Contents

1 Imtroduction . .......... ... ... ... . ... 1
1.1 Background . .......... ... . ... 1
1.1.1 Electrical Power Systems . . .. ..................... 1
1.1.2 Transition toa Smart Grid . . .. ........ ... ... ..... 2
1.1.3  Microgrids (MGs) and Electric Vehicles (EVs) ......... 5
1.2 Research Focus ........ ... .. ... .. ... . . . ... . .. ... 6
1.3 Organization of the Chapters. . .......................... 7
References . . ... ... 8
2 Literature Review . . . .. ... ... ... ... . . . 9
2.1 Energy Management in Microgrid . .. ..................... 9
2.1.1 Supply and Demand Management. . . ................ 9
2.1.2  Energy Generation Scheduling . . ................... 10
2.2 Electric Vehicle Charging Control . . ...................... 14
References . . . ... ... 16
3 Demand and Supply Management in Microgrids . .............. 21
3.1 Introduction . ............ ... 21
3.2 Formulation of the Microgrid Demand and Supply Management
Problem . .. ... ... . . 22
32.1 Energy Demand Side.............. ... ... .. .. .... 23
3.22 Energy Supply Side . . .. ...... . ... . .. . 25
3.2.3 Problem Formulation . .. ......................... 26
3.2.4 Probability Distribution Measure of Renewable
Energy ....... ... 26
3.3 Optimization Algorithms. . .. ...... ... ... ... ... ........ 28
3.3.1 Robust Approach for the Load Balance Constraint. . . . . . . 28
3.3.2  Sub-Problem: Determine the Robust REU Decision
Threshold . .......... ... ... ... ... ... ... ... 29
3.3.3 Main Problem: Determine the Optimal Energy
Consumption and Generation Scheduling ............. 33

vii



viii

Contents

3.3.4 Extensions of the Proposed Algorithm: A Brief
Discussion. . . ......... ... ..
3.4 Simulation Results and Discussions . . .. ...................
3.4.1 The Impacts of Distribution Uncertainty Set . ..........
3.4.2 Effects of Fault Tolerant Limite. ... ................
3.4.3 The Impacts of Uninterruptible Loads . . ... ...........
3.4.4 The Price of User Elasticity . ......................
3.5 Conclusion. . ...
References . . . ... ... .

Energy Generation Scheduling in Microgrids . . . ...............
4.1 Introduction . ...... ... .. ...
42 System Model . ......... . .
4.2.1 CHP Generators . ... ... ......uuueuuunneeennn. ..
4.2.2 Electricity from External Utility Grid . .. .............
4.2.3 Fluctuant Electricity and Heat Demand . . . ............
4.3 Problem Formulation . ................................
4.3.1 Cost Minimization Formulation . ...................
4.3.2 Probability Distribution Measure of Uncertainties . ... ...
4.4 Optimization Algorithms. . .. ...........................
4.4.1 Robust Approach for Constraints (4.3) and (4.4) . .......
4.4.2  Sub-Problem: Determine the Robust ES Decision
Threshold .. ....... .. ... .. . .. . . . .
4.4.3 Main Problem: Robust Approach for the Uncertain
Electricity Prices . ... ........ ... ... ... ... ... ..
4.5 Possible Extensions of the Proposed Algorithm ..............
4.6 Simulation Results and Discussions . . .....................
4.6.1 Parameters and Settings . . ... ........... ... ...
4.6.2 Results and Discussions . . . .......................
4.7 CONCIUSIONS . . . . e e e e
References . . .. ... ..

Energy Generation Scheduling in Microgrids Involving
Temporal-Correlated Renewable Energy ... .......... ... ... ..
5.1 Introduction .. ....... ... ...
52 System Model ........ ... .. . ...
5.3 Problem Formulation . ......... ... ... ... ... ........
5.3.1 Cost Minimization Formulation ....................
5.3.2 Moment Statistic Model . . . .......................
5.4 Optimization Algorithm .. ........ ... ... ... ... .........
5.4.1 Robust Approach for Constraint (5.4) ... .............
5.4.2 Determine the Robust EA Decision Threshold. . ... ... ..
5.5 Performance Evaluation and Analysis .....................
5.5.1 Parameters and Settings . .. ........... ... ... .. . ...



Contents

5.5.2 Results and Discussion . .........................
56 Conclusion. .. ........ ...
References . . . ... . .

6 Massive Electric Vehicle Charging Involving Renewable

Energy .. ... .. ...
6.1 Introduction ............. ... ...
6.2 Two-Stage Decision-Making Model and Problem
Formulation . ... ...... ... ... . . .
6.2.1 Two-Stage Decision-Making Model .. ...............
6.2.2 Modeling System Uncertainties . ...................
6.2.3 Day-Ahead Energy Acquisition Scheduling . . ... ..... ..
6.2.4 Real-Time Power Regulation and Elastic EV
Charging . . . ..o
6.3 The Charging Rate Compression Algorithm .. ...............
6.4 Simulation Results and Discussions . . .. ...................
6.4.1 Parameters and Settings . . ........................
6.4.2 Results and Discussions . . . ......... ... ... ... . ....
6.5 EXtensions . ... ... ... ...
6.5.1 Tracking a Given Load Profile . . . ..................
6.5.2 Discrete Charging Rates. . ........................
6.6 ConClusion. ... ........ ..
References . . .. ... . .
7 Hybrid Charging Control of Electric Vehicles .................
7.1 Introduction . . ... ... ... ...
7.2 System Model ........ ... . ...
7.2.1 Centralized Charging Control Model. . ... ............
7.2.2 Decentralized Charging Control Model . ... ...........
7.3 Centralized Charging Scheme . ..........................
7.3.1 Global Optimal Scheduling .......................
7.3.2 A Dynamic Scheduling Approach. . .................
7.4 Decentralized Charging Scheme . ........................
7.4.1 Game Formulation. . ............................
742 Existenceof GSE ... ... . ... .. L
7.4.3 Solution and Algorithm ... ......... ... ... .. ... ...
7.4.4  Algorithm to Determine a Proper E . ...............
7.5 Experimental Evaluation . . .............................
7.5.1 Simulation Setting . . .. ................ .. ... ... ..
7.5.2 Results and Discussion . .........................
7.6 Conclusion. . ............. i
References . . ... ...



X Contents

8 Summary and Future Work . . .. ..... ... ... ... ... ...... .. 127
8.1 Summary of Contributions .. ........................... 127
8.2 Future Work. . . ... ... 129

8.2.1 Energy Storage Integration into the Microgrid . . . .. ... .. 129
8.2.2 Design of a Vehicle to Grid (V2G) Aggregator . . . ... ... 130
8.2.3 More Detailed Statistical Properties of Renewable
Energy Generation. . . ........................... 130
Appendix A: Energy Generation Scheduling in Microgrids. . . . ... . ... 131

Appendix B: Massive Electric Vehicle Charging Involving
Renewable Energy ................................ 135

Appendix C: Hybrid Charging Control of Electric Vehicles . . ........ 139



2 Springer
http://www.springer.com/978-981-10-4249-2

Intelligent Microgrid Management and EV Control Under
Uncertainties in Smart Grid

Wang, R.; Wang, P.; Xiao, G.

2018, XV, 140 p. 40 illus., 37 illus. in color., Hardcover
ISBEN: 278-981-10-4249-2



	Contents



