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01 | Introduction & Motivation (1 / 2)

Roll-out of extensive EV charging infrastructure

Regulatory environment & real-world problem motivation

UNIVERSITY O

OXFORD

on employee car park

RQ]_ What are the benefits of coordinated EV workplace charging for firms?

Isis BusiEs® Chutern O g i Motivation: regulatory context

H,
O’SDalh Rd e

[ Regularload ## Additional load Additional load
* Uncontrolled charging (UCC) Smart charging (SC)

max. site |
capacity

Electricity consumption
[kWh]

» Enforcement of recent EU laws add

T, 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.

Plant i Plant : .
switoh-on i {4 switohoff 1x charging station on
AP Change in electricity consumption during plant/site operation h S bUSIneSS car parks W/ >20
A ycc  Additional load incurred from uncontrolled EV charging (UCC) A Vi l ' parking spots (‘G EIG in
- JRudoIphig;Hel ; - >
A sc  Additional load incurred from smart EV charging (SC) W ui p""‘*&%ﬂg ‘ - ; Germany — in effect since
e : : -
y 01.01.2025)
Fig. 1 | Schematic electricity consumption profile of industrial site. Fig. 2 | Aerial image of employee car park.
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01 | Introduction & Motivation (2 / 2)

UNIVERSITY OF
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SC strategies yield 28% lower peak loads while reducing charging costs BY 9%

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

Max. Peak

Charging Costs

Carbon Emissions

Electricity demand curve industrial site
—— Uncontrolled charging (UCC)
—— Smart charging (SC)
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Fig. 3 | Charging profiles differentiated by model type and different EV adoption rates [1]

100%

npj | sustainable mobility and transport Article

3

Firm level optimisation strategies for
sustainable and cost effective electric
vehicle workplace charging

™ Check for updates

Marcel Seger' -, Christian Brand', Christoph Clement?, James Dixon* & Charlie Wilson'®

Expanding electric vehicle (EV) charging infrastructure is essential for transitioning to an electrified
mobility system. With rising EV adoption rates, firms face increasing regulatory pressure to build up
workplace charging facilities for their employees. However, the impact of EV charging loads on
businesses’ specific electricity consumption profiles remains largely unknown. Our study addresses
this challenge by presenting a mathematical optimisation model, available via an open-source web
application, that empowers business executives to manage energy consumption effectively, enabling
them to assess peak loads, charging costs and carbon emissions specific to their power profiles and
employee needs. Using real-world data from a global car manufacturer in South East England, UK, we
demonstrate that smart charging strategies can reduce peak loads by 28% and decrease charging
costs and emissions by 9% compared to convenience charging. Our methodology is widely applicable
across industries and geographies, offering data-driven insights for planning EV workplace charging
infrastructure.

Full publication available here:
https://www.nature.com/articles/

5$44333-025-00032-w

DESRIST 2025 — ‘Making the Invisible Count’: Conference Presentation — Seger, Marcel — June 041, 2025


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

02 | Literature review

UNIVERSITY OF

0),42(0)°3D)

Firm-specific decision support for predictive modelling of EV charging 10a0

Overview of prior research

IS for low-carbon energy and mobility systems Sustainable transformation of mobility systems
* ‘Green IS’: addressing challenges of sustainability and efficiency in « ‘Green IS’ + ‘Energy Informatics’ contribute significantly to the
energy and mobility systems [2, 3] development of EV charging infrastructure
* Prominent examples of ‘Green IS’ research * Recent scholarly work:
+ Sustainable supply chain management [4] + Optimised load balancing and the integration of renewable
+ Digital carbon accounting systems [5] energy into charging networks [11, 12]
+ Energy-aware business process management [6] - enabling vehicle-to-grid and sustainable charging
+ Organisational digital decarbonisation approaches for approaches [13]
environmental sustainability [7] » user-oriented systems have been analysed to improve the
* ‘Energy Informatics’: emphasises the role of digital technology EV charging experience, including intelligent navigation to
systems in optimising energy generation, distribution, and consumption available charging stations, real-time availability updates,
* Prominent topics: and dynamic pricing [14-17]

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

demand-side energy management [10] Smart EV charai
ma charging

‘Research Gap’ .
P + ‘Smart charging’ — a concept referring to managing electricity loads

* Most studies have taken on the viewpoint of either network operators or from EV charging cycles according to pre-defined objectives [18]
electricity market agents [22-25], or electricity market agents [26-29] « Review of common objective functions [19]

* In practice, the decision for building + operating EV workplace « Joint optimisation of the decision on the number of EV
infrastructure lies within responsibility of private firms Chargers to be dep|oyed and the operational decision of

» Lack of adequate methods, data, and tools for workplace operators charging spot assignments [20, 21]
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03 | Methodology (1/4)

Developing a digital artefact as decision support tool for practitioners

Design science research process: General overview

UNIVERSITY OF

0),42(0)24D)

RQ2

Q)| Cycle

)| Cycle2

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

Problem-centred entry

1 | Identify problem

Lack of data-driven
decision support tool to
plan and operate EV
workplace charging
infrastructure

Reviewing academic
and grey literature;
engaging with
workplace decision
makers

Analysing lessons
learned fromcycle 1

r v
»

Interference

Two main design cycles

Deriving requirements
based on theoretical
and empirical work as
well as proposing a
design solution

Applying theoretical
knowledge from
operations research;
prototyping

Revising design solution

Theory

V
3 | Design &
development

Instantiating the design
solutions as |T-artefacts

Instantiating first version
of a software prototype

Instantiating revised
second version of a
software prototype

»

How to knowledge

¥
4 | Demonstration &
evaluation

Exploring the applicability
and usefulness of the
design solutionsin
artificial settings

Disciplinary knowledge

User testing of the
prototype with business
executives from four
different companies
from various sectors

User testing of the
revised prototype with
four additional
business executives

Fig. 4 | Visual overview of the adopted DSR process. (Adapted from [30] and [31])

»

5 | Communication

Reporting design-
relevant knowledge and
the prototype

Communicating test
users' general
feedbackand
reporting of relative
savings potential of
smart charging (SC)
strategies in respective
firm-specific situational
contexts
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03 | Methodology (2 /4)

Definition of objectives are informed from operations research

Design science research process: Step 2

UNIVERSITY OF
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Definition of optimisation objectives

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

A 2 | Define objectives

¥ Evcharging Dashboard -5t X +

& & € @& evcharging-dashboard.streamlit.app/?ref=blog.streamlitio

2 ¥ EV Workplace Charging X
I —_— —_ Dashboard
® Deriving requirements min Zpy-yr = 2 (Pe +ye —C) -
8 based on theoretical teT
o and empirical work as
2 well as proposing a
g design solution Charging cost min. (CCM):
—
N 4

. _ Z : .
Applying theoretical min zccm YVt /1t
knowledge from teT

operations research;

prototyping L. .
Carbon emission min. (CEM):

min Zcgy = z Yt *VYt

Revising design solution terT

(Adapted from [19] and [30])

Fig. 5 | DSR step 2

Charging cost minimisation

ion minimisation

Specily solver type
rohi W

Run

Fig. 6 | Figma design prototype

Proposition of (first) design solution using Figma

Forkthisapp €) §

Qutput
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03 | Methodology (3/4)

We used mixed-methods research with a total of eight case study part

Sampling & data collection

UNIVERSITY O

0),42(0)24D)

1 | Interview #1 A 2 | Data input survey »

Themes covered: Data input regarding:
Sustainability strategy, Work-shift patterns, incl. DC ID Sector Electricity (_zonsumpt. (p.a.) Main demand source
planning of EV charging no. of parked employee 1 1 Media & publishing 20,000 MWh Printing machinery
infrastructure, general cars, current %-EV share, 1 2  Office supplies 232 MWh Office buildings
decisionenvironment power load profile 1 3 Healthcare 6,137 MWh Hospital operations
1 4 Pharma 6,000 MWh Drug manufacturing
N N 2 5  Paper production 197,290 MWh Production machinery
. - : 2 6  Manufacturing 4,000 MWh Compressed air generation
» Rl 4 | SUS questionnaire 9 7 Building materials 2,000 MWh Office buildings, HVAC
) o 2 8  Energy infrastructure 1,724 MWh Production machinery
Topics covered: Quantitative ex-post
General impression evaluation: points covered:
(functionality), perceived perceivedusefulness & Tab.1 | Overview of multi case study sample spanning multiple industries
usefulness & ease of use, ease of use, functionality,
decision-support relevance degree of complexity

Fig. 7 | Four step data collection procedure for each case
study partner
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03 | Methodology (4 /4)

We conducted two semi-structured interviews with each case study

partner

Sampling & data collection

UNIVERSITY OF

0),42(0)24D)

1 | Interview #1 A 2 | Data input survey »

Themes covered:
Sustainability strategy,
planning of EV charging
infrastructure, general
decision environment

Data input regarding:
Work-shift patterns, incl.
no. of parked employee
cars, current %-EV share,
power load profile

A 4 A 4
» BERRLGCIEE 7 WA 4 | SUS questionnaire

Topics covered:

General impression
(functionality), perceived
usefulness & ease of use,
decision-support relevance

Quantitative ex-post
evaluation: points covered:
perceived usefulness &
ease of use, functionality,
degree of complexity

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

Date of interviews

DleSE%nG) ID Role of interview partner(s) Interview 1 Interview 2
cyee Duration (mm:ss) Duration (mm:ss)
1 ) ® Corporate sustainability 26.11.2024 04.12.2024
b: Finance/energy procurement (45:39) (49:54)
=
1 2 a: Head of facility management 1(}(218?223)2 4 14(:2132??)20
1 g Strategic purchasing 28.11.2024 17.01.2025
b: Fleet management (31:01) (39:06)
1 4 Energy provisioning (engineering) 22.01.2025 21.02.2025
b: Head of corporate responsibility (36:22) (46:39)
9 g Executive assistant CEO 05.03.2025 30.04.2025
b: Energy portfolio manager (36:41) (49:07)
a: Sustainability manager 05.03.2025 06.05.2025
2 6 b: Project manager (engineering) (38:17) (40:39)
c: Team lead maintenance ' '
E =
2 7 a: Sustainability manager 11(3,;15%2 ? 28(;); 12 %2‘)
E [ [
2 8 a: Engineer sustainability manager 3(}({] :52;)2 0 07(;)512 5)20

Tab. 2 | Detailed overview of interviewees’ roles within the company
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04 | Design & development

The artefact is built in a modular manner using streamlit for

visualisation

DSR step 3 (Design cycle 1)

UNIVERSITY OF

OXFORD

p>8 3 | Design &
development

§ Instantiating the design
< solutions as IT-artefacts
A 4

Instantiating first version
of a software prototype

Instantiating revised
second version of a
software prototype

Coding languages & tools

Input Parameters

Second Shift

EV Workplace Charging Dashboard

Peak Minimisation & Valley Filling (PM-VF)
%13

is

N

-

it
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©

o 4
@
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13-

% ---- Electricity costs -35
£12- ¢ /\\\ i
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Fig. 8 | First functional prototype (Design cycle 1)

Charging Costs

Carbon Emissions ~ -10.5%)

-12% -10% 8% 6% % -2%
Value of smart charging (VoSC) [%A]

Charging Costs ~ -18.5%
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|
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wy Streamlit
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05 | Demonstration & evaluation(1/4)

We tested the artefact based on real-world firm-specific data

DSR step 4: Demonstration

UNIVERSITY OF

OXFORD

p>8 4 | Demonstration &

How fo knowledge

evaluation

Exploring the applicability
and usefulness of the
design solutionsin
artificial settings

User testing of the
prototype with business
executives from four
different companies
from various sectors

User testing of the
revised prototype with
four additional
business executives

DC ID Sector Electrlcrc],.f Main demand source Work shifts # Cars EV rate Type of analysis
consumption (p.a.) (status quo)
AM (06:00-14:00) a0
1 1  Media & publishing 20,000 MWh Printing machinery PM (14:00-22:00) &0 5% Firm-specific data
Night (22:00-06:00) 60
1 2 Otffice supplies 232 MWh Office buildings Office staff (02:00-16:00) 50 25% Firm-specific data
1 3  Healthcare 6,137 MWh Hospital operations Fleet {16:00-07:30) 50 10% Firm-specific data
AM (06:00-14:00) 100
1 4 Pharma 6,000 MWh Drug manufacturing Nljglr:t[][:;;gxiﬁﬂgéj 18;? 10% Firm-specific data
Office staff (08:00-16:00) 300
AM (06:00-14:00) 250
2 5 Paper production 197,290 MWh Production machinery Nljglzt[tz;gxiﬁﬂg?lj 18?;]? 5% Firm-specific data
Office staff (08:00-16:00) 60
AM (06:00-14:00) 100
2 6 Manufacturing 4,000 MWh Compressed air generatioll PM (14:00-22:00) T0 30% Firm-specific data
Office staff (08:00-16:00) 100
2 7 Building materials 2,000 MWh Office buildings, HVAC Office staff (07:30-17:00) 500 12% Detault load profile
AM (06:00-14:00) 170
2 8 Energy infrastructure 1,724 MWh Production machinery PM (14:00-22:00) 30 3% Firm-specific data
Office staff (07:00-16:00) 140

Tab. 3 | Firm-specific inputs from case study partners
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05 | Demonstration & evaluation (2 /4)

We received eight highly relevant design & feature improvements

DSR step 4: Evaluation (Design cycle 1)

UNIVERSITY OF

OXFORD

DC ID  Quote from interviews (round 2) Timing Qualitative Prio.
(mm:ss)  code(s
1 1b  “Something I might even wish for more is this: You've 16:07 Apggregated High
: now (...) taken the load profile of a single day at our analytics

» K Demonf.stratlon & site and analysed it. As a complement or extension,

. evaluation one could perhaps create some kind of average.”

.g) Exploring the applicability 1 1b  “In Germany, we also have (...) a dynamic tariff. 18:10 Germany-specific  High

-ig and usefulness of the (...) You can basically take the numbers themselves market price data

S ggﬁ:g&?&‘g‘ggzm and, in the end, go back to all time periods, even into integration

*: the past. (...) [Then/, of course, you can also retrieve (entso-e)

‘g Uy the German prices from the website.”

g User testing of the 1 1b  “And regarding COs— specifically grid carbon intensity 21:01 Germany-specific ~ High
prototype with business — I'm not sure if there are actually data available for grid carbon
executives from four download to display them properly here. But there is intensity data
gg‘:ﬁ?g:@ﬁ;"::&ﬁss something called the Electricity Map. Do you happen integration

to know it? (...) And there, of course, you can also (electricity maps)
T spectfically check for Germany what the electricity mix
) is on a given day.”
User testing of the 1 2a  “And what I would actually find really interesting: is 23:02 Seasonal effects /  High

revised prototype with
four additional
business executives

that also dependent on the seasons, depending on what
kind of strategy I might want to pursue al the lime?
And to actually simulate something like that?”

Tab. 4 | Qualitative codes from second round of interviews (excerpt)

aggregated
analytics
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05 | Demonstration & evaluation (3 /4)

UNIVERSITY OF

OXFORD

We received eight highly relevant design & feature improvements

DSR step 4: Qualitative evaluation (Design cycle 1)

1 2a  “What would actually be interesting for me person- 26:43 User guide High
ally as a user would be to have a document to un-
derstand what the system is doing with the value I'm
changing—just to have a sense of security. I don’t
like blindly trusting technical systems 100%, and even
if they've proven themselves many times, I just like
to know: what exactly is changing here? Maybe also

p>8 4 | Demonstration &
evaluation

)

.g) Exploring the applicability what assumptions are being made when I change some-

-i§ and usefulness of the thing—and does that also affect the validity of my re-

3 design solutionsin sult?”

£ artificial settings 1 2a  “What I always find quite practical is having an ex-  34:11 | Export function  High
8 N 4 port function for the respective charts. (...) Maybe a of data/graphs

% CSYV file, and possibly also an export version in high

T User testing of the resolution that I can use in presentations or similar

prototype with business
executives from four
different companies

[outputs]. I also always like to look at the numbers in
a CSV—just to get a feel for it myself.”

from various sectors 1 3a/b  “As a next step, it might have been interesting, for 24:54 Quantification of  High
erxample with the costs or other metrics, if the unit absolute savings
were simultaneously scaled up—what does that mean?

User testing of the For instance, with COz emissions, if you want to use

revised prototype with that for sustainability reports. What also would have

four additional been interesting is the absolute amount and what the

business executives reduction actually is.” [3a] “To say: this is a fact, this

is what we actually achieved.” [3b]

Tab. 5 | Qualitative codes from second round of interviews (excerpt)
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05 | Demonstration & evaluation (4 /4)

SUS score of 87% after DC 1 indicates high acceptability

DSR step 4: Quantitative evaluation (Design cycle 1)

UNIVERSITY OF

0),42(0)24D)

p>8 4 | Demonstration &
evaluation

Exploring the applicability
and usefulness of the
design solutions in
artificial settings

How fo knowledge

User testing of the
prototype with business
executives from four
different companies
from various sectors

User testing of the
revised prototype with
four additional
business executives

No.|System Usability Scale (SUS) Response Distribution
‘strongly disagree’ (score: 1)
to ‘strongly agree’ (score: 5)
1 |I think that I would like to use this system fre-| ; °
quently. 1 2 3 4 5
2 |I found the system unnecessarily complex. ° Py ; |
1 2 3 4 5
3 |I thought the system was easy to use. - ; ° .
1 2 3 4 )
4 |I think that I would need the support of a techni-| o ° ; ,
cal person to be able to use this system. 1 2 3 4 5
5 |I found the various functions in this system were| ; Py .
well integrated. 1 3 4 )
6 |I thought there was too much inconsistency in this| o ° ; ,
system. 1 2 3 4 ]
7 |T would imagine that most people would learn to| ; ° .
use this system very quickly. 1 2 3 4 )
8 |I found the system very cumbersome to use. ° ° ; |
1 2 3 4 5
9 |I felt very confident using the system. " ° ; .
1 2 3 4 5
10 |I needed to learn a lot of things before I could get| o ° |
going with this system. 1 2 3 4 5

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

‘Excellent’
> acceptable
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04 | Design & development

Enhanced artefact incorporating feedback from design cycle 1

DSR step 3 (Design cycle 2)‘¢

UNIVERSIT

OXFORD

Input Parameters =
p»>8 3 | Design & e
development S '
g Instantiating the design L
< solutions as IT-artefacts an o Qux -~ o

EvBati it
— o
k.
r

Instantiating first version n -eom
of a software prototype TR
I 00 o | Week

Instantiating revised et
second version of a o
software prototype

Shaw Grid Carban Intensity &

EV Workplace Charging Dashboard
Peak Minimisation & Valley Filling (PM-VF)

1400

Max. Peak

1300
-& Charging Gosts
= - = S r Y
y 9 \ N a
; Y,

8
8

=]
=

g
g

Carban Emissions

8
8

Energy consumption (kWh)

2
8

—— Energy Demand Curve Industrial Site
. Uncontrolled Charging (UCC)
00 = Smart Charging (SC)

@a & ’L@5§d’@@@dﬂ° 1a@@@(§5°¢9 & d? 5 &hc?to@,\@%@q@@é’\@w@%e“haQ

Charging Cost Minimisation (CCM)
1500
1400 M e

1300

=
-1
a8

Charging Costs

2
=

g
g

Carban Emissions

Energy consumption (kWh)
2
8

A0

Fig. 8 | Improved prototype (Design cycle 2)

Duploy

-‘5.3%_

Live
Demo

¥ Kl E
Relative Change (SC - UCC)

Openly accessible:
https://ev-workplace-
charqging.streamlit.app/

Relative Change (SC - UCC)
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05 | Demonstration & evaluation

Final SUS score indicates high acceptability among prospective users

DSR step 4: Quantitative evaluation (Design cycleg

UNIVERSITY O

OXFORD

p>8 4 | Demonstration &
evaluation

Exploring the applicability
and usefulness of the
design solutions in
artificial settings

How fo knowledge

User testing of the
prototype with business
executives from four
different companies
from various sectors

User testing of the
revised prototype with
four additional
business executives

Q1 1

Q2 1

Q3 1

Q5 1

Q6 7

Q7 7

Q8 7

Q31

i

75%  50%  25% 0%  25%  50%  75%  100% —

Percentage of Responses

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

Strongly disagree
Disagree
Neither agree nor disagree

Agree
Strongly agree

‘Good’
> acceptable
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Our research contributes to DSR through ‘exaptation’

Main take-aways

Summary Selected quotes: perceived usefulness

« We build a digital artefact using Streamlit to assists workplace decision y . . .
X . . | actually find this really useful. Because | think a lot
makers to more accurately predict the impact of EV workplace charging of companies still have no real idea of the challenges
* We designed, built, and evaluated the prototype through two rigour that come with electrification in general, and with
design & evaluation cycles, collecting qual. + quant. data from eight fedUClng’COz emissions. And just getting an overview
tud rtners (medium- to large-sized firms in Germany) of what’s basically out there and how things can be
Ca_se SUeh7 o] g y optimised is, | think, a huge help for any company.”
« 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.

Case study ID: 4a [Pharma]

Contribution to theory "But it's just nice to be able to argue using valid data,

. . e . . , and I think data will become increasingly relevant
Decision type: ‘Decision support system in the future anyway. And of course, all this information

+ Guiding workplace decision makers with building and operating EV is something I'd otherwise have to gather myself with a
workplace charging infrastructure lot of effort. Having it all from a single source—just
« Core contribution through ‘exaptation’, i.e. repurposing existing entering my own values, which I already have—that's

t solution.”
optimisation algorithms for dedicated applications in workplace charging a great solution

decision contexts

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

Overview

OXFORD

Interview 1 (excerpt)

Introduction

Decision Context and Scope

Criteria ldentification

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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OXFQRD

We benchmark each model type against uncontrolled charging (UCC) [ %1

Approach: Outlining four-step structure

» Model selection » Sensitivity analysis » Qutput

| 1 (O | Working shift patterns | { SC — | Smart charging (SC) ) | 51 | 15% | l %A | max. Peak [KW] ]
@ —_—
2 % | Allocation of cars to shift 82 | 30% i

l ] Charging cost minimisation (CCM) g [——} l R R ]

{ 3 | EV battery capacities ] S |33 | 50% \ { %A | Charging emissions [kgCO,] ]
{ 8C —» | Smart charging (SC) ] B —_—

| 4 2 | State of charge (SoC) levels | I | [+ | 80% | >

~ Carbon emission minimisation (CEM) |85 | 100% | (& | dally | | & | monthly |

| teen | Generation of EV availability matrix |

(8 — | Smart charging (6C) 1 Y
Time-series data -
g o
| 6 & | Time-of-use (TolU) electricity tariff | Uncontrolled charging (UCC) % | & | daily l-l‘

sismis
Bl

{ 7 [l | Grid carbon intensity profile ] é_lﬁl monthly

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 (%A).

DESRIST 2025 — ‘Making the Invisible Count’: Conference Presentation — Seger, Marcel — June 04th, 2025 21



X | Appendix(3/8)

0),42(0)23D)

Each model pursues a different optimisation goal, yet w/ identical con

Methods: Drawing from operations research (OR)

Peak min. & valley filling (PM-VF): Charging cost min. (CCM): Carbon emission min. (CEM):
min Zpy-yr = Z (P +y: — €)? min Zecy = Z Ve * e min Zcgm = Z Ve *Vt | 56 — | Smart charging (SC) l

teT teT teT Charging cost minimisation (CCM)

[ SC — | Smart charging (SC)

0 St Y= ) Imefme veer Total charging load

meM | SC —» | Smart charging (SC) J
[2] =T S S S 1D VteT, meM Charging power restrictions ~
benchmarked against
[3] 0 <Em*+ Z Xmtfmt S Em~ VEET, meM Battery capacity restrictions Jneontioled chargng (BE0)
keT k<t
C Average of peak and minimum power
f R consumption of building
n — lnl . - . Er 4 Energy needed for next trip
[4] Em™ = Em + Z Xmtfmt Z Era VEET, meM Minimum state-of-charge (SoC) requirement EP Batery capaciy of EV m
En Final battery energy of EV m
keT I kst Emt Initial battery energy of EV m
. . . . F EV presence matrix
[5] 0= xme(1 = fine) VtET, meM Logical operator ensuring car availability Mo seotBVs
Py Power consumption of building in interval {
Qum Set of intervals prior to interval i
Tm Charg_ing,'di§charging period of EV m
max(P, ) + mm(P n:nu Elii[ixu\slllc:(f:)nr ischarging power
C = (P, 2 Constant C ff,;f xriual nmleEvgn e
2 rder Departure time of EV m
Xini Charging/discharging power of EV m in interval i
Vi Total load for charging/discharging the available
1,if EV m € M is parked at workplace attimet € T, . ey . . . EVs in interval i
fme = {0 / P P otherise Definition of car availability matrix i Time interval

For further references, see [19, 30].
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Each model pursues a different optimisation goal, yet w/ identical con

Methods: Drawing from operations research (OR)

UNIVERSITY O

(0),42(0)23D;

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

min Zpy_yrp = Z (P + y. — 0)?
teT

500 - T T T T T T T T T T T n
T Initial building power consumption
450 - g Final building power consumption | |
1 I
~I [ I
400 | I I 1
fyevy ¥ v
350 | / ' ~TANAK
/ 1 | : 1 f
I .

g ¥ar / R max(P;) + min(Py)
R i el e i s s . kil —
s : AL 2
o /! !

200 f I o\

i / | \| Mathematical Objective Function

I L . L] L] . L]
- / | i\ Minimising the least square difference:
I ey AN B
50 - No cars ) p c 2
available VA _ = —
N I s R N Y N (N (NN N S SN S min Zpy-yr (Pe +y: = C)
0 2 4 8 8 10 12 14 16 18 20 22 24 teT

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

Model selection

Peak minimisation & valley filling (PM-VF)

| SC — | Smart charging (SC)

Charging cost minimisation (CCM)

[ SC — | Smart charging (SC)

Carbon emission minimisation (CEM)

[ s — | Smartcharging (SC) |

-4
benchmarked against

Uncontrolled charging (UCC)
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