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Preface

Welcome to the proceedings of the Twelfth International Conference on
Management Science and Engineering Management (ICMSEM 2018) held from
1 to 4 August 2018, in Melbourne, Australia. The International Conference on
Management Science and Engineering Management is an annual conference
organized by the International Society of Management Science and Engineering
Management (ISMSEM). The conference aims to foster international research
collaborations in Management Science (MS) and Engineering Management (EM) as
well as to provide a forum for presenting current research work in the forms of
technical sessions. Round-table discussions during the conference period would
provide a nice, relaxing and enjoyable atmosphere in which participants can share
their academic achievements in MS and EM as well as communicate with others.

The ICMSEM has been held eleven times since 2007 in meeting locations across
Asia, Europe and the Americas, and has had a great influence on Management
Science and Engineering Management research. In the past eleven years, the
ICMSEM has been successfully held in Chengdu, Chongqing, Bangkok, Chungli,
Macau, Islamabad, Philadelphia, Lisbon, Karlsruhe, Baku and Kanazawa, each of
which attracted some famous researchers in related fields to take part in and make
keynote speeches. At the same time, many authors gave excellent presentations and
further discussed frontier research in MS and EM. Furthermore, all accepted papers
in the proceedings of each International Conference on Management Science and
Engineering Management were published by high-level publishing houses, where
the 1st, 2nd, 3rd, 4th, 6th, 7th, 8th, 9th and the 10th ICMSEM proceedings have
been retrieved by EI or ISTP Compendex and the 12th ICMSEM has been delivered
to both ISTP and EI retrieval. Because of the high quality of the research, the
ISMSEM Advancement Prize is established to be awarded for papers which focus
on innovative practical applications for Management Science and Engineering
Management.

Based on the experience of last year’s conference in Kanazawa, eight researchers
from Azerbaijan, Canada, Japan, Korea, Republic of Moldova, Portugal and the
USA made their keynote address presentation about optimization, machine learn-
ing, industry 4.0, sustainability and so on. Around 100 authors and some local
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researchers took part in the conference which generated a heated discussion during
the parallel sessions as well as sparked great inspiration for future research. At the
opening ceremony, six authors received rewards of ISMSEM Advancement Prize
and their excellent papers were selected to report to the attendees. In addition, the
solid academic atmosphere and environment of Kanazawa University also made the
conference successful and comfortable. Taking this opportunity, we would also like
to acknowledge the assistance we received from the International Society of
Management Science and Engineering Management, Kanazawa University and
Sichuan University for the conference organization.

This year, 136 papers from 19 countries were accepted for presentation or poster
display at the conference. These papers were respectively from Australia,
Azerbaijan, Bangladesh, Canada, China, Iran, Japan, Korea, the Republic of
Moldova, Malaysia, Mexico, Pakistan, Portugal, Spain, Sweden, Thailand, Turkey,
the USA and Uzbekistan. Each accepted paper was reviewed by three reviewers,
who gave objective and helpful revision advice to the authors where necessary.
Therefore, the result has made conference proceedings of very high quality. The
papers in the proceedings have been classified into eight sections: Decision Support
System, Computing Methodology, Information Technology, Data Analysis and
Mining, Operational Management, Project Management, Green Supply Chain and
Industry Strategy Management. Besides, the key issues at the twelfth ICMSEM
covered many areas of current popularity in Management Science and Engineering
Management. To further encourage state-of-the-art research in the field of
Management Science and Engineering Management, the ISMSEM Advancement
Prize was awarded to the excellent papers at the conference.

We would like to take this opportunity to thank all participants, all of whom
worked exceptionally hard to ensure this conference was a success. We want to
express our sincere gratitude to the following prestigious academies and institutions
for their high-quality papers and great support for the ICMSEM: the Azerbaijan
Academy of Sciences, the Moldova Academy of Sciences, Academy of Sciences
of the Republic of Uzbekistan, Monash University and Sichuan University. We also
appreciate Springer-Verlag for the publication of the proceedings. Meanwhile, we
are grateful to Prof. Gary Magee as the General Chair, Prof. Fang Lee Cooke, Prof.
Greg Bamber and Prof. George Rivers for their work as the Organizing Committee
Chairs. Further, we appreciate the great support received from all members of the
Local Committee, International Program Committee Chairs and Members as well as
all participants. Finally, we would like to thank all researchers for their excellent
conference papers which made the proceedings of our conference more academic
and professional.

As MSEM research is in continuous development, many new MSEM devel-
opment trends have emerged. Our work needs to continue to focus on MSEM so as
to encourage greater and more innovative development activity. Next year, we plan
to continue the novel and successful ICMSEM and intend to increase our efforts to
improve the quality of the proceedings and to recommend more excellent papers for
the ISMSEM Advancement Prize. The thirteenth ICMSEM will be hosted in Brock
University, Ontario, Canada, in July 2019. Professor Syed Ejaz Ahmed has been
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nominated as the General Chair for the 2019 ICMSEM, and we believe the next
conference will be held successfully and excellently. In the end, we sincerely hope
you can submit your new MSEM findings and share your great idea in Ontario,
Canada.

Melbourne, Australia Jiuping Xu
March 2018 Fang Lee Cooke

Mitsuo Gen
Syed Ejaz Ahmed

Preface vii



Organization

ICMSEM 2018 was organized by International Society of Management Science and
Engineering Management, Sichuan University (Chengdu, China), Monash
University (Melbourne, Australia). It was held in cooperation with Lecture Notes
on Multidisciplinary Industrial Engineering (LNMIE) of Springer.

Executive Committee

General Chairs

Prof. Jiuping Xu, Sichuan University, China
Prof. Gary Magee, Monash University, Australia

Program Committee Chairs

Shavkat Ayupov, Academy of Sciences of Uzbekistan, Tashkent Uzbekistan
Benjamin Lev, Drexel University, Philadelphia, USA
Asaf Hajiyev, Institute of Systems Control, National Academy of Sciences, Baku,
Azerbaijan
Syed Ejaz Ahmed, McMaster university, Hamilton, Ontario, Canada
V. Cruz Machado, Universidade Nova de Lisboa, Lisbon, Portugal
Baldev Raj, President of the Indian National Academy of Engineering (INAE),
India
Mitsuo Gen, Tokyo University of Science, Japan
Reza Tavakkoli-Moghaddam, University of Tehran, Iran

Organizing Committee Chairs

Prof. Fang Lee Cooke, Monash University, Australia
Prof. Greg Bamber, Monash University, Australia
Dr. George Rivers, Monash University, Australia

ix



Program Committee

Prof. Mohammad Z. Abu-Sbeih, King Fahd University of Petroleum and Minerals,
Saudi Arabia
Prof. Joseph G. Aguayo, University of Concepcion, Chile
Prof. Basem S. Attili, United Arab Emirates University, United Arab Emirates
Prof. Alain Billionnet, Ecole National Superieure Informatics for Industry and
Enterprise, France
Prof. Borut Buchmeister, University of Maribor, Slovenia
Prof. Daria Bugajewska, Adam Mickiewicz University, Poland
Prof. Saibal Chattopadhyay, Indian Institute of Management, India
Prof. Edwin Cheng, Hong Kong Polytechnic University, Hong Kong
Prof. Anthony Shun Fung Chiu, De La Salle University, Philippines
Prof. Jeong-Whan Choi, Department of Mathematics, Republic of Korea
Prof. Kaharudin Dimyati, University of Malaya, Malaysia
Prof. Behloul Djilali, University of Sciences and Technology Houari Boumediene,
Algeria
Prof. Eid Hassan Doha, Cairo University, Giza, Egypt
Prof. O’Regan Donal, National University of Ireland, Ireland
Dr. Siham El-Kafafi, Manukau Institute of Technology, New Zealand
Prof. Christodoulos A. Floudas, Princeton University, USA
Prof. Masao Fukushima, Kyoto University, Japan
Prof. Oleg Granichin, Sankt-Petersburg State University, Russia
Prof. Bernard Han, Western Michigan University, USA
Dr. Rene Henrion, Humboldt University, Germany
Prof. Voratas Kachitvichyanukul, Asian Institute of Technology, Thailand
Prof. Arne Løkketangen, Molde University College, Norway
Dr. Andres Medaglia, University of the Andes, Colombia
Prof. Venkat Murali, Rhodes University, South Africa
Prof. Shmuel S. Oren, University of California Berkeley, USA
Prof. Turgut Öziş, Ege University, Turkey
Prof. Panos M. Pardalos, University of Florida, USA
Prof. Gianni Di Pillo, Sapienza University of Rome, Italy
Prof. Nasrudin Abd Rahim, University of Malaya, Malaysia
Prof. Celso Ribeiro, Fluminense Federal University, Brazil
Prof. Hsin Rau, Chung Yuan Christian University, Taiwan
Prof. Jan Joachim Ruckmann, University of Birmingham, UK
Prof. Martin Skitmore, Queensland University of Technology, Australia
Prof. Frits C. R. Spieksma, Katholieke University Leuven, Belgium
Prof. Yong Tan, University of Washington, USA
Prof. Albert P. M. Wagelmans, Erasmus University Rotterdam, the Netherlands
Prof. Desheng Dash Wu, University of Toronto, Canada
Prof. Hong Yan, Hong Kong Polytechnic University, Hong Kong

x Organization



Secretary General

Prof. Zhineng Hu, Sichuan University, China

Under-Secretary General

Dr. Jingqi Dai, Sichuan University, China
Prof. Zongmin Li, Sichuan University, China

Secretaries

Rongwei Sun, Tingting Liu, Mengyuan Zhu, Lurong Fan

Organization xi



Contents

1 Advancement of Decision Support System, Computing
Methodology, Information Technology, Data Analysis
and Mining Based on the Twelfth ICMSEM Proceedings . . . . . . 1
Jiuping Xu

Part I Decision Support System

2 Shopping Online Without Thinking: Myth or Reality . . . . . . . . . 15
Umair Akram, Peng Hui, Muhammad Kaleem Khan, Chen Yan,
Yasir Tanveer and Muhammad Hashim

3 Nostalgic Advertising and Purchase Behavior . . . . . . . . . . . . . . . 29
Kamran Khan and Syed Karamatullah Hussainy

4 Impact of Family Involvement on the Bank Risk Taking
Behavior: Evidence from Islamic Countries . . . . . . . . . . . . . . . . 41
Safdar Husain Tahir, Gulzar Ahmad, Nabeeha Ghafoor,
Muhammad Rizwan Ullah and Aijaz Mustafa Hashmi

5 A Framework of a V2X Communication System for Enhancing
Vehicle and Pedestrian Safety at Un-Signalized Intersections . . . 51
Xinxin Xu, Ziqiang Zeng, Yinhai Wang and John Ash

6 Vulnerability and Excitation Mechanism of the Extreme Group
Conflict Based on Stochastic Catastrophe Theory . . . . . . . . . . . . 65
Yue Cao, Guoqiang Xiong, Dan Liu and Gezi Xu

7 Application of Intuitionistic Fuzzy Decision-Making Theory
to the Allocation of Poverty Alleviation Project Funds . . . . . . . . 79
Zhiyi Meng, Lai Xue, Fengming Yang, Chong Wang
and Yunqiang Liu

xiii



8 Decision on Social Entrepreneurship: Empathy
or Sympathy? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Xueling Li, Jing Liu and Ci-Rong Li

9 The Impact of Shared Economy on the Business Model:
From Decentralization to Recentralization . . . . . . . . . . . . . . . . . 97
Zutian Sheng, Yulin Wang and Yi Sheng

10 On Knowledge Division Within Knowledge Networks:
The Perspective of Cooperative Game Theory . . . . . . . . . . . . . . 109
Yangwu Long, Qifeng Wei, Tao Wang and Jiayin Fu

11 Bi-Level Optimization for an Integrated Project
Scheduling-Resources Supply System and Its Application . . . . . . 119
Cuiying Feng, Ting Ni and Gengui Zhou

12 A Binary Voting Power Measure Method Based on Social
Network and View Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . 135
Ruili Shi, Chunxiang Guo, Xin Gu and Yun Liu

13 Tactile Perception and Purchase Behavior in Online Shopping:
Review and Prospect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149
Shoujiang Zhou, Shan Li and Hong Wang

14 Technology-Recycling Integration Based Equilibrium Strategy
for Chemical Industry Residues: A Perspective from CO2

Mineralization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Lurong Fan, Xin Yang, Zongmin Li, Xin Liu, Huan Zheng
and Jiangbo Yu

15 The Electric Vehicle Routing Problem with Soft Time Windows
and Recharging Stations in the Reverse Logistics . . . . . . . . . . . . 171
Xu Zhang, Jin Yao, Zhixue Liao and Jinmin Li

16 Improved Fuzzy Comprehensive Evaluation with AHP in
Construction Risk Assessment: A Case Study of Tunnel Boring
Machine at High Altitude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183
Xuedong Liang, Rui Chen, Xingli Wu and Hongyan Zheng

17 Joint Pricing and Inventory Decision Considering the Reference
Price Effect Based on Advance Selling . . . . . . . . . . . . . . . . . . . . 195
Jiaying Li, Chunxiang Guo and Pingping Wang

18 Equilibrium Strategy Based Carbon Dioxide Emission
Reduction and Waste Water Reuse of Coal Chemical
Enterprise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Jingqi Dai, Rongwei Sun and Mengyuan Zhu

xiv Contents



Part II Computing Methodology

19 Models of Moving Particles with Continuous Movement . . . . . . . 227
Asaf Hajiyev, Narmina Abdullayeva and Mehmet Hamidoglu

20 Agent-Based Computer Modeling for Understanding
Organizational Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 239
Motoki Watabe and Daisuke Nakama

21 Identifying the Emerging Safety Technologies Using Futuristic
Data: Topic Modeling and Diversity Approach . . . . . . . . . . . . . . 251
Wooseok Jang and Hyeonju Seol

22 Improving Estimation of Regression Parameters in Negative
Binomial Regression Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Orawan Reangsephet, Supranee Lisawadi and S. Ejaz Ahmed

23 Developing an Automated Machine Learning Approach
to Test Discontinuity in DNA for Detecting Tuberculosis . . . . . . 277
A. Rahman, S. F. Nimmy and G. Sarowar

24 An Improved Genetic Algorithm for Pro-active Dynamic
Vehicle Routing Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287
Xianlong Ge and Guiqin Xue

25 The Influence of Internet Finance on the Choice of Bank
Technology Innovation Mode Based the Perspective
of Technology Spillover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 303
Dan Zhao

26 Evaluating Water Supply Scheme from Urbanization
Perspective Based on Weighted TOPSIS . . . . . . . . . . . . . . . . . . . 313
Lu Gan, Pengyan Jiang and Xiuyun Chen

27 Efficient and Improved Estimation Strategy in Zero-Inflated
Poisson Regression Models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 329
Yasin Asar, S. Ejaz Ahmed and Bahadır Yüzbaşı

28 Solving the Bidding Generation Problem in Transportation
Services Procurement by Using Bi-level Programming . . . . . . . . 343
Fang Yan, Kai Chen and Ke Wu

29 A Computable General Equilibrium Model for the Finance
Policy Simulation and Optimal Selection of Renewable
Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355
Lei Xu, Yumei Zhuo and Yuan Yuan

Contents xv



30 Simulation Research for Patient Capacity and Arrival Strategy
on Sub-period Appointment in the Radiology Department
of General Hospital . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367
Yueyu Li, Lihui Gou and Lei Jin

31 Research on Personalized Recommendation of Smart Phones
Applications Based on Association Rules and Collaborative
Filtering Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379
Dan Zhang, Xinrui Wang, Di Wang, Yue He and Changzheng He

32 Stock Price Forecast Based on LSTM Neural Network . . . . . . . . 393
Qiang Jiang, Chenglin Tang, Chen Chen, Xin Wang
and Qing Huang

33 Two-Sided Matching System Based on Ordinal Relation
Recognition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 409
Qingqing Wang, Renshu Zuo and Mingxin Li

34 Current Situation and Countermeasure Analysis of Freshmen’s
Adaptability Based on Projection Pursuit Dynamic Clustering
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 419
Hongyan Zheng, Min Huang and Xinli Zhang

35 Research on the Application of Genetic Algorithm in Urban
Travel Itinerary Planning—A Case Study of Chengdu City,
China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 433
Shiying Yan, Yong Huang, Xiaohuan Wang, Yue He
and Liang Zhao

Part III Information Technology

36 Evolving Science Management Paradigm for the Benefit
of Socio-Economic Development . . . . . . . . . . . . . . . . . . . . . . . . . 453
Gheorghe Duca, Asaf Hajiyev and Igor Serotila

37 Role of Green Information System and Information Cycle
in Environmental Performance . . . . . . . . . . . . . . . . . . . . . . . . . . 465
Shariq Ahmed, Abdullah Khan, Sameer Paul
and Syed Hasnain Alam Kazmi

38 Exploring the Indirect Effect of Emotional Intelligence
on Interpersonal Conflict Under FLMs Leadership . . . . . . . . . . 477
Yasir Tanveer, Jiayin Qi, Anum Tariq and Umair Akram

39 Research on Hardware Product’s Reliability Step Change
During the Phase Switch Process Based on Catastrophe
Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 491
Weidong Liu, Lilin Jie, Zheng Sun, Shasha Teng and Gen Wen

xvi Contents



40 Multi-Objective Optimization Problem for Hydroelectric
Construction Project and Strategy Analysis Based on Carbon
Emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507
Huan Zheng and Hailong Bai

41 A Spiral Model of Trust Evolution . . . . . . . . . . . . . . . . . . . . . . . 515
Ying Tang, Andrea Moro, Sandro Sozzo and Zhiyong Li

42 A Study on Predicting the Microblog Retweet Based the
Random Walk Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527
Yunzhong Cao, Jing Zhang, Yuanhong Ma and Peiji Shao

43 Forecasting Crude Oil Price Based on EMD-Wavelet-GARCH
Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 543
Jiancheng Hu, Lin Du and Yafang Hei

44 A Dynamic Financial Distress Forecast Model with
Time-Weighting Based on Random Forest . . . . . . . . . . . . . . . . . 555
Feng Shen, Yongyong Liu, Dao Lan and Zhiyong Li

45 Performance Evaluation of Government Crisis Management
Based on Balanced Scorecard Under Informatization . . . . . . . . . 567
Chong Wang, Yan Qi, Yunqiang Liu and Fang Wang

46 Multi-Objective Bi-Level Programming Under Fuzzy Random
Environment for Stone Industry Parks Location . . . . . . . . . . . . 579
Yan Tu, Zongmin Li, Ling Nie and Xiaoyang Zhou

47 Do Scholar Independent Directors Improve Audit
Quality?—The Evidence from China . . . . . . . . . . . . . . . . . . . . . 597
Rui Xiang and Kewen Chen

48 The Formation Mechanism of Public-Private Technological
Innovation Network: Analysis Based on System Dynamics . . . . . 609
Guichuan Zhou, Tao Xie, Jing Xu and Qiwei Zhao

49 Managerial Power, Ownership and Stock Price Crash Risk . . . . 619
Yingkai Tang, Lu Xie, Weiping Li and Yang Meng

50 A Minimum Cost Consensus Model Considering Individual
Tolerance Levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 633
Xieyu Yang, Zhibin Wu, Jiuping Xu and Rui Qiu

51 In Search of the Main Wreckage of the Aircraft Crashed
in Open Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 645
Shihe Li and Jiejie Chen

52 Testing the Dynamic Nature of Porter Hypothesis: Evidence
from the Chinese Industrial Sectors . . . . . . . . . . . . . . . . . . . . . . 663
Xiang Wang, Yanjia Li and Yuandi Wang

Contents xvii



53 Challenges and Opportunities for Information Resource
Management for E-Governance in Bangladesh . . . . . . . . . . . . . . 675
Md Nazirul Islam Sarker, Min Wu, Runqiu Liu and Chenwei Ma

Part IV Data Analysis and Mining

54 Measuring Efficiency of Thailand’s Football Premier Leagues
Using Data Envelopment Analysis . . . . . . . . . . . . . . . . . . . . . . . . 691
Pornpimol Chaiwuttisak

55 A Comparative Study on Search Keyword Advertising
to Attract Tourists . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 701
Masahide Yamamoto

56 Reliability Analysis Using Ranked Set Sampling . . . . . . . . . . . . . 711
Alireza Safariyan, Mohammad Arashi, S. Ejaz Ahmed
and Reza Arabi Belaghi

57 Effect of Scale Change on T2-Chart in Statistical Process
Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 723
M. Rauf Ahmad

58 On Efficient Numerical Posterior Distribution Error Control
in Bayesian Uncertainty Quantification of Inverse
Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 731
Marcos A. Capistrán, J. Andrés Christen
and L. Leticia Ramirez-Ramirez

59 Low-Carbon Campus Evaluation Model and Its Applications
Based on Fuzzy Comprehensive Analytic Hierarchy Process . . . 741
Chunyan Dai, Fan Cheng, Sha Liu, Min Tang, Huan Zheng
and Yixian Wang

60 A Simulation Model for Outpatient Department Scheduling
Window with Patient No-Show . . . . . . . . . . . . . . . . . . . . . . . . . . 753
Ying Zhou, Wen Jiang, Yuanyuan Wang and Junji Yao

61 The Assessment Economic Risk of Gansu Province . . . . . . . . . . 769
Lili He and Yanhua Liu

62 Study on the Variation Trend of Potato Cost-Profit Margin
and Its Influencing Factors-Based on the Empirical Analysis
of Potato Cost Benefit Data from 1991 to 2014 . . . . . . . . . . . . . . 781
Qianyou Zhang, Yuanling Zhang and Zunshuai Zhang

xviii Contents



63 The Dynamic Relationship Study of Air Pollution and Economic
Growth Among 31 Chinese Cities Based on the Multilevel
Spatio-Temporal Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 795
Ying Li, Fangyi Gu, Tao Zhang and John Thomas Delaney

64 CDM Projects and Its Impact on Air Pollution: A Panel Data
Study of 30 Cities in China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 807
Lihua Wang, Ce Qiu, Ying Li and Yulin He

65 A Risk-Averse Newsvendor Problem with Deferred
Payments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 823
Menglin Qin and Meng Wu

66 Empirical Analysis of Online Finance Promoting Efficiency
of Science and Technology Output . . . . . . . . . . . . . . . . . . . . . . . 835
Jun Wang, Rantao Cui and Yiran Long

67 Does Psychological Capital Increase Individual Income?
An Empirical Study Using Household Survey Data . . . . . . . . . . 847
Xuan Li, Xuan Wang and Xiaoye Qian

68 Research on the Effect of Pay Dispersion upon Enterprise
Performance among Frontline Workers . . . . . . . . . . . . . . . . . . . 861
Ping Liu, Xinzhu Li and Yumeng Tian

69 The Mediating Effect of Personal Heritage Value and Consumer
Knowledge on Agentic Generativity and Purchase Attitude
of Collectible Consumers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 875
Yongzhong Yang, Fan Chen, Dan Luo and Mohsin Shafi

70 Advancement of Operational Management, Project
Management, Green Supply Chain, Industry Strategy
Management Based on the Twelfth ICMSEM Proceedings . . . . . 887
Jiuping Xu

Part V Operational Management

71 Does Cyberloafing Really Harm Employees’ Work
Performance?: An Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . 901
Kian-Yeik Koay and Patrick Chin-Hooi Soh

72 Application of Deep Learning to Classification of Braille
Dot for Restoration of Old Braille Books . . . . . . . . . . . . . . . . . . 913
Hiroyuki Kawabe, Yuko Shimomura, Hidetaka Nambo
and Shuichi Seto

73 The Integration of Various Types of Power Plants Based
on Renewable Energy Sources on the Distribution Network . . . . 927
A. Sh. Arifjanov and R. A. Zakhidov

Contents xix



74 Advances in Hybrid EDA for Manufacturing Scheduling
with Uncertainty: Part I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 939
Mitsuo Gen, Xinchang Hao, Lin Lin and Youngsu Yun

75 Advances in Hybrid EDA for Manufacturing Scheduling
with Uncertainty: Part II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 955
Mitsuo Gen, Xinchang Hao, Lin Lin and Youngsu Yun

76 Acoustic Maintenance Management Employing Unmanned
Aerial Vehicles in Renewable Energies . . . . . . . . . . . . . . . . . . . . 969
Victoria Borja Moraleda, Alberto Pliego Marugán
and Fausto Pedro García Márquez

77 Optimal Productivity in Solar Power Plants Based
on Machine Learning and Engineering Management . . . . . . . . . 983
Álvaro Huerta Herraiz, Alberto Pliego Marugán
and Fausto Pedro García Márquez

78 Research on Co-operative Education to Creativity . . . . . . . . . . . 995
Qinghua Qin

79 Empirical Analysis About the Contribution Rate of Science
and Technology Progress to the Economic Growth in Sichuan
Construction Industry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1009
Ying Wei and Jun Gang

80 Empirical Research on the Decision-Making Influence Factors
in Consumer Purchase Behavior of Webcasting Platform . . . . . . 1017
Huajun Ma and Hongchang Mei

81 Analysis of the Influential Factors of Consumers’ Perception
and Attitude Towards Marketing Events—A Case of Tmall
“Double Eleven” Carnival in 2017 . . . . . . . . . . . . . . . . . . . . . . . 1029
Jingdong Chen, Hao Wang and Mo Chen

82 Banking Development, Capital Accumulation and Economic
Growth-Empirical Study on Gansu Province . . . . . . . . . . . . . . . 1045
Hejuan Zheng and Yue Wen

83 Value at Risk Based on Thin Markets of South East Asia . . . . . 1059
Yong Zheng, Yufan Lu, Yong Hu and Yuping Tu

84 Operating Cash Flow, Earnings Management and Tax
Aggressiveness: Evidence from Listed Companies in China . . . . 1069
Hong Wang, Zhi Xu and Hui Huang

85 Familization Degree Measurement of Family Enterprises
and the Optimal Path of Reducing Familization . . . . . . . . . . . . . 1081
Changwen Zhao, Meiqi Wang and Tongyu Wang

xx Contents



86 Competitiveness Research of Chinese Listed Commercial
Banks Based on Factor Analysis . . . . . . . . . . . . . . . . . . . . . . . . . 1095
Qianqian Yang, Yong Huang, Jiasheng Ding, Jinjiang Yan
and Mingcong Wu

87 The Influence of Leadership Style on Employees’ Innovative
Behavior—The Adjustment of Bicultural Self . . . . . . . . . . . . . . . 1109
Qingsong Zhu and Ping Wang

Part VI Project Management

88 The Translation System from Japanese into Braille by Using
MeCab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1125
Yuko Shimomura, Hiroyuki Kawabe, Hidetaka Nambo
and Shuichi Seto

89 A System that Warns of Dangerous Environmental Sounds
for the Hearing Impaired . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1135
Hiroshi Arai, Takehiro Ido, Yuko Shimomura, Hiroyuki Kawabe,
Hidetaka Nambo and Shuichi Seto

90 Development of a Tour Recommendation System Using
Online Customer Reviews . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1145
Takahiro Hayashi and Taichi Yoshida

91 Stochastic Decentralized Bi-Level Programming for Supplier
Selection and Order Allocation . . . . . . . . . . . . . . . . . . . . . . . . . . 1155
Xiaoyang Zhou, Tunan Li, Liqin Wang, Yan Tu and Benjamin Lev

92 Remotely Piloted Aircraft System and Engineering
Management: A Real Case Study . . . . . . . . . . . . . . . . . . . . . . . . 1173
Isaac Segovia Ramírez, Alberto Pliego Marugán
and Fausto Pedro García Márquez

93 China’s Natural Gas Market Pricing Reform and CO2

Emission Reduction Potential . . . . . . . . . . . . . . . . . . . . . . . . . . . 1187
Xin Liu

94 Evaluation and Space-Temporal Evolution Analysis
of Comprehensive Carrying Capacity in Chengdu Urban
Agglomeration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1205
Yunqiang Liu, Quan Quan, Fang Wang, Chong Wang
and Zhiyi Meng

95 A Study on the Willingness of College Students to Use
the Platform of Bicycle-Sharing Based on Perceived Value . . . . . 1223
Jingdong Chen, Aizhen Liang and Mo Chen

Contents xxi



96 Research on Quality Improvement of Exhibition Volunteers
Service from the Perspective of Visitors . . . . . . . . . . . . . . . . . . . 1239
Shaojiang Lin, Jiaying Chen and Yanwen Ding

97 An Evaluation Model for New Energy Project Investment
in China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1253
Yanfei Deng and Karen Mancl

98 Intramural R&D Expense and Regional High Technology
Industry’s Profitability–An Industry-Province Level
Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1263
Xiaolan Chen, Hao Ma, Ying Wu and Min Li

99 Research on the Job Satisfaction and Incentive Strategies
of Library Volunteers from the Perspective of
Hygiene-Motivational Factors Theory . . . . . . . . . . . . . . . . . . . . . 1277
Ke Chen, Huan Huang and Xiao Jiang

100 Identification and Ranking of Factors Influencing Customer
Attraction in the Banking Industry in Tehran . . . . . . . . . . . . . . 1289
Sima Zomorodian, Rongwei Sun, Yi Lu and Xiaoping Li

101 Empirical Study of Uniformity on Patients Referral
Preference and Behavior Selection . . . . . . . . . . . . . . . . . . . . . . . 1299
Xinli Zhang, Ning Xu, Luming Song, Zi Liu and Yeli Chen

102 Will the Audit Committee Affects Tax Aggressiveness? . . . . . . . 1313
Tingting Zheng, Wenqing Jiang, Peng Zhao, Jing Jiang
and Ningruo Wang

103 Environmental Performance Evaluation of New Fixed
Assets Investment Projects—Taking Wuhan East Lake
High-Tech Development Zone as an Example . . . . . . . . . . . . . . . 1327
Yanan Jin, Shuangyi Zheng, Dunzhe Tang and Qiong Feng

104 System Dynamics Modeling: The Impact of Climate Change
on China’s Ecological Water Forecast Evaluation . . . . . . . . . . . . 1341
Jiawei Li, Tingting Liu, Muhammad Hashim and Liming Yao

Part VII Green Supply Chain

105 A Fuzzy AHP Method for Green Supplier Selection
and Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1355
Aqsa Zafar, Muqaddas Zafar, Adnan Sarwar, Hassan Raza
and Muhammad Tayyab Khan

xxii Contents



106 Challenges in Achieving the Sustainable Development
Goals (SDGs) of the UN in ASIA: Can the Environmental
Goals Be Realized . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1367
Gamini Herath

107 ASEAN Logistics Performance and Bilateral Trade
in the Global Supply Chain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1375
Andrei O. J. Kwok

108 Accept-All-Buy-Back Contract in Coordinating a Supply
Chain with Random Yield and Uncertain Demand . . . . . . . . . . . 1383
Jiarong Luo, Chong Wang and Xianglan Jiang

109 Ordering and Pricing Decisions in Supply Chain Under
Bilateral Information Updating . . . . . . . . . . . . . . . . . . . . . . . . . . 1393
Xinhui Wang, Yiling Fang and Hongmei Guo

110 Coupling Coordinative Degree of Natural Scenic Spot System
from the Perspective of Low-Carbon Eco-Tourism . . . . . . . . . . . 1407
Yong Qin, Yuyan Luo, Cuiping Cheng and Ning Hao

111 Pricing and Carbon Reduction Mode for Prefabricated
Building Supply Chain with Cap and Trade . . . . . . . . . . . . . . . . 1417
Wen Jiang, Lanjun Wu and Ying Zhou

112 Pricing and Green Technology Investment of Prefabricated
Building Supply Chain with Carbon Tax . . . . . . . . . . . . . . . . . . 1429
Jing Li, Li Yuan and Wen Jiang

113 Research on the Relationship Between Corporation Green
Practice and Business Performance in Green Supply Chain . . . . 1439
Jinsong Zhang, Xiaoqian Zhang, Jie Shen and Fengjun Zhang

114 Multi-echelon Distribution Large-Scale Coal Supply Chain
Management Based Satisfactory Degree Method . . . . . . . . . . . . . 1453
Ning Liu, Qing Feng, Ye Wang, Wei Zhong and Zhiyuan Li

115 Mechanism Study of Repurchase Intention in Cross-Border
E-Commerce . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1465
Zhigang Li, Qian Zeng and Xiaole Cheng

116 The Industrial Linkages and Structure Balance Research
of Tourism Industry in Sichuan Province on the Background
of Supply-Side Structural Reform . . . . . . . . . . . . . . . . . . . . . . . . 1477
Jinjiang Yan, Ke Liu, Yongyi Wang, Zhen Liu and Xianyu Wang

117 Research on the Credit Business of Banking Supply Chain
Based on Complex Network . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1491
Sheng Zhong, Jianbin Song and Yunfeng Zhao

Contents xxiii



118 Study on the Trade Effect of China-New Zealand Free
Trade Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1503
Yanyan Zhang and Qianhong Zhang

119 Big Data Applications in Chinese White Spirits Sustainable
Supply Chain Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1515
Xianglan Jiang, Yao Yang and Jiarong Luo

120 Optimal Production Lots Model for Items with Random
Quality and Emission Constraint . . . . . . . . . . . . . . . . . . . . . . . . 1529
Peng Wu, Yulong Huang and Jiahao Shao

121 Firms’ Cooperative Innovation Behaviors and Evolutionary
Mechanism of Innovation Ecosystem . . . . . . . . . . . . . . . . . . . . . . 1539
Hua Zhang, Xin Gu and Yun Liu

Part VIII Industry Strategy Management

122 Halal Market Emergence and Export Opportunity:
The Comparative Advantage Perspective . . . . . . . . . . . . . . . . . . 1555
Shahriar Kabir, Syed Shams and Roger Lawrey

123 A Conceptual Framework of Risk Treatment in Scale
up Companies Supported by Using Nudge Theory . . . . . . . . . . . 1567
Ahmad Nadali, Antonio Grilo and Aneesh Zutshi

124 Enhancing the Benefits of Industry 4.0 from Intellectual
Capital: A Theoretical Approach . . . . . . . . . . . . . . . . . . . . . . . . 1581
M. R. Cabrita, V. Cruz-Machado and S. Duarte

125 Optimization of Closed-Loop Supply Chain Model Using
Hybrid Genetic Algorithm Approach for Tire Industry
in Korea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1593
Xing Chen, Anudari Chuluunsukh, YoungSu Yun and Mitsuo Gen

126 Australian and Chinese Pension Systems—A Comparative
Study from an Institutional Perspective . . . . . . . . . . . . . . . . . . . 1613
Qian Mao, Digby Wren and Pei Zhang

127 Introduction to Mathematical Relationship Marketing
System and Its Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1633
Ming Ma, Yawen Yang, Hua Liu and Jianhua Ye

128 Study on the Influence of Mixed Ownership Reform
to the Structure of State-Owned Capital Budget Expenditure
in China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1647
Zhen Zhu and Yunfeng Zheng

xxiv Contents



129 How Does Competition Affects Group Customer Satisfaction?
the Empirical Research About Restaurant Industry
in China . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1657
Yan Gao, Tao Guo and Jianxin Zhu

130 Research on Innovation Strategy Choice of Science and
Technology Entrepreneurial Firms Based on Technological
Innovation Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1669
Xiaozhou Ding, Tao Guo and Zhe Guo

131 Research on the Financial Performance Evaluation
of Chongqing Listed Companies in Strategic Emerging
Industries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1683
Li Zou and Xiaoqin Li

132 Research on the Establishment of the Evaluation Indicator
System for Online Shopping Customers Loyalty . . . . . . . . . . . . . 1695
Jiaying Chen, Shaojiang Lin and He Huang

133 Game Analysis of Trilateral Interests in Cooperative
Governance of Mixed Ownership Enterprises in China . . . . . . . 1709
Sheng Ma, Fei Shen and Ailing Zuo

134 Interaction Between the Discipline Structure of Higher
Education and the Industrial Structure—A Case Study
of Sichuan Province . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1721
Wen Hua

135 Investors’ Protection and Performance of Cross-Border
Mergers and Acquisitions—An Empirical Study Based
on Chinese Listed Enterprises . . . . . . . . . . . . . . . . . . . . . . . . . . . 1735
Haiyue Liu, Jie Jiang, Lei Jin and Yingkai Tang

136 The Research on Influencing Factors of Strategic Flexibility
Based on ISM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1749
Liming Zhang, Kuankuan Luo and Rui Zhou

137 A Study on the Impact of the Manufacturing Enterprises’
Competitive Strategies on Their Performance—Based
on the Intermediary Role of Technological Innovation . . . . . . . . 1765
Yuan Yuan, Yang Ran, Huixiang Zhang and Wei Yang

138 The Construction of a Kinetic Energy System in Promoting
Endogenous Growth of Manufacturing Industry . . . . . . . . . . . . . 1779
Lu Qiu, Xiaowen Jie and Tao Xie

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1791

Contents xxv



Contents

1 The Integration of Various Types of Power Plants Based on
Renewable Energy Sources on the Distribution Network . . . . . . . . . . . 1
A.Sh.Arifjanov and R.A. Zakhidov

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

v





Chapter 1
The Integration of Various Types of Power
Plants Based on Renewable Energy Sources on
the Distribution Network

A.Sh.Arifjanov and R.A. Zakhidov

Abstract Distributed generation systems are in most cases represented in the for-
m of autonomous energy centers, since the connection of distributed generators to
centralized networks is for the time being limited to the lack or imperfection of the
regulatory framework and effective means of managing technological regimes. This
report examines the issues of efficient management of the operation modes of var-
ious types of power plants based on renewable energy sources in the distribution
network. In the report carried out a comparative analysis of the principles of oper-
ation and options for connecting to the distribution network of autonomous power
plants using various sources of renewable energy. The choice of a rational circuit-
based solution for integrating RES into the distribution network was made. When
connecting to the distribution network of autonomous power plants based on RES,
one of the main tasks to be performed for each hour of the calculation period is the
distribution of loads between the generating capacities. The algorithm for solving
this task is presented in the report.

Keywords Distributed generation systems · Integration. Power plants · Renewable
energy sources · Distribution network · Automation · Circuitry solutions

1.1 Introduction

Trends in the development of the electric power industry in the world are associated
not only with the increase in the scale of electricity production in traditional large
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2 A.Sh.Arifjanov & R.A. Zakhidov

power plants, but also with the increase in the share of distributed generation based
on renewable energy sources (RES).

Distributed generation systems are a hybrid power supply systems, combined
from various energy sources, are built in close proximity to the consumers and take
into account the individual features of this consumers in terms of power and profile
to the maximum extent possible. The growth of the share of distributed generation
in electric power systems not only has positive aspects, but also creates certain tech-
nical problems that are associated with changes in the properties of systems, their
control capabilities under normal and emergency conditions.

The management of such power supply systems for which considerable territori-
al distribution and heterogeneity is characteristic, has the big urgency now. Hetero-
geneity of system can be connected with use of renewable energy sources, as wind
and solar power stations. The main distinguishing feature of energy-generating com-
plexes, based on RES is the stochastic character of the parameters of the primary en-
ergy source. This applies largely to helio- and wind power. Therefore, the electrical
energy generated from renewable sources creates new problems before the already
overloaded network.

The task of modern electrical systems is constant balancing of supply and de-
mand, flexible network management and ensuring optimal levels of energy efficien-
cy. These problems can be solved, but at the same time the dispatching and automat-
ic control of the electric power system becomes more complicated, it is necessary to
develop new mathematical models to justify the development of the electric power
system and power supply systems, analyze their regimes and manage them.

Most of the autonomous energy systems, using renewable energy sources (RES)
that are in operation and offered on the market are technically finished products,
adapted for a strictly defined type of power equipment. They do not allow the pos-
sibility of expanding their functionality and capacity building by connecting of new
sources of generation. This situation is mainly due to the fact that the parameters of
electrical power, generated by the source of renewable energy are significantly dif-
ferent in terms of main technical indicators, such as the type of current, frequency
and magnitude of the output voltage.

Based on the foregoing, this report examines issues of the integration and effec-
tive management of the operation modes of various types of power plants based on
renewable energy sources in the distribution network.

The emergence of a large number of combined installations necessitates the sys-
tematization of existing devices, which will allow the formation of the most effi-
cient power supply systems. To find the most optimal technological solutions for
the combined system, need to analyze each component separately and the system as
a whole. Therefore, the report carried out a comparative analysis of the principles
of operation and options for connecting to the distribution network of autonomous
power plants using various sources of renewable energy. The choice of a rational
circuit-based solution for integrating RES into the distribution network was made.
The choice of a rational circuit-based solution for integrating RES into the distribu-
tion network was made.
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When connecting to the distribution network of autonomous power plants based
on RES, one of the main tasks to be performed for each hour of the calculation
period is the distribution of loads between the generating capacities. The algorithm
for solving this task is presented in the report.

1.2 Analysis of the Principles of the Operation of Autonomous
Power Plants Based on Different ReS and the Options for
Their Connection to the Distribution Network

A feature of the operation of any electric power system is the one-stage production
and consumption of electricity. This requires equality of power of energy, generated
by the energy plants and of energy, consumed by the consumers . Violation of such
equality leads to a change in the network parameters by voltage and frequency, and
at large deviation - to the loss of dynamic stability and the disruption of the normal
functioning of the system.

There are two possible ways to maintain a continuous in time equality of gen-
erated and consumed electricity in power supply systems on based RES. The first
way is on the continuously monitor the power consumption and on the appropriate
regulation of the power of the sources of electricity so that the equality between
the two above mentioned capacities is continuously maintained. The second way is
to include in the power grid of the accumulators, that storing electricity at its re-
duced consumption and after converting feeds the electric grid when a certain level
of consumption is exceeded.

A promising option for creating autonomous power supply systems for electricity
consumers in decentralized zones is the use of wind-diesel, photo-diesel or wind-
photo-diesel power plants. Fig. 1.1 shows a structural diagram of a typical combined
power system based on a diesel generator and a wind and photo power station, as
well as devices for storing electricity.

In general, such a system consists of the following main blocks:

• Diesel generator plants (DGP);
• Accumulator of electric energy (storage battery);
• Renewable energy sources: solar cells, wind turbines;
• Electric power module - a set of devices that unite various sources of electricity

and perform coordination and transformation of the voltages of these sources for
the purpose of powering consumers.

The principle of operation of an autonomous power plant is as follows (Fig. 1.2)
[3]: (1) In order to ensure high-energy efficiency of the autonomous power sup-
ply system, the energy generated by the primary energy source should be directly
delivered to the consumer (Path 3). (2) In periods of excessive energy generation,
the energy should be stored by the accumulation system (Path 1). (3) If there is
a shortage in the energy generated by a primary source, the accumulated energy
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from secondary sources should be delivered to the consumer, covering the existing
shortage (Path 2).

The effective control system of the station should provide not only a strategy of
controlling of the power of the DGS, WPP and the PVP, but also synchronization of
the start-up of the units and their further synchronous operation.

In power supply systems with RES, as a rule, there are three methods of control-
ling the flow of energy: on the basis of the discharge of surplus energy, the accumu-
lation of energy and the change in the load (Fig. 1.3) [1].

Due to the non-stationary nature of the generation process by RES, the practical
implementation of these management methods is a serious problem.

Consider options for connecting RES-based power plants to the distribution net-
work in combined energy systems. There are different variants of conjugation of
diesel generator plants (DGP), wind power plants (WPP) and photovoltaic plants
(PVP), working to general consumer, which can significantly differ by the composi-
tion of the used electrical equipment and by the technical and economic character-
istics.

At present, several types of combined systems based on RES have been devel-
oped: - alternating current -alternating current (AC/AC) power supply system; - di-

diesel generator and a wind and photo power station, as well as devices for storing electricity.
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rect current - direct current (DC/DC) power supply system; - systems with mixed
connection.

Combined AC power systems can be divided into two categories: centralized and
decentralized (distributed). In the centralized combined AC power system, all the
elements making up the system are connected to the main AC bus in front of the
consumer. This configuration is shown in Fig. 1.4a. In the Fig. 1.4a, the wind tur-
bine and the diesel generator generate an alternating current, so they can be directly
connected to the main AC bus or AC / AC converters. The photovoltaic module pro-
duces a direct current (DC), hence the inverter (voltage converter) must be used be-
fore connecting to the main AC bus. For batteries with a DC stream, a bi-directional
inverter must be used.

In a decentralized combined AC power system, all elements are distributed or
decentralized. The elements forming the system are not connected to the backbone
AC bus, some or all of the elements are individually associated with the consumer
(Fig. 1.4b).In power supply systems with RES, as a rule, there are three methods of controlling the flow 

of energy: on the basis of the discharge of surplus energy, the accumulation of energy and the 
change in the load (Fig.3) [4]. 

 

Fig.3 -  Scheme of energy flow control methods from RES to consumers 
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- alternating current -alternating current   (AC/AC) power supply system; 
- direct current - direct current (DC/DC) power supply system; 
- systems with mixed connection. 

Combined AC power systems can be divided into two categories:  centralized and 
decentralized (distributed). In the centralized combined AC power system, all the elements making 
up the system are connected to the main AC bus in front of the consumer. This configuration is 
shown in Fig.4,a. In the Fig.4,a  the wind turbine and the diesel generator generate an alternating 
current, so they can be directly connected to the main AC bus or AC / AC converters. The 
photovoltaic module produces a direct current (DC), hence the inverter (voltage converter) must 
be used before connecting to the main AC bus. For batteries with a DC stream, a bi-directional 
inverter must be used. 

.        

a)                                                                                  b)   

Fig.4 – Centralized (a) and decentralized (b) combined AC power system  Fig. 1.4 C Centralized (a) and decentralized (b) combined AC power system
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In a decentralized system, energy sources should not be connected to one com-
mon bus, as in the previous case. With this configuration, the energy sources need
not be located close to each other, since each source of the system is connected to the
consumer separately. The DC obtained from the photovoltaic cells and accumulator
batteries must be converted to alternating current (AC) by the respective inverters in
front of the consumer. This type of system is advantageous in that various sources
can be located remotely from each other, so that more convenient locations can be
selected (places with greater illumination for photovoltaic cells or more windy for
wind turbines). In addition, this system has drawbacks in terms of control difficul-
ties.

When comparing centralized and decentralized systems, the advantage of cen-
tralized combined power supply systems is obvious, since they can be controlled
more easily and conveniently.

In a centralized combined DC system (Fig. 1.5a), all elements are connected to
the main DC bus directly in front of the user. Communication with the AC bus is
made through the main inverter. Since the power sources are connected to the DC
bus, therefore, the wind turbine and the diesel generator need on AC / DC converters
before they are connected to the main bus. The AC consumer is connected to the
main DC bus through the main DC / AC inverter.

On the Fig. 1.5b shows a widespread version of a hybrid power plant scheme
using RES, where sources are connected directly to the distribution network without
intermediate electricity conversion.

In a decentralized combined AC power system, all elements are distributed or decentralized. 
The elements forming the system are not connected to the backbone AC bus, some or all of the 
elements are individually associated with the consumer (Fig.4,b). 

In a decentralized system, energy sources should not be connected to one common bus, as 
in the previous case. With this configuration, the energy sources need not be located close to each 
other, since each source of the system is connected to the consumer separately. The DC  obtained 
from the photovoltaic cells and accumulator batteries must be converted to alternating current (AC) 
by the respective inverters in front of the consumer. This type of system is advantageous in that 
various sources can be located remotely from each other, so that more convenient locations can be 
selected (places with greater illumination for photovoltaic cells or more windy for wind turbines). 
In addition, this system has drawbacks in terms of control difficulties. 

When comparing centralized and decentralized systems, the advantage of centralized 
combined power supply systems is obvious, since they can be controlled more easily and 
conveniently. 

In a centralized combined DC system (Fig.5,a), all elements are connected to the main DC 
bus directly in front of the user. Communication with the AC bus  is made through the main 
inverter. Since the power sources are connected to the DC bus, therefore, the wind turbine and the 
diesel generator need on AC / DC converters before they are connected to the main bus. The AC 
consumer is connected to the main DC bus through the main DC / AC inverter. 

On the Fig.5,b shows a widespread version of a hybrid power plant scheme using RES, 
where sources are connected directly to the distribution network  without intermediate electricity 
conversion.  

       
 

a)                                                                          b) 
 

Fig. 5 - Centralized combined DC system (a) and combined mixed power system (b) 
 

 
3. Circuitry solutions for connecting RES-based power plants to the distribution 

network.  
 

The autonomous power supply system presented in Fig.6 is simple to implement, which 
makes it easy to scale it by installing, for example, several wind turbines. Due to the absence of 
additional transformations of electric power, is ensured a high efficiency factor of the energy 
system as a whole . However, this method of building a system requires the presence of specified, 
identical and constant values of the voltage and frequency of the network at the outputs of electrical 
generators. This requires the use of a wind turbine with complex systems for aerodynamic 
stabilization of the rotor speed or the use of an asynchronous machine with a phase rotor with its 

Fig. 1.5 Centralized combined DC system (a) and combined mixed power system (b)
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1.3 Circuitry Solutions for Connecting Res-Based Power Plants
to the Distribution Network

The autonomous power supply system presented in Fig. 1.6 is simple to implement,
which makes it easy to scale it by installing, for example, several wind turbines.
Due to the absence of additional transformations of electric power, is ensured a high
efficiency factor of the energy system as a whole . However, this method of build-
ing a system requires the presence of specified, identical and constant values of the
voltage and frequency of the network at the outputs of electrical generators. This re-
quires the use of a wind turbine with complex systems for aerodynamic stabilization
of the rotor speed or the use of an asynchronous machine with a phase rotor with its
appropriate control from a network inverter [2]. Such wind turbines are suitable for
large wind energy, but they find extremely limited application in the construction of
small energy systems due to the high cost of plants.

1 - Wind power plant; 2 - wind turbine; 3- reducer-multiplier; 4, 14 - synchronous
electric machine generators; 5, 15 - devices of smooth start-up; 6, 16 - regulators of
excitation current of synchronous generators; 7 - block of ballast loads; 8 - reactive
power compensator; 9 - photoelectric installation; 10-solar panel; 11 - impulse con-appropriate control from a network inverter [5]. Such wind turbines are suitable for large wind 

energy, but they find extremely limited application in the construction of small energy systems 
due to the high cost of plants. 

 

Fig.6 - Scheme of a hybrid power plant with direct connection of generating units to the 
distribution network. 

 
1 - Wind power plant; 2 - wind turbine; 3- reducer-multiplier; 4, 14 - synchronous electric machine 
generators; 5, 15 - devices of smooth start-up; 6, 16 - regulators of excitation current of 
synchronous generators; 7 - block of ballast loads; 8 - reactive power compensator; 9 - 
photoelectric installation; 10-solar panel; 11 - impulse converter of a direct voltage in variable 
(inverter); 12 - diesel generator; 13 - the diesel engine; 17 - the bus of an alternating current 
220/380 V, 50 Hz; 18 - consumers 220/380 V; 19 - power step-up transformer; 20 - consumers of 
6 or 10 kV; 21 - an object of decentralized power supply; 22 - bi-directional converter of AC 
voltage to DC; 23 - the unit of accumulator batteries; 24 - buffer storage of electricity. 
 

These shortcomings are absent in the coupling variant according to the scheme shown in 
Fig.7. 

Despite the more complex structure of the energy complex, this scheme has the following 
advantages in comparison with that considered in Fig.6 [5]: 

1. In this case, there is no need to reconcile the operation modes of the DPS, WPP and the 
PVP, which allows to control these units based on the required optimality criteria. 

2. The system is easy to scale and simply enough to solve the problem of electro-magnetic 
compatibility. 

3. Due to the consumers' power supply from a common autonomous inverter, high quality 
of the supplied electric energy is ensured. 

Fig. 1.6 Scheme of a hybrid power plant with direct connection of generating units to the distribu-
tion network
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verter of a direct voltage in variable (inverter); 12 - diesel generator; 13 - the diesel
engine; 17 - the bus of an alternating current 220/380 V, 50 Hz; 18 - consumers
220/380 V; 19 - power step-up transformer; 20 - consumers of 6 or 10 kV; 21 - an
object of decentralized power supply; 22 - bi-directional converter of AC voltage to
DC; 23 - the unit of accumulator batteries; 24 - buffer storage of electricity.

These shortcomings are absent in the coupling variant according to the scheme
shown in Fig. 1.7.

Despite the more complex structure of the energy complex, this scheme has the
following advantages in comparison with that considered in Fig. 1.6 [2]:

(1) In this case, there is no need to reconcile the operation modes of the DPS, W-
PP and the PVP, which allows to control these units based on the required optimality
criteria.

(2) The system is easy to scale and simply enough to solve the problem of electro-
magnetic compatibility.

(3) Due to the consumers’ power supply from a common autonomous inverter,
high quality of the supplied electric energy is ensured.

(4) The schemes of the converters for connecting the PVP and the energy storage
device have been greatly simplified, and it is also possible to include in the system
a wind turbine wich variable-frequence of rotation (via a controlled rectifier).

This variant of hybrid energy complexes has found wide application at small and
medium capacities (1 - 100 kW).

1 - Wind power plant; 2 - wind turbine; 3, 11, 15 - synchronous electromachine
generators; 4, 12 - controlled rectifiers; 5 - block of ballast loads; 6 - photoelectric
installation; 7- solar panel; 8 - voltage converter; 9, 13 - diesel generators; 16 -
soft starter; 17 - excitation current controller; 18 - direct current bus; 19 - voltage
inverter; 20 - buffer storage of electricity; 21 - bi-directional pulse converter; 22 -
battery pack; 23 - the bus of an alternating current 220/380 V, 50 Hz; 24 - consumers
220/380 V; 25 - power step-up transformer; 26 - consumers of 6 or 10 kV; 27 - an
object of decentralized electricity supply.

A variant of a hybrid power plant based on conjugation of power plants by means
of an auxiliary bus operating at a high frequency (unit kHz) is shown in Fig. 1.8.

This method is mainly used in creating power supply networks for air and space
vehicles. It allows to minimize the number of reactive elements in the system, to
reduce the weight and dimensions and, accordingly, to reduce the cost. But because
of the geometric disconnection of individual aggregates (DPS, WPP , PVP and etc.),
at using this scheme, arise a number of problems, related to power losses in the
auxiliary network, electromagnetic compatibility, etc. [2].

A comparative analysis of the schemes of autonomous power plants has shown
that the most promising variant of conjugation of different types of power plants
in one energy system is the use of an intermediate DC insert. In this case, the hy-
brid power complex is built on an aggregate principle, easily scaled and, if neces-
sary, rearranged. In addition, it is possible to unify the structure and construction
of electronic power converters. Using the modular principle of their construction, it
is simpler to develop a line of converters for the model row of capacities. The use
of DC insertion makes it possible to more simply summarize and distribute energy
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flows from generating sources and implement effective control algorithms for this
process.

1 - Wind power plant; 2 - wind turbine; 3, 11 - synchronous electro-machine
generators; 4, 12, 14 - static frequency converters; 5 - block of ballistic loads; 6 -
photoelectric installation; 7- solar panel; 8 - voltage converter; 9 - diesel generators;
10 - diesel engine; 13 - high frequency AC bus; 15 - buffer storage of electricity; 16
- bidirectional pulse converter; 17 - battery pack; 18 - the bus of an alternating cur-
rent 220/380 V, 50 Hz; 19 - consumers 220/380 V; 20 - power step-up transformer;
26 - consumers of 6 or 10 kV; 21 - consumers of 6 or 10 kV; 22 - the object of
decentralized power supply.

The block diagram of the autonomous power supply system with a DC insert
is shown in Fig. 1.9. This system consists of separate generating power units PU1,
PU2, · · · , PUn, the number of which in the general case can be arbitrary. Each unit
includes a corresponding power unit PP1, PP2, · · · , PPn , built on one or another
physical principle, and a controlled static converter SC1, SC2, · · · , SCn . As power
plants can be used wind turbines, solar modules and diesel generators, working at
both constant and variable frequency of rotation of the shaft of the diesel engine.
For each type of power plant the controlled converter - own, for example, for wind
turbines and diesel generator use controlled boosting rectifier, and for photovoltaic
modules use controlled converter.

4. The schemes of the converters for connecting the PVP and the energy storage device have 
been greatly simplified, and it is also possible to include in the system a wind turbine wich 
variable-frequence of rotation (via a controlled rectifier). 

This variant of hybrid energy complexes has found wide application at small and medium 
capacities (1 - 100 kW). 

 

 

Fig.7 - The scheme of a hybrid power plant with connection of generating units to an 
intermediate DC bus (and with a mixed connection). 

1 - Wind power plant; 2 - wind turbine; 3, 11, 15 - synchronous electromachine generators; 4, 12 
- controlled rectifiers; 5 - block of ballast loads; 6 - photoelectric installation; 7- solar panel; 8 - 
voltage converter; 9, 13 - diesel generators; 16 - soft starter; 17 - excitation current controller; 18 
- direct current bus; 19 - voltage inverter; 20 - buffer storage of electricity; 21 - bi-directional pulse 
converter; 22 - battery pack; 23 - the bus of an alternating current 220/380 V, 50 Hz; 24 - 
consumers 220/380 V; 25 - power step-up transformer; 26 - consumers of 6 or 10 kV; 27 - an 
object of decentralized electricity supply. 

 

A variant of a hybrid power plant based on conjugation of power plants by means of an 
auxiliary bus operating at a high frequency (unit kHz) is shown in Fig.8. 

This method is mainly used in creating power supply networks for air and space vehicles. 
It allows to minimize the number of reactive elements in the system, to reduce the weight and 
dimensions and, accordingly, to reduce the cost. But because of the geometric disconnection of 
individual aggregates (DPS, WPP , PVP and etc.), at using this scheme, arise a number of problems, 
related to power losses in the auxiliary network, electromagnetic compatibility, etc. [5]. 

A comparative analysis of the schemes of autonomous power plants has shown that the 
most promising variant of conjugation of different types of power plants in one energy system is 
the use of an intermediate DC insert. In this case, the hybrid power complex is built on an aggregate 
principle, easily scaled and, if necessary, rearranged. In addition, it is possible to unify the structure 
and construction of electronic power converters. Using the modular principle of their construction, 

Fig. 1.7 The scheme of a hybrid power plant with connection of generating units to an intermediate
DC bus (and with a mixed connection)
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An important advantage of the proposed scheme of the hybrid power plant is the
possibility of a significant expansion of the functions of the buffer energy storage
system when input signals to the control system are inputted about the current wind
speeds (from the wind turbine) and the intensity of solar radiation (from PVP). In
this case, the control system of buffer storage of power outputs the output control
signals to the power unit converters providing the mode of selection of the maximum
power from the power plants. When using diesel generator of the “inverter” type as
part of the power complex, from the control system of the buffer storage of power a
control signal is sent to the executive mechanism for controlling the position of the
rod of fuel pump , providing optimization of the diesel generator operation modes
by the criterion of minimum fuel consumption.

This set of functions can be implemented by installing the corresponding addi-
tional expansion modules into the buffer storage system (if there is a technical capa-
bility to control the output of the generator power units). Due to additional modules,
the system receives and processes information about environmental conditions from
the meteorological complex; calculates in real time the optimal values of the current
loads for each generating power unit, based on the principle of maximum power
takeoff and generates control actions for each converter of the generating source.

Thus, the scheme of an autonomous power station built according to the princi-
ples described above has the following possibilities:

- inclusion in the system of any autonomous power plant irrespective of the in-
stalled power equipment;it is simpler to develop a line of converters for the model row of capacities. The use of DC insertion 

makes it possible to more simply summarize and distribute energy flows from generating sources 
and implement effective control algorithms for this process. 

 

Fig.8. The scheme of a hybrid power plant with the connection of generating plants 
through a high-frequency bus of alternating current. 

 
1 - Wind power plant; 2 - wind turbine; 3, 11 - synchronous electro-machine generators; 4, 12, 14 
- static frequency converters; 5 - block of ballistic loads; 6 - photoelectric installation; 7- solar 
panel; 8 - voltage converter; 9 - diesel generators; 10 - diesel engine; 13 - high frequency AC bus; 
15 - buffer storage of electricity; 16 - bidirectional pulse converter; 17 - battery pack; 18 - the bus 
of an alternating current 220/380 V, 50 Hz; 19 - consumers 220/380 V; 20 - power step-up 
transformer; 26 - consumers of 6 or 10 kV; 21 - consumers of 6 or 10 kV; 22 - the object of 
decentralized power supply. 
 

The block diagram of the autonomous power supply system with a DC insert is shown in 
Fig. 9. This system consists of separate generating power units PU1, PU2, … , PUn, the number of 
which in the general case can be arbitrary. Each unit includes a corresponding power unit  PP1, 
PP2,… , PPn , built on one or another physical principle, and a controlled static converter SC1,   SC2,…, 
SCn . As power plants can be used wind turbines, solar modules and diesel generators, working at 
both constant and variable frequency of rotation of the shaft of the diesel engine. For each type of 
power plant the controlled converter - own, for example, for wind turbines and diesel generator 
use controlled boosting rectifier, and for photovoltaic modules use controlled converter. 

An important advantage of the proposed scheme of the hybrid power plant is the possibility 
of a significant expansion of the functions of the buffer energy storage system when input signals 
to the control system are inputted about the current wind speeds (from the wind turbine) and the 
intensity of solar radiation (from PVP). In this case, the control system of buffer  storage of power  
outputs the output control signals to the power unit  converters providing the mode of selection of 
the maximum power from the power plants. When using diesel generator of the "inverter" type as 
part of the power complex, from the control system of the buffer  storage of power  a control signal 
is sent to the executive mechanism for controlling the position of the rod  of fuel pump , providing 
optimization of the diesel generator operation modes by the criterion of minimum fuel 
consumption. 

Fig. 1.8 The scheme of a hybrid power plant with the connection of generating plants through a
high-frequency bus of alternating current
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-program configuration of the energy storage system for a specific power com-
plex by connecting to a BSE control system of a personal computer when perform-
ing this operation;

- management of energy flows not only between the system and BSE, but also
between all power plants and the load (if the installed equipment allows);

-effective use of the potential of the wind plant by installing additional modules to
collect information on environmental conditions and development of control actions
for the purpose of managing the power plants of the complex.

The main distinguishing feature of energy-generating complexes based on RES is
the stochastic character of the parameters of the primary energy source. This applies
to a greater extent to helio- and wind power.

Obviously, in this case, it is necessary to make maximum use of renewable
sources in all modes of operation of the power system, in conditions of randomly
varying solar activity, wind speed and variable electrical loads, providing a reduc-
tion in the load of the supply line.

1.4 Algorithm of the Distribution of Loads between the
Generating Aggregates

When connecting to the distribution network of autonomous power plants based on
RES, one of the main tasks to be performed for each hour of the calculation period is

 

Fig.9- Structural diagram of the system of autonomous power supply with DC insert. 
I1,.., In - currents of power units; Il - load current; IB - current of the buffer storage of energy; 

UDC is the voltage on the DC bus. 
 

This set of functions can be implemented by installing the corresponding additional 
expansion modules into the buffer storage system (if there is a technical capability to control the 
output of the generator power units). Due to additional modules, the system receives and processes 
information about environmental conditions from the meteorological complex; calculates in real 
time the optimal values of the current loads for each generating power unit, based on the principle 
of maximum power takeoff and generates control actions for each converter of the generating 
source. 

Thus, the scheme of an autonomous power station built according to the principles 
described above has the following possibilities: 

- inclusion in the system of any autonomous power plant irrespective of the installed power 
equipment; 

-program configuration of the energy storage system for a specific power complex by 
connecting to a BSE control system of a personal computer when performing this operation; 

- management of energy flows not only between the system and BSE, but also between all 
power plants and the load (if the installed equipment allows); 

-effective use of the potential of the wind plant by installing additional modules to collect 
information on environmental conditions and development of control actions for the purpose of 
managing the power plants of the complex. 
The main distinguishing feature of energy-generating complexes based on RES is the stochastic 
character of the parameters of the primary energy source. This applies to a greater extent to helio- 
and wind power. 

Obviously, in this case, it is necessary to make maximum use of renewable sources in all 
modes of operation of the power system, in conditions of randomly varying solar activity, wind 
speed and variable electrical loads, providing a reduction in the load of the   supply line. 

 
 
 
 
 

Fig. 1.9 Structural diagram of the system of autonomous power supply with DC insert. I1, · · · , In
- currents of power units; Il - load current; IB - current of the buffer storage of energy; UDC is the
voltage on the DC bus
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the distribution of loads between the generating aggregates. The following approach
is used to solve this problem: (1) It is determined (based on climatic conditions and
astronomical parameters of the Sun) the potentially possible generation of power by
PVP and WPP (at their specified installed capacity).

(2) It is determined losses of active power in the transmission of potentially pos-
sible generated energy by PVP and WPP to the consumer.

(3) If the summary power of generated by PVP and WPP energy is not less than
the load of the consumer, the all it is covered by renewable energy sources.

(4) If there is surplus of power, then it is transmitted to charge of the accumula-
tors. In the case when the accumulators have already been fully charged, then on the
corresponding amount reduces the power of RES. Initially regulated of wind turbine
(as the most wearing), and then PVP.

(5) If the total capacity of renewable energy sources is less than the load of con-
sumers, the lack of capacity is covered by the accumulators.

(6) If the accumulators are discharged (the charge 30% of the nominal value),
then the DPS is switched on. It turns on at full power and turns off when the storage
battery reaches a certain threshold value (50% of the nominal value).

(7) If the power of the DPS in conjunction with RES with a discharged accumu-
lator is less than the load of the consumer, then there is a shortage of electricity.

1.5 Conclusion

A comparative analysis of the schemes of autonomous power plants has shown that
the most promising variant of conjugation of different types of power plants in one
energy system is the use of an intermediate DC insert. In this case, the hybrid pow-
er complex is built on an aggregate principle, easily scaled and, if necessary, rear-
ranged. In addition, it is possible to unify the structure and construction of electronic
power converters. Using the modular principle of their construction, it is simpler to
develop a line of converters for the model row of capacities. The use of DC inser-
tion makes it possible to more simply summarize and distribute energy flows from
generating sources and implement effective control algorithms for this process.
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