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Summary 

Models presenting perceived parts of energy and mobility systems, and ideas for transitioning the systems play 

crucial roles in the communication between stakeholders ranging from government to industry. Sharing the 

models, which leads to exchanging different perspectives on the systems transitions, can contribute to cooperation 

among stakeholders. We interviewed stakeholders involved in the transitions to understand the functions that 

models play for them. We present three use cases in which the models can be supportive to stakeholders. We 

elicit requirements applicable to designing useful models in practice. Reflecting on the knowledge, we conclude 

this paper by discussing aspects of integrating the models. 
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1 Introduction 

The mobility system is responsible for approximately twenty four percent of total global energy consumption, 

most of which comes from fossil fuels [1][2]. Transitioning both energy and mobility systems in an integrative 

manner is therefore crucial in making society more sustainable. On the one hand, changing energy systems 

requires harmonizing energy affordability, energy security, and environmental sustainability [3]. When it comes 

to energy affordability, householders earning lower-income and located in suburban and rural areas experience 

the burden of transportation fuel prices more than others [4]. Mobility subsidy programs or regional transport 

infrastructure improvement can be designed to support the vulnerable population. Likewise, to ensure energy 

security, transportation policies such as stimulating the decrease of transport demand in urban areas and investing 

in a modal shift can be implemented [5]. Furthermore, the environmental sustainability of the energy sector can 

be tackled by rapidly decarbonizing the mobility system [2]. On the other hand, transitioning the mobility system 

into a more sustainable state requires modifications to the energy system; advancing accessibility for mobility 

services necessitates readily responding energy supply infrastructure [6]. Concluding, facilitating cooperation 

between the energy and mobility sectors is essential to accelerating the transitions of both systems. 

Transitioning the two systems in parallel involves cooperation among a variety of stakeholders ranging from 

politicians, civil servants, businesses, academics, to other citizen groups as well as individual citizens. Two 

challenges are present in such a cooperation. First, stakeholders have different viewpoints, since they perceive 
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different parts of energy and mobility systems depending on their geographical locations and time, socio-

demographic factors, and professional backgrounds. Second, stakeholders hold different views on system 

transitions by following their beliefs and values, so they interpret the perceived parts of the systems differently 

and make different decisions [7]. 

Stakeholders’ cooperation can begin with elaborating and disseminating the transitioning systems described 

according to these views and viewpoints. To communicate their perceived realities and ideas concerning the 

system transitions (both internally and externally), stakeholders have used developed models [8]. Models are 

referred to as abstractions that illustrate parts of the systems and ideas for transitioning the parts of the system 

[8][9]. Stakeholders have utilized models for a long time in developing energy and mobility policy measures, 

assessing the impact of policymaking, etc. [10][11][12]. 

Communication among stakeholders can be initiated by sharing models, resulting in cooperation. This model 

exchange can be mediated by a system that can integrate the models, as presented in Figure 1. Initiating the 

development process of the model integration system, however, is complicated because first, unless the 

integration system is developed by specific clients, it is uncertain which stakeholders must be considered as users 

of the model integration system. Second, stakeholders develop different models depending on time, but also their 

model developments do not go as planned due to the inherent complexity of energy and mobility systems 

[13][14][15][16]. For those two reasons, the entire integration process becomes intricate. Additionally, scientific 

literature has proposed factors that can describe energy and mobility systems more realistically, such as humans’ 

heterogeneity, technological details, interdisciplinarity, path-dependency in institutions, and ethical and 

philosophical views, like energy justice [17][18][19][20]. If the model integration system aims at providing high-

quality communication, the model integration system should be designed in such a way that these aspects can be 

incorporated, too [21]. 

  

 Figure 1. Schematic of the model integration system. 

1.1 Context of the research 

We researched to design and develop the model integration system. The focus of this paper is to explore users of 

the model integration system and elicit the functions that models play for them (Figure 1). Recent scientific 

literature has investigated the use aspect of energy system models in practice. Amer et al. [10] interviewed six 

practitioners working in Danish municipalities to understand how to better incorporate energy system models 

and modeling practices into the municipal decision-making process and energy planning process. Süsser et al. 

[12] interviewed and surveyed model users and modelers of five European countries to grasp suitable model 

content, model design, modeling process, and model outreach. Considering their recommendation for future 

research, we focused on analyzing the context of model use in-depth as well as listing the required user interaction 

and content to be embodied in models. 
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The research aims are threefold: i) understanding use cases of energy and mobility transition models in practice, 

ii) eliciting the description of required models by stakeholders, and iii) discussing how the results can contribute 

to developing the model integration system. This paper is organized as follows. Section 2 explains the purpose 

of modelling in general and an overview of models presented by scientific literature in the fields of energy and 

mobility transitions. Section 3 presents methods applied to this research. Section 4 illustrates results including 

stakeholders’ experience in using models and use cases of models in practice. In section 5, we discuss the methods 

and results, and we conclude the research.  

2 Theoretical background 

Modelling aims “to answer a question or set of questions better than one can without the model” [9]. Models are 

formulated into four types, depending on questions to be answered and situations in which either presenting 

models or creating models: physical (e.g., mock-up), quantitative, qualitative, and mental models [9]. This paper 

focuses on both quantitative and qualitative models. Because physical models are not fluid to be integrated; 

mental models exist in people’s minds so that mental models are externalized as the other three types of models. 

We reviewed academic literature presenting models that involve aspects of energy and mobility transitions. A 

search string “(model OR simulation OR “decision support system”) AND (mobility OR transport OR vehicle) 

AND (“energy transition” OR decarbonization OR sustainab*)” was employed. Scientific articles were retrieved 

from two databases, Scopus and Web of Science. We briefly summarize the review results. As for qualitative 

models, transition-related business models (e.g., sustainable end-of-life vehicle management) and emerging 

concepts, like sustainable mobility behavior, were defined [22][23]. When it comes to quantitative models, the 

following four types of models were found: i) optimization models (vehicle routing, decarbonization scheduling 

strategy, etc.), ii) simulation models (e.g., examining the impacts of delaying decarbonizing the EU transportation 

sector), iii) models quantifying the performances of energy and mobility systems, and iv) models presenting 

decision-making (e.g, evaluating public transport systems considering environmental impacts and vehicle 

technology specifications) [24][25][26][27][28].  

Having an overview of academic models providing perspectives on energy and mobility transitions, we explore 

models required by practitioners working in government and industry, onwards.  

3 Methods 

We employed exploratory research, as users of the model integration system are unknown; hence, the profiles of 

integrated models are also unknown [29]. We approached stakeholders who can be considered future users of the 

model integration system. With semi-structured interviews, we aimed to elaborate on the contexts in which 

stakeholders can benefit from using models and on the requirements for useful models. The interviewees in this 

research were practitioners involved in policymaking, industry, and transition knowledge management. The 

geographical scope of this research was limited to the Netherlands, where this research was conducted. Thus, the 

results can also be useful for practitioners who develop models due to such stakeholders’ requests or who conduct 

modeling to provide stakeholders with knowledge concerning the transitions of energy and mobility systems. 

3.1 Research method 

This research applied a qualitative research method with semi-structured interviews. The semi-structured 

interviews consisted of four parts, as presented in Table 1. The interviews were designed to understand the 

following four aspects of the interviewees: i) tasks conducted by the interviewees to realize the transitions and to 

explore circumstances in which energy and mobility transition models can be supportive, ii) the interviewees’ 

perspectives on energy and transport transitions, iii) the interviewees’ experience in the usage of models, and iv) 

the requirements applicable to the models; to better elicit the model requirements, we developed the transition 

simulation canvas that could let interviewees imagine model use case scenarios and model functionalities (Figure 

2). 
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Table 1. Semi-structured interview protocol applied to this research. 

 

Figure 2. The transition model canvas developed by the authors for this research 

3.2 Data collection 

We selected interviewees based on quota sampling so that the diverse perspectives of provincial and municipal 

levels of government, industries, and academics were presented. We invited practitioners who were considered 

approachable by the authors and willing to participate in the research using convenience sampling, not a 

randomized group of people [30]. The practitioners offered their experience in using models and outputs of 

models for policy planning, communication with stakeholders, and gaining a better understanding of the 

Interview part Asked questions/activities per part of the data acquisition process 

Understanding tasks conducted 

by interviewees in their 

organizations and exploring 

circumstances wherein energy 

and mobility transition models 

can potentially help 

interviewees’ task performance 

 

“What are your usual tasks in your organization?” 

“Can you explain the projects related to energy and transport transitions 

that you are responsible for?” 

“What kinds of decisions do you (have to) make about energy and 

transport transitions?” 

“Do you experience any dilemma during such decision-making 

processes?” 

Understanding interviewees’ 

perspectives on energy and 

transport transitions 

“What does accelerating energy and transport transitions mean to you?” 

“What aspects of energy and transport transitions are you interested in 

and why?” 

Understanding interviewees’ 

experience in the usage of 

models 

“When working in projects related to energy and transport transitions, 

have you and/or your organization ever used computer 

software/tools/games?” 

“What software/tools/games did you use?” 

“What support did you receive?” 

“What were the strengths and weaknesses of the software/tools/games?” 

“How did you get to know the software/tools/games?” 

Understanding the required 

models by interviewees 

“How can we make better/useful models?” 

“What questions could be answered by models?” 

“What human/non-human objects could be considered in models?” 

“What analysis period would be suitable from your perspective?” 

“What geographical locations would be considered?” 

“What key performance indicators would you employ?” 
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development of products and business models. Moreover, they explained their opinions on developing energy 

and mobility transition models to make them more useful. 

Overall, there were eleven interviewees with diverse experience from relevant stakeholder groups in energy and 

mobility transitions, representing government, the power grid operation, industry providing energy and mobility 

solutions, and academia. Their fields of experience varied from energy and electric vehicle (EV) charging 

infrastructure, sustainability and mobility program management, research and development, to communications 

and policymaking. 

Each interview lasted approximately one hour. The sessions took place from February 2022 to April 2022 online 

due to COVID-19 complications. All interviews were recorded and transcribed, except for one interview; an 

author noted the interview results. 

3.3 Data analysis 

We used the ATLAS.ti tool for data analysis. We adapted the QUAGOL qualitative data analysis as follows [31]. 

First, we tried to gain an overview of the interviews and summarized the main content by using Vivo coding [32]. 

Then, we collected keywords that appeared most in each interview; we utilized keyword searching to make the 

results. 

4 Results 

This section describes models utilized in practice, and strengths and limitations of the models. Then we illustrate 

three use cases in which models can be supportive to practitioners and elicit requirements applicable to designing 

useful models in practice. 

4.1 Models in practice 

Some interviewees directly used models in practice, while others did not. Three out of five regional and local 

government interviewees mentioned that they only made use of the information given by energy and mobility 

transition-related models. Government and power grid operation interviewees mentioned a geographical 

information system, models providing prognoses of the number of demanded EV charging points, models 

showing grid congestion, models illustrating traffic flow, models predicting EV charging demands, and models 

presenting grid capacity, as utilized ones in practice. Industry interviewees involved in energy and mobility 

solution provision said models supporting better mobility technology designs, a carbon footprint calculator, 

models making practitioners explore the potential opportunity for supplying EV charging points, and models 

optimizing flexibility solutions. 

Those models were developed via diverse channels: internal development by employees, external development 

by modelling practitioners and consultancy, and collaboration with university students. 

4.1.1 Strengths of the models 

Our interviewees indicated two strengths of model use from their experience. A government charging 

infrastructure practitioner mentioned that models that provide the expected demand for EV charging points, their 

capacity, and locations for the installation facilitated tendering between municipalities and charging point 

operators. Such models let them estimate the number of EV charging points to be installed. An industry 

practitioner on EV charging management positively reviewed the functionality of models that forecasts how 

residents react to a situation when charging points are occupied, as this information can contribute to creating 

business opportunities. 
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4.1.2 Limitations of the models 

Two types of limitations observed from models utilized in the past were discussed: model content and the methods 

for creating models. Concerning model content, the following disadvantages were mentioned. First, the issue of 

limited viewpoints embodied in models was discussed. For instance, the government officers involved in 

managing sustainability and mobility transition programs mentioned that models only show perspectives 

considered in the model development; realities such as the relationship between traffic redistribution and 

passenger behaviors were not fully represented. A realistic presentation of human behaviors was also referred to, 

like charging behaviors and mobility patterns. In addition, a practitioner coming from an energy solution business 

mentioned that the concept of mobility considered in a carbon footprint calculator was oversimplified than the 

interviewee thought because the carbon footprint calculator seemed to consider the values of commuting through 

personal vehicles and public transport equivalent, just the same human mobility behavior, but in different modes. 

However, the interviewee was afraid not. Thus, the interviewee suggested that sensemaking on concepts that are 

the subjects of analyses should be followed by data analyses on the concept. Second, the difficulty of dealing 

with assumptions involved in models (like selecting parameters) was indicated. A provincial government 

practitioner, for instance, recalled the lack of credibility from the prognosis on the yearly increase of fast charging 

station usage. 

Four remarks were made regarding the methods for creating models. The first one was having a model that 

integrates individual models that are separately reviewed in one place. The municipal civil servants mentioned 

that developing a high-level model integrating models of EV charging demand, grid capacity, and traffic is crucial. 

A need for models that present the near future (one to three years in the future) where EV charging point operators 

prepare tenders for EV charging points was expressed. Not so for the far future (decade); long-term projection 

appeared to be less needed. Third, the extent to which outcomes of models were detailed was discussed. A 

governmental practitioner in the field of energy infrastructure emphasized keeping a balance between acquiring 

reliable information and getting entangled in detail. Finally, a business practitioner developing energy flexibility 

solutions mentioned the importance of having a system that can help energy and mobility systems communicate 

with European systems (e.g., standardization). 

4.2 Use cases and requirements of energy and mobility transition models 

4.2.1 Use cases 

The interviewees provided three use cases in which energy and mobility transition models can be utilized well 

by them in practice: i) models facilitating discussions on energy system planning among parties, ii) models 

helping the creation of knowledge within organizations for better planning, and iii) models assessing the technical 

and societal impacts of organizational strategies tackling the transitions. We briefly look into them in this section. 

Facilitating discussions on energy systems planning among parties 

The civil servants with experience in energy infrastructure planning provided a use case wherein models can be 

properly used. A challenge in planning the change of current energy systems to renewable energy systems by the 

government was indicated as having a lack of communication between government and industry. From the 

government’s perspective, the mismatch between energy planned to be supplied according to governmental plans 

and the actual energy demanded by industry is a concern. In addition, the government can provide a better option 

for energy supply strategies, such as suggesting different energy sources for an industry’s heat generation plan. 

From the perspective of industry, however, it is complicated to openly discuss their energy supply plans with the 

government due to the confidentiality of the information. 

In such situations, both parties may continue making decisions with incomplete information, as neither has a 

complete understanding of the other, which is not the optimal win-win situation. To tackle the situation, a 

provincial civil servant presented the idea of running a collaboration task force to include both of them as well 

as other parties, like citizens and heavy vehicle industries. The task force can use a model wherein parties test 
out their energy plans and get feedback from others. It can allow the task force parties to acquire complete 



35th International Electric Vehicle Symposium and Exhibition 7 

information. In such cases, energy and mobility transition models are used as a medium to facilitate the discussion 

among parties and assist parties in generating transition ideas, testing their ideas, and getting feedback. In this 

respect, energy and mobility transition models do not necessarily serve as monologuing narrators but are closer 

to facilitators and mediators.  

Creating knowledge within organizations about energy and mobility systems in the future 

The second use context of energy and mobility transition models was provided by government officials and 

industry practitioners. It was that practitioners interact with models by exploring the effects of varying inputs and 

parameters. This concept was formulated based on the following three cases brought by the interviewees: i) a 

model that indicates the state of progress in energy and mobility transitions, ii) models that support governmental 

practitioners in designing and planning regional energy and mobility infrastructure adaption, and iii) models that 

present future business environments and opportunities. Models capable of infrastructure design support can help 

governmental practitioners better understand the consequences of industries’ decisions for regional energy 

systems, according to the interviewees experienced in provincial energy network planning. Models that illustrate 

consumer and market behaviors in the future, such as emerging technology adoption and vehicle technology 

development, like increasing EV battery capacity, were considered useful, according to practitioners in energy 

and mobility solution businesses.  

Assessing the impacts of business practices and solutions striving for the transitions 

The third use context was that practitioners in industry and grid operation acquire evaluations of their business 

practices and solutions based on purpose-specific key performance indicators. The practitioners in EV charging 

innovation and marketing communications mentioned evaluating the extent to which flexibility solutions can 

prevent grid congestion and the sustainability of product delivery and employees’ mobility patterns. The 

consultant experienced in flexibility solutions emphasized identifying societal values of flexibility solutions, like 

energy independency. 

4.2.2 Representations of useful models 

Regardless of the use cases described in the previous section, the interviewees mentioned questions that can be 

answered by using models; they also provided objects, ideas, and key performance indicators that can be 

considered in models (Table 2). The questions that interviewees wanted to examine with the models differed. 

However, the objects, ideas and key performance indicators were not largely distinct. The status of the power 

grid connection and power grid capacity was often mentioned. Charging infrastructure and mobility patterns were 

also considered. Checking labor availability for upgrading the grid was regarded crucial. Concerning key 

performance indicators, indicators that evaluate system performance, like system resilience and labor availability, 

were most addressed, followed by environmental impact indicators, like GHG emissions. 

Table 2 Useful models' functions  

Questions that can be answered by using models Key performance indicators (Considerations 

for decision-making) 

How can we make a cost-effective energy system in 

collaboration with parties claiming the use of public 

space? 

Highest possible (energy) efficiency 

Lowest cost for building the system (during 30 

years) 

Lowest cost for exploration (after 30 years) 

Highest understandability by citizens (acceptance) 

Highest level of interoperability (user friendly) 

Highest level of reliability (resilient) 

The extent to which enough energy is delivered  

Designing a cost-effective electricity network The amount of space used per square meter 

The general cost of the infrastructure 

The cost of energy paid per citizen 
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How would the power grid handle different types of 

transitions? 

Grid capacity 

GHG emissions 

Economic development of the region (socio-

demographic development, lower unemployment) 

How do we adapt a local infrastructure to emission-free 

mobility systems? 

CO2 emissions 

Costs 

Staff/labor availability 

Time to build infrastructure 

Air quality 

The circularity of materials (raw material 

efficiency) 

Climate adaptation 

Space use 

How fast can the transitions move forward? How logistic companies consider concerning the 

transitions 

GHG emissions 

Grid capacity 

Manpower capacity for grid 

The impacts of different flexibility solutions on the 

power grid 

The degree to which congestion can be prevented 

by applying a certain form of flexibility 

The number of people going to drive cars of different 

sizes, fuel, and technology 

Accessibility to purchasing vehicles 

EV charging point business opportunity Grid connection 

Patterns of EV usage (when plugging in?) 

How many chargers are needed?  

The values of flexibility solutions The complete value (hidden cost, social value etc.) 

How to make the organization sustainable considering 

products’ delivery systems and employees’ travel 

mode? 

GHG emissions 

Sustainability indicators 

Efficiency in energy use 

4.2.3 Designing useful models 

The interviewees of transportation policy research and the mobility solution industry provided suggestions for 

designing models useful in practice. First, the importance of visualizing information was stressed, especially 

when racial policies are dealt with. Policymaking does not always involve risk-taking. It was discussed that 

people would be afraid of changes before they see the changes; once they see the changes, they would be less 

stressed. Thus, visualizing the expected citizens’ responses to racial policy implementation might help the 

policymaking process. Next, the ideas of applying Maslow’s hierarchy of needs and Bloom’s taxonomy were 

provided too. These two concepts can be useful when modelers face situations in which the messages conveyed 

by models seem less approachable from the user's perspective. For example, as humans could pursue esteem 

when lower needs like physiological needs are met, model-users would need basic information first, followed by 

new ideas and innovative simulations. Thirdly, targeting users sharply was emphasized; if models are aimed to 

be used in government, making a distinction between politicians and civil servants is critical. Last, it was 

discussed that documenting crucial assumptions is as important as creating fine user interfaces for models.  

5 Discussion and conclusion 

We discuss how the knowledge gained through the interviews can be used for creating a system that integrates 

models that illustrate the transitions of energy and mobility systems (Section 5.1). In section 5.2, we explain the 

research limitations and recommend future research topics. We conclude this research in section 5.3. 
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5.1 Reflection on the results 

We explored use cases of energy and mobility transition models in practice and identified the requirements 

applied to the models by interviewing practitioners working in the transition field in regional and local 

governments, industry, and academics in the Netherlands. From the research results, we observed two aspects 

that can be considered for developing a system integrating model. 

One is related to a requirement applicable to the model integration system. The model integration system should 

be designed in a way that the perceived confidence of stakeholders in the amount of contained information can 

be balanced. Stakeholders have different capacities for creating and utilizing models in practice. Some have more 

resources, like modeling practitioners in organizations and budgets, while others have less. Moreover, some may 

even have limited access to required data due to the limited right to ask for the data from other parties. An example 

was mentioned by governmental interviewees about the lack of information on the industry sector’s energy 

demand and supply plans. In such a situation, neither of the stakeholders gains benefits. Stakeholders with less 

complete information may generate less competent data; other stakeholders with more complete information 

might, ironically, get to interact with low-quality data. The overall quality of the shared information may decrease, 

which is not the desired outcome of deploying a system integrating models. 

The second concerns a different approach to creating the model integration system. The aim of creating the model 

integration system does not need to be fixated on integrating all models or all stakeholders; rather, it should focus 

on the fundamental motivation behind the creation, facilitating communication between stakeholders, and 

cooperation. In this sense, not all stakeholders and their models have to be coupled to communicate. It was seen 

that governments do not necessarily have to communicate with companies developing software solutions unless 

the companies demand a massive amount of energy. In addition, three use cases (section 4.2.1) imply formats of 

communication. Instead, we can start creating the configurations of stakeholders’ communication networks that 

can lead to their cooperation. Then, we can figure out models that can better operate the communication networks, 

followed by contouring system(s) for integrating the models. 

5.2 Research limitations and future research recommendations 

We foremost stress that this research outcome must not be generalized, as our interviewees did not sufficiently 

represent all relevant stakeholders involved in the energy and mobility transitions in the Netherlands. We suggest 

future research to expand the population of research so that various perspectives of citizen groups, non-

governmental organizations, media, etc. can be considered. Moreover, future research can also increase the 

number of research participants. By doing so, more diverse and robust use cases can be formulated. Second, the 

fidelity and scopes of models that were directly or indirectly used by the interviewees probably varied, but we 

did not take that into account; we suggest future research to do so. 

Looking at the transition model canvas (section 3.1), it was useful for finding out commonalities and distinctions 

between canvases. Moreover, we see the canvas can be supportive for modeling practitioners developing models 

for users. However, we acknowledge that it was complicated to learn how to use it when trying to acquire an 

overarching view and solutions for the integration of canvases. Therefore, we suggest conducting future research 

on improving or modifying the boundary object for obtaining model-user requirements. 

Models reviewed in the theoretical background were partially discussed in the interviews. We recognized that 

models presented in scientific literature could support realizing two of the three use cases, creating knowledge 

within organizations about energy and mobility systems in the future, and assessing the impacts of business 

practices and solutions striving for the transitions. Yet, the last use case (models that facilitate discussions on 

energy systems planning among parties) requires future research both on better understanding energy and 

mobility systems and on the software perspectives, such as usability, data visualization, collaboration and 

conversation in a virtual environment. With this regard, we consider future research in which energy and mobility 

transition modelling researchers and computer science researchers (virtual reality, digital twin, artificial 

intelligence, etc.) collaborate. Cross-disciplinary modelling research can be useful for fulfilling user requirements 

and fully realizing use cases.  
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Meanwhile, we struggled with a terminology issue which was about “mobility system” and 

“transportation/transport system”. We often saw two terms were interchangeably used. However, we suggest a 

future research idea of comparing relevant concepts and providing clear definitions. 

5.3 Conclusion 

Transitioning both energy and mobility systems can be realized with stakeholders’ cooperation. The cooperation 

can be realized by communication between stakeholders concerning their ideas, plans, and technical solutions. 

To better communicate, stakeholders develop models. The models can be exchanged through a system, and the 

system therefore must be able to integrate the models. Our research involved the creation of a model integration 

system that aimed at facilitating communication and cooperation between stakeholders. Understanding how to 

create model integration systems can be done by understanding stakeholders who are the potential users of the 

system. We explored users and use cases and elicited requirements applicable to the models. We reflected on how 

the model integration system can be developed based on user observation results. 

With an exploratory research approach, we interviewed eleven practitioners with experience in energy and 

mobility transitions and experience in working in government, industry, and academics in the Netherlands. We 

noted that energy and mobility transition models can provide the functions of: i) facilitating discussions on energy 

system planning among parties, ii) creating knowledge within organizations about energy and mobility systems 

in the future, and iii) assessing the impacts of business practices and solutions striving for the transitions. The 

interviewees found that considering the power grid capacity is critical. Furthermore, charging infrastructure and 

mobility patterns, such as which vehicle will be driven by person A as well as manpower for power grid operations 

and management, were often indicated. Based on the research results and process, we gained two insights that 

may apply to the model integration system. First, no matter which models are integrated, the model integration 

system can be designed in a way that stakeholders with less complete information can get support so that the 

overarching quality of shared information does not decrease. The second point was concerning methods for 

creating the model integration system, which was to create communication networks of stakeholders and find 

models that can operate the networks well—not trying to integrate models first. 

Acknowledgements 

This work was conducted within the Dutch research consortium NEON and funded by the Dutch Research 

Council (Grant No. 20915215). We highly appreciate researcher and educator colleagues who provided 

invaluable support (proof-reading, interview support and ideation) in the Department of Design, Production and 

Management and Department of Civil Engineering, University of Twente, and the research consortium NEON.  

References 

[1] IEA (2021). Explore energy data by category, indicator, country or region. International Energy Agency. 

https://www.iea.org/data-and-statistics/databrowser/? 

country=WORLD&fuel=Energy%20consumption&indicator= 

[2] EC (2020). Strategic plan 2020–2024. DG Climate Action. European Commission. 

https://ec.europa.eu/info/system/files/clima_sp_2020-2024_en.pdf 

[3] Khan, I., Zakari, A., Dagar, V., & Singh, S. (2022). World energy trilemma and transformative energy 

developments as determinants of economic growth amid environmental sustainability. Energy Economics, 108, 

105884. https://doi.org/10.1016/j.eneco.2022.105884 

[4] Zhou, Y., Aeschliman, S., & Gohlke, D. (2020). Affordability of household transportation fuel costs by region and 

socioeconomic factors (No. ANL/ESD-20/11). Argonne National Lab (ANL), Argonne, IL (United States). 

https://publications.anl.gov/anlpubs/2021/01/165141.pdf 

[5] Månsson, A. (2016). Energy security in a decarbonised transport sector: A scenario-based analysis of Sweden's 

transport strategies. Energy Strategy Reviews, 13, 236–247. https://doi.org/10.1016/j.esr.2016.06.004 



35th International Electric Vehicle Symposium and Exhibition 11 

[6] Gillis, D., Semanjski, I., & Lauwers, D. (2015). How to monitor sustainable mobility in cities? Literature review 

in the frame of creating a set of sustainable mobility indicators. Sustainability, 8(1), 29. 

https://doi.org/10.3390/su8010029 

[7] Mascolo M. (2014) Worldview. In T. Teo (Ed.), Encyclopedia of critical psychology. Springer, New York, NY. 

https://doi.org/10.1007/978-1-4614-5583-7_480 

[8] Maier, M. W., & Rechtin, E. (2009). The art of systems architecting (3rd ed.). CRC Press. 

[9] Buede, D. M. (2000). The engineering design of systems: Models and methods (Ser. Wiley series in systems 

engineering). Wiley. 

[10] Amer, S. B., Gregg, J. S., Sperling, K., & Drysdale, D. (2020). Too complicated and impractical? An exploratory 

study on the role of energy system models in municipal decision-making processes in Denmark. Energy 

Research & Social Science, 70, 101673. https://doi.org/10.1016/j.erss.2020.101673 

[11] Hall, L. M., & Buckley, A. R. (2016). A review of energy systems models in the UK: Prevalent usage and 

categorisation. Applied Energy, 169, 607–628. https://doi.org/10.1016/j.apenergy.2016.02.044 

[12] Süsser, D., Ceglarz, A., Gaschnig, H., Stavrakas, V., Flamos, A., Giannakidis, G., & Lilliestam, J. (2021). Model-

based policymaking or policy-based modelling? How energy models and energy policy interact. Energy 

Research & Social Science, 75, 101984. https://doi.org/10.1016/j.erss.2021.101984 

[13] Jagustović, R., Zougmoré, R. B., Kessler, A., Ritsema, C. J., Keesstra, S., & Reynolds, M. (2019). Contribution 

of systems thinking and complex adaptive system attributes to sustainable food production: Example from a 

climate-smart village. Agricultural Systems, 171, 65–75. https://doi.org/10.1016/j.agsy.2018.12.008 

[14] Rotmans, J., & Loorbach, D. (2009). Complexity and transition management. Journal of Industrial Ecology, 

13(2), 184–196. https://doi.org/10.1111/j.1530-9290.2009.00116.x 

[15] Nava Guerrero, G. D. C., Korevaar, G., Hansen, H. H., & Lukszo, Z. (2019). Agent-based modeling of a thermal 

energy transition in the built environment. Energies, 12(5), 856. https://doi.org/10.3390/en12050856 

[16] Yang, L., & Cormican, K. (2021). The crossovers and connectivity between systems engineering and the 

sustainable development goals: A scoping study. Sustainability, 13(6), 3176. https://doi.org/10.3390/su13063176 

[17] Hafner, S., Anger-Kraavi, A., Monasterolo, I., & Jones, A. (2020). Emergence of new economics energy 

transition models: A review. Ecological Economics, 177, 106779. 

https://doi.org/10.1016/j.ecolecon.2020.106779 

[18] Hoekstra, A., Steinbuch, M., & Verbong, G. (2017). Creating agent-based energy transition management models 

that can uncover profitable pathways to climate change mitigation. Complexity, 2017. 

https://doi.org/10.1155/2017/1967645 

[19] Li, F. G., Trutnevyte, E., & Strachan, N. (2015). A review of socio-technical energy transition (STET) models. 

Technological Forecasting and Social Change, 100, 290–305. https://doi.org/10.1016/j.techfore.2015.07.017 

[20] Muratori, M., Jadun, P., Bush, B., Bielen, D., Vimmerstedt, L., Gonder, J., ... & Arent, D. (2020). Future 

integrated mobility-energy systems: A modeling perspective. Renewable and Sustainable Energy Reviews, 119, 

109541. https://doi.org/10.1016/j.rser.2019.109541 

[21] Lowry, P. B., Roberts, T. L., Romano Jr., N. C., Cheney, P. D., & Hightower, R. T. (2006). The impact of group 

size and social presence on small-group communication: Does computer-mediated communication make a 

difference? Small Group Research, 37(6), 631–661. https://doi.org/10.1177/1046496406294322 

[22] Reinhardt, R., Christodoulou, I., García, B. A., & Gasso-Domingo, S. (2020). Sustainable business model 

archetypes for the electric vehicle battery second use industry: Towards a conceptual framework. Journal of 

Cleaner Production, 254, 119994. https://doi.org/10.1016/j.jclepro.2020.119994 

[23] Hanna, P., Kantenbacher, J., Cohen, S., & Gössling, S. (2018). Role model advocacy for sustainable transport. 

Transportation Research Part D: Transport and Environment, 61, 373-382. 

https://doi.org/10.1016/j.trd.2017.07.028 

https://doi.org/10.1016/j.trd.2017.07.028


35th International Electric Vehicle Symposium and Exhibition 12 

[24] Cao, Z., Wang, J., Zhao, Q., Han, Y., & Li, Y. (2021). Decarbonization scheduling strategy optimization for 

electricity-gas system considering electric vehicles and refined operation model of power-to-gas. IEEE Access, 

9, 5716-5733. https://doi.org/10.1109/ACCESS.2020.3048978 

[25] Abdullahi, H., Reyes-Rubiano, L., Ouelhadj, D., Faulin, J., & Juan, A. A. (2021). Modelling and multi-criteria 

analysis of the sustainability dimensions for the green vehicle routing problem. European Journal of 

Operational Research, 292(1), 143-154. https://doi.org/10.1016/j.ejor.2020.10.028 

[26] Siskos, P., Zazias, G., Petropoulos, A., Evangelopoulou, S., & Capros, P. (2018). Implications of delaying 

transport decarbonisation in the EU: A systems analysis using the PRIMES model. Energy Policy, 121, 48-60. 

https://doi.org/10.1016/j.enpol.2018.06.016 

[27] Nadi, P. A., & Murad, A. (2019). Modelling sustainable urban transport performance in the Jakarta city Region: a 

GIS approach. Sustainability, 11(7), 1879. https://doi.org/10.3390/su11071879 

[28] Rivero Gutiérrez, L., De Vicente Oliva, M. A., & Romero-Ania, A. (2021). Managing sustainable urban public 

transport systems: An AHP multicriteria decision model. Sustainability, 13(9), 4614. 

https://doi.org/10.3390/su13094614 

[29] Stebbins, R. A. (2001). Exploratory research in the social sciences (Vol. 48). Sage. 

[30] Robinson, O. C. (2014). Sampling in interview-based qualitative research: A theoretical and practical guide. 

Qualitative research in psychology, 11(1), 25-41. https://doi.org/10.1080/14780887.2013.801543 

[31] de Casterlé, B. D., Gastmans, C., Bryon, E., & Denier, Y. (2012). QUAGOL: A guide for qualitative data analysis. 

International journal of nursing studies, 49(3), 360-371. https://doi.org/10.1016/j.ijnurstu.2011.09.012 

[32] Saldaña, J. (2014). Coding and analysis strategies. The Oxford handbook of qualitative research, 581-605. 

https://doi.org/10.1093/oxfordhb/9780199811755.013.001 

 

Authors 

 

Younjung Choi is a Ph.D. candidate in the Systems Engineering and Multidisciplinary Design 

Group at the University of Twente. She holds a master’s degree in Environmental Sciences 

and a bachelor’s degree in Energy Resources Engineering. Her Ph.D. project is creating the 

system architecture of energy and mobility transition models that can facilitate 

transdisciplinary projects. Her research interests are sustainability transitions, transdisciplinary 

research, and decision support system creation. 

 

G. Maarten Bonnema is an associate professor at the Department of Design, Production, and 

Management at the University of Twente. His background lies in electrical, mechatronic, and 

systems design. His main focus is the design of complex systems. A complex system that has 

his particular attention is electric mobility. He researches the shift to electric mobility from a 

systems perspective, including technology, infrastructure, facilities, regulations, and, most 

importantly, the user. 

 

Marcus Vinicius Pereira Pessoa is an assistant professor at the University of Twente. Marcus 

is a Ph.D. in Mechanical Aeronautical Engineering and is part of the Systems Engineering and 

Multidisciplinary Research Group. His teaching and research interests include systems 

engineering, model-based systems engineering, and program and project management. His 

actual research work includes the modeling of cyber-physical systems, (smart) product-service 

systems, organizational systems, and transitioning systems. 

 

https://doi.org/10.1109/ACCESS.2020.3048978
https://doi.org/10.1016/j.ejor.2020.10.028

