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Motivation

Necessity for zero emission vehicles (ZEV):

Re§ulation (EV) 2019/1242
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Source: Own figure, based on Breed et al. (2021): CO2 fleet regulation and the future market diffusion of zero-

emission trucks in Europe. https://doi.org/10.1016/j.enpol.2021.112640

Necessity for charging infrastructure:
AFIR proposal

Proposal for a [...] regulation on the deployment of alternative fuels
infrastructure [...] (EC 2021)

Article 4

1. Member States shall ensure a minimum coverage of publicly accessible
recharging points dedicated to heavy-duty vehicles in their territory. [...]

(a) along the TEN-T core network, publicly accessible recharging
pools dedicated to heavy-duty vehicles [...] are deployed in each
direction of travel with a maximum distance of 60 km in
between them:

(i) by 31 December 2025, [...] a power output of at least 1400
kW and [..] at least one recharging station with [...] at least
350 kW

(ii) by 31 December 2030, [...] a power output of at least 3500
kW and [...] at least two recharging stations with [...] at
least 350 kW

Reduction of CO, emissions of newly registered trucks by 30% compared to 2020 requires ZEV. The AFIR proposal promotes the necessary
infrastructure development. Remaining question: Where to built how much charging infrastructure for 20307?
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Agenda
= approaches for infrastructure location modelling
Methodology: = node-based coverage approach

. = traffic data: updated ETISplus dataset
Data and Scenarios:

= scenario description

Results:

= distribution of charging locations and charging points
= sensitivity analysis

= future research needs
Outlook: = QOptimization as an alternative
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Methdology: Different approaches for infrastructure location
planning

Approach
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suggested by AFIR proposal

Source: Based on M. Metais et al. (2021): Too much or not enough? Planning electric vehicle charging infrastructure: a review of modeling options. 2021.hal-03127266
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Methodology: Two-stage approach for infrastructure design: (1)
charging location determination and (2) sizing

node-based coverage approach (heuristic)

/ Ensure that charging locations are available at regular intervals and that an even distribution of charging
O infrastructure is achieved.
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Queuing model for the calculation of charging points at one location
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Source: Based on D. Speth et al. (2022): Public fast charging infrastructure for battery electric trucks — a model-based network for Germany. https://doi.org/10.1088/2634-4505/ac6442.
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Data and scenarios: Updated ETISplus dataset as basis for modelling

—— Eurostat ———
road traffic (road_go)

(Eurostat 2020?%)

international transports
data source
Road_go_ia_lgtt (countrywide)
Road_go_ta_rl (NUTS-3)

national transports

data source
Road_go_na_tgtt (countrywide)
Road_go_ca_c (cabortage)

. .

resulting dataset:

data preparation

national
growth rates

reference
2019

Output

Assumption:

growth forecasts 2030 based on
growth rates 2019

traffic flows [#LKW]
2010, 2019, 2030

———— ETISplus! ————

transport matrix:

transport volumes [t]
2010

\

(— Assumptions — )

load factor: 13.6 [t]
(source: Eurostat 2020b%)

u traffic flows between 1,675 regions in Europe

u 1,514,573 individual paths in Europe

- published dataset: 0.17632/py2zkrb65h.1

- published description: 10.1016/].dib.2021.107786

traffic flows in Europe 2030

traffic volume (0 - 42,000 trucks/day)
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1 E. Szimba et al. (2013), ETISplus Database Content and Methodology: ETISplus Deliverable D6. Zoetermeer. https://doi.org/10.13140/RG.2.2.16768.25605.

2 road traffic (road_go) 2020. https://ec.europa.eu/eurostat/web/transport/data/database

3 |oad factor 2020. https://ec.europa.eu/eurostat/statistics-explained/index.php/Road freight transport by journey characteristics#Road transport by type of operation

\

~ Fraunhofer

ISI


https://doi.org/10.17632/py2zkrb65h.1
https://doi.org/10.1016/j.dib.2021.107786
https://doi.org/10.13140/RG.2.2.16768.25605
https://ec.europa.eu/eurostat/web/transport/data/database
https://ec.europa.eu/eurostat/statistics-explained/index.php/Road_freight_transport_by_journey_characteristics

Data and scenarios: Basic assumptions for the design of three

scenarios

general parameters

parameter
cumulative annual mileage 188,719 Mio. km (2025)*

215,042 Mio. km (2030)!
range in 4.5 h 300 km?

share of public charging 25%23

average charging time 30 min?

average waiting time 5 min?

share of daily charging events in most M3/%

trafficked hour

I S Y

simplified draft

expansion

widemeshed

-.-,1 startup 2025 -.i expansion 2030 -.i widemeshed 2030

The scenarios consider an initial network for 2025 and describe two options for further development for 2030.

1D. Speth, V. Sauter, P. Plétz, and T. Signer, “Synthetic European road freight transport flow data,” Data in brief, vol. 40, 2022, http://doi.org/10.1016/j.dib.2021.107786
2D. Speth et al. (2022): Public fast charging infrastructure for battery electric trucks — a model-based network for Germany. https://doi.org/10.1088/2634-4505/ac6442.
3 Expert opinion from Hola, HolLa-Hochleistungsladen Lkw-Fernverkehr: Construction, operation and accompanying research for the first megawatt charging systems for trucks in Europe. [Online]. Available:

https://www.hochleistungsladen-lkw.de/hola-en/ (accessed: Oct. 6 2021)
Iconquelle: NounProject by Ayub Irawan
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Results: distribution of charging points

charging point distribution expansion network EU27+3
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Results: Change of charging points from startup network to
expansion network; influence of relevant parameters

change from startup network to expansion network sensitivity analysis (expansion network)

50% 180%
Q
s % S 160%  «
- o o \\
& 40% @ 140% S
2 35% S S -
C 0 o = o ~So ‘_"
= > =2 120% .o '_"

9 = £

2% 30% z0 y Scaa L~
S 8 sy o o 100% _Sse=l__
) E 0 0= ’—” ---~‘—-
VRTPIYY Z5 8% - ————
o € ¢ % oc -
“=  15% U< 60% == == "BET" share
o wg
v >
o 10% :: 40% = = == "public charging" share
» % I o 20%

0% o - I B _ o = e = "range"

0%
E e -50% -40% -30% -20% -10% Base 10% 20% 30% 40% 50%
Case
Change in required number of charging points from PARAMETER VARIATION

startup network to expansion network

Due to the densification of the startup network to the expansion network, the size of stations already built in the startup network varies only
slightly when tripling the electric mileage.
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Outlook

Demand for future research outlook: optimization EU27+3
= Presented models gives a first impression, how a optimization network
future charging infrastructure for trucks might look S
like. serve Europe

Future topics:

= Several assumptions with high influence on the
results should be further investigated in the future

= Aspects like available parking areas and power grid
connection have to be considered in detailed
planning

= Comparison with flow-based and tour-based models
will increase the understanding for charging
infrastructure for trucks
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Data quality of the updated ETISplus dataset with Germany as an
example

procedure and findings deviation in Germany

Relative deviation

procedure: (=|BASt-model | / BASt) [%] A

B comparison of synthetic road counts (updated ETISplus dataset) with f ?4'_1;6
automated traffic counts!? 0 26-41

. . © 41-60

findings: ® 60-764

B high consistency on typical long-haul routes

B |ow consistency in urban areas where highways are also used for
regional traffic

- updated ETISplus dataset suitable for long-haul modelling and public
charging

1 BASt (2019): Automatische Zahlstellen 2018. https://www.bast.de/BASt 2017/DE/Verkehrstechnik/Fachthemen/v2-verkehrszaehlung/Aktuell/zaehl aktuell node.html.
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regional distribution of charging points in three scenarios
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