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Roll-out of extensive EV charging infrastructure on employee car park

01 | Introduction & Motivation ( 1 / 2)

Regulatory environment & real-world problem motivation

Fig. 1  |  Schematic electricity consumption profile of industrial site.  Fig. 2  | Aerial image of employee car park.  

RQ1 What are the benefits of coordinated EV workplace charging for firms?

Motivation: regulatory context 

• Enforcement of recent EU laws add 

regulatory pressure for firms 

• Corporate Sustainability 

Reporting Directive (CSRD): 

more stringent reporting of 

Scope 3 emissions, including 

employees’ commute 

practices to the workplace

• Energy performance of 

buildings (EPBD): legal 

requirement to provide min. 

1x charging station on 

business car parks w/ >20 

parking spots (‘GEIG’ in 

Germany – in effect since 

01.01.2025)
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SC strategies yield 28% lower peak loads while reducing charging costs by 9%

01 | Introduction & Motivation ( 2 / 2)

Prior work (PhD Paper 1): Overview of key results

Fig. 3  |  Charging profiles differentiated by model type and different EV adoption rates [1]

Full publication available here:

https://www.nature.com/articles/

s44333-025-00032-w 

https://www.nature.com/articles/s44333-025-00032-w
https://www.nature.com/articles/s44333-025-00032-w
https://www.nature.com/articles/s44333-025-00032-w
https://www.nature.com/articles/s44333-025-00032-w
https://www.nature.com/articles/s44333-025-00032-w
https://www.nature.com/articles/s44333-025-00032-w
https://www.nature.com/articles/s44333-025-00032-w
https://www.nature.com/articles/s44333-025-00032-w
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Firm-specific decision support for predictive modelling of EV charging loads 

02 | Literature review

Overview of prior research

IS for low-carbon energy and mobility systems

• ‘Green IS’: addressing challenges of sustainability and efficiency in 

energy and mobility systems [2, 3]

• Prominent examples of ‘Green IS’ research

• Sustainable supply chain management [4]

• Digital carbon accounting systems [5]

• Energy-aware business process management [6] 

• Organisational digital decarbonisation approaches for 

environmental sustainability [7]

• ‘Energy Informatics’: emphasises the role of digital technology 

systems in optimising energy generation, distribution, and consumption

• Prominent topics:

• Smart grid management [8], decentralised energy systems [9], 

demand-side energy management [10]
Smart EV charging

• ‘Smart charging’ – a concept referring to managing electricity loads 

from EV charging cycles according to pre-defined objectives [18]

• Review of common objective functions [19]

• Joint optimisation of the decision on the number of EV 

chargers to be deployed and the operational decision of 

charging spot assignments [20, 21]

Sustainable transformation of mobility systems

• ‘Green IS’ + ‘Energy Informatics’ contribute significantly to the 

development of EV charging infrastructure

• Recent scholarly work:

• Optimised load balancing and the integration of renewable 

energy into charging networks [11, 12]

• enabling vehicle-to-grid and sustainable charging 

approaches [13]

• user-oriented systems have been analysed to improve the 

EV charging experience, including intelligent navigation to 

available charging stations, real-time availability updates, 

and dynamic pricing [14-17]

‘Research Gap’

• Most studies have taken on the viewpoint of either network operators or 

electricity market agents [22-25], or electricity market agents [26-29]

• In practice, the decision for building + operating EV workplace 

infrastructure lies within responsibility of private firms

• Lack of adequate methods, data, and tools for workplace operators
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Developing a digital artefact as decision support tool for practitioners

03 | Methodology ( 1 / 4 )

Design science research process: General overview

RQ2 How can business executives make more informed decisions in the process of installing and operating EV workplace charging infrastructure? 

Fig. 4  |  Visual overview of the adopted DSR process. (Adapted from [30] and [31])
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Definition of objectives are informed from operations research

03 | Methodology ( 2 / 4 )

Design science research process: Step 2

Fig. 5  |  DSR step 2

𝑚𝑖𝑛 𝑧𝑃𝑀−𝑉𝐹 = ෍

𝑡 ∈ 𝑇

(𝑃𝑡 + 𝑦𝑡 − 𝐶)2

Peak min. & valley filling (PM-VF):

Charging cost min. (CCM):

𝑚𝑖𝑛 𝑧𝐶𝐶𝑀 = ෍

𝑡 ∈ 𝑇

𝑦𝑡 ∗ 𝜆𝑡

Carbon emission min. (CEM):

𝑚𝑖𝑛 𝑧𝐶𝐸𝑀 = ෍

𝑡 ∈ 𝑇

𝑦𝑡 ∗ 𝛾𝑡

(Adapted from [19] and [30])

Definition of optimisation objectives Proposition of (first) design solution using Figma

Fig. 6  |  Figma design prototype
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We used mixed-methods research with a total of eight case study partners

03 | Methodology ( 3 / 4 )

Sampling & data collection

Fig. 7  |  Four step data collection procedure for each case 

study partner

Tab.1  |  Overview of multi case study sample spanning multiple industries
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We conducted two semi-structured interviews with each case study 
partner

03 | Methodology ( 4 / 4 )

Sampling & data collection

Tab. 2  |  Detailed overview of interviewees’ roles within the companyFig. 7  |  Four step data collection procedure for each case 

study partner
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The artefact is built in a modular manner using streamlit for 
visualisation

04 | Design & development 

DSR step 3 (Design cycle 1)

Coding languages & tools

Data pipeline

Model formulation

Optimisation

Visualisation

Fig. 8 |  First functional prototype (Design cycle 1) 
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We tested the artefact based on real-world firm-specific data

05 | Demonstration & evaluation ( 1 / 4 )

DSR step 4: Demonstration 

Tab. 3 |  Firm-specific inputs from case study partners
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We received eight highly relevant design & feature improvements

05 | Demonstration & evaluation ( 2 / 4 )

DSR step 4: Evaluation (Design cycle 1) 

Tab. 4 |  Qualitative codes from second round of interviews (excerpt)
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We received eight highly relevant design & feature improvements

05 | Demonstration & evaluation ( 3 / 4 )

DSR step 4: Qualitative evaluation (Design cycle 1) 

Tab. 5 |  Qualitative codes from second round of interviews (excerpt)
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SUS score of 87% after DC 1 indicates high acceptability

05 | Demonstration & evaluation ( 4 / 4 )

DSR step 4: Quantitative evaluation (Design cycle 1) 

Tab. 6 |  Quantitative evaluation using the System Usability Scale (n = 4) (DC 1) 

Total Score

87%

‘Excellent’

> acceptable
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Enhanced artefact incorporating feedback from design cycle 1

04 | Design & development 

DSR step 3 (Design cycle 2)

Fig. 8 |  Improved prototype (Design cycle 2) 

Live 

Demo

Openly accessible:
https://ev-workplace-

charging.streamlit.app/ 

https://ev-workplace-charging.streamlit.app/
https://ev-workplace-charging.streamlit.app/
https://ev-workplace-charging.streamlit.app/
https://ev-workplace-charging.streamlit.app/
https://ev-workplace-charging.streamlit.app/
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Final SUS score indicates high acceptability among prospective users

05 | Demonstration & evaluation

DSR step 4: Quantitative evaluation (Design cycle 2) 

Fig. 9  |  Quantitative evaluation using the System Usability Scale (n = 11) (DC 2) 

Final Score

82%

‘Good’

> acceptable
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06 | Discussion

Main take-aways

Our research contributes to DSR through ‘exaptation’

Summary

• We build a digital artefact using Streamlit to assists workplace decision 

makers to more accurately predict the impact of EV workplace charging

• We designed, built, and evaluated the prototype through two rigour 

design & evaluation cycles, collecting qual. + quant. data from eight 

case study partners (medium- to large-sized firms in Germany) 

• With a total SUS score of 82%, we deemed the prototype as acceptable.

• Going forward, we will open-source the web application to the public.

Contribution to theory

• Decision type: ‘Decision support system’

• Guiding workplace decision makers with building and operating EV 

workplace charging infrastructure

• Core contribution through ‘exaptation’, i.e. repurposing existing 

optimisation algorithms for dedicated applications in workplace charging 

decision contexts

"I actually find this really useful. Because I think a lot 

of companies still have no real idea of the challenges 

that come with electrification in general, and with 

reducing CO₂ emissions. And just getting an overview 

of what’s basically out there and how things can be 

optimised is, I think, a huge help for any company.”

Case study ID: 4a [Pharma]

Selected quotes: perceived usefulness

"But it’s just nice to be able to argue using valid data, 

and I think data will become increasingly relevant 

in the future anyway. And of course, all this information 

is something I’d otherwise have to gather myself with a 

lot of effort. Having it all from a single source—just 

entering my own values, which I already have—that’s 

a great solution.”

Case study ID: 2a [Office supply manufacturer]
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Semi-structured interview guide

X | Appendix ( 1 / 8 )

Overview

Interview 1 (excerpt)

Introduction 

▪ Decision Context and Scope

▪ Criteria Identification

▪ Stakeholder Involvement

▪ Information Gathering and Evaluation

▪ Decision-Making Challenges

Closing Questions 

Interview 2 (excerpt)

Introduction 

▪ First impressions of web application

▪ Ease of use

▪ Information visualisation

▪ Real-world applicability

▪ Decision support

▪ Improvement and feedback

Closing Questions 
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We benchmark each model type against uncontrolled charging (UCC) [%∆] 

X | Appendix ( 2 / 8 )

Approach: Outlining four-step structure

Fig. A1  |  Schematic overview of our modelling framework.  Step 1: Specification of input parameters. Step 2: Selection of model, assessing (i) peak 

minimisation & valley filling (PM-VF), (ii) charging cost minimisation (CCM), or carbon emission minimisation (CEM). Step 3: Sensitivity analysis with varying 

EV adoption rates [%] and temporal scale. Step 4: Computation of model results for each objective function in relative terms (%∆). 
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Each model pursues a different optimisation goal, yet w/ identical constraints

X | Appendix ( 3 / 8 )

Methods: Drawing from operations research (OR)

𝑚𝑖𝑛 𝑧𝑃𝑀−𝑉𝐹 = ෍

𝑡 ∈ 𝑇

(𝑃𝑡 + 𝑦𝑡 − 𝐶)2

𝐶 =
𝑚𝑎𝑥 𝑃𝑡 + 𝑚𝑖𝑛 𝑃𝑡

2

𝑠. 𝑡. 𝑦𝑡 = ෍

𝑚∈𝑀

𝑥𝑚𝑡𝑓𝑚𝑡 ∀ 𝑡 ∈ 𝑇

𝑓𝑚𝑡 = ቊ
𝟏, 𝑖𝑓 𝐸𝑉 𝑚 ∈ 𝑀 𝑖𝑠 𝑝𝑎𝑟𝑘𝑒𝑑 𝑎𝑡 𝑤𝑜𝑟𝑘𝑝𝑙𝑎𝑐𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 ∈ 𝑇,

𝟎, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

−𝑝𝑚𝑎𝑥 ≤ 𝑥𝑚𝑡 ≤ 𝑝𝑚𝑎𝑥 ∀ 𝑡 ∈ 𝑇; 𝑚 ∈ 𝑀

0 ≤ 𝐸𝑚
𝑖𝑛𝑖 + ෍

𝑘 ∈ 𝑇 | 𝑘 ≤ 𝑡

𝑥𝑚𝑡𝑓𝑚𝑡 ≤ 𝐸𝑚
𝑐𝑎𝑝

∀ 𝑡 ∈ 𝑇; 𝑚 ∈ 𝑀

𝐸𝑚
𝑓𝑖𝑛

= 𝐸𝑚
𝑖𝑛𝑖 + ෍

𝑘 ∈ 𝑇 | 𝑘 ≤ 𝑡

𝑥𝑚𝑡𝑓𝑚𝑡 ≥ 𝐸𝑇+1 ∀ 𝑡 ∈ 𝑇; 𝑚 ∈ 𝑀

0 = 𝑥𝑚𝑡 1 − 𝑓𝑚𝑡 ∀ 𝑡 ∈ 𝑇; 𝑚 ∈ 𝑀

[1]

[2]

[3]

[4]

[5]

Peak min. & valley filling (PM-VF): Charging cost min. (CCM):

𝑚𝑖𝑛 𝑧𝐶𝐶𝑀 = ෍

𝑡 ∈ 𝑇

𝑦𝑡 ∗ 𝜆𝑡

Carbon emission min. (CEM):

𝑚𝑖𝑛 𝑧𝐶𝐸𝑀 = ෍

𝑡 ∈ 𝑇

𝑦𝑡 ∗ 𝛾𝑡

For further references, see [19, 30]. 

Total charging load

Charging power restrictions

Battery capacity restrictions

Minimum state-of-charge (SoC) requirement

Logical operator ensuring car availability

Constant C

Definition of car availability matrix
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Each model pursues a different optimisation goal, yet w/ identical constraints

X | Appendix ( 4 / 8 )

Methods: Drawing from operations research (OR)

𝑚𝑖𝑛 𝑧𝑃𝑀−𝑉𝐹 = ෍

𝑡 ∈ 𝑇

(𝑃𝑡 + 𝑦𝑡 − 𝐶)2

Peak min. & valley filling (PM-VF): Charging cost min. (CCM):

𝑚𝑖𝑛 𝑧𝐶𝐶𝑀 = ෍

𝑡 ∈ 𝑇

𝑦𝑡 ∗ 𝜆𝑡

Carbon emission min. (CEM):

𝑚𝑖𝑛 𝑧𝐶𝐸𝑀 = ෍

𝑡 ∈ 𝑇

𝑦𝑡 ∗ 𝛾𝑡

Fig. A2  | Schematic power curve.  Figure taken from [5]. 

No cars 

available

Mathematical Objective Function

Minimising the least square difference:

𝐶 =
𝑚𝑎𝑥 𝑃𝑡 + 𝑚𝑖𝑛 𝑃𝑡

2

𝑚𝑖𝑛 𝑧𝑃𝑀−𝑉𝐹 = ෍

𝑡 ∈ 𝑇

(𝑃𝑡 + 𝑦𝑡 − 𝐶)2
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