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Abstract

Due to the current dominance of conventional transport logistic vehicles, recent efforts primarily focus on
technologies reducing fuel consumption of these vehicles. Another way to reduce the GHG emissions of
road vehicles is the electrification of the vehicle. The electrification of road vehicles has accelerated in the
recent years. However, the electrification of passenger cars seems to be prioritized over transport logistic
vehicles as the first step, mainly due to the current limitation of CO,-emission primarily for passenger cars.
As a consequence, the number of electrified passenger cars is significantly more than number of electrified
transport logistic vehicles (as prototype, close to series production and e-conversion). Furthermore, vehicle
manufacturers are not keen on producing electrified transport vehicles due to the limited demand from the
market. One of the possible ways to overcome this hurdle is to establish city alliances in order to increase
the number of vehicles ordered. However, during our discussions with local authorities and city
municipalities, a lack of information about the status of existing electrified transport logistic vehicles and
their technical specifications, as basis for decisions regarding the fleet implementation, was identified. This
paper aims to close the mentioned knowledge gap by showing the recent trends in the electrified transport
logistic vehicles with their detailed technical specifications.

This study identified about 80 electrified transport logistic vehicles as prototype, e-conversion or close to
series production in the investigated markets (Austria, Canada, France, Germany, Turkey, Italy, the
Netherlands, Portugal, USA, Sweden and the UK). Most of the electrified vehicles (more than 50%) belong
to the vehicle category N1, most of which (>90%) are battery electric vehicles (BEV). Electric range of
transport logistic vehicles vary for N1, N2 and N3 vehicles between 35-200 km, 50-200 km and 120-
325 km, respectively. Furthermore, Li-lon or Li-Iron phosphate batteries dominate the electrified transport
logistic vehicles with about 75% of market share.

The results suggests that currently, the offered electrified transport logistic vehicles are designed mainly for
(inner-) urban transportation tasks, matching requirements of low payload and volume, low distances and
vehicle speed. Besides technical advancements in the battery sector, a larger uptake of these vehicles also
requires an EU policy strategy that provides clear signals to the trucking industry on climate and air quality
targets.
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1 Introduction

Road movements comprise an important role in
freight distribution (collection and delivery) and
passenger transportation in both urban and rural
areas and have significant economic and societal
impacts. In addition, they have hazardous and
threatening effects on the environment and
society such as resource consumption, land use,
toxic effects on ecosystems and humans, noise,
and the effect induced by accidents and
Greenhouse Gas (GHG) emissions.
Transportation accounts for about 20-25% of
global energy consumption and CO, emissions.
Road transport is a major source with 75% share
[1]. 95% of the world's transportation energy
comes from fossil fuels, mainly gasoline and
diesel. In the EU, 63% of fuel consumption and
29% of all CO, emissions are transport related.
Moreover, freight transport activity is predicted
to grow by around 80% in 2050 compared to
2005 [2]. The trends reveal that road freight
transport will continue to be one of the fastest
growing modes of transport and contributes
significantly to the increase of greenhouse gas
(GHG) emissions within the transport sector [3].
Hence, governments are considering new
environmental measures and targets for reducing
emissions and fossil fuel consumptions. The EU
targets 80-95% reduction of GHGs below 1990
levels by 2050, where a reduction of at least 60%
is expected from the transport sector. The
European Commission aims at reducing the
transport-related GHG emissions to around 20%
below their 2008 level by 2030. The use of
conventionally fuelled cars will be reduced by
50% in urban transport by 2030 and phased out
by 2050. City logistics in major European urban
centers will be CO,-free by 2030 [1].

In order to achieve these targets, it is important to
elaborate ways to reduce the GHG emissions
from road freight transport effectively. Due to the
current dominance of conventional transport
logistic vehicles, recent efforts primarily focus
on technologies reducing fuel consumption of
these vehicles [4], [5]. Another way to break the
vehicles’ dependence on fossil fuels and reduce
the GHG emissions is the electrification of the
vehicles. The use of electric vehicles would also
reduce noise, which would allow shifting a
considerable amount of freight transport to night
time. In return, this would help reducing the road
congestion in the urban areas during the day time
peak hours, hence decreasing the emissions
indirectly.

The electrification of road vehicles has accelerated
in the recent years [6]. However, the electrification
of passenger cars seems to be prioritized over
transport logistic vehicles as the first step [7],
mainly due to the current limitation of CO,-
emission primarily for passenger cars. As a
consequence, the number of electrified passenger
cars is significantly more than the number of
electrified transport logistic vehicles (as prototype,
close to series production and e-conversion).
Furthermore, vehicle manufacturers are not keen
on producing electrified transport vehicles due to
the limited demand from the market [8]. One of the
possible ways to overcome this hurdle is to
establish city alliances in order to increase the
number of vehicles ordered. However, during our
discussions with local authorities and city
municipalities, a lack of information about the
status of existing electrified transport logistic
vehicles and their technical specifications, as basis
for decisions regarding the fleet implementation,
was identified [8] and [9].

This paper aims to close the mentioned knowledge
gap by showing the recent trends in the electrified
transport logistic vehicles with their detailed
technical specifications.

2 Method and data

In this paper, methods from descriptive data
analysis (e.g. through classification and declaration
of occurrence) are used in order to discover the
nature and interdependencies of the available data
[10]. Furthermore, the use of descriptive data
analysis allows for a clear illustration of relevant
data characteristics. Therefore, either the
distribution of parameter values of individual
characteristics ~ (univariate  statistic) or the
combination of parameter values of multiple
characteristics (multivariate statistic) are of high
interest and, therefore, methodically used in order
to achieve the aims of the paper.

For the purpose of data collection of electrified
transport logistic vehicles, a vehicle database was
created based on market inputs from Austria,
Canada, France, Germany, Turkey, Italy, the
Netherlands, Portugal, USA, Sweden and the UK.
The inputs are mainly based on information from
vehicle data sheets. Currently, the database
includes about 80 electrified vehicles. Relevant
vehicle characteristics are classified into general
and specific data.

EEVC - European Electric Vehicle Congress



General data characteristics of interest are:

e Market:
Name of the country where the vehicle was
presented or is commercially available

e Producer:
Name of the company producing or
converting the vehicle

e Name:
Name of the vehicle

e Powertrain technology:

0 HEV (hybrid electric vehicle),

0 PHEV (plug-in hybrid electric vehicle),

0 BEV (battery electric vehicle),

0 FCEV (fuel cell electric vehicle)

Type of powertrain:

o parallel hybrid,

o serial hybrid,

O pure electric,

o fuel cell electric

Functionality:

micro hybrid

mild hybrid

full hybrid,

plug-in,

range extended

Production status:

o Prototype (vehicle used for research

.
OO0OO0OO0O0

purpose),
0 e-conversion (conversion of conventional
commercially available vehicle or

electrification of conventional chassis),

0 close to series production (more than one
vehicle has been produced and/ or as per
producer announced commercially
available)

e European vehicle category:

0 NI (£23.5tGVW),

0 N2 (>35t-<12t GVW),

0 N3(>12tGVWand TT)

e Year:

Year of vehicle presentation to public or date

of press release

Vehicle specific data of interest comprises the

vehicles technical specification in terms of:
e Engine displacement in cm3

Nominal performance in KW

Max. Torque in Nm

Gearbox type

Type of EM

Battery type

Battery capacity in kWh

Gross vehicle weight in tons

Payload in tons

e Driving range in km
e Top speed in km/h

The analysis for the electric transport logistic
vehicles is compared with the trends of electrified
passenger cars reported in [6].

3 Results

The results show that most electrification efforts
are expended for the vehicles within the smaller
vehicle classes (see Figure 1). Among 78
electrified transport logistic vehicles in the
database, more than 45 vehicles belong to the N1
vehicle category with gross vehicle weight smaller
than 3.5 tons. However, electric transport logistic
vehicles are commercially available for customers
across all the vehicle categories (either as close to
series production or through e-conversion).
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Figure 1: Number of transport logistic vehicles
identified (prototype, close to series production or e-
conversion) with electrified powertrain (Total number of
vehicles is 78)

Most of the electrified vehicles (more than 50%)
belong to the vehicle category N1, most of which
(>90%) are BEVs. As the gross vehicle weight
increases, the number of vehicles and the share of
BEVs decrease (see Figure 2).
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Figure 2: Number of transport logistic wvehicles
identified with electrified powertrain (Total number of
vehicles is 78)
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The comparison of the electrified vehicles for
transport logistics and passenger cars according
to the nominal power of the electric motor and
powertrain concept verifies that the number of
vehicles is significantly higher for passenger car
sector (see Figure 3 and Figure 4). Furthermore,
most of the electrified passenger cars have an
electric motor power between 101 and 300 kW
whereas the number of electrified logistic
vehicles decreases with the increasing motor
power.
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Figure 3: Number of passenger cars from [6]
according to the nominal power of electric motor and
the powertrain concept (total number of vehicles is
423)
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Figure 4: Number of transport logistic vehicles
according to the nominal power of electric motor and
the powertrain concept (vehicle database, total number
of vehicles is 75)

However, a similarity between the two vehicle
types is that vehicles with an electric motor
power less than 51 kW are mainly dominated by
the BEV concept. As the motor power increases,
the importance of BEV concept decreases for
passenger cars, which is not the case for transport
logistic vehicles.

Electric driving range and payload are very
important technical specifications for a logistic
vehicle fleet operator. These specifications are
presented for the existing vehicles on the market
depending on their battery type (see Figure 5).

Among the 64 data points (where payload and
electric range information are available), only 3
vehicles are FCEV, and the others (61) are BEV.
We observe that for most of the vehicles (with
only a few exceptions), the electric range is shorter
than 250 km, independent from the payload. In
addition, only low electric range and low payload
vehicles are powered by a lead acid or lead acid
gel battery. Although many battery type
possibilities for N1 and small N2 vehicles exist,
the wvehicles with longer electric range and
especially larger pay load are equipped with either
Li-lon or Li-Iron phosphate batteries. N3 segment
vehicles are powered exclusively by the latter
battery type. These two battery types dominate
also the overall group of electrified transport
logistic vehicles. 40 vehicles among 54 vehicles,
where the type of the battery is known, are
equipped either with Li-lon or Li-lron phosphate
batteries.

For N1 vehicles (number of wvehicles is 43),
bandwidth of range varies from 35 km up to 200
km with an arithmetic average of 122 km (median
130 km) and for payload from 0.23 tons up to
2.30 tons with an arithmetic average of 0.76 tons
(median 0.65 tons), respectively. For N2 vehicles
(number of vehicles is 13), bandwidth of range
varies from 50 km up to 200 km with an arithmetic
average of 170 km (median 150 km) and for
payload from 1.0 tons up to 7.4 tons with an
arithmetic average of 4.1 tons (median 3.5 tons),
respectively. For N3 vehicles (number of vehicles
is 8), bandwidth of range varies from 120 km up to
325 km with an arithmetic average of 190 km
(median 180 km) and for payload from 6.0 tons up
to 11.0 tons with an arithmetic average of 9.5 tons
(median 9.9 tons), respectively.
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Figure 5: Comparison of electric range and payload of electrified logistic vehicles according to their battery type (3

FCEVs and 61 BEVs in total)

4 Discussion and Conclusion

This study identified about 80 electrified
transport logistic vehicles as prototype, e-
conversion or close to series production in the
investigated markets (Austria, Canada, France,
Germany, Turkey, Italy, the Netherlands,
Portugal, USA, Sweden and the UK). This
information is especially interesting for the local
authorities and city municipalities [8].

However, at a closer look to the wvehicle
specifications, the diversity of logistic
transportation tasks and transport logistic vehicle
requirements is not yet fully reflected by a
correspondent  distribution of commercially
available vehicle models in the different vehicle
classes. The majority of identified vehicle
models belong to class N1, offering relatively
small payloads, in most cases around or below
1ton, and volumes. Within class N1, “light
vehicles” make up another larger subgroup, with
payloads of less than 0.5 ton, ranges less than
100 km and engine power of less than 50 kW.
This suggests that currently, the offered
electrified transport logistic vehicles are designed
mainly for (inner-) urban transportation tasks,
matching requirements of low payload and
volume, low distances and vehicle speed. This is
encouraging since the strategic focus of

electrifying road transport is at first on urban areas.
Still, it needs to be seen that also (sub-) urban
logistics and its diversity of transportation tasks
requires the whole range of vehicle classes,
including heavy duty vehicles. Opposed to current
technical and economic barriers for electrifying
heavy duty transport vehicles, mainly related to the
large, heavy and expensive batteries required, it is
promising that first N2 and N3 electrified vehicles,
even BEVs, become available. Besides technical
advancements in the battery sector, a larger uptake
of these vehicles also requires an EU policy
strategy that provides clear signals to the trucking
industry on climate and air quality targets.

The presented work demonstrates the state of the
art and trends for electrified transport logistic
vehicles and provides fleet managers and
municipalities ~ with  necessary  information
regarding vehicle specifications. This database will
be updated continually in the future and will
include data from other countries as well.
Furthermore, pilot projects and case studies for
electrified transport logistic vehicles will be
analyzed in the future in order to match technical
specifications and economic performances of
vehicles presented in this paper with the concrete
use case.

EEVC - European Electric Vehicle Congress



Acknowledgments

This paper is an outcome of the Task 27
“Electrification of transport logistic vehicles
(eLogV)”, which belongs to International Energy
Agency (IEA) Hybrid & Electric Vehicle
Implementing Agreement (IA-HEV). The Task
27 is supported by the German Federal Ministry
for Economic Affairs and Energy (BMWi) and
by the Austrian Ministry of Traffic, Innovation
and Technology (bmuvit).

References

[1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

White Paper on Transport, Roadmap to a single
European transport area: Towards a competitive
and  resource-efficient  transport  system,
Publications Office of the European Union,
Luxembourg, 2011.

http://ec.europa.eu/transport/strategies/facts-and-
figures/all-themes/index_en.htm (last accessed
on November 3, 2015)

IEA - International Energy Agency, Energy
Technology Perspective 2012, Pathways to a
Clean Energy System, OECD/IEA, Paris 2012.

NAP - The National Academies Press,
Technologies and Approaches to reducing the
fuel consumption of medium- and heavy-duty
vehicles, by the Committee to assess Fuel
Economy Technologies for Medium- and Heavy-
Duty Vehicles, ISBN 978-0-309-14982-2, 2010.

NAP - The National Academies Press, Reducing
the Fuel Consumption and Greenhouse Gas
Emissions of Medium- and Heavy-Duty
vehicles, Phase Two: First Report, by the
committee on assessment of technologies and
approaches for reducing the fuel consumption of
Medium- and Heavy-Duty vehicles, phase two,
ISBN 978-0-309-30237-1, 2012.

Kloétzke, M., Frieske, B., Soukup, O., Koska, T.,
Higing, H., Bienge, K., Ritthoff, M.,
Kreyenberg, D., Hillebrand, P., Monscheidt, J.,
Tenbergen, J. (2015). Begleitforschung zu
Technologien, Perspektiven und Okobilanzen
der Elektromobilitat - STROMbegleitung.

Meyer et al., 2009, European Roadmap -
Electrification of Road Transport,
http://www.fuerex.eu/userdata/file/EC%20public
ations%200n%20EU%20fleet/European%20Roa
dmap%20Electrification%200f%20R0ad%20Tra

nsport.pdf
IA-HEV, 2015, Results of first Workshop,

http://www.ieahev.org/tasks/e-logistics-task-27/,
accessed on 6.7.2015

(9]

Ecolot, 2015, http://www.select-project.eu/elocot,
accesssed 16.7.2015

[10] Cramer, E., Kamps, U., 2008, Grundlagen der

Wahrscheinlichkeitsrechnung und Statistik,

Springer

EEVC - European Electric Vehicle Congress


http://www.fuerex.eu/userdata/file/EC%20publications%20on%20EU%20fleet/European%20Roadmap%20Electrification%20of%20Road%20Transport.pdf
http://www.fuerex.eu/userdata/file/EC%20publications%20on%20EU%20fleet/European%20Roadmap%20Electrification%20of%20Road%20Transport.pdf
http://www.fuerex.eu/userdata/file/EC%20publications%20on%20EU%20fleet/European%20Roadmap%20Electrification%20of%20Road%20Transport.pdf
http://www.fuerex.eu/userdata/file/EC%20publications%20on%20EU%20fleet/European%20Roadmap%20Electrification%20of%20Road%20Transport.pdf

Authors

Enver Doruk Ozdemir is working at
the Department of Vehicle Systems
and Technology Assessment (Institute
of Vehicle Concepts) at German
Aerospace  Center (DLR) since
January 2013. He completed his Ph.D.
degree on “alternative powertrains and

"~ fuels” in 2011 at the Stuttgart

University  (Institute  for Energy
Economics and the Rational Use of
Energy). Dr. Ozdemir received his
Master Degrees in  Mechanical
Engineering in 2005 at Middle East
Technical University (Ankara,
Turkey), where he also studied
Mechanical Engineering (B.Sc.) and
Sociology (B.Sc. - double major
program).

Florian Kleiner, Research Associate
at the German Aerospace Center
(DLR). He studied  Business
Administration and Engineering at
Pforzheim  University and the
University of Technology Sydney
(UTS). After graduating his Master
degree regarding energy management
with  specialization in  renewable
energy at Trier University of Applied
Sciences, he is working at the DLR
Institute of Vehicle Concepts in the
department of Vehicle Systems and
Technology Assessment.

Martin Beermann, Research
Associate at JOANNEUM
RESEARCH in Austria. He received
his master degree in Environmental
Process Engineering at Leoben
University in Austria. Working at
JOANNEUM  RESEARCH since
2008, he is focussing on alternative
energy and transport systems with a
methodological focus on ecological
life cycle assessment and life cycle
cost assessment.

Bulent Catay is a Professor of
Industrial Engineering in the Faculty
of Engineering and Natural Sciences at
Sabanci  University, Istanbul. He
received his B.Sc. in Industrial
Engineering from Istanbul Technical
University and his Ph.D. in Production
and Operations Management from
University of Florida. His research
interests include transportation and
logistics systems, green transport,
applied optimization, metaheuristic
approaches to solve large-scale
problem.

Eric Beers, Initiator of Hytruck in
2006-2015. Hytruck demonstrate the
potential of hydrogen and all electric
powered trucks. The company
delivered a Hydrogen electric 7.5 tons
vehicle and in 2013 nine all electric
Hytrucks 12-18 tons to the Dutch
market. Additionally, he is the
Chairman of the platform PTM-E of
the Rai-association with a focus on
electric Vehicles and a lot of other
activities all focused on zero emission
transport.  Previous he  gained
experience in the truck industry at
Scania in Holland for 22 years as
sales-engineer and sales director.

Bob Moran is Head of Regulation and
R&D in the UK’s Office for Low
Emission Vehicles, a cross
Government policy unit working to
position the UK as a leader in the
design, development, manufacture and
deployment of ultra low emission
vehicles and associated technologies.
OLEV comprises people from the
Department’s for Transport, Business,
Innovation and Skills and Energy and
Climate Change and aims to simplify
policy development and speed up
delivery of this important shared
agenda. Bob joined OLEV in 2011
having previously worked with the
Department for Transport and Ford
Motor Company. He was awarded a
Ph.D. in Biomechanical Engineering
from Edinburgh University in 2002
having graduated from there with an
Honours degree in  Mechanical
Engineering in 1997.

EEVC - European Electric Vehicle Congress



Ock-Taeck Lim received his B.S. and

Q M.S.  degrees in Mechanical

g | Engineering from Chonnam National

@ University, Korea, in 1998 and 2002,

‘ ?\. respectively. He then received his

2 Ph.D from Keio University in 2006.

Dr. Lim is currently a Professor at the

School of Automotive and Mechanical

Engineering at Ulsan University in

Ulsan, Korea. Dr. Lim’s research

interests include internal combustion

engines, alternative  fuel, and
thermodynamics.

Stephan A. Schmid is Head of
Department at the Institute of Vehicle
Concepts at the German Aerospace
Center (DLR). He is the National
Scientific (Alternate) Delegate of
Germany for the Implementing
Agreement ‘Hybrid and Electric
Vehicles’ of the International Energy
Agency. Dr. Schmid served from 2011
to 2013 in addition as DLRs Transport
Representative in  Brussels. Dr.
Schmid holds a diploma degree in
Mechanical Engineering from the
Technical University of Karlsruhe, and
received his doctoral degree (Dr.-Ing.)
in Engineering from the University of
Stuttgart.

EEVC - European Electric Vehicle Congress



	Status and trends for electrified transport logistic vehicles
	1 Introduction
	2 Method and data
	3 Results
	4 Discussion and Conclusion
	Acknowledgments
	References
	Authors

