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Oeko-Institut LIVE |

... is a leading independent European research and consultancy institute for a sustainable future.
» Non-profit association founded in 1977

» Three offices in Germany

» 210 staff members Current activities in the field of heavy-duty vehicles:

e Research project ELV-LIVE and the preceeding projects
StratES and StratON

o Study on depot charqging for heavy-duty vehicles
comparing Spain, France, the UK and Germany

o Evaluation of the German funding program on climate-
friendly HDVs (KsNI)

o Multiple consulting projects for the German government
and the EU Commission on relevant regulations (including
EU CO, standards)
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https://www.erneuerbar-mobil.de/projekte/elv-live
https://www.erneuerbar-mobil.de/projekte/strates
https://www.erneuerbar-mobil.de/projekte/straton
https://www.oeko.de/fileadmin/oekodoc/TE_truck-depot-charging.pdf
https://www.oeko.de/news/pressemeldungen/klimaschutz-im-strassengueterverkehr-foerderung-zeigt-deutliche-wirkung/
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The ELV-LIVE Project in a Nutshell

Title:

ELV-LIVE — Accompanying research on the use of battery-electric heavy-duty vehicles in regular logistics
operation

Partners:

Oeko-Institut (research), Daimler Truck (associated partner), six case study partners
Duration:

1.1.2023 — 31.12.2025

Funding:

“Erneuerbar mobil”’, German Federal Ministry of Economics and Climate Protection (BMWK)
More Information:

Project website: Link
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https://www.oeko.de/en/projects/detail/supporting-research-on-the-use-of-battery-powered-heavy-duty-vehicles-in-day-to-day-logistics-operations/

Aims of the Project and Key Research Questions

&y

What is the main topic ?

e Providing scientific support to accompany the
market launch of battery electric trucks for the
first users between 2023 and 2025

e Analysing real world data on the energy
consumption of BET

o Analysing real world activity pattern to
understand the use and the potential of BET in
regional freight transport
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o

Key research questions

Does the energy consumption comply with
the figures provided by manufactures?

What parameters influence the consumption?

What are the orders of magnitude of the
variations?

How long are standing and charging times at
the depot?

Is there potential for improved charging?




Background

This study is based on the everyday use of Daimler's eActros 300/400
Range of available BET (2023-2024): 300-400 km

Range of BET is one of the most important aspects when purchasing a BET:

— depending on battery capacity and energy consumption

Energy consumption is influenced by many factors and was analysed in first studies on real-world
applications

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025



Oko-Institut e V.

Institut fir angewandte Okologie
Institute for Applied Ecology

e,
D)




ELY

BET Characteristics, Operation and Case Study Partners

* Rigid lorries of N3 category (maximum mass exceeding 12 tonnes)
* Vehicles with different axle combinations: 4x2, 6x2, and lorries carrying a trailer

» Used for regional delivery transport

« 5 Case study partners all over Germany (different company size and use pattern)

- Companies: some transport their own goods, most provide hire or reward transport services and
carry goods on behalf of third parties

- Operation mainly in flat or slightly hilly areas, with a single partner operating in a mountainous
region

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025 9
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Data Recording and Collection via Fleetboard LIVE |
ﬁ 9 9 G @ o Data of up to 19 BET in the period 09/2023
Mileage Time (.)f Weight Energy Battery level to 01/2025
Standing consumption o Activities observed:
— Vehicle driving

— Vehicle standing
— Vehicle charging
o Parameters collected:
- Weight (1)
—~ GPS Coordinates (start and end)
— Time Stamp (start and end)

@ Oko-Institut e V.

Collected by the

Transmission and
my cvaiua >
evaluation of I . &
vehicle use

7

— Distance covered (km)

— Total Energy Consumption in kWh per Event
+ Exchange with Case Study Partners — Battery’s State of Charge (start and end)
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Data Treatment — Energy Consumption

Recorded and Calculated Parameters:

e Average Energy consumption per driving event
Average Speed per driving event

Altitude difference between starting- and end point
Ambient Temperature of starting point location
Equipment with of Cooling Unit

Data-quality & corrections:
o Limited reliability of primary data (many inplausible entries)
o Exclude data: missing values, outliers (speed > 90 km/h)

e EXxchange with:
— Case study partner — context information of truck operation
— Fleetboard team — data understanding and error correction
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Final Dataset

Number of
vehicles

Total number of
weeks

Number of
vehicle weeks

(days)

Number of trips

Average
number of trips
per day

19

16

37 (119)

807

6.8
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Methodology — Energy Consumption

« Step 1: Calculate average consumption

« Step 2: Analyse influencing parameters on
energy consumption (regression analysis)

« Step 3: Check model fit

Average energy consumption per driving event [km]

vehicle_1
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vehicle_3
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vehicle_5
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vehicle 9
vehicle_10
vehicle_11
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« Step 4: Comparing results with other
studies and measurements
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Analysed Parameters influencing Energy Consumption

Temperature, Weight, Altitude, Speed

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025 13
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Analysed Parameters influencing Energy Consumption LIVE |
Average energy consumption depending on
Temperature, Weight, Altitude, Speed: average speed of driving event [km]
- Speed has strong impact on energy consumption 2001 | | | {cteen T}
e 8
- Non-linear relation to driving distance: 175 - | 8
- Low speed -2 short distance _
— Short distance = high consumption (kWh/km) eg“‘“'
- Modelled with exponential function B
% 10.0 A :
3% 1.5 1
g 5.0 4 .-
2.3 7
0.0 1
E} 2:3 4I0 IISID B.Cl
average speed of the event [km/h]
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Analysed Parameters influencing Energy Consumption LIVE |

Temperature, Weight, Altitude, Speed: Energy Consumption (C) = m; * exp(—ky *5) + my *t + my * w + my * a + ms

Variable | Temperature (°C) Weight (t) Altitude difference (m) Average
name speed (km/h)
Var t w a S
Range -7 to 36 11 to 40 -785 1o 786 0.02-90
Mean 11.8 204 -0.2 44
Standard | 8.5 7,5 94.9 17.6
deviation
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Results: E!ﬂ

Real-World Energy Consumption vs. Manufacturer Information ™=

Manufacturer information on energy consumption:

e 4x2 axle configuration

Parameter kWh/km

Mean energy
consumption 0.96

Standard deviation 0.75

e 20°C outside temperature

e Energy consumption: 0.97 kWh/km

First quartile 0.66
All axle configurations (25 %-percentile) '

Data Selection (n=211):

' i - Median
Vehicle weight from 11-18 t (50 Y-percentile) 0.74

19-21°C outside temperature Third quartile 0.92

Maximum altitude difference of 200 m (75 “%-percentile)

0 - Average energy consumption: Sample size 211
e 20.96 kWh/km
> -1.03 % deviation from manufacturer information
ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025 Source: Oko-Institut (2025) — Real-world data analysis of battery electric trucks operating in 17
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Results:
Parameters influencing Energy Consumption

Energy Consumption (C) = my *exp(—k; *s) + my xt + mg*w+my *a + meg

Coefficient Interpretation °

5.130 Increasing the speed from 20km/h to 30km/h
reduces consumption by 0.138 kWh/km

Temperature t -0.013 Temperature increase by 10 °C, reduces
consumption by 0.13 kWh/km
Weight w 0.018 If the truck becomes 10 t heavier, consumption ~ °
increases by 0.18 kWh/km

Altitude difference a 0.002 If an altitude difference of 100m is added, ¢

consumption increases by 0.15 kWh/km
Constant k 0.709
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Influence of all parameters is
significant

R2 0.47: 47 % of the
deviation from the mean of
consumption can be
explained by the parameters

Model fit best at 40 km/h and
14.5 t

BET with cooling units:

o Independent of outside
temperature

e Additional energy
consumption of 0.092 kWh/km

18



Comparison with other current Analyses of BET’s Energy @!ﬂ
Consumption LIVE |

Average energy consumption [kWh/km]
Main findings:
o Studies with different preconditions:
eActros 600 (Norway test) weight, speed, slope, temperature
o Energy Consumption in comparable
DAF LF (mean consumption, various
driving situations) range
e Other eActros300 studies:
— consumption of 0.87 kWh/km

eActros 600 (ADAC)

eActros 300 (Transport, half payload)

eActros 300 (Logistra, regional distribution, (1 8,6 t, speed 85 km/h),
"o payioad) ~ 1.0 KWh/km (high payload)
eActros 300 (Verkehrsrundschau, 18.6 t,
mainly motorway) — 0.7 KWh/Km (|OW payload)

— extreme slope changes
consumption by a factor of

eActros 300/400 (ELV-LIVE) 1.16-1.5

eActros 300 (manufacturer information)

0 02 04 06 08 1 1,2
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Data Treatment and Methodology — Activity Pattern

e Goal of Treatment:

: : . Energy Activity
— Define start and end time of each activity for each day consumption pattern
data data

o Data Cleaning:

— Implausible activity data (e.g. activity overlap, unrealistic speed, N afive e
missing values)

— Implausible daily data (e.g. less than 10 hours of data, no/only Total number of
little driving or charging) weeks

o Methodology: Nu‘:vn::krso(fd\;?l;i)cle 37 (119) 166 (688)

- Quantitative: Calculated statistics for each activity and overall
activities for each truck Number of trips 807 )

— Qualitative: interpretation of daily activity patterns with additional

background information from interviews and on-site visits Average number of 6.8
trips per day :

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025 21



Results: Activity Pattern of BET (Usage Cases)

Vehicle operation mostly on weekdays

All vehicles return to depot at the end of the day

Average daily mileage of 220 kilometres
— Single-shift operation: 160 km
— Two-shift operation: 280 km

— The range of average daily mileage for the 19 vehicles ranges from 115 to 350 km

Charging infrastructure:

— All vehicles have access to depot charging, but varies regarding location and power
-~ Public charging is the exception

-~ The vehicles often follow a fixed "charging schedule"

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025
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Results: Activity Pattern of BET in Regional Transport

Vehicle usage by activity in 1- and 2-shift operation Observations:

o Many stops a day, shift starts around 5 a.m.

I Charging Standing Il Driving

.{_I HI R R 1 s
1 Shift
H BNl | 1 N

o Battery charging:
- Single-shift operation:

o Usually once a day, after the end of the shift

CRLLRE (] 1 H | S o Average of 1.4 charges per day
2 shifts N ] inmfn 111 .

-~ Two-shift operation:

o Often several times, even during the day

O:(IJO 2:60 4:(‘30 G:IOO 8:60 10;00 12;00 14:‘00 16;00 18;00 20;00 22;00 24:00 L] In Some Cases Only during the day

Time of Day

o Average of 4.1 charges per day

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025 Source: Oko-Institut (2025) — Real-world data analysis of battery electric trucks operating in 23
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Results: Activity Patterns — Potential

o Application of vehicles currently based on the electric range of BET

o Single-shift operation: BET downtime of 14-18 hours and charge only about a third of the time
o Two-shift operation: BET stand for 7-8 hours

o Potential for grid-optimized charging

o BUT: potential for optimized charging in two-shift operation is already more limited and is often
further reduced by operational restrictions related to available charging infrastructure

o Outlook: Further fleet electrification and expansion to long-distance use of BET

- Optimisation approaches and existing depot charging infrastructure not sufficient to cover
demand

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025 24



Oko-Institut e V.

Institut fir angewandte Okologie
Institute for Applied Ecology

OHARGED
- LAEY




ELY

o Average energy consumption of 0.96 kWh/km determined for 19 BET in regional operation confirms
available data on real-world consumption

Conclusion

o Strong influence of outside temperature and vehicle weight could be determined

o Influence of topography and cooling unit could also be shown. Additional data is necessary for a
robust assessment

o Activity patterns show clear differences in BET use and charging patterns between single-shift and
multi-shift operation

o Potential for optimising vehicle charging, but insufficient in the context of further fleet
electrification

ELV-LIVE: Real-world data analysis of BET | Florian Hacker | Oko-Institut| EVS 38| June 2025 26
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Analysis of the challenges for the
electrification of heavy-duty vehicles from
a manufacturer and user perspective

Florian Hacker', Juliette Le Corguillé?, Katharina Gdckeler, Jonathan Schreiber

author) Ocko-Institut ¢. V., Borkumswrafe 2. 13189 Berlin, Germany. £ hacker@ocko de
O‘b-h.mmc V. wnail 2025-02, now Katholieke Universiteit Leuven, Belgim, juliette lecorguille@kuleuven be

Executive Summary

Battery electric trucks are emerging 25 3 promising technology for the decarbonisation of road freight
transport. Analysing the perspectives of vehicle manufacturers and users of electric trucks on the
transformation provides important information on the remaining challenges and need for action for the
necessary, rapid change. The amalyses are based on finding: from qualitative and quantitative survey
methods

Florian Hacker The analyses show that there 15 a clear trend towards battery-electric trucks as the new standard technology.

However, expectations still differ greatly depending on the stakeholder group and level of experience with
electric trucks. The expansion of the charging infrastructure and reliable long-term framework conditions to

Deputy Head of Division e A T

Keywords: Heavy duty electric Vehicles & busses; Public Policy & Promotion; Consumer behaviour;
Trends & Forecasting of e-mobility

1 Background and objectives

nn
Ll
Road source of CO. the mansport zector worldwide
o- ns I u e. . aﬁuyamcumﬁ[’uwamwmn combustion engine: dommate truck tranzport. Mozt

emizsions in road frey by beavy duty vehicles in long-baul transport that are
haracterized by paracalarly bigh mileages. Againgt this backdrop, decarbonization of the fransport sector
can only succeed if road freight transport 15 included. This iz reflected, among other things.

ambitious
. . and stncter regulatory requurements at national, Eure mandmmmmﬂh\tl-h:hh\‘rmdv
Berlin Office T

The introduction of electric heavy duty vehicles started with electrically powered buses for local and wban
m’pon m “0’1 bu still accounted for around two thirds of new np.mhon.. of zero-emission heavy
whu.k Clmu and North America the share was m\mddn ree quarters mn each case

Borkumstrasse 2 RS e SRS

Tosupportihe
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sion trucks,
. Sational level 70 % of s ofglobal Zero-eamission hewvy duty vehicle (HDV) sales take place under the effect of
D- 1 3 1 89 Berl I n EVS38 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium 1

Phone: +49 30 405085-373 Juliette Le Corquillé, Florian Hacker, Theresa Dolinga (2025):
E-Mail: f.hacker@oeko.de Real-world data analysis of battery electric trucks
operating in Germany.
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