
Contents

I Introduction: Integrating Sustainable Energy Techno-
logies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1 Motivation: A Changing Energy Landscape . . . . . . . 1
1.1 Lifeblood of Society . . . . . . . . . . . . . . . . . . . . . 2
1.2 Adapting to a Changing World . . . . . . . . . . . . . . 3
1.3 The Transition towards Renewable Energy . . . . . . . . 5
2 Smart Grids . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1 The Smart Grid Architectural Model . . . . . . . . . . . 7
2.2 Energy Informatics . . . . . . . . . . . . . . . . . . . . . 10
3 Research Framework . . . . . . . . . . . . . . . . . . . . 12
4 Thesis Summary . . . . . . . . . . . . . . . . . . . . . . . 16
4.1 Summary: Designing IT Solutions for Individual Households 16
4.2 Summary: Designing an Energy Information System for

Microgrid Operation . . . . . . . . . . . . . . . . . . . . 18
4.3 Summary: A Business Model for Employing Electric

Vehicles for Energy Storage . . . . . . . . . . . . . . . . 19
4.4 Summary: Mechanism Stability—Flash Crashes and Ava-

lanche Effects . . . . . . . . . . . . . . . . . . . . . . . . 20
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . 21
5.1 Key Insights . . . . . . . . . . . . . . . . . . . . . . . . . 22
5.2 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
6 References . . . . . . . . . . . . . . . . . . . . . . . . . . 27

II Designing IT Solutions for Individual Households . . . 33
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 34



VIII Contents

2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . 35
2.1 Research Domain: Energy Informatics . . . . . . . . . . 35
2.2 Research Approach: Design Science . . . . . . . . . . . . 37
2.3 Research Gap: IS Design in Smart Grids . . . . . . . . . 37
3 Research Model . . . . . . . . . . . . . . . . . . . . . . . 39
3.1 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.2 Modeling IS Design in the Smart Grid . . . . . . . . . . 42
4 Case Study: Green Synergies . . . . . . . . . . . . . . . . 44
4.1 Setting and Motivation . . . . . . . . . . . . . . . . . . . 44
4.2 Information System Design . . . . . . . . . . . . . . . . . 46
4.3 Testing and Evaluation . . . . . . . . . . . . . . . . . . . 49
5 From Objectives to Outcomes: Preventing Interferences . 55
5.1 From Design Objectives to the IT Artifact . . . . . . . . 55
5.2 From the IT Artifact to the Technical Object . . . . . . 57
5.3 From Enhancing Features to Enhancing Affordances . . 59
6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . 60
7 References . . . . . . . . . . . . . . . . . . . . . . . . . . 62
8 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . 68
8.1 Physical System . . . . . . . . . . . . . . . . . . . . . . . 68
8.2 Implemented Strategies . . . . . . . . . . . . . . . . . . . 71

III Designing an Energy Information System for Microgrid
Operation . . . . . . . . . . . . . . . . . . . . . . . . . . 73

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 74
2 Relevance to IS Research and Related Work . . . . . . . 76
2.1 Green IS and Energy Informatics . . . . . . . . . . . . . 76
2.2 General Research on Microgrids . . . . . . . . . . . . . . 78
3 Problem Statement and Research Design . . . . . . . . . 80
4 Information System Design and Evaluation . . . . . . . . 83
4.1 Forecasting Modules . . . . . . . . . . . . . . . . . . . . 84
4.2 Optimization Module . . . . . . . . . . . . . . . . . . . . 88
4.3 Evaluation Setting . . . . . . . . . . . . . . . . . . . . . 91
4.4 Evaluation Results . . . . . . . . . . . . . . . . . . . . . 93
5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 99
5.1 Technical and Economics Implications . . . . . . . . . . 99



Contents IX

5.2 Implications for IS Research . . . . . . . . . . . . . . . . 101
6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . 103
7 References . . . . . . . . . . . . . . . . . . . . . . . . . . 104
8 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . 108

IV A Business Model for Employing Electric Vehicles for
Energy Storage . . . . . . . . . . . . . . . . . . . . . . . 111

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 112
2 Research Framework and Related Work . . . . . . . . . . 114
2.1 Electric Mobility and Renewable Energy . . . . . . . . . 115
2.2 Electric Vehicle Aggregation and Frequency Regulation . 116
2.3 Parking Garage Operators as Intermediaries . . . . . . . 117
2.4 Business Models . . . . . . . . . . . . . . . . . . . . . . . 118
3 Modelling the Business Case . . . . . . . . . . . . . . . . 119
3.1 Product . . . . . . . . . . . . . . . . . . . . . . . . . . . 119
3.2 Customer Interface . . . . . . . . . . . . . . . . . . . . . 122
3.3 Infrastructure Management . . . . . . . . . . . . . . . . 123
3.4 Financial Aspects and Business Model Synopsis . . . . . 124
4 Evaluation of the Business Model . . . . . . . . . . . . . 126
4.1 Market for Frequency Regulation . . . . . . . . . . . . . 126
4.2 Data Sources . . . . . . . . . . . . . . . . . . . . . . . . . 130
4.3 Modeling Annual Revenue . . . . . . . . . . . . . . . . . 133
4.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 138
6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . 140
7 References . . . . . . . . . . . . . . . . . . . . . . . . . . 141

V Mechanism Stability—Flash Crashes and Avalanche Ef-
fects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 150
2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . 152
2.1 Market Crashes . . . . . . . . . . . . . . . . . . . . . . . 152
2.2 Information Processing and Competitive Advantage . . . 154
2.3 Game Form and Hypergame Theory . . . . . . . . . . . 155
2.4 Contribution . . . . . . . . . . . . . . . . . . . . . . . . . 156



X Contents

3 The Role of Information in Game Form Determination . 156
3.1 Sequential and Simultaneous Games . . . . . . . . . . . . 157
3.2 The Influence of Information Technology on Game Form 160
4 The Impact of Strategic Misperceptions . . . . . . . . . . 162
4.1 The Hypergame for Two Players . . . . . . . . . . . . . . 162
4.2 Misperceptions in Games with Many Players . . . . . . . 166
4.3 Numerical Examples . . . . . . . . . . . . . . . . . . . . 170
5 Implications, Interaction with Herding, and Limitations . 173
6 Application to Demand Side Management . . . . . . . . 176
7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . 179
8 References . . . . . . . . . . . . . . . . . . . . . . . . . . 180
9 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . 184



http://www.springer.com/978-3-658-12414-4


	Contents



