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Fraunhofer-Gesellschaft

The Fraunhofer-Gesellschaft, headquartered in Germany, is the world'’s leading applied
research organization. With its focus on developing key technologies that are vital for
the future and enabling the commercial exploitation of this work by business and
industry, Fraunhofer plays a central role in the innovation process. As a pioneer and
catalyst for groundbreaking developments and scientific excellence, Fraunhofer helps
shape society now and in the future. Founded in 1949, the Fraunhofer-Gesellschaft
currently operates 75 institutes and research institutions throughout Germany. The
majority of the organization’s 29,000 employees are qualified scientists and engineers,
who work with an annual research budget of 2.8 billion euros. Of this sum, 2.4 billion
euros are generated through contract research. [1]

Fraunhofer Cluster of Excellence Integrated Energy Systems CINES

The "Integrated Energy Systems" research cluster is carried by the joint vision of
transforming Fraunhofer into the lead research institution for applied energy research.
As such, the cluster addresses the central technical and economic challenges of the next
phase of the global energy transition: the system and market integration of high shares
of variable renewable energy sources into the energy system. To achieve this, a high level
of flexibility is imperative. Furthermore, demand and supply must be integrated across all
sectors — electricity, heating, cooling and transportation. [2]
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State-of-the-art literature:

Numerous studies on this topic with different methods
and application areas. For example, in a review, Pagani
et al. [6] analyzes 119 publications in which the spatial
distribution of charging infrastructure is modeled.

Consideration of groups, such as charging...
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at company
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B Results and Outlook

7 truck OEM provided GPS coordinates of truck stop locations from trucks GCW >= 7.5t
= ‘"regional” : 90 % of coordinates within 200 km from the vehicle's home-base.
= "long haul" = not regional

Clustering of individual locations into larger ‘. ®
groups (DB scan algorithm with 200 m radius) °® o 0. ® 9
: , ®_o °o®
Kept stop location clusters with °%¢ /e .. . oo
= atleast 100 stops per year O+g
o0 O
» atleast 3 OEMs present ® ®

Comparison of long-haul stops with trip ends in synthetic EU trip dataset (ETISplus)
Identify ,,type” of stops using OpenStreetMap APl and HERE API
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Truck charging Results: ~ lLong haul
® Data and Methodology Long haul Regional o3 Py
m Results and Outlook Trucks 230.000  170.000 W deage
Locations before aggregation 550.000 194.000
Locations after aggregation 31.145 4.023
Countries covered 35 23
Average stops / year 1.678 1.271
Deviation stops / year 3.615 3.044
Median stops/year 596 455
long-haul: rest areas (30-50 %), companies (25-45 %), ports (1-5 %)
o s | Outlook:

F o, e | = Improve typing of locations (additional API, idle time)

» Design possible infrastructure ramp-up

= Accompany the diffusion of electric trucks practically
(HoLA) and theoretically (STORM)

https://www.acea.auto/downloads/FraunhoferStudy/export _longhaul percountry.html
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Thank you!
If you have any questions, do not hesitate to contact us:

B philip.gauglitz@iee.fraunhofer.de
B daniel.speth@isi.fraunhofer.de
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Raster calculation:

Demands get a scoring

Potentials and scorings
get rasterized

Scorings are distributed to

parking spaces

Weighted random
distribution for the
charging points

o®

Overview of raster calculation:

(a) Object-based map as Input

(b)

Rasterized map with score

(c) Surrounding parking space

(d) Score per parking space

(e) Sum per parking space

(f) Possibie weighted random distribution

Ls

" g
.
-

n ™

_
g T
Hanl

- Street center and parking-buffering

‘ Parking space
& rol

® e-vehicle without homecharging

=
Scor
M -

e of rasterized POl/e-vehicle

astenized parking place

|_ Perimeter for relevant parking spaces Score divided by parking spaces

Number of surrounding parking spaces

(in Black: example for Perimeter)

(raster b) diveded by raster c))

Perimeter for relevant scores

Sum of surrounding scores

(in Black: example for Perimeter)

. Charging point

0 No charging point (random distribution)

No charging point (scoring = 0)
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Evaluation based solely on
the distance to the center

Compared models: of the stand
Model described here Used to rank the
Variant with decoupling correlations of the other
from vehicle model models among themselves

by comparing a trivial

Machine learning model

based on existing data*

Control model to
classify the differences

B Spatial correlation analysis
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MODELING PUBLIC CHARGING INFRASTRUCTURE CONSIDERING SPATIAL
DISTRIBUTION OF E-CAR OWNERSHIP AND POINTS OF INTEREST

Authors: Philip Gauglitz'*, David Geiger?', Jan Ulffers!, Evamaria Zauner?

Correlation of model ... to model ...
B Compared models:

0,005 3 1 2 3 4
Model described here
Variant with decoupling 0,004 23 1 1.00
from vehicle model ,
Machine learning S 00 2 2 1.00
based on existing data* S T 15
Control model to 2 o002 2 ! 3 1.00
classify the differences ’
0,001
. . . 05
Spatial correlation analysis 4 1.00
0 0
0 0,001 0,002 0,003 0,004 0,005 0 0,001 0,002 0,003 0,004 0,005
Model 1 Model 1

Model 1: our model
Model 2: model variation without model coupling
Model 3: model based on machine learning methods
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B Data and Methodology

10% most visited locations contain 50% of all stops

100%

90% -
80% -
70% A
60% -
50% A
40%
30% A
20% A

Cumulative share of stops

10%

0,

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Cumulative share of locations

Durationfhl: . 4 413 38 823 2434' >44
Long-haul 35% 24% 6% 31% 2% 2%
Regional 44% 23% 6% 24% 1% 3%

Assuming the 10% most visited locations as
charging locations

UK+
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....‘....ooooo
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Min, mean, & max distance to nearest top location [km]
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B Data and Methodology .

Several indicators have been used:

Seven major OEM indicate high vehicle
stock coverage

All countries in Europe are covered in
long-haul and many in regional data

High correlation between number of stops
per country and number of locations per
country

Share of stops by country correlates to
share of trip ends by country as derived
from the ETISplus data on freight
transport

=T Representativeness good for long-haul (except
s ¢ RGa for some smaller countries) and limited for

regional truck stop locations

Comparison with ETISplus

Share of long-haul stops in %
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