
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

IEEE Catalog Number: 
ISBN: 

CFP23D74-POD 
979-8-3503-8669-1 

2023 IEEE International 
Conference on Energy Internet 
(ICEI 2023) 

Shenyang, China 
24-26 November 2023 



 
 
 
 
 
 
 
Copyright © 2023 by the Institute of Electrical and Electronics Engineers, Inc. 
All Rights Reserved 
 
Copyright and Reprint Permissions:  Abstracting is permitted with credit to the source.  
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private 
use of patrons those articles in this volume that carry a code at the bottom of the first 
page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.   
 
For other copying, reprint or republication permission, write to IEEE Copyrights 
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ  08854.  All rights 
reserved.   
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP23D74-POD 
ISBN (Print-On-Demand):  979-8-3503-8669-1 
ISBN (Online):   979-8-3503-8668-4 
 
           
 
Additional Copies of This Publication Are Available From: 
 
Curran Associates, Inc 
57 Morehouse Lane 
Red Hook, NY  12571 USA 
Phone:  (845) 758-0400 
Fax:  (845) 758-2633 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 
 

 



2023 IEEE International
Conference on Energy Internet

(ICEI)
ICEI 2023

 Table of Contents
 

 
 

Message from the General Chairs  xx
Message from the Program Chairs  xxi
Conference Committee  xxii
Reviewers  xxiii
Sponsors  xxiv

ICEI 2023

Comprehensive Energy System Planning for Optimal Integration of Renewable Energy Sources  1
      Jinzhou Zhu (Power Dispatching and Controlling Center, Guangdong Power
      Grid Company Limited, China), Jun Huang (SE Smart Energy Technology
      Company Limited, China), Xinlei Cai (Power Dispatching and Controlling
      Center, Guangdong Power Grid Company LimitedPower Dispatching and
      Controlling Center, Guangdong Power Grid Company Limited, China),
      Zijie Meng (Power Dispatching and Controlling Center, Guangdong Power
      Grid Company Limited, China), and Zhenfan Yu (Power Dispatching and
      Controlling Center, Guangdong Power Grid Company Limited, China)

Evaluation Methods of Carbon Emissions in Substations Based on Energy Consumption: A
Review  6
      Jingyun Wu (State Grid Jiangsu Electric Power Company, Limited
      Economic Research Institute, China), Hao Liu (State Grid Jiangsu
      Electric Power Company Limited Economic Research Institute, China),
      and Zheng Huang (State Grid Jiangsu Electric Power Company Limited
      Economic Research Institute, China)

Demand-Side Resources Aggregation Modeling and Collaborative Operation Based on Digital
Technology  12
      Limin Deng (Northeastern University, Shenyanng, China), Jiazheng Zhu
      (Grid Huludao Power Supply Company, Huludao, China), Bonan Huang
      (Northeastern University, Shenyanng, China), Yameng Zhang
      (Northeastern University, Shenyanng, China), and Xingchen An
      (Northeastern University, Shenyanng, China)

Battery Lifetime Extension Optimization in Integrated Energy System  17
      Xingchen Wu (Hohai University, China), Haochen Hua (Hohai University,
      China), Yujie Wang (Hohai University, China), Xingying Chen (Hohai
      University, China), and Rui Wang (Northeastern University, China)

v



Reinforcement Learning Based Energy Scheduling for Pelagic Islands  23
      Chenxu Shi (Anhui University, China), Lingxiao Yang (Anhui University,
      China), and Ning Zhang (Anhui University, China)

Inrush Current Identification Method of Power Plant Transformer Based on Energy
Consumption Ratio  29
      Xiaoyan Yang (Nanning Power Supply Bureau of Guangxi Power Grid Co.,
      Ltd., China), Di Zhu (Nanning Power Supply Bureau of Guangxi Power
      Grid Co., Ltd., China), Hongfu Yu (Nanning Power Supply Bureau of
      Guangxi Power Grid Co., Ltd., China), Haibo Bao (Nanning Power Supply
      Bureau of Guangxi Power Grid Co., Ltd., China), Xiaoxuan Guo (Electric
      Power Research Institute, Guangxi Power Grid Co., Ltd., China), and
      Tonghe Wang (Guangzhou Institute of Energy Conversion, Chinese Academy
      of Sciences, China)

Design of High-Frequency and High-Efficiency GaN Drive Circuit for Instantaneous Negative
Voltage Turn-Off  34
      Liwen Xu (Beijing Institute of Radio Measurement, China), Dong Zhang
      (Beijing Institute of Radio Measurement, China), Yongqing Huang
      (Beijing Institute of Radio Measurement, China), Huanyu Cai (Beijing
      Institute of Radio Measurement, China), and Ruihan Wang (Beijing
      Institute of Radio Measurement, China)

A State Sensing Method Based on Multi-Source Data Fusion for Virtual Power Plants  39
      Tianfen Chu (Northeastern University, Electric Power Research
      Institute State Grid Liaoning Electric Power Co., Ltd.), Junkai Zhang
      (Northeastern University, China), Shida She (Electric Power Research
      Institute State Grid Liaoning Electric Power Co., Ltd., China),
      Qingchen Wang (Northeastern University, China), and Tongwei Yu
      (Electric Power Research Institute State Grid Liaoning Electric Power
      Co., Ltd., China)

Optimizing VPP Operations: A Novel Robust Demand-Side Management Approach With Energy
Storage System  45
      Daijun Xiang (CHN Energy Zhejiang Electric Power Co., Ltd, China), Kun
      He (CHN Energy New Energy Technology Research Institute Co., Ltd,
      China), Guoxin Zhang (Wenzhou Dongyu Power Plant of China Energy
      Investment, China), Shuo Zhang (Wenzhou Dongyu Power Plant of China
      Energy Investment, China), Yanqiao Chen (CHN Energy New Energy
      Technology Research Institute Co., Ltd, China), Lulu Zhao (CHN Energy
      New Energy Technology Research Institute Co., Ltd, China), Hui Liu
      (CHN Energy New Energy Technology Research Institute Co., Ltd, China),
      Xinkai Su (CHN Energy New Energy Technology Research Institute Co.,
      Ltd, China), and Hua Zheng (North China Electric Power University,
      China)

Strategies and Impact Analysis of Coordinated Cyber-Physical Attack on SG Considering
False Data Injection  51
      Tianfeng Chu (Northeastern University, China; Electric Power Research
      Institute, State Grid Liaoning Electric Power Co., Ltd., China), Tong
      Wang (Electric Power Research Institute, State Grid Liaoning Electric
      Power Company Limited, China), Zhuofan Shi (Northeastern University,
      China), Min Hou (Northeastern University, China), and Xiangdong Gong
      (Electric Power Research Institute, State Grid Liaoning Electric Power
      Company Limited, China)

vi



Energy Flow Optimization of Electric-gas-Thermal Integrated Energy System Based on
Improved Particle Swarm Optimization  57
      Xiyue Zhu (Northeastern University, China), Zhiliang Wang
      (Northeastern University, China), Zhenwei Liu (Northeastern
      University, China), Min Hou (Northeastern University, China), and
      Huixin Hong (Northeastern University, China)

A Decentralized Identity Based Energy Trading System over a Blockchain Network  63
      Jia Guo (Beijing State Grid Digital Technology Holding Co.Ltd, China),
      Wei Yu (Beijing State Grid Digital Technology Holding Co.Ltd, China),
      Songpu Ai (iF-Labs, Beijing Teleinfo Technology, China Academy of
      Information and Communications Technology, China), and Junwei Cao
      (Beijing National Research Center for Information Science and
      Technology, Tsinghua University, China)

Extended Range Efficiency Optimization Control of the Flyback Based Micro Inverter  68
      Geng Qin (Institute of Renewable Energy, Shenzhen Poweroak Newener
      Co., Ltd, China), Zhihua Guo (Institute of Renewable Energy, Shenzhen
      Poweroak Newener Co., Ltd, China), Chuantong Hao (Institute of
      Renewable Energy, Shenzhen Poweroak Newener Co., Ltd, China), Yongbo
      Zhang (Institute of Renewable Energy, Shenzhen Poweroak Newener Co.,
      Ltd, China), and Hui Ma (Institute of Renewable Energy, Shenzhen
      Poweroak Newener Co., Ltd, China)

Specific Implementation of a Household Distributed Energy Resource System Based on a
Bottom-Up Energy Internet Architecture  74
      Hui Ma (Institute of Renewable Energy, Shenzhen Poweroak Newener Co.,
      Ltd, China), Zhihua Guo (Institute of Renewable Energy, Shenzhen
      Poweroak Newener Co., Ltd, China), Chuantong Hao (Institute of
      Renewable Energy, Shenzhen Poweroak Newener Co., Ltd, China), Geng Qin
      (Institute of Renewable Energy, Shenzhen Poweroak Newener Co., Ltd,
      China), and Jianhua Lei (Institute of Renewable Energy, Shenzhen
      Poweroak Newener Co., Ltd, China)

Fire PyroSim Simulation Under Different Ventilation Modes of High Voltage Cable Channel in
Substation  80
      Zhaochen Zhang (Shandong University, China), Liang Zou (Shandong
      University, China), and Li Zhang (Shandong University, China)

An Optimal Method of Controllable Load Based on Peak-Valley Expectation and Dynamic
Pricing  84
      Rongbin Ju (Department of Dispatch Center State Grid Liaoning Electric
      Power Co. Ltd, China), Yifang Jin (Department of Dispatch Center State
      Grid Liaoning Electric Power Co. Ltd, China), Yuhua Zheng (Northeast
      Electric Power University, China), Chang Liu (Anshan Power Supply
      Company State Grid Liaoning Electric Power Co. Ltd, China), Huaiying
      Xie (Anshan Power Supply Company State Grid Liaoning Electric Power
      Co. Ltd, China), and Xiuyu Zhang (School of Automation Engineering
      Northeast Electric Power University, China)

vii



A New Type of Power System Stabilizer Restraining Global Low-Frequency Oscillation  90
      Shengliang Cai (State Grid Qinghai Electric Power Research Institute,
      State Grid Qinghai Electric Power Company, China), Junqi Liu
      (Northeastern University, China), Guobin Fu (State Grid Qinghai
      Electric Power Research Institute, State Grid Qinghai Electric Power
      Company, China), and Haibin Sun (State Grid Qinghai Electric Power
      Research Institute, State Grid Qinghai Electric Power Company, China)

Coordinated Operation and Control in Energy Internet Using Machine Learning and Modeling
Optimization  96
      Yangyang Ming (Tsinghua Univeristy, China), Junwei Cao (Tsinghua
      University, China), and Shixia Cai (Alibaba Cloud Intelligence Group,
      China)

Research on Technology Readiness Assessment of Typical Energy Storage Technology for Power
System  102
      Xuan Ren (China Electric Power Research Institute, China), Weifang Lin
      (China Electric Power Research Institute, China), Jun Yi (China
      Electric Power Research Institute, China), Guojing Liu (Jiangsu
      Electric Power Company, China), Weijia Tang (State Grid Jiangsu
      Electric Power Co, China), and Shuili Yang (China Electric Power
      Research Institute, China)

The Droop Control Stabilization Method of MMC-MTDC System Based on DC Voltage Differential
Regulation  107
      Siluo Sun (Electric Power Research Institute State Grid Liaoning
      Electric Power Company, China), Jun Wang (Electric Power Research
      Institute State Grid Liaoning Electric Power Company, China), Chenyu
      Wang (Northeastern University, China), Weisheng Wang (Northeastern
      University, China), Tianfang Zhang (Electric Power Research Institute
      State Grid Liaoning Electric Power Company, China), and Shuai Ren
      (Electric Power Research Institute State Grid Liaoning Electric Power
      Company, China)

A Stabilizing Control Strategy for Non-Frequency Oscillations Based on Improved DSOGI-PLL  113
      Jun Wang (Electric Power Research Institute State Grid Liaoning
      Electric Power Company, China), Siluo Sun (Electric Power Research
      Institute State Grid Liaoning Electric Power Company, China), Weisheng
      Wang (Northeastern University, China), Chenyu Wang (Northeastern
      University, China), Jian Chen (Electric Power Research Institute State
      Grid Liaoning Electric Power Company, China), and Yu Fu (Electric
      Power Research Institute State Grid Liaoning Electric Power Company,
      China)

Price Maker Optimization Strategy for Microgrid Alliance with Shared Energy Storage  119
      Di Liu (Tsinghua University, China) and Junwei Cao (Beijing National
      Research Center for Information Science and Technology, China)

Research on the Key Technologies of Virtual Power Plants Aggregating Distributed Energy
Resources  124
      Zhen Wang (Guangxi Power Grid Co. LTD, China), Shi Shu (Guangxi Power
      Grid Co. LTD, China), Jie Li (Guangxi Power Grid Co. LTD, China),
      Jieya Su (Guangxi Power Grid Co. LTD, China), Qiuxiang Liao (Guangxi
      Power Grid Co. LTD, China), and Jilai Song (Guangxi Power Grid Co.
      LTD, China)

viii



The Influence Mechanism of Rectangular Wave Excitation on the Magnetization Rate of
Nanocrystalline Alloys Based on Micromagnetism  130
      Yifan Wang (Shandong University, China), Liang Zou (Shandong
      University, China), Li Zhang (Shandong University, China), Yongjian Li
      (Hebei University of Technology, China), and Qiuxia Sun (Shandong
      Taikai Transformer Co., Ltd., China)

Arc Modelling and Simulation Analysis of Resonant Grounding System with High Impedance
Arcing Faults  134
      Shujing Zhao (State Grid Liaoning Power Co., Ltd. ChangHai Power
      Supply Company, China), Yan Zhu (State Grid Liaoning Power Co., Ltd.
      ChangHai Power Supply Company, China), Yanjun Sun (State Grid Liaoning
      Power Co., Ltd. ChangHai Power Supply Company, China), Huiyang Xu
      (State Grid Liaoning Power Co., Ltd. ChangHai Power Supply Company,
      China), Zhixin Yu (State Grid Liaoning Power Co., Ltd. ChangHai Power
      Supply Company, China), Pengfei Xu (State Grid Liaoning Power Co.,
      Ltd. ChangHai Power Supply Company, China), Jiali Lin (Faculty of
      Information and Electrical Engineering, Shenyang Agricultural
      University, China), and Jun Wang (Faculty of Information and
      Electrical Engineering, Shenyang Agricultural University, China)

Realization and Prediction of Intelligent Fault Diagnosis for Microgrid Operation Under
the Integration of Information and Physics  140
      Botao Zhou (State Grid Electric Power Research Institute, Wuhan Energy
      Efficiency Assessment Co., Ltd., China), Chao Fang (Jiangsu Fanti
      Electric Power Technology Co., Ltd., China), Mengwen Li (State Grid
      Shandong Integrated Energy Services Co., Ltd., China), Rong Qian
      (Beijing Zhongdian Feihua Communication Co., Ltd., China), Guoji Wang
      (Jiangsu Fanti Electric Power Technology Co., Ltd., China), Naiyue Wu
      (China Electric Power Research Institute Co., Ltd., China), and Die
      Wang (Jiangsu Fanti Electric Power Technology Co., Ltd., China)

Distributed Photovoltaic Integration Method Considering Source-Load Characteristics in
Power Distribution Grid  146
      Lei Chen (State Grid Zhejiang Electric Power Company, Ltd, China),
      Mengshuang Gan (State Grid Yuyao Power Supply Company, China), Jianbin
      Yang (College of Information and Electrical Engineering China
      Agricultural University, China), Lin Ye (College of Information and
      Electrical Engineering China Agricultural University, China), Junjie
      Zheng (State Grid Ningbo Beilun Power Supply Company, China), and
      Yihui Sun (State Grid Ningbo Fenghua Electric Power Supply Company,
      China)

Research on Optimization Scheduling Strategy for Multi-Energy Complementary Tobacco
Industrial Park Based on Improved Genetic Algorithm  152
      Xiaohan Sun (Zhejiang University, China), Jiaqin Xi (Zhengzhou Tobacco
      Research, Institute of China National Tobacco Corporation, China),
      Yonggang Peng (Zhejiang University, China), Qiaodong Jia (Zhejiang
      China Tobacco Industry Co., Ltd., China), and Jing Sun (Zhejiang
      University, China)

ix



A Power Grid Business Marketing Data Mining Method Based on Customer-Side Flexible Load
Resource Interaction  158
      Rundan Zhang (Marketing Service Center of State Grid Liaoning Electric
      Power Co., China), Wenyu Cheng (Marketing Service Center of State Grid
      Liaoning Electric Power Co., China), Yuan Yao (Marketing Service
      Center of State Grid Liaoning Electric Power Co., China), Minzhe Wang
      (Marketing Service Center of State Grid Liaoning Electric Power Co.,
      China), Shujuan Yang (Northeastern University, China), and Jiaxing Wu
      (Northeastern University, China)

Data Processing Method for Power Marketing System Based on Wavelet Theory  164
      Hong Xue (Marketing Service Center of State Grid Liaoning Electric
      Power Co., China), Ming Xu (Marketing Service Center of State Grid
      Liaoning Electric Power Co., China), Lianxin Lv (Marketing Service
      Center of State Grid Liaoning Electric Power Co., China), Linlang Guo
      (Marketing Service Center of State Grid Liaoning Electric Power Co.,
      China), Jiaxing Wu (Northeastern University, China), and Shujuan Yang
      (Northeastern University, China)

Optimal Bidding Strategy for Data Center Participation in Day-Ahead Electricity Market  170
      Yiwu Ge (Southeast University, China), Yuanshi Zhang (Southeast
      University, China), Qinran Hu (Southeast University, China), Shunjiang
      Wang (State Grid Liaoning Electric Power Co.Ltd, China), Peng Qiu
      (Jinzhou Power Supply Branch of State Grid Liaoning Electric Power
      Supply Co.Ltd, China), Bokang Zou (School of Electrical and Automation
      Engineering of Nanjing Normal University, China), Xiaorong Yu (Taizhou
      Power Supply Company State Grid of Jiangsu Electric Power Co. Ltd,
      China), and Renjie Hu (Southeast University, China)

Injected Harmonic Impedance Measurement Method Considering Background Harmonic and Noise 
176
      Dianlang Wang (Qujing Bureau of EHV Power Transmission Company,
      China), Jing Chen (Qujing Bureau of EHV Power Transmission Company,
      China), Qi Yin (Qujing Bureau of EHV Power Transmission Company,
      China), Hanlin Ding (Qujing Bureau of EHV Power Transmission Company,
      China), Zhuoya Li (Sichuan University, China), and Hong Miao (Sichuan
      University, China)

Bus Net Load Forecast Considering Photovoltaic Output Correlation  182
      Sai Yang (Hohai University, China), Fei Mei (Hohai University, China),
      Yu Tang (Hohai University, China), Jiahua Lu (Hohai University,
      China), and Yihao Xu (Hohai University, China)

Research on Hierarchical Control Method of Low-Voltage AC Microgrid Based on Island Mode  188
      Jie Duan (Northeast Electric Power University, China), Jiajin Kang
      (Northeast Electric Power University, China), Shengxian Cao (Northeast
      Electric Power University, China), Guichao Duan (Northeast Electric
      Power University, China), and Xu Shao (Northeast Electric Power
      University, China)

Event-Based Adaptive Consensus Fault-Tolerant Control for Microgrids  194
      Simian Guo (State Grid Liaoning Marketing Servide Center, China), Chen
      Li (State Grid Liaoning Marketing Servide Center, China), Leiyang Zhao
      (State Grid Liaoning Marketing Servide Center, China), Zhengqi Sui
      (Northeastern University, China), and Zhijian Hu (Nanyang
      Technological University, Singapore)

x



A New Control Method for Rectifier Converter Station Suitable for Renewable Energy Access  200
      Shaoming Zeng (North China Branch of State Grid Corporation of China,
      China), Yimin Liu (North China Branch of State Grid Corporation of
      China, China), Peng Dong (North China Branch of State Grid Corporation
      of China, China), Chang Lin (State Grid Smart Grid Research Institute
      Co. LTD., China), Feng Ji (State Grid Smart Grid Research Institute
      Co. LTD., China), and Xiangyu Pei (Changsha University of Science &
      Technology, China)

Overview and Prospect of the Aging Mechanism of Press-Pack IGBTs  206
      Yuxin Wang (Beijing Jiaotong University, China), Liangliang Hao
      (Beijing Jiaotong University, China), Lei Yu (State Grid Hubei Direct
      Current Company, China), Jianxin Gu (State Grid Hubei Direct Current
      Company, China), Shuo Shi (State Grid Hubei Direct Current Company,
      China), and Di Dai (State Grid Hubei Direct Current Company, China)

Application of Metaverse Model Constructed with VR Intelligent Interaction Fusion
Technology in Power Information and Communication Networks  212
      Shuo Chen (State Grid Liaoning Electric Power Co., Ltd. Information
      and Communication Branch Shenyang, China), Jinghua Yao (State Grid
      Liaoning Electric Power Co., Ltd. Information and Communication Branch
      Shenyang, China), Chao Xu (State Grid Liaoning Electric Power Co.,
      Ltd. Information and Communication Branch Shenyang, China), Yan Wang
      (State Grid Liaoning Electric Power Co., Ltd. Information and
      Communication Branch Shenyang, China), and Xiaochen Shi (State Grid
      Liaoning Electric Power Co., Ltd. Information and Communication Branch
      Shenyang, China)

A Transformer Based Classified Traffic Prediction Scheme for Energy Digital Twin Network  218
      Zongxuan Sha (Beijing University of Technology, China), Chuang Sun
      (China Academy of Information and Communications Technology, China),
      Sha Wei (China Academy of Information and Communications Technology,
      China), Ru Huo (Beijing University of Technology, China), and He Ren
      (China Academy of Information and Communications Technology, China)

Adaptive Active Damping Control Method for Power Conversion System to Suppress Sub-/Super-
Synchronous Oscillation of PMSG Grid-Connected System  224
      Ke Zhou (Electric Power Research Institute of Guangxi Power Grid Co.,
      Ltd, China), Zilin Zhang (Hunan University, China), Wenhua Wu (Hunan
      University, China), Zhiwei Xie (Hunan University, China), Yandong Chen
      (Hunan University, China), and Qingren Jin (Electric Power Research
      Institute of Guangxi Power Grid Co., Ltd, China)

Multivariate KDE Prediction of Wind and Solar Power Considering Spatial and Temporal
Correlations  229
      Haiya Qian (Nanjing Normal University, China), Shuntao Qi (Nanjing
      Normal University, China), Qingshan Xu (Southeast University, China),
      Haochen Hua (Hohai University, China), and Chencheng Xu (China Energy
      Engineering Group Jiangsu Electric Power Design Institute Co., Ltd.,
      China)

xi



Analysis on Optimal Control of Flexible Temperature Regulating Electric Load Based on The
Considerations of User Comfort Level and Power Consumption Cost  235
      Ting Lu (National Institute of Clean-and-Low-Carbon Energy, China),
      Huatao Si (Guohua (Qixia) Wind Power Generation Co., Ltd, China), Ping
      Mao (National Institute of Clean-and-Low-Carbon Energy, China),
      Weikang Sun (Beijing Jiaotong University, China), Xizhuan Wang (Guohua
      (Qixia) Wind Power Generation Co., Ltd, China), Haitao Ma (Beijing
      Jiaotong University, China), and Lin Xu (Guohua (Qixia) Wind Power
      Generation Co., Ltd, China)

A Coordinated MMC Control Strategy of Integrated Photovoltaic/Battery System  241
      Yuexi Yang (State Grid Smart Grid Research Institute Co., Ltd.,
      China), Xiao Zhou (State Grid Smart Grid Research Institute Co., Ltd.,
      China), Sichao Wang (State Grid Smart Grid Research Institute Co.,
      Ltd., China), Chunpeng Li (State Grid Smart Grid Research Institute
      Co., Ltd., China), Junwei Huang (State Grid Fujian Electric Power
      Research Institute, China), and Wenzheng Xu (Beijing Jiaotong
      University, China)

Research on Abnormal Gas Alarm of Transformer in Hydropower Plant Based on Machine
Learning  246
      Jicheng Li (State grid northeast branch Lvyuan hydropower company
      Yunfeng power plant, China), Baocang Duan (State grid northeast branch
      Lvyuan hydropower company Yunfeng power plant, China), Zhenyu Zhou
      (State grid northeast branch Lvyuan hydropower company Yunfeng power
      plant, China), and Haibo Zhang (State grid northeast branch Lvyuan
      hydropower company Yunfeng power plant, China)

Multi-Energy Inertia Optimization Control Model of Distribution Network Considering
Source-Load Uncertainty  251
      Donghan Xie (State Grid Liaoning Province Electric Power Co., LTD.
      Anshan power supply company, China), Zheng Xu (State Grid Liaoning
      Province Electric Power Co., LTD. Anshan power supply company, China),
      He Wang (State Grid Liaoning Province Electric Power Co., LTD. Anshan
      power supply company, China), Chengpeng Liu (State Grid Liaoning
      Province Electric Power Co., LTD. Anshan power supply company, China),
      and Guohu Xu (State Grid Liaoning Province Electric Power Co., LTD.
      Anshan power supply company, China)

Research on Inertia Evaluation and Dynamic Optimization Method of High Proportion New
Energy Distribution Network  256
      Hai He (State Grid Liaoning Province Electric Power Co., LTD. Anshan
      power supply company, China), Donghan Xie (State Grid Liaoning
      Province Electric Power Co., LTD. Anshan power supply company, China),
      Qiao Zheng (State Grid Liaoning Province Electric Power Co., LTD.
      Anshan power supply company, China), Qi Guan (State Grid Liaoning
      Province Electric Power Co., LTD. Anshan power supply company, China),
      and He Wang (State Grid Liaoning Province Electric Power Co., LTD.
      Anshan power supply company, China)

xii



Research on Identification Method of Electricity Consumption Behavior of Small and
Medium-Sized Enterprises Based on Random Forest  260
      Yongrui Li (State Grid Liaoning Electric Power Co., Ltd., China), Shuo
      Yang (State Grid Liaoning Electric Power Co., Ltd., Economic and
      Technological Research Institute, China), Jia Yu (State Grid Liaoning
      Electric Power Co., Ltd., China), Zheng Wang (State Grid Liaoning
      Electric Power Co., Ltd., China), and Junjiao Zhao (State Grid
      Liaoning Electric Power Co., Ltd., Electric Power Research Institute,
      China)

A Health Status Prediction Method for Live-Line Working Personnel Based on Body State
Perception  266
      Jiafeng Wang (State Grid Liaoning Electric Power Co., Ltd. Anshan
      Power Supply Company, China), Xuebin Sun (State Grid Liaoning Electric
      Power Co., Ltd. Anshan Power Supply Company, China), Zhongchuang Shan
      (State Grid Liaoning Electric Power Co., Ltd. Anshan Power Supply
      Company, China), Shijian Liu (State Grid Liaoning Electric Power Co.,
      Ltd. Anshan Power Supply Company, China), Jicheng Yang (State Grid
      Liaoning Electric Power Co., Ltd. Anshan Power Supply Company, China),
      Shaonan Guo (State Grid Liaoning Electric Power Co., Ltd. Anshan Power
      Supply Company, China), and Peng Gao (State Grid Liaoning Electric
      Power Co., Ltd. Anshan Power Supply Company, China)

Short-Term Electricity Load Forecasting Based on Ensemble Empirical Mode Decomposition and
Long Short-Term Memory Neural Network  271
      Haiyan Xu (Shenyang jianzhu university, China), Yong Zhang (Shenyang
      jianzhu university, China), and Yong Zhao (Northeastern University,
      China)

Multi-Dimensional Electric Carbon Index Cluster Analysis Based on Electricity Consumption
Data in Administrative Area  276
      Yongrui Li (State Grid Liaoning Electric Power Co., LTD, China), Jia
      Yu (State Grid Liaoning Electric Power Co., LTD., China), Liangzhi Yin
      (State Grid Liaoning Province Electric Power Co., LTD. Anshan power
      supply company, China), Shuo Yang (State Grid Liaoning Electric Power
      Co., LTD. Economic and technological research institute, China),
      Wenlei Dou (State Grid Liaoning Electric Power Co., LTD, China),
      Zhuoran Song (State Grid Liaoning Electric Power Co., LTD., China),
      Jing Zhang (State Grid Liaoning Province Electric Power Co., LTD.
      Anshan power supply company, China), Yukun Jin (State Grid Liaoning
      Province Electric Power Co., LTD. Anshan power supply company, China),
      Zhuo Zhao (State Grid Liaoning Province Electric Power Co., LTD.
      Anshan power supply company, China), and Xiaodong Wang (State Grid
      Liaoning Province Electric Power Co., LTD. Anshan power supply
      company, China)

xiii



Two-Layer Optimization Method of New Energy Power Grid Loss Reduction Potential
Considering Comprehensive Benefits  282
      Zhanjun Li (State Grid Liaoning Electric Power Co., Ltd., China),
      Zhitong Guo (State Grid Liaoning Electric Power Co., Ltd., China),
      Shuhong Song (State Grid Liaoning Electric Power Co., Ltd. Shenyang
      Power Supply Company, China), Fangfei Wang (State Grid Liaoning
      Electric Power Co., Ltd. Dalian Power Supply Company, China), Jinglin
      Guan (State Grid Liaoning Electric Power Co., Ltd. Anshan Power Supply
      Company, China), Yaoding Gu (State Grid Liaoning Electric Power Co.,
      Ltd. Fushun Power Supply Company, China), Manyu Jin (State Grid
      Liaoning Electric Power Co., Ltd. Benxi Power Supply Company, China),
      Song Gao (State Grid Liaoning Electric Power Co., Ltd. Dandong Power
      Supply Company, China), and Wenda Jiang (State Grid Liaoning Electric
      Power Co., Ltd. Panjin Power Supply Company, China)

Full-Cycle Lean Management of Power Grid Line Loss Based on Analytic Hierarchy Process  288
      Yong Wang (State Grid Liaoning Electric Power Co., Ltd., China), Song
      Li (State Grid Liaoning Electric Power Co., Ltd., China), Chenglei Sun
      (State Grid Jinzhou power supply company, China ), Shiyang Zhao (State
      grid Yingkou power supply company, China), Yi Wang (State grid Fuxin
      power supply company, China ), Peng Zhang (State grid Liaoyang power
      supply company, China ), Wei Li, Shixiong Cui (State grid Chaoyang
      power supply company, China ), and Zhitao Li (State grid Huludao power
      supply company, China)

Bilateral Market Mechanism and Clearing Model of the Valley Regulation Ancillary Service
Considering Virtual Power Plants  293
      Jiang Dai (Power Dispatching Center Guizhou Power Grid Co., China),
      Jinquan Zhao (Shanghai University of Electric Power, China), Chengkui
      Tang (Shanghai University of Electric Power, China), and Youquan Jiang
      (Power Dispatching Center Guizhou Power Grid Co., China)

Load Forecast of Rail Transit Power System Based on Dropout Echo State Network  299
      Xiaohui Mu (Tsinghua University, China) and Junwei Cao (Tsinghua
      University, China)

Electrical Voiceprint Recognition Algorithm Based on SN-GAN-ResNet Network  304
      Qinglin Qian (Shanghai Jiao Tong University, China), Penglu Gao (State
      Grid Shandong Electric Power Company State Grid, China), Honglin Zhao
      (State Grid Shandong Electric Power Company State Grid, China), Tao
      Chen (Shandong Electric Power Company Power Science Research Institute
      State Grid, China), Weihao Sun (Shanghai Jiao Tong University, China),
      and Yongpeng Xu (Shanghai Jiao Tong University, China)

Flexibility Enhancement Planning of Active Distribution Networks Considering Optimal
Dispatch of Demand Response  310
      Ruizhe Fan (North China University of Technology, China), Changbin Hu
      (North China University of Technology, China), Shanna Luo (North China
      University of Technology, China), Xuecheng Li (University of
      Duisburg-Essen, Germany), Heng Lu (University of Duisburg-Essen,
      Germany), and Jun Feng (North China University of Technology, China)

xiv



Optimal Design of Wind Energy Storage Microgrid Operation with Compressed Air Energy
Storage  315
      Xiaojiao Liang (State Grid Shandong Electric Power Corporation
      Dongying Power Supply Company, China), Yuanyuan Feng (State Grid
      Shandong Electric Power Corporation Dongying Power Supply Company,
      China), Dong Han (State Grid Shandong Electric Power Corporation
      Dongying Power Supply Company, China), Wenjie Li (State Grid Shandong
      Electric Power Corporation Dongying Power Supply Company, China),
      Xuemin Liu (State Grid Shandong Electric Power Corporation Dongying
      Power Supply Company, China), Jianhua Wang (State Grid Shandong
      Electric Power Corporation Dongying Power Supply Company, China), and
      Yongjian Sun (State Grid Shandong Electric Power Corporation Dongying
      Power Supply Company, China)

Incorporating Power Angle Stability and Frequency Stability in Generation Optimization
Planning with High Renewable Energy Penetration  321
      Houyi Zhang (Electric Power Research Institute of Guizhou Power Grid
      Co., Ltd, China), Yutao Xu (Electric Power Research Institute of
      Guizhou Power Grid Co., Ltd, China), Zhukui Tan (Electric Power
      Research Institute of Guizhou Power Grid Co., Ltd, China), Qihui Feng
      (Electric Power Research Institute of Guizhou Power Grid Co., Ltd,
      China), Lu Liu (Shanghai Jiao Tong University, China), Haozhong Cheng
      (Shanghai Jiao Tong University, China), and Xinyi Chen (Shanghai Jiao
      Tong University, China)

Short-Term Load Forecasting via a Multi-Layer Network Based on Feature Weight Optimization  326
      Yan Huang (Department of Automation, Tsinghua University, China),
      Jieqiong Gan (Toyota Motor Technical Research And Service (Shanghai)
      Co., Ltd., Advanced Engineering Research Div., China), Zhongqi Wang
      (Toyota Motor Technical Research And Service (Shanghai) Co., Ltd.,
      Advanced Engineering Research Div., China), Zhaozhe Zhong (Toyota
      Motor Technical Research And Service (Shanghai) Co., Ltd., Advanced
      Engineering Research Div., China), Jian Liu (Toyota Motor Technical
      Research And Service (Shanghai) Co., Ltd., Advanced Engineering
      Research Div., China), and Junwei Cao (Beijing National Research
      Center of Information Science and Technology, Tsinghua University,
      China)

Comparison of Two Operating Strategies of Energy Storage for Wind Farms  332
      Li Xiong (Guangxi Power Grid Corp. China Southern Power Grid, China),
      Ling Li (Guangxi Power Grid Corp. China Southern Power Grid, China),
      Qiuquan Deng (Guangxi Power Grid Corp. China Southern Power Grid,
      China), and Yuning Sheng (Shanghai Jiao Tong University, China)

xv



Optimization Model for Virtual Power Plant Electricity Market Transactions  336
      Peng Yuan (State Grid Liaoning Electric Power Co., Ltd. Electric Power
      Science Research Institute Shenyang, China), Qingsong Zhao (State Grid
      Liaoning Electric Power Co., Ltd. Electric Power Science Research
      Institute Shenyang, China), Jifeng Cheng (State Grid Liaoning Electric
      Power Co., Ltd. Electric Power Science Research Institute Shenyang,
      China), Junjie Sun (State Grid Liaoning Electric Power Co., Ltd.
      Electric Power Science Research Institute Shenyang, China), Qiang
      Zhang (State Grid Liaoning Electric Power Co., Ltd. Electric Power
      Science Research Institute Shenyang, China), and Tingqi Zhang (State
      Grid Liaoning Electric Power Co., Ltd. Electric Power Science Research
      Institute Shenyang, China)

Electric Vehicle Battery Swapping Demand Prediction Based on Feature Selection and
Bidirectional Temporal Convolutional Network  340
      Longfei Zhang (Electric Power Research Institute of Guangxi Power Grid
      Co., Ltd, China), Ning Wu (Electric Power Research Institute of
      Guangxi Power Grid Co., Ltd, China), Shuai Han (Electric Power
      Research Institute of Guangxi Power Grid Co., Ltd, China), Jing Xiao
      (Electric Power Research Institute of Guangxi Power Grid Co., Ltd,
      China), and Shiya Ruan (Electric Power Research Institute of Guangxi
      Power Grid Co., Ltd, China)

UPPAAL-Based Model Structure Transformation Algorithm from STM to TA  346
      Zhanjun Huang (Northwestern Polytechnical University, China), Yiming
      Wang (Northwestern Polytechnical University, China), Wenzhuo Shang
      (Northwestern Polytechnical University, China), Jianing Yan
      (Northwestern Polytechnical University, China), and An Zhang
      (Northwestern Polytechnical University, China)

Design of Virtual Power Plant Trading Mode Based on Blockchain Technology  351
      Peng Yuan (State Grid Liaoning Electric Power Co., Ltd. Electric Power
      Science Research Institute Shenyang, China), Qingsong Zhao (State Grid
      Liaoning Electric Power Co., Ltd. Electric Power Science Research
      Institute Shenyang, China), Jifeng Cheng (State Grid Liaoning Electric
      Power Co., Ltd. Electric Power Science Research Institute Shenyang,
      China), Junjie Sun (State Grid Liaoning Electric Power Co., Ltd.
      Electric Power Science Research Institute Shenyang, China), Qiang
      Zhang (State Grid Liaoning Electric Power Co., Ltd. Electric Power
      Science Research Institute Shenyang, China), and Tingqi Zhang (State
      Grid Liaoning Electric Power Co., Ltd. Electric Power Science Research
      Institute Shenyang, China)

A MPC Strategy for Current Source Inverter Based on Modified Finite Control Set  356
      Xiao Zeng (Hang Zhou City University Hang Zhou, China), Jing Li (Hang
      Zhou City University Hang Zhou, China), Pengcheng Yang (Hang Zhou City
      University Hang Zhou, China), Hongda Cai (Hang Zhou City University
      Hang Zhou, China), and Yu Wang (Hang Zhou City University Hang Zhou,
      China)

xvi



Research on Substation Video Encryption Technology Based on Exponential Columbian Codeword
Algorithm  360
      Qian Gao (State Grid Liaoning Electric Power Co., Ltd. Yingkou Power
      Supply Company Yingkou, China), Zhengdao Liu (State Grid Liaoning
      Electric Power Co., Ltd. Yingkou Power Supply Company Yingkou, China),
      and Wei Zheng (State Grid Liaoning Electric Power Co., Ltd. Yingkou
      Power Supply Company Yingkou, China)

Numeric Comparisons of the Operation of Battery Storage Under Its Degradation Constraint  364
      Ling Li (Power Dispatch & Control Centre, Guangxi Power Grid Corp.
      China Southern Power Grid, China), Qiuquan Deng (Power Dispatch &
      Control Centre, Guangxi Power Grid Corp. China Southern Power Grid,
      China), Li Xiong (Power Dispatch & Control Centre, Guangxi Power Grid
      Corp. China Southern Power Grid, China), and Shuyi Xia (Shanghai Jiao
      Tong University, China)

Joint Dynamic Scheduling of Mobile Emergency Resources in Distribution Network After
Disaster Considering the Influence of Traffic Network  367
      Yilin Pan (State Grid Liaoning Electric Power Co., Ltd., China),
      Jiazheng Zhu (State Grid Liaoning Electric Power Co., Ltd., China),
      Xin Li (Northeastern University, China), Jiayu Cai (State Grid
      Liaoning Electric Power Co., Ltd., China), and Yuchen Zhang (State
      Grid Liaoning Electric Power Co., Ltd., China)

Analysis and Research on the Flexible Load Response Ability of Central air Conditioning  373
      Yuqing Cai (State Grid Fujian Marketing Service Center (Metering
      Center and Integrated Capital Center), China), Wuxiao Chen (State Grid
      Fujian Marketing Service Center (Metering Center and Integrated
      Capital Center), China), Chenhan Zhang (State Grid Fujian Marketing
      Service Center (Metering Center and Integrated Capital Center),
      China), Qiang Ye (State Grid Fujian Marketing Service Center (Metering
      Center and Integrated Capital Center), China), Zhijun Jiang (State
      Grid Fujian Marketing Service Center (Metering Center and Integrated
      Capital Center), China), and Xuying Liu (State Grid Fujian Marketing
      Service Center (Metering Center and Integrated Capital Center), China)

A Method for Evaluating the Controllable Potential of Distributed Resources in Virtual
Power Plants Based on Cloud Edge Collaborative Architecture  379
      Tianfeng Chu (Northeastern University, China; State Grid Liaoning
      Electric Power Co., Ltd., China), Tong Wang (State Grid Liaoning
      Electric Power Co., Ltd., China), Huixin Hong (Northeastern
      University, China), Min Hou (Northeastern University, China), and Yihe
      Wang (State Grid Liaoning Electric Power Co., Ltd., China)

Research on the Transaction Mechanism Linking the Retail Market and Wholesale Market in
the Electricity Sector  385
      Jian Zhang (Liaoning Power Trading Center Co., Ltd., China), Ye Zhang
      (Liaoning Power Trading Center Co., Ltd., China), Jingwei Hu (State
      Grid Liaoning Electric Power Co., Ltd. Electric Power Science Research
      Institute, China), Nannan Xia (Liaoning Power Trading Center Co.,
      Ltd., China), and Bo Dong (Liaoning Power Trading Center Co., Ltd.,
      China)

xvii



Research on Pricing Strategy of Power Retail Market Packages Considering Demand-Side
Response  389
      Jingwei Hu (State Grid Liaoning Electric Power Co., Ltd. Economic and
      Technical Research Institute Shenyang, China), Zongyuan Wang (State
      Grid Liaoning Electric Power Co., Ltd. Economic and Technical Research
      Institute Shenyang, China), Wenying Shang (State Grid Liaoning
      Electric Power Co., Ltd. Economic and Technical Research Institute
      Shenyang, China), Ruojing Chen (State Grid Liaoning Electric Power
      Co., Ltd. Economic and Technical Research Institute Shenyang, China),
      and Haiwei Jiang (State Grid Liaoning Electric Power Co., Ltd.
      Economic and Technical Research Institute Shenyang, China)

Research on Power Data Compression Based on Improved Wavelet Transform Method  393
      Yan Zheng (State Grid Liaoning Electric Power Co., Ltd. Dalian Power
      Supply Company Dalian, China), Shu Cui (State Grid Liaoning Electric
      Power Co., Ltd. Dalian Power Supply Company Dalian, China), Hongbin
      Wang (State Grid Liaoning Electric Power Co., Ltd. Dalian Power Supply
      Company Dalian, China), Qian Cong (State Grid Liaoning Electric Power
      Co., Ltd. Dalian Power Supply Company Dalian, China), Dalin Ai (State
      Grid Liaoning Electric Power Co., Ltd. Dalian Power Supply Company
      Dalian, China), and Zhongwei Wang (State Grid Liaoning Electric Power
      Co., Ltd. Dalian Power Supply Company Dalian, China)

Research on the Application of Digital Twin Technology in the Field of Electric Energy
Metering Popularization  397
      Dan Li (State Grid Liaoning Marketing Service Center Shenyang, China),
      Tong Wu (State Grid Liaoning Marketing Service Center Shenyang,
      China), Lina Sun (State Grid Liaoning Marketing Service Center
      Shenyang, China), Yudong Zhao (State Grid Liaoning Marketing
      Department Shenyang, China), Jiguang Xue (State Grid Liaoning
      Marketing Service Center Shenyang, China), and Jun Wang (State Grid
      Liaoning Marketing Service Center Shenyang, China)

Algorithm for Emotion Recognition of Power Customers Based on Hybrid Neural Networks  401
      Fei Lu (State Grid Liaoning Electric Power Co., Ltd. Dandong Power
      Supply Company Dandong, China), Wu Liu (State Grid Liaoning Electric
      Power Co., Ltd. Dandong Power Supply Company Dandong, China), Fanglu
      Wang (State Grid Liaoning Electric Power Co., Ltd. Dandong Power
      Supply Company Dandong, China), Yanguo Han (State Grid Liaoning
      Electric Power Co., Ltd. Dandong Power Supply Company Dandong, China),
      Haihong Liang (State Grid Liaoning Electric Power Co., Ltd. Dandong
      Power Supply Company Dandong, China), Xiaozhou Shen (State Grid
      Liaoning Electric Power Co., Ltd. Dandong Power Supply Company
      Dandong, China), and Ling Jiang (State Grid Liaoning Electric Power
      Co., Ltd. Dandong Power Supply Company Dandong, China)

State Estimation and Distributed Optimization of Multi-Energy Coupled System Based on
Improved Kalman Filter Algorithm  406
      Jiazheng Zhu (State Grid Liaoning Electric Power Co., Ltd., China),
      Yilin Pan (State Grid Liaoning Electric Power Co., Ltd., China), Liudi
      Yang (State Grid Liaoning Electric Power Co., Ltd., China), Bowei Liu
      (State Grid Liaoning Electric Power Co., Ltd., China), and Yi Zhang
      (State Grid Liaoning Electric Power Co., Ltd., China)

xviii



 
 

Author Index  413

xix




