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Research on multi-energy market joint decision-making of combined heat and
power units under real-time heating pricing mechanism
TANG Muyi',LUO Yi',HU Bo*,HAN Yue',ZHAO Yuanzhu’,LI Bin?,
ZHU Weiye',TONG Qidong',LI Ding',WU Yaning'
(1. School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. State Grid Liaoning Electric Power Co.,Ltd.,Shenyang 110300, China)

Abstract: With the deepening of energy market reform, the operation and decision-making of CHP (Com-
bined Heat and Power) units under the market mechanism have been widely concerned. However, the
strong interdependency of heat and power supply restricts the flexibility of CHP units and influences the
profit when CHP units participate in the market independently. Based on this,the real-time pricing is applied
to excavate demand flexibility in heating system. Then,a bi-level joint decision-making model for CHP unit
in multi-energy market under real-time heating pricing mechanism is proposed. That is, when CHP units
participate in the electricity market,the real-time prices are set in the heating market for load management
that can release flexibility,so that maximizing the profit when participating in energy market. In the bi-level
model, the upper-level is the model for the optimal electricity bidding and heating pricing of CHP units,
and the lower-level is the clearing model of wholesale electricity market and the decision-making model of
heating customers. The bi-level model is transformed into a mixed integer linear programming model by
KKT conditions to be further solved. The feasibility and effectiveness of the proposed model are verified
by numerical results, which indicate that the real-time heating pricing can not only effectively promote the
power-side flexibility and profit of CHP units,but also improve the customer and social welfare. Finally,the
strategic bidding behavior of CHP units in the electricity market under real-time heating pricing mechanism
is explored.

Key words: combined heat and power units; real-time heating pricing; wholesale electricity market; bi-level
model ; KKT conditions
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% D1 HlEgEEHB A
Table D1 Cost of blocks for units

B4l Block1/ Block2/ Block3/ Block4/

- D (Mweh)™] Ui MwWeh)']  [Dee(MW+h)"] [t (MW-h)"]
HRHLAL 1 235.04 247.04 293.36 343.28
HRHLAL 2 241.92 255.84 266.16 281.28
CHP HLA 238.08 246 256.32 270.24

% D2 HUAIEITESH
Table D2 Parameters of units
LAl Block 1-4 X R/MW T FR/MW L&A RMW  F&TARIMW
HRHLA 1 25/32.5/32.5/25 25 40 40
NI 2 68.45/49.75/40.4/40.4 60 14 15
CHP HLAL 54.25/38.75/31/31 35 30 30

= D3 RS
Table D3 Parameters of heat customers
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