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Optimal operation of electricity-heating integrated energy system based on

stochastic economic model predictive control
LIU Yuqil‘z‘S,ZANG Chuanzhi'**, WANG Yue*,LIU Ding'**,ZENG Pengl‘S,HU Bo®
(1. Key Laboratory of Networked Control Systems,Chinese Academy of Sciences,Shenyang 110016, China;
2. Shenyang Institute of Automation,Chinese Academy of Sciences,Shenyang 110016, China;
3. Institutes for Robotics and Intelligent Manufacturing,Chinese Academy of Sciences,Shenyang 110169, China;
4. Liaoning Lightning Protection Technical Service Center,Shenyang 110010, China;
5. University of Chinese Academy of Sciences,Beijing 100049, China;
6. State Grid Liaoning Electric Power Co.,Ltd.,Shenyang 110000, China)
Abstract: In the northern heating area, there are a large number of combined heat and power units, of
which the operating characteristics of “power determined by heat” restrict the peak load regulation capacity
of these units. At the same time,with the proposal of energy substitution and the increasing penetration of
wind power in China, the establishment of an electricity-heating integrated energy system including wind
power is an important means to reduce the electricity-heating coupling and operating cost of system. There-
fore, the model of the electricity-heating integrated energy system is developed. On the basis of satisfying
consumers’ demand for both electric and heating, the stochastic economic model predictive control strategy
is proposed, which considers the wind power uncertainty and the operating cost during the dynamic process
of system. Specifically,an improved nonlinear transformation method is proposed to establish a non-Gaussian
distribution model of wind power, which can reduce the impact of intermittent wind power production and
the difficulty of accurately representing the variability of wind power. Moreover,an explicit expression structure
that describes the variation of wind power based on scenario tree structure is established, which ensures
the robustness of algorithm and reduces the impact of wind power variability. Finally, the effectiveness of
the proposed strategy is verified by the compound single-step growth rate index of cumulative cost saving.
Key words: electricity-heating integrated energy system;stochastic economic model predictive control;scenario

tree structure ;wind power;non-Gaussian distribution model
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Dynamic-tightened convex relaxation algorithm of operation optimization for
integrated electricity and natural gas system

CHEN Yuwei',XIANG Ji',LI Yanjun’
(1. College of Electrical Engineering,Zhejiang University , Hangzhou 310027, China;
2. School of Information and Electrical Engineering,Zhejiang University City College,Hangzhou 310015, China)

Abstract: A dynamic-tightened convex relaxation algorithm is proposed to solve the operation model of an
integrated electricity and natural gas system. The proposed model considers the operating constraints of re-
newable energy and storage in the power system and the operating constraints of the line-pack and gas
flow directions. The proposed model employs second-order cone relaxation and convex hull relaxation to
convexity the non-convex natural gas flow model. Using the dynamic-tightened algorithm,the operation model
becomes a mixed-integer second-order cone programming problem in the constructed relaxed solution region.
Computational results of two test systems,which are composed of modified TEEE 39-bus and IEEE 118-bus
power system and Belgium 20-node natural gas system,verify the accuracy,feasibility and efficiency of the
proposed algorithm.

Key words:integrated electricity and natural gas system;second-order cone relaxation;convex hull relaxation;

dynamic-tightened algorithm ; mixed-integer programming
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Fig.B1 Scenario tree structure with robust time domain to describe randomness of system
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Table B1 General generator equipment information

B PG,max MW I:)G,min MW uG,max MW uG,min MW 5 b c
Gy 30 5 2 -2 0 2 0.02
G, 20 5 2 -2 0 175 0.0175
Gs 20 5 2 -2 0 1 00625

* B2 HEig&iER
Table B2 Other equipment information
Bt Po/MW P /MW U /IMW U . /MW
CHP, 20 0 2 -2
CHP, 10 0 2 -2
GB 10 0 2 -2
EB 5 0 1 -1
wWT 10 0 2 -2
£z B3 SHER
Table B3 Parameter information

S8 Kt 2R Bia
Nt 0.043 H., 9.78 KW him®
Nes 0.73 R 0.5 $/m?
7. 0.95 Rewe 0.026 $/m*
Cepp 14 Res 0.027 $/m*
v, 1 Ror 0.008 $/m*
v, 4 Res 0.002 $/m*
W, -2 Re 0.0106 $/m*
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Table B4 Ladder electricity price

A B B[S (kW h) ™1
00:00-08:00 0.059
08:00-12:00 0.169
12:00-17:00 0.112
17:00-21:00 0.169
21:00-24:00 0.112
0.2

s 0-16
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Fig.B2 Distribution of real and transformed wind data set
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Fig.B3 Simulative results of electricity load balance and thermal load balance
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