
Contents

Abstract i

Kurze Zusammenfassung iii

List of Figures ix

List of Tables xiii

List of Abbreviations xvi

1 Introduction and Related Studies 1
1.1 Integration of Renewable Energies into the Energy System ... 1
1.2 Model Predictive Control.................................................................. 4
1.3 Control Schemes Applied to Smart Grid Systems............................. 5
1.4 Outline and Contribution of the Thesis...............................................7

2 Control Strategies under Uncertainties 9
2.1 Generic Plant Model........................................................................... 9
2.2 Deterministic Model Predictive Control......................................... 11
2.3 Two-stage stochastic Model Predictive Control.............................. 15
2.4 Multistage Stochastic Model Predictive Control.............................. 19
2.5 Implementation Details .................................................................... 22
2.6 Chapter Conclusion .......................................................................... 25

3 Forecast Modeling 26
3.1 Forecast Nomenclature and Quality Measurements........................ 27
3.2 Forecasting Methods for PV and Load.............................................29
3.3 Probabilistic Forecasts of Electric Load ..........................................32
3.4 Stochastic Model for the Residual Generation................................. 35
3.5 Chapter Conclusion ..........................................................................43

https://d-nb.info/1311045341


4 Application Case I: PV Battery System 44
4.1 Photovoltaic Battery Systems in Residential Setups........................ 45
4.2 Modeling of Photovoltaic Battery Systems...................................... 47
4.3 Switched Converter System.........................................  53
4.4 Control Laws...................................................................................... 56
4.5 Operation of an Example System......................................................61
4.6 Chapter Conclusion .......................................................................... 64

5 Simulation of PV Battery Systems 65
5.1 Used Simulation Data....................................................................... 65
5.2 Tuning of Algorithmic Parameters..........................  71
5.3 Stochastic System Modeling...............................................................74
5.4 Simulation Setup................................................................................ 80
5.5 Simulation Results............................................................................. 83
5.6 Chapter Conclusion .......................................................................... 96

6 Application Case II: EV Charging system 98
6.1 Motivation .........................................................................................99
6.2 System Modeling for EV Charging...................................................99
6.3 Optimization Details for EV Charging........................................... 105
6.4 EV Charging Simulation Study.......................................................110
6.5 Conclusion ....................................................................................... 124

7 Field Test 127
7.1 Field Test of a PV Battery System .. .. ............................ ....127
7.2 Field Test of an EV Charging System........................................... 134
7.3 Chapter Conclusion .........................................................................139

8 Conclusion and Further Research Direction 141

Bibliography 145

Curriculum Vitae 157

List of Publications 159


