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Research Motivation & Objective

Motivation

Challenges

Objective

Battery Electric Vehicles
Public Charging Stations

2017 2018 2019 2020 2021 2022 April’23
Numbers for Germany

« Decarbonizing transport via
E-mobility

« Charging infrastructure rollout
lags behind

Increasingly more
vehicles share a
charging _ = __
point =

Ensuring
customers’
satisfaction

Make private charging
infrastructure
(wallboxes) publicly
available

Statista (2023)
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Host
 makes wallbox available to the public

 sells charging electricity to “chargee”

Chargees
* use wallbox
e pay host

Optional: Sharing platform provider
enables digital:
e communication
 reservation/booking
* payment
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RQ1: Under what conditions are hosts willing to share
their wallboxes and chargees to use them?

RQ2: What are the evaluation criteria for wallbox

sharing concepts from the perspective of both hosts
and chargees?

eeeeeeeeeeeeeeeeeeeeeeee



Aihua et al. (2022), Yunfei et al. (2017)
« Propose blockchain-based smart contracts to facilitate sharing process of wallboxes in China

Xiaoyuan et al. (2018)
« Developed sustainable and efficient business models for wallbox sharing in China

Zhao et al. (2020)
 Investigated pricing strategies for wallbox sharing in non-cooperative game model in China

Funk et al. (2021)
- Suggest and conceptualize public marketplace for wallbox capacity




Fabianek and Madlener (2022) — Paper in preparation
« We focused on stakeholders in Germany
» Achieved user perspective through 2 workshops
« 5 BEV drivers without own wallbox (chargee perspective)
« 6 BEV drivers with own wallbox (host perspective)
 Investigation of objective systems and preferences of chargees and hosts




Approach (1/4): Overview

2 Online Workshops

: Aggregatin o :
Collecting ggregating Definition of Assessing
. the Objective :
Objectives Alternatives preferences
System
* 4 interviews * Individual  Hierarchical structuring  Brainstorming * Weighting of
with wallbox brainstorming of objectives towards optimal fundamental criteria
sharing before and during » Definition of fundamental wallbox sharing from hosts’/charges’
platform workshop objectives solutions perspective
operators » Group discussions

on objectives

Evaluation of different wallbox sharing alternatives from hosts’/chargees’ perspective @

RWTHAACHEN
UNIVERSITY
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Approach (2/4): Value-Focused Thinking @

* Method to identify and structure objectives of decision-makers
« Decision-makers’ values as driving forces for decision-making

» Formulation of objectives for decision context

Mean objectives contribute to achievement of Fundamental objectives

(do not have value for decision

context itself) (possess value for decision)

Keeney (1976, 1992, 2012)
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213

* |dentification of possible (functional) components for wallbox sharing
* |Individual brainstorming and group discussion
» Concrete alternatives

» Multi-Criteria Decision-Making (MCDM) process applied
- Jointly developed objectives individually weighted by decision-makers
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Approach (4/4): Evaluation of Alternatives @

perceived quality of wallbox sharing alternative = Y-, w; - u;(a;)

Utility Functions u,(a;) of Alternatives a and Objectives i

Objective Weights w;,

Fishburn (1979) and Keeney and Raiffa (1976)

11 May 1?7 Enabling the sharing of private charging infrastructure — —

Paul Fabianek, Ridiger von Nitzsch and Reinhard Madlener | FCN-ECO | 25.07.2023 | IAEE 2023, Milano, Italy, July 24-27, 2023 —
E.ON Energy Research Center

RWTHAACHEN
UNIVERSITY



Results (1/5): Objective System (Chargees)

Sustainability

p- a AEE—— Social well-
T peing
] -

mobility —

Ease of use

v

e
Wallbox
= &

Unrestricted Y NS

Use of green electricity
Efficient use of resources

Community feeling vs. anonymous charging experience
Safety and local conditions

Fair prices
Transparent pricing, well-communicated blocking fees
Different payment methods

Availability
Functionality and service
Accessibility of wallbox

User-friendly charging experience
Tools/Apps enabling host-chargee communication and
planning/monitoring of charging process
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Results (2/5): Objective System (Hosts)

Sustainability

v

* « Focus on prevention of material and financial damage

Social well-
being

Wallbox L
Profitability é)

Unrestricted 7§

« Coverage costs incurred for the implementation
» Transparent pricing and tariff structure

mobility

« Enable reliable planning of charging processes

Ease of use

« Conformity with calibration law, easy taxation of income

— — | RWTHAACHEN
UNIVERSITY
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Results (3/5): Assessing Preferences

i‘ @ I 4
iﬁ‘ [ [
52 I
° S—
oo % Hosts
li 32 I " [ I
ﬁ 28 I —— ;s
Aﬁ« 60 é [
Aﬁ« 34 I —— [ .
® O ——
'ﬁ‘27 I a4 = j‘ Chargees
‘n‘ 25 "
[ ]
'ﬁ‘ 23 I |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
W Ease of use ® Unrestricted mobility Profitability/ B Social well-being W Sustainability
Costs
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Two main alternatives conceivable: Supra-regional vs regional

- Differing in terms of:

é) pricing

@ start of charging process

booking/agreeing on time slots

&
payment

m¥
& B contact between host and chargee




Approach (5/5): Evaluation of Alternatives

perceived quality of wallbox sharing alternative = ),/ w; - u,(a;)

Utility Functions u,(a;) of Alternatives a and Objectives i

Objective Weights w;

* Preferences to heterogeneous
+ alternatives fundamentally different

== Single evaluation framework is
not applicable to both alternatives
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Five fundamental objectives relevant for wallbox sharing concepts:

Sustainability, social well-being, profitability/costs, unrestricted mobility, ease of use

Two main concepts for wallbox sharing are conceivable:
* Regional vs supraregional

Heterogeneous priorities determined for both hosts and chargees

Hypotheses for future research:

- Different gender, different priorities?

« Retirees accept higher levels of restricted mobility?
«  Profitability not important for hosts?

Online-Experiment with representative sample (n>1000) planned
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Objective system (chargees) - Sustainability

Green

Sustainability electricity

Conservation

of resources

Wallbox
I
Sharing
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Objective system (chargees) — Social Well-being

Eighter none

_ . Or just with neighbors,
Interaction friends

Social

Webcam for obervation
of charging location

Social well-
being

+ Clean
Wallbox _ _
: — Location - Safe environment
Sharing
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Objective system (chargees) — Costs

» cheaperas PV LCOE

Price policy « cheaper as public charging stations

» No blocking fee
Wallbox b
! « Subscription (optional)
Sharing «  V2G participation
Transparency
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Objective system (chargees) — Unrestricted mobility

e + Booking system (Reservation)
Availability «  24/7 accessible wallboxes

Wallbox » Contact person for technical problems

Functionality * Reliable service
» Concept for malfunction

Sharing

Unrestricted Charging + Atleast 11kW charging power

mobility power/speed

*  Within 10min walking distance

Distance

23 May 1? Enabling the sharing of private charging infrastructure -
Paul Fabianek, Ridiger von Nitzsch and Reinhard Madlener | FCN-ECO | 25.07.2023 | IAEE 2023, Milano, Italy, July 24-27, 2023

— | RWNTHAACHEN
€ ONEnergy RosearchGener UNIVERSITY



Objective system (chargees) — Ease of use

: « Easily accessible
Location « Space for bigger cars

« Information on technical features

—_— Communication » Overview of location and availability

* App: Real-time SOC, integration in existing apps
* Rating scheme for hosts and chargees

Wallbox

Sharing

Convenient - Cable long enough (min. 5 meter)
interaction with « Charging process easy to start

« Paying via card, app or in cash
* Liability and regulatory clear and simple

Ease of use "’ 5
bureaucracy
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Objective system (hosts) - Sustainability

» Pricing according to green electricity

SIS EIREIIWA — Gre_er? share/production
electricity - Managing load to maximize green (PV) electricty
utilization

. * |Increase utilization of wallbox
Conservation

of resources

Wallbox

Sharing
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Objective system (hosts) — Social Well-being

: * Open or closed sharing community
SOC|ety{ « Non-discriminatory
Community « Strengthen cohesion in society/neighborhood

* Physical safety, lighting

Social well- . .
* Legal security and insurance

being

* User agreement
Wallbox Damage « Equal and respectful treatment

Sharing prevention Mutual evaluation (5 star system)

RWTHAACHEN
UNIVERSITY
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Objective system (hosts) — Profitability

Low investment
costs

Wallb « Reasonable prices or even bartering

a _OX Profitability . T!me-pf—use tariffs (flexible pric!ng)
Sharlng » Finanial compensation for making wallbox
accessible for public (cost-covering + x)

RWTHAACHEN
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Objective system (hosts) — Unrestricted mobility

+ Contact person for technical problems
Functionality « Charging has to work as expected
» Concept for malfunction

Wallbox
Sharing

Unrestricted » Charging station easily accessible

mobility el  Accessibility

+ Booking system (reservation)

Availability » Fees for blocking wallboxes and no-show despite
reservation

» Priority access for host
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Objective system (hosts) — Ease of use

: « Wallbox near road, not to “far on own property”
Location « Barrier-free for physically disabled

« Information on technical features

—_— Communication » Overview of location and availability

* App: Real-time SOC, integration in existing apps
* Rating scheme for hosts and chargees

Wallbox

Sharing

« Cable long enough (min. 5 meter)
» Charging process easy to start

Simple charging
process

. « Paying via card, app or in cash
Avoid + Liability and regulatory clear and simple

Ease of use "’ 5
bureaucracy
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Two Alternatives Conceivable

Supraregional alternative Regional alternative

m¥% |
©
9 ‘g‘ Online-platform (incl. app) User permission granted by personal invitation
R s
w— O
o c
@ j:g % Activated via app Activated via chip card or wallbox owner
o <
(@]
)
- Fixed charging times are agreed
(2] . : . °
c g Displayed via online platform and booked by users « Wallbox owner is responsible for the scheduling
S
2 %
» Service provider responsible for processing booking : -
Q% S .. : Payment monthly in cash or digitally
> . .
s Digital payment method per charging process
o Between electricity generation/purchase costs and costs of public charging stations
o
o Costs comparatively high Costs comparatively low
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Hypothesis

1. Social well-being is more important to female EV drivers without their own
wallbox than to male EV drivers

2. U60, the unlimited mobility is secondary
The financial aspects are not essential for wallbox owners
4. From the point of view of all criteria, there is a need for regulation

w
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