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Executive Summary

Compared to conventional drivetrains, the competitiveness of zero emission trucks benefits from an optimal
design of vehicles and infrastructure. A good understanding of vehicle use is essential for the design of
batteries and the refueling or charging infrastructure. Today, only a few extensive data sets are available
regarding the driving behavior of truck fleets. In this paper, we present three data sets that enable insights
into European trucking behavior: (1) a dataset on European long-haul traffic, (2) a dataset on European truck
stop locations, and (3) a dataset on actual truck trip data. We evaluate them regarding (1) their recency, the
(2) regional and (3) temporal resolution, (4) the consecutiveness of the included data, and (5) their
representativeness. Please note that this article presents a brief summary of the mentioned data sets. Detailed

description of the data sets can be found in the references.

Keywords: Heavy Duty electric Vehicles & Buses, Consumer behaviour, Trends and Forecasting of e-
mobility, Optimal charging locations, Modelling & Simulation

1 Motivation

Heavy-duty vehicles (HDVs) (> 12 t) are 5 % of the European vehicle fleet but cause 15 - 22 % of CO;
emissions from road transport in 2019 [1]. Battery electric trucks (BETS), and possibly also fuel cell electric
trucks (FCETS), are promising options to decarbonize road freight transport. Therefore, truck manufacturer
expect half of the newly sold HDVs to be BETs und FCETS in Europe by 2030 [2]. However, the range of
BETs and FCETSs is typically lower than the range of diesel vehicles [2]. Technical process may reduce the
difference but will also significantly increase the purchase price of the vehicles [3, 4]. A use-specific design
of vehicles and infrastructure will therefore be more important in the future than it has been in the past.
Data-driven vehicle and infrastructure design, particularly regarding ranges and refueling and charging
infrastructure, is therefore becoming increasingly important. While a range of methodological approaches —
agent-based simulation, optimization, as well as big data and artificial intelligence — are available, a
corresponding data basis in the context of heavy-duty road freight transport often represents an obstacle.
Although GPS or mobile phone data can provide a comprehensive database, in practice their accessibility
often prevents them from being used. In this context, accessibility has multiple dimensions, including data
protection, data quality, data representativity and the sheer volume of data [5].

When talking about truck data for modeling purposes, spatial and temporal resolution are of utmost
importance, with GPS data as the most extensive data source [5]. From a modeler’s perspective, the
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consecutiveness or connection of single data points is also relevant. A distinction between (1) node-based,
(2) path-based, and (3) tour-based data sets can be made. Node-based data sets contain information for a
single location, for example traffic count data from a specific road section. Path-based data contains origin-
destination paths, for example a truck route from one city to another. Tour-based data includes the sequence
of multiple origin-destination paths, for example multiple delivery trips. The more detailed data sets are, the
more complex modeling approaches can be. In general, the level of detail increases the required
computational effort [6]. However, in practice, even the availability of rather basic data sets often poses a
challenge, especially in a commercial context where the route planning is part of the business model.

Given the ongoing changes in freight traffic volumes [7], the recency of the data and its representativeness
are also important factors, especially from an scientific perspective.

In the following, we aim to present three publicly available data sets that can provide initial insights into the
usage behavior of HDVs: (1) Synthetic data on European long-haul truck traffic, (2) data on European truck
stop locations, based on GPS data and routing software, and (3) actual truck trip data, representative for
Germany. All datasets have been used in scientific publications in the past and provide a starting point for
deeper analysis of heavy-duty road freight transport.

We will briefly introduce the data sets and give a short overview of the underlying methodology. Afterwards,
we will evaluate them regarding (1) their recency, the (2) regional and (3) temporal resolution, (4) the
consecutiveness of the included data, and (5) their representativeness.

2 Introduction and methodology of the investigated data sets

1.1 Synthetic data on European long-haul truck traffic

The data set describes truck traffic flows between NUTS-3 regions (Nomenclature des unités territoriales
statistiques. Level 3: small regions for specific diagnoses) in Europe. In total, the dataset considers 1,514,573
directed transport flows between 1630 different origins (NUTS-3) and 1667 destinations (NUTS-3).

The ETIS data set from 2010 [8] contains good flows in Europe, transported by trucks, and serves as a basis
for the described synthetic truck traffic flow data set. Numerous transport data tables from Eurostat, as well as
national databases, were used within the ETIS project to generate a Europe-wide origin-destination matrix for
transported goods between NUTS-3 regions. However, the original data set is subject to three shortcomings:
(1) freight and traffic volumes have changed since 2010 [7], (2) the data set provides good flows in tons not in
vehicles, and (3) there are no routes calculated. A three-step procedure updates the original data set: (1) update
road freight volumes, (2) conversion from road freight transport volumes to number of trucks, and (3) routing.
Figure 1 shows relevant input parameters and the steps from the original ETIS data set to the updated synthetic
European truck traffic flows. A full documentation can be found in [9]. Figure 2 provides an illustration of the
resulting traffic flows.
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Figure 2: Modeled European truck traffic flow in 2019. Source: [15]

Figure 1: Illustration of the preparation of the ETIS traffic data (*[10], **[11], **[12, 13], ****[14]). Source: [15]
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1.2 Data on European truck stop locations

Seven truck OEMs provided GPS data from parking locations of 400,000 trucks (> 7.5 t) in Europe. Parking
locations were identified as locations where vehicles park at least 30 minutes. To limit the analysis to locations
with many stops, OEMs provided only data with at least 10 stops per year per location. The locations were
clustered, using DB Scan algorithm. The maximum distance to add a location to a cluster was set to 200 m. To
be part of the final dataset, a cluster needed to have GPS coordinates from at least three different OEMs and at
least 100 stops per year. In total, 35,000 locations in Europe were identified. However, the data can be displayed
but not used for further processing [16].

Therefore, a new data set was generated, based on publicly available OpenStreetMap data. To generate the data
set, a three strep procedure was used: (1) building an extensive data layer, (2) processing available data by
clustering locations, and (3) enriching the resulting locations with additional information in a post-processing
step. In the first step, we collected OpenStreetMap data on parking areas, rest areas, and fueling stations, using
the Overpass API. The results were validated against and supplemented by commercial truck routing software
(TomTom, PTV Developer, HERE Developer). After a cleaning process, 142,113 locations were identified. As
a second step, the results were clustered, using the mean-shift algorithm. If the resulting clusters were closer than
250 m, they were combined to one cluster. After clustering, 51,964 locations remained. Int the post-processing
step, a truck parking confidence (TPC) was applied: truck stops are marked with high TPC, rest areas acquire
high or medium TPC, while fueling and parking locations receive medium or low TPC. Finally, locations are
evaluated based on their default label, available area information, proximity to the TEN-T network, and area
access information to confirm or update the default TPC label. The final data set contains 19,713 locations with
a high or medium TPC value. All details are described in [17]. Figure 3 summarizes the most important steps to
generate the data set. Figure 4 provides an overview of the identified locations.
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Figure 3: Data compilation process for European truck stop locations. Source: [17]

As shown in [18] for Germany, the previously described GPS data can be used as training data to calculate an
attractiveness score for any of the identified European truck stop locations. This can be used, for example, to
identify potential infrastructure locations with expected high demand.
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Figure 4: Identified truck parking locations in Europe. Source: [17]

1.3 German truck trip data

Representative samples of truck driving data from single vehicles are hard to obtain, due to privacy reasons.
For Germany, there is a single data set (Kraftfahrzeugverkehr in Deutschland (KiD)) on the driving behavior
of 2,810 diesel trucks (> 12 t) throughout a single day [19]. The data set is based on manual recording. The
vehicles were selected on a representative basis from all vehicles registered in Germany. However, as some
vehicles did not travel at the selected date or as some questionnaires were filled out incorrectly, 2,410 driving
profiles can be used. The data set contains information on the start, the end, and the distance of the single trips
of each vehicle. Additionally, it is known whether the vehicles park at public locations or at private locations.
Unfortunately, there is no geospatial information. However, the dataset can be used to gain an understanding
of the daily driving behavior of the fleet. Figure 5a provides an overview of the driving and parking behavior
of the fleet, Figure 5b presents the distribution of the daily km traveled of the vehicles. A more detailed

description can be found in [15].
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3 Evaluation of the data sets

In the following, a comparison regarding (1) the recency, the (2) the regional and (3) temporal resolution, (4)
the consecutiveness of the included data, and (5) the representativeness is presented.

Recency: As truck traffic constantly changes [7], up-to-date data is of utmost importance.

The synthetic European long-haul data set represents a good example in this context. While the original data
set stems from 2010, the presented version in this paper contains an update, based on truck data from 2019,
and a forecast for 2030.

The truck stop locations identified in our second data set are based on current research from 2023.

The third data set on German truck trips is based on a survey from 2010. Even though basic regulations, such
as mandatory driving breaks, have barely changed over time, driving behavior may still have changed over
time, for example due to route optimization. Therefore, critical evaluation of representativeness is highly
important for this data set.

Temporal resolution: The higher the temporal resolution and the more extensive the timeframe, the more
complex analyses can be. Simultaneously, with the level of detail, the computational effort also increases [5].
The European long-haul traffic data set provides annual values for truck traffic along the origin-destination
paths. To obtain daily or even hourly traffic additional assumptions are needed.

The European truck stop locations themselves do not have a temporal dimension. Additional data, especially
the passing traffic flow, is based on the European long-haul traffic data set and therefore also in annual
resolution.

The German truck trip data contains time-discrete arrival and departure information with resolution per minute.
However, the data set only covers a single day.

Regional resolution: A high regional resolution allows for a high level of detail, for example for charging
infrastructure planning or driving simulation [5].

The origins and destinations in the European long-haul traffic data set are available on NUTS-3 level. Traffic
within one NUTS-3 region is not part of the data set. The traffic between different NUTS-3 regions is modeled
on a slightly simplified European highway network. A single road segment is typically shorter than 10 km.
The European truck stop locations contain geographical coordinates per location. However, different locations
within several hundred meters are combined to single location.

The German truck trip data does not contain any regional information, beside the information whether a parking
event occurs at public or private ground.

Consecutiveness: As mentioned earlier, the connection or interplay of single datapoints influences the
modeling approach [6].

The European long-haul traffic data set contains path-based information. This means that origin-destination
trips are known, but there is no information on the consecutiveness of single trips.

The European truck stop locations provide information for single locations — nodes — but do not interact with
each other. In this sense, the data set is similar to road count data where traffic volumes are counted at specific
locations in the road network.

Finally, the truck trip data set contains multiple trips of all the vehicles considered. This means one can follow
the tour of a specific vehicle throughout the day.

Representativeness: To assess the transferability or scalability of results, the data set used must be classified
in terms of its representativeness.

The European long-haul traffic data set was built on European statistics and should therefore be representative
of European long-haul traffic. To gain a better understanding of the representativeness, the modeled data was
exemplarily compared to the traffic count data in Germany. Figure 6 shows the variation. If all tours were
perfectly assigned to the road network, all points would lay on the angle bisector. Deeper analyses show that
deviation mainly occurs in two situations: (1) roads are parallel to each other and the algorithm strictly selects
the (minimal) shorter route, while drivers choose the one with less traffic, and (2) a high share of inner-regional
traffic (not part of the European ling-haul traffic data set) occurs.
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Figure 6: Comparison of modeled traffic flow volumes in the European long-haul traffic data set with actual traffic
count data. Source: [15]

The European truck stop locations are based on OpenStreetMap and additional sources and should therefore
cover all European countries almost equally. Additionally, locations are only part of the final dataset, if
multiple sources name them as truck parking locations. In that sense, the data set represents a minimum dataset
of truck parking locations.

The vehicles selected for the German truck trip data set are a representative sample of the German truck fleet
in 2010. To gain a better understanding of possible deviations from today’s fleet, we compared the driving and
parking behavior in the data set with traffic count data from Germany. As shown in Figure 7, the data set
slightly underestimates the duration of traffic on highways and rather follows the structure of traffic on federal
roads, but with the typical peak of highway traffic in the early morning.
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Figure 7: Proportion of hourly HDV traffic to daily HDV traffic with A-TCD as automated traffic count data on
highways and federal roads and the German truck trip data as KiD. Source: [15]

All in all, the representativeness of the data sets presented seems to be sufficient, but users should be aware of
the identified limitations. Table 1 summarizes the most important aspects regarding the evaluation of the three
data sets.
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European
long-haul traffic

European
truck stop locations

Table 1: Overview of the evaluation of the three data sets presented

German
truck trip data

Recency

Temporal resolution

Regional resolution

Consecutiveness

Representativeness

2019 (forecast: 2030)

annual values

NUTS3, road segments

path-based

validated against traffic
count data - sufficient

2023

annual values

geographical coordinates

node-based

intersection of multiple
data sources - sufficient

2010

single day - minutes

private or public locations

tour-based

validated against traffic
count data - sufficient

4 Discussion and Conclusions

The data sets presented show that there is a wide range of different data available to describe truck traffic. The
range includes truck traffic flow data (European long-haul traffic), truck stop location data (European truck
stop locations), and truck trip data. We selected those three data sets as they are publicly available, covering
good information for multiple types of research questions. However, we are also aware of other data sets that
might offer similar opportunities. Nevertheless, no data set is known that covers all the topics mentioned in the
evaluation section at the time. Therefore, users should always be aware of the specific strengths and
weaknesses of the selected data set.

In future, it might be helpful to have a (synthetic) data set that combines both temporal resolution (e.g., based
on quarter-hourly travel profiles) and spatial resolution (at least NUTS3) with consecutive trips (consecutive
journeys over several days). However, it is also clear that such a data set would require considerable modeling
effort.
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