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Abstract 
The mitigation of global climate change poses one of the major challenges of the twenty-
first century. Governments all around the world have set ambitious climate- and energy- 
specific targets that shape the development of the energy and transportation sectors. 
Increasing the share of renewable energies in the energy mix and substituting 
conventional vehicles with electric vehicles (EVs) at the same time poses significant 
challenges for the power grid. The coupling of the energy and transportation sectors offers 
a promising increase in energy efficiency, as the EVs’ batteries can be used as storage 
for the provision of utility services by supplying power to the grid for stabilization. This is 
known as the vehicle-to-grid (V2G) application. Thus, suitable V2G applications can 
contribute to the security of energy supply while at the same time promoting electrified 
transportation and the integration of renewables. These applications are especially 
efficient in a commercial context, where the capacities of several batteries can easily be 
aggregated. Despite the promising benefits for the energy sector, the V2G integration is 
progressing only slowly, as is the electrification of commercial fleets which is a 
prerequisite for subsequent Information Systems (IS)-enabled V2G application. In order 
to do justice to the practice-relevant nature of this research endeavor, the focus is placed 
on research conducted in a case set in the port of Hamburg, where commercial fleet 
electrification and the V2G application are piloted. 

This thesis investigates the role of IS for the electrification and V2G integration of 
commercial fleets. Four studies were conducted and are compiled in this dissertation. 
Study 1 conducts an analysis of the current knowledge base on Green IS, which provides 
insight into the structure and foci of research conducted to enable sustainability through 
IS. Studies 2 and 3 provide insight into the cost drivers of V2G applications, the specific 
costs associated with battery degradation when using EVs for grid stabilization. The 
results inform a final study that focuses on perpetuating the transformation of commercial 
transport by examining the influencing factors of fleet electrification processes and 
deconstructing barriers through IS interventions.  

In sum, this dissertation demonstrates the feasibility and provides guidelines for 
incorporating commercial electrified fleets as an active component of the energy 
economic value chain. The understanding gained enables viewing fleet electrification and 
V2G integration as IS-enabled amplification of the energy economic value chain towards 
ecological sustainability. 

The findings presented in this dissertation have implications for researchers concerned 
with furthering ecological sustainability through Green IS as well as for practitioners 
seeking to shape the changeover from conventional to electric vehicles in an 
economically and ecologically beneficial way. 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



iv  Table of Contents 

 

Table of Contents 
Acknowledgements ........................................................................................................... i 

Abstract ........................................................................................................................... iii 

Table of Contents ........................................................................................................... iv 

List of Figures ................................................................................................................ vii 

List of Tables .................................................................................................................. ix 

List of Abbreviations ....................................................................................................... xi 

A. Foundations ................................................................................................. 1 

I. Introduction .................................................................................................. 2 

I.1 Motivation ...................................................................................................... 2 

I.2 Research Gap and Research Questions ....................................................... 5 

I.3 Structure of the Thesis ................................................................................... 9 

I.4 Research Positioning and Design ................................................................ 11 

I.5 Anticipated Contributions and Implications .................................................. 14 

II. Research Background ............................................................................... 17 

II.1 Green Information Systems ......................................................................... 18 

II.2 The Advent of Energy Informatics ................................................................ 21 

II.3 IS for Sustainable Mobility and Transportation ............................................ 25 

II.4 Vehicle-to-Grid Applications in the context of container terminals – Case Study 
FRESH ......................................................................................................... 28 

B. Studies on Electrification of Commercial Transportation Systems ...... 33 

I. Assessing the Status Quo......................................................................... 34 

1. Study 1: Yesterday, Today, and Tomorrow – Perspectives on Green 
Information Systems Research Streams ...................................................... 35 

1.1 Introduction .................................................................................................. 36 

1.2 Literature Reviews on Green IS ................................................................... 36 

1.3 Research Approach ..................................................................................... 38 

1.4 Results and Findings ................................................................................... 42 

1.5 Development of Research Directions ........................................................... 46 

1.6 Conclusion ................................................................................................... 52 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Table of Contents v 

 

II. Research in Vehicle-to-Grid Applications ................................................ 53 

1. Study 2: Smart Grid in Container Terminals – Systematization of Cost Drivers 
for Using Battery Capacities of Electric Transport Vehicles for Grid Stability 54 

1.1 Introduction ................................................................................................... 55 

1.2 Research Background .................................................................................. 56 

1.3 Setting .......................................................................................................... 57 

1.4 Research Approach ...................................................................................... 58 

1.5 Results and Findings .................................................................................... 61 

1.6 Discussion .................................................................................................... 66 

1.7 Limitations and Future Research .................................................................. 67 

1.8 Conclusion .................................................................................................... 68 

2. Study 3: Two-sided Sustainability: Simulating Battery Degradation in Vehicle-
to-Grid Applications within Autonomous Electric Port Transportation ........... 69 

2.1 Introduction ................................................................................................... 70 

2.2 Battery Degradation Models ......................................................................... 72 

2.3 Research Approach ...................................................................................... 74 

2.4 Data .............................................................................................................. 75 

2.5 Simulation Results ........................................................................................ 84 

2.6 Discussion and Implications ......................................................................... 91 

2.7 Conclusion .................................................................................................... 93 

III. Furthering Fleet Electrification .................................................................. 94 

1. Study 4: (I Can’t Get No) Electrification – A Qualitative-Empirical Study on 
Electrification of Transportation Fleets .......................................................... 95 

1.1 Introduction ................................................................................................... 96 

1.2 Research Background .................................................................................. 97 

1.3 Research Approach .................................................................................... 100 

1.4 Results ........................................................................................................ 102 

1.5 Discussion .................................................................................................. 118 

1.6 Conclusion .................................................................................................. 120 

C. Contributions ............................................................................................ 121 

I. Findings and Results ............................................................................... 122 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



vi  Table of Contents 

 

I.1 Findings for the status quo of Green IS Research ..................................... 122 

I.2 Findings through Research in Vehicle-to-Grid Applications ....................... 126 

I.3 Findings for Furthering Fleet Electrification ................................................ 129 

I.4 Synthesis of Findings: A Conceptualization of IS-Enabled Extension of the 
Energy Economic Value Chain .................................................................. 131 

II. Implications .............................................................................................. 136 

II.1 Implications for Research .......................................................................... 136 

II.2 Implications for Practice ............................................................................. 138 

III. Limitations and Opportunities for Future Research ............................. 141 

III.1 Limitations .................................................................................................. 141 

III.2 Opportunities for Future Research ............................................................. 142 

IV. Concluding Remarks ............................................................................... 144 

References ................................................................................................................. 145 

Appendix ......................................................................................................................... xi 

Appendix A. Overview of the Author’s Individual Study Contribution ....................... xii 

Appendix B. Overview Further Published Studies .................................................. xiii 

Appendix C. Curriculum Vitae ................................................................................ xiv 

 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



List of Figures vii 

 

List of Figures 
Figure 1: Energy Economics Value Chain (Doleski 2012) ............................................... 3 

Figure 2: Research Overview .......................................................................................... 8 

Figure 3: Structure of this Thesis ................................................................................... 10 

Figure 4: Interplay of Research Areas which inform this Thesis and Research Project . 18 

Figure 5: Energy Informatics Framework (Watson et al. 2010) ...................................... 23 

Figure 6: Automated Guided Vehicle charging at an Automated Charging Station (own 
photo) ............................................................................................................................ 29 

Figure 7: Smart electric container terminal: system interaction ..................................... 31 

Figure 8: Research Approach ........................................................................................ 39 

Figure 9: Initial Citation Network and Noteworthy Attributes .......................................... 41 

Figure 10: 20-outdegree Partition .................................................................................. 43 

Figure 11: Basic Case: Fuel Vehicles ............................................................................ 58 

Figure 12: Electric Case: Electric Vehicles .................................................................... 58 

Figure 13: Smart Electric Case: Electric Vehicles and VPP........................................... 58 

Figure 14: Amount of Cost Drivers in the Transition from Base Case to Smart 
Electrification ................................................................................................................. 66 

Figure 15: Research Approach ...................................................................................... 75 

Figure 16: Simulation Results for DM and DVM ............................................................ 82 

Figure 17: Cycle Distribution for SOC and DOD in DM and DVM ............................... 85 

Figure 18: BLD and KR/year for each Degradation and Simulation Model [July 2019] .. 86 

Figure 19: Distribution of BLD/day for July 2019 per Degradation Model ...................... 87 

Figure 20: SOC Curve of DM and DVM on July 26, 2019 ............................................. 88 

Figure 21: Comparison of Degradation Models Depending on DOD and SOC ........... 89 

Figure 22: Share of Drive and V2G Cycles in Battery Degradation in DVM .................. 90 

Figure 23: BLD and KR/year for EDM, CCM [DOD], and Combination Model ............... 90 

Figure 24: Identified Characteristics of the Innovation Decision Process .................... 102 

Figure 25: Importance of IS to address Factors influencing the Innovation Decision 
Process........................................................................................................................ 116 

Figure 26: Identified Characteristics of the Innovation Decision Process .................... 130 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



viii  List of Figures 

 

Figure 27: Techno-physical Conceptualization of IS-Enabled Extension of the Energy 
Economic Value Chain................................................................................................ 135 

 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



List of Tables ix 

 

List of Tables 
Table 1: Overview of Studies Included in this Thesis ...................................................... 9 

Table 2: Overview of Positioning Criteria in the IS Discipline ........................................ 11 

Table 3: Research Design of Studies ............................................................................ 13 

Table 4: Summary of Anticipated Contributions ............................................................. 15 

Table 5: Fact Sheet of Study 1 ...................................................................................... 35 

Table 6: Green IS Literature Reviews ............................................................................ 37 

Table 7: Traversal Counts of the Main Paths ................................................................. 43 

Table 8: Outdegree and Closeness Centrality Values of all Articles in the Subgraph .... 44 

Table 9: Green IS Research Streams Derived from CA ................................................ 45 

Table 10: Overview of Potential Research Avenues and Research Agenda Points ...... 48 

Table 11: Fact Sheet on Study 2 ................................................................................... 54 

Table 12: Research Approach Phases .......................................................................... 59 

Table 13: Systemization of Cost Drivers (adapted in parts from Ellram and Siferd 1993)
 ...................................................................................................................................... 61 

Table 14: Cost Drivers based on Literature Review ...................................................... 62 

Table 15: Cost Drivers based on Expert Evaluation ...................................................... 63 

Table 16: Overall Cost Drivers based on Literature Review and Expert Evaluation ...... 64 

Table 17: Fact Sheet of Study 3 .................................................................................... 69 

Table 18: Number, Duration, and Period of Identified Tours.......................................... 76 

Table 19: Decision Variables in DM ............................................................................... 78 

Table 20: Input Data for DM .......................................................................................... 78 

Table 21: Decision Variables in DVM ............................................................................ 80 

Table 22: Input Data for DVM ........................................................................................ 80 

Table 23: RFC Result for Artificially Extended SOC Curve in DM ................................. 83 

Table 24: RFC Result for SOC Curve in DVM ............................................................... 84 

Table 25: Comparison of Degradation Models Criteria (based on J. Guo et al. (2019); 
Stroe et al. (2016)) ......................................................................................................... 91 

Table 26: Fact Sheet on Study 4 ................................................................................... 95 

Table 27: Industry, annual revenue, number of employees, and job position .............. 101 

Table 28: Preliminary Conditions – Manufacturer-related Factors ............................... 103 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



x  List of Tables 

 

Table 29: Preliminary Conditions – Grid Operator-related Factors ............................. 103 

Table 30: Preliminary Conditions – Complexity of Charging Infrastructure ................. 104 

Table 31: Preliminary Conditions – Social Norm ......................................................... 104 

Table 32: Preliminary Conditions – Problem Urgency ................................................ 105 

Table 33: Preliminary Conditions – Innovativeness .................................................... 105 

Table 34: Characteristics of the Decision-Making Unit – Corporate Identity ............... 106 

Table 35: Characteristics of the Decision-Making Unit – Communication Behavior .... 107 

Table 36: Characteristics of the Innovation – Compatibility - Technological ............... 107 

Table 37: Characteristics of the Innovation – Compatibility - Tasks ............................ 108 

Table 38: Characteristics of the Innovation – Trialability ............................................. 109 

Table 39: Characteristics of the Innovation – Complexity ........................................... 109 

Table 40: Characteristics of the Innovation – Observability ........................................ 110 

Table 41: Characteristics of the Innovation – Relative Advantage – Vehicle 
Characteristics ............................................................................................................ 110 

Table 42: Characteristics of the Innovation – Relative Advantage – Battery Characteristics
 .................................................................................................................................... 111 

Table 43: Characteristics of the Innovation – Relative Advantage - Costs ................. 111 

Table 44: Characteristics of the Innovation – Relative Advantage - Performance ...... 112 

Table 45: Characteristics of the Innovation – Relative Advantage – Environmental 
Superiority ................................................................................................................... 113 

Table 46: Implementation – Structural Changes ......................................................... 114 

Table 47: Implementation – Uncertainty ..................................................................... 114 

Table 48: Overview of Research Questions ................................................................ 122 

Table 49: Findings of Study 1 ..................................................................................... 122 

Table 50: Overview of Potential Research Avenues and Research Agenda Points ... 124 

Table 51: Findings of Study 2 ..................................................................................... 126 

Table 52: Findings of Study 3 ..................................................................................... 127 

Table 53: Findings of Study 4 ..................................................................................... 129 

Table 54: Main Findings for Research Questions ....................................................... 131 

Table 55: Overview of Implications ............................................................................. 140 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



List of Abbreviations xi 

 

List of Abbreviations 
ACS Automated Charging Station 

AGV Automated Guided Vehicle 

BLD Battery Life Duration 

CO2 Carbon Dioxide 

DOD Depth of Discharge 

EDM Energy Throughput 

EV Electric Vehicle 

FCR Frequency Containment Reserve 

FRESH Flexibilitätsmanagement und Regelenergiebereitstellung von 
Schwerlastfahrzeugen im Hafen 

GHG Greenhouse Gas 

ICT Information and Communication Technology 

IS Information Systems 

IT Information Technology 

RFC Rainflow Counting 

SOC State of Charge 

V2G Vehicle-to-Grid 

VPP Virtual Power Plant 

 

Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



Dieses Werk ist copyrightgeschützt und darf in keiner Form vervielfältigt werden noch an Dritte weitergegeben werden. 
Es gilt nur für den persönlichen Gebrauch.



A. Foundations  1 

 

A. Foundations 
The first part of this thesis is divided into two sections. 

The following introduction motivates this thesis (A.I). With respect to the current 
information systems (IS) research, this section introduces important research concepts, 
gaps, and questions, as well as an overview of the anticipated contributions of this 
cumulative thesis. 

The second section (A.II) introduces Green IS and Energy Informatics as the research 
background of this work. Furthermore, it provides insight into the importance of IS in the 
mobility and transportation sector and gives an overview of the research project, which 
serves as a case study for this thesis. 
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2  A Foundations 

 

I. Introduction 
This section introduces the research topic and agenda of this thesis. Starting with the 
research motivation and the relevance of the research endeavor in the first section (I.1), 
the second section (I.2) highlights the research gaps and questions addressed in this 
thesis. Subsequently, the thesis’ structure is presented (I.3), followed by the positioning 
and design (I.4), as well as an overview of anticipated contributions (I.5). 

I.1 Motivation 
The world that we are living in is undoubtedly thriving in numerous aspects. Economies 
and populations are growing, and people have the ability to become more educated than 
ever before (de Wit and Altbach 2021). However, these immense opportunities do not 
come without major challenges (Robinson 2019). While trends such as automation and 
digitization offer positive chances, one of the most pressing matters that humanity is 
facing nowadays is global climate change. The depreciation of natural resources and 
increasing greenhouse gas (GHG) emissions are just two noteworthy developments that 
have not yet been tackled effectively. These complex challenges concern all of 
humankind, and thus joint solutions need to be developed and put into practice at a global 
level (Jordan and Moore 2020; Melville 2010). 

One strategy to approach these challenges is climate change mitigation, which aims to 
prevent the causes of climate change from persisting or arising (Al-Ghussain 2019; Fawzy 
et al. 2020). As empirical evidence jointly points out the crucial role that increased and 
anthropogenic GHG emissions play in global warming (Hansen and Stone 2015; Huber 
and Knutti 2012; Schiermeier 2011), the primary focus of mitigation is on emitting less or 
no GHGs, for example through burning fewer fossil fuels in the context of energy 
production or individual and freight transportation. Consequently, a profound paradigm 
shift in the energy sector of many industrialized countries around the globe has occurred 
in recent years. Several governments — including Germany’s — have committed 
themselves to establish future energy systems that foster the usage and integration of 
renewable resources in energy generation, reduce the energy intensity of demand, and 
lead to more sustainable and effective use of energy (Kitzing et al. 2012; REN21 2020). 

The German government, in particular, has formulated ambitious climate- and energy- 
specific targets that shape the development of the energy system (Bundestag 2021). 
Energy production was responsible for 30% of GHG emissions in Germany in 2020 and 
thus the largest source of emissions (Umweltbundesamt 2021). In order to reduce overall 
GHG emissions by at least 88% compared to 1990 by 2040, a shift towards renewable 
energies in energy production is inevitable (Klaus et al. 2010). In 2020, renewable 
energies accounted for 41.1% of total power generation in Germany; however, with a 
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