywords: consumption responsibility weight; interprovincial 

renewable energy dealers; two-level market; bilevel optimization
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Fig. 1 Electricity market system under RPS
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Fig. 2 Framework of interprovincial and inner provincial two-level electricity market
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Fig. 3 Illustration of bilevel optimization problem under two-level 

electricity market
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Fig. 4 Forecast of a typical daily renewable energy output 

and load in the province
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Fig. 5 Forecast of a typical daily renewable energy output from 

the provincial delivery side
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Fig. 6 Clean energy of various units in the province under the 

single-stage market
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Table 1 Optimization results of operating costs in the provincial 

market under the single-stage market

RPS RPS

/ 37 205.61 37 267.44 61.83

/GWh 95.82 125.64 31.1%
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Fig. 7 Clean energy of various units in the province 

under the single-stage market in RPS
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 2 RPS

Table 2 Optimization results of operating costs in the two-level 

market under RPS

/ 37 267.44 37 048.63 218.81
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Fig. 9 Clean energy of various renewable units in inter-provincial 

transactions
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Fig. 10 Clearing prices for inter-provincial 

renewable energy transactions 
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Fig. 8 Optimization results of renewable energy between provinces 

under the two-level market
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Fig. 11 Operating cost of a single-stage market in the province 

under different RPS quotas and TGC prices

 12 

Fig. 12 Operating cost of two-level market under different

 RPS quotas and TGC prices

JGEI 

 
 

 
      J

GEI



Vol. 3 No. 5 439

 HUANG Qili. Insights from China renewable energy 

development for global energy interconnection[J]. Journal of 

Global Energy Interconnection, 2018, 1(1): 1-9(in Chinese). 

[5] . [J]. 

2016 21(12) 19-26.

 LUO Chengxian. California’s RPS and inspiration to China[J]. 

Sino-Global Energy, 2016, 21(12): 19-26(in Chinese). 

[6] . 

[J]. 2020 44(7) 187-199.

 JIANG Yicheng, CAO Hongxia, YANG Li, et al. Mechanism 

design and impact analysis of renewable portfolio standard[J]. 

Automation of Electric Power Systems, 2020, 44(7): 187-

199(in Chinese).

[7] . 

[J]. 2018 42(4) 1164-1169.

 ZHAO Xingang, LIANG Ji, REN Lingzhi, et al. Top-level 

institutional design for energy low-carbon transition: renewable 

portfolio standards[J]. Power System Technology, 2018, 42(4): 

1164-1169(in Chinese). 

[8] AN X N, ZHANG S H, LI X, et al. Two-stage joint equilibrium 

model of electricity market with tradable green certificates 

[J]. Transactions of the Institute of Measurement and Control, 

2019, 41(6): 1615-1626.

[9] . 

[J]. 2019 43(12) 113-122.

 DONG Fugui, SHI Lei. Design and simulation of renewable 

portfolio standard and tradable green certificate mechanism[J]. 

Automation of Electric Power Systems, 2019, 43(12): 113-

122(in Chinese). 

[10] . 

[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). 

[11] . 

[J]. 2017 41(24) 83-89.

 SHI Lianjun, ZHOU Lin, PANG Bo, et al. Design ideas of 

electricity market mechanism to improve accommodation 

of clean energy in China[J]. Automation of Electric Power 

Systems, 2017, 41(24): 83-89(in Chinese). 

[12] . 

[ J/OL].  

2019. [2020-05-23]. http://kns.cnki.net/kcms/detail/11.2410.

TM.20191127.1536.002.html.

 PENG Qian,  ZHOU Xiaojie ,  YANG Rui .  Design of 

coordination and balance mechanism between national 

green power certificate trading market and provincial day-

ahead power market[J/OL]. Power System Technology, 

2019. [2020-05-23]. http://kns.cnki.net/kcms/detail/11.2410.

TM.20191127.1536.002.html. 

[13] . 

[J]. 2016 40(2) 595-601.

 ZOU Bin, ZHAO Yan, LI Xiaogang, et al. Market mechanism 

research on trans-provincial and trans-regional clean energy 

consumption and compensation[J]. Power System Technology, 

2016, 40(2): 595-601(in Chinese). 

[14] . 

[J]. 2018 12(12) 3-8.

 CHEN Wei, LIN Yantai, DING Junce, et al. Enlightenment 

of foreign regional electricity market to the construction of 

southern regional power market of China[J]. Southern Power 

System Technology, 2018, 12(12): 3-8(in Chinese). 

[15] . 

[J]. 2019 43(8)

2726-2734.

 GUO Libang, DING Yi, BAO Minglei, et al. An optimal 

power purchase model of inter-provincial traders in two-level 

electricity market considering risk management[J]. Power 

System Technology, 2019, 43(8): 2726-2734(in Chinese). 

[16] GUO H Y, CHEN Q X, XIA Q, et al. Modeling strategic 

behaviors of renewable energy with joint consideration 

on energy and tradable green certificate markets[J]. IEEE 

Transactions on Power Systems, 2020, 35(3):1898-1910.

[17] . 

[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).

[18] . [D]. : 

2013.

 ZHANG Na. Pricing mechanism for China’s trans-regional 

and trans-provincial power purchasing and selling[D]. Beijing: 

North China Electric Power University, 2013(in Chinese). 

[19] . 

[J]. 2007 19(6)

12-17.

 LI Chunhua, WANG Qin, WEN Fushuan. Chance-constrained 

programming based approach to optimal purchasing strategies 

of distribution companies[J].Automation of Electric Power 

Systems,2007, 19(6):12-17(in Chinese).

[20] BOYD S, VANDENBERGHE L. Convex optimization[M]. 

Cambridge: Cambridge University Press, 2004: 207-241.

JGEI 

 
 

 
      J

GEI



440 3 5

A1

 A1 

Table A1 Installation, quotation and technical parameters of 

various units in the province

/MW
/

( ·(MWh)-1)

/ /

4000 320 0 1

8000 425 0 1

44 000 420 0.3 0.1

7600 480 0.3 0.3

8000 MW

5% 50 /MWh 1000 MW

A2

 A2 

Table A2  Installation, quotation and trading restrictions of various 

types of units at the sending end 

/MW
/

( ·(MWh)-1)
/ /

2700 300 0 1

1800 320 0 1

3200 380 0 1
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