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1 Summary

CO:z2 regulations in Europe as well as in other parts of the world will require an increasing level of
electrification of the transport sector. Long distance road transports will continue to be essential for the
welfare society but pose challenges to the technological, ecological and economic transition towards a
sustainable future. Electric 40 tonne vehicles, with long range characteristics, will require a complete
rethinking of the integrated transport system in order to support the necessary transition. In order to
take the first steps towards long-haul electrification with battery electric vehicles, BEV, this feasibility
study - Integrated Electric Long-Haul Truck and Charger System Development - was conducted.

In competition, Scania and Volvo have described and analysed innovative concepts needed for the on-
and off-board vehicle and charging services development as well as architectures, interfaces and sites
for the integration and test of a system demonstrator. In addition, the feasibility study has made an
initial evaluation of charging standards, services, interoperability, and possibilities with automated
connection of the charging interface. The study has also defined logistics needs and system
possibilities with peak shaving / local energy storage and mobile charging stations. An analysis of the
state of the art in this field has been performed in order to identify the crucial research and innovation
issues to be explored.

The feasibility study has confirmed the target to operate long-haul 40 tonne trucks coping with logistics
applications requiring driving cycles of 4.5 h driving, 45 min charging during driver break and another
4.5 h of driving. The study has proven that there is a strong interest in testing, demonstrating and
researching long-haul BEVs using Megawatt Charging System, MCS, in real logistics flows. The two
Swedish OEMs have jointly proposed suitable locations for the first MCS chargers in the Swedish part
of the TEN-T network and are prepared to go ahead with this main project, E-Charge: System
demonstration of electrified long-haul transports.

This feasibility study was performed by Scania, Volvo and Swedish Electromobility Centre, SEC, with
Lindholmen Science Park, LSP, as the coordinating partner. The project participants managed to
gather a consortium of partners interested in an initial demonstration of interregional long-haul
electrified logistics flows with developed field test vehicles capable of 4.5 h battery powered drive and
MCS charging. The initial demonstration is set to be executed in 2023/2024 if financing can be secured.

2 Summary in Swedish

COz-regler i EU och i manga andra delar av varlden kommer att kréva att transportsektorn elektrifieras.
Langvaga transporter med lastbil kommer fortsatt att vara livsviktiga for valfard och varuférsérjning men
innebar stora ekologiska, tekniska och ekonomiska utmaningar for att bli hallbara. Elektriska 40-
tonslastbilar, avsedda for langvaga transporter, kraver nytdnkande och ett férandrat integrerat
transportsystem for att stddja omstallningen. Denna genomférbarhetsstudie startades i syfte att ta ett
forsta steg mot langvaga transporter med batterielektriska lastbilar.

| separata, vertikala, arbetspaket har Scania och Volvo beskrivit och analyserat innovativa koncept och
tjanster som behdvs ombord pa fordonet saval som i den stddjande laddinfrastrukturen. Vidare har man
gjort en forsta utvardering av laddstandarder, laddtjanster och interoperabilitet samt mojligheter med
automatisk inkoppling vid laddning. Studien har ocksa kartlagt logistiska behov och undersokt
mojligheter att kapa effekttoppar med lokala energilager samt méjligheter med mobila laddstationer. En
analys av forskningslaget har gjorts for att kunna adressera vasentliga forskningsomraden i ett
kommande projekt.

Genomfdrbarhetsstudien har faststallt malet att kora 40-tons lastbilar i langvaga logistikfléden som
kraver 4,5 h koérning, foljt av férarvila i 45 min under vilken fordonet laddas for att sedan kunna kéra
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ytterligare 4,5 h. Studien har visat att det finns ett starkt intresse for att i verkliga logistikfléden testa,
demonstrera och utforska batterielektriska lastbilar som kérs langa strackor och laddar med
megawattladdare, MCS. De tva svenska lastbilstillverkarna har tillsammans samt var och en for sig
foreslagit lampliga platser for de forsta MCS-laddarna i den svenska delen av TEN-T vagnatet och ar
beredda att tillsammans ga vidare med ett genomférandeprojekt, E-Charge: Systemdemonstration av
langvéga elektrifierade lastbilstransporter.

Genomforbarhetsstudien har genomforts av Scania, AB Volvo och Swedish Electromobility Centre med
Lindholmen Science Park som koordinerande part. | studien lyckades parterna samla ett konsortium av
foretag som ar intresserade av att bidra till en demonstration av interregionala, elektrifierade, langvaga

logistikfldden med faltprovsfordon med batterikapacitet att kéra i 4,5 h och ladda med MCS. Den initiala
demonstrationen ar planerad att starta i 2023/2024, forutsatt att projektet kan finansieras.

3 Background

CO:z2 regulations in Europe as well as in other parts of the world will require an increasing level of
electrification of the transport sector. Long distance road transports will continue to be essential for the
welfare society but pose challenges to the technological, ecological and economic transition towards a
sustainable future.

Road transport logistics systems are optimised for diesel trucks. However, electrified trucks do not
have the same characteristics. For instance, the driving range is significantly lower, so

the vehicles need to be recharged more often than when refuelled with diesel. The recharging time is
also about one order of magnitude higher than the refuelling time, and the energy capacity per weight
unit of batteries is more than one order of magnitude lower compared to diesel, taking into

account the lower energy conversion efficiency.

To compensate for these deficiencies and to avoid logistic losses to be built in, one general idea is to
use driver breaks for recharging, which put requirements of the access to charging points and
charging power. Higher charging power (at or above 600-800 kW) and larger energy storage (range at
or above 400-500 km) will require the development of several critical components and systems
onboard as well as offboard, e.g. high-power DC conversion system and basis for standardisation

of a new charging connector. In addition, a large variation in total power needed for recharging, at a
terminal or truck stop, can appear, for instance, when a convoy of trucks, driving together to save
energy and effort, want to recharge at the same time, when they are having a meal together. The grid
load must then for certain power pricing models be smoothed out, e.g., by using a local energy
storage. A complimentary approach is to digitally couple all elements in the total electrified logistics
system and use all opportunities to guide the truck, charging, and smart grid systems

operations to avoid grid power peaks. Processes and methods for localisation of charge points at
terminals, truck stops, destinations and depots under the foreseen electrification transition period
during which high utilisation are not possible but large coverage is needed to sustain cost-effective
logistics services. Open interfaces between trucks and charging stations that allow for interoperability
between different kinds of competitors, e.g. vehicle brands and hauliers, will become essential for the
system to be efficient.

Considering all system elements that are subject to change as well as new infrastructure both in terms
of hardware and software that is necessary for the introduction of long-haul battery electric trucks,
there is a strong and imminent need for system research and development.

4 Purpose, research issues and method

The purpose of the study has been to investigate the feasibility of a system demonstration in a main
project where long-haul 40-tonne trucks are operated in logistics applications requiring driving
cycles as: 4.5 h drive, 45 min charging and driver break, 4.5 h drive. Also, logistics demands

on multiple vehicles charging at the same time on terminal and/or truck stops to avoid time

losses were necessary to map as input to charge point designs. An integrated development of trucks
and charging system was envisioned. Technology gaps were to be identified as well as innovative
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concepts to be developed and analysed. Furthermore, a tentative open, complete system architecture
with all critical components was to be proposed and then further iterated and demonstrated in the
main project.

Therefore, R&I challenges in the international technology front related to competitive integrated
designs of electrified long-haul truck and charge point elements were needed to be identified, also for
the creation of a useful interoperable vehicle and charge system architecture with harmonized
interfaces, which will be addressed in a following main project.

The feasibility study has been carried out in an iterative process based on common workshops and
weekly project meetings involving all project partners. This process has been supported by parallel
internal (Scania, Volvo, SEC) processes in different areas. When needed external partners have been
invited to take part in the study in order to map and describe the conditions and prerequisites from
different aspects.

5 Goals

The main goal was to set up, in a feasibility study, a main project environment in which the best
competitive ideas in the build-up of an integrated truck charge point architecture with harmonized
interfaces are researched, developed and combined. The feasibility study goals were broken down in
the following way:

In competition, separately performed, between project partners
1. Description & analysis of innovative concepts needed for the on- & off-board vehicle &
charging services development
2. Description & analysis of architectures, interfaces & sites for the integration & test of a
system demonstrator

In common with project partners
1. Evaluation of charging standards, services, interoperability and possibilities with
automated connection of charging interface
2. Define logistics needs & system possibilities with peak shaving / local energy storage
and mobile charging stations
3. State of the art analysis of crucial research & innovation issues to be explored & data
needed to be shared
4. Main project: integrated truck, charge system, & inter-face development &
demonstration; shared infrastructures & data; & resources needed
5. Processes & operations for securing competitive data
6. Project coordination

6 Results

The main goal of the feasibility study has been achieved. A consortium of partners, for an initial
demonstration of interregional long-haul electrified logistics flows with developed field test vehicles
capable of 4.5 h battery powered drive and MCS charging, has been gathered. The project partners
have performed a state-of-the art analysis in the area of battery electric driven vehicles from a systems
perspective. A structure for the main project, consisting of several vertical and horizontal work
packages with predefined methods for executing defined deliverables, has been set up. The feasibility
study has clearly contributed to the following FFI goals:

e to increase research and innovation capacity in Sweden, thereby

ensuring competitiveness and jobs in the field of vehicle industry

e to promote the involvement of subcontractors, cross-industry

cooperation, and interaction between industry and universities, colleges and institutes,

and different OEMs
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In the longer perspective the feasibility study has also contributed to the objectives of the sub-
program Energy & Environment:
o Fifty per cent energy efficiency (kWh/tonne kilometer) from commercial vehicles (trucks,
buses and construction machinery) by 2030. These 50 per cent are divided roughly
equally between vehicle development and increased transport efficiency (base year
2008).
e Emissions, such as noise, particles and nitric oxides, must be reduced to meet the
maximum levels for these pollutants, particularly in sensitive areas and larger cities (mega
cities).
e The Swedish automotive companies have taken this step and have become world
leaders in the development of energy efficient and environmentally friendly vehicles.
This project will start an activity that will go on for many years after 2030 in line
with the EU White Paper 2011. A successively larger share of long-haul trucks will be
electrified.

Results from the feasibility study are specified per horizontal work package in the following subsections.
As the work carried out in the vertical work packages is of confidential nature, the results that can be
shared among the project partners and to the public are included in the description of the results from
horizontal work packages.

Description/& analysis of
innovative copcepts needed
for the onboagd & offboard

vehicle & charging services

deuelcitrn ent

Evaluate charging standards, services, interop:
possibilities with automated connection of char;

| m u
Define logistics needs & system possibilities with
shaving / local energy storage & mobile charging stations
- 1 = & | |
: art analysis with crucdial research & innovation
be explored & data needed to be shared
m | ]
ject: integrated truck, charge system, & interface de-
demo; shared infra & data; & resources needed

Project co-ordination

Figure 1, Feasibility study WP structure

The first vertical work package, V1a and V1b, Description and analysis of innovative concepts needed
for the onboard and offboard vehicle and charging service development, has been performed
separately by both vehicle OEMs. Important output by Scania and Volvo from this work has served as
input for the horizontal work packages in the feasibility study and for the design of the main project.

The same process was applied in the other vertical package: Description and analysis of architectures,
interfaces & sites for the integration and test of a system demonstrator, in which the OEMs among ither
things have investigated suitable logistics flows together with potential internal or external customers.

The horizontal work packages Evaluating charging standards and service, interoperability and
possibilities with automated connection of charging interface (H1), Defining logistics needs and system
possibilities with peak shaving/local energy storage and mobile charging stations (H2) and State of the
art analysis with crucial research and innovation issues to be explored and data needed to be shared
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(H3) were performed with participation from all project partners. Each package was led by one of the
project partners: H1 by Volvo, H2 by Scania and H3 by SEC. In these packages, vehicle OEMs were
able to share some of the results gained from their individual research, performed in separation from
the other OEM, in order to evaluate the feasibility of a potential main project. SEC has mainly presented
relevant ongoing and potential future research to be performed in the area of electrified logistics system
with all of its components. The joint work in these horizontal packages has made an iterative approach
possible, sharing knowledge and re-evaluating the results to continuously shape the future main
project. Evaluation of different systems and techniques was performed. Among other things, this
evaluation resulted in the decision not to include plug-n-charge techniques nor automated charging
connection in the initial system demonstrator as they were deemed not being mature enough.

6.1 Evaluating charging standards and services, interoperability, and
possibilities with automated connection of charging interface

Existing charging standard (CCS) supports charging power up to approximately 350 kW, but since the
use case analysed in this study will need >600 kW, it is not a feasible solution.

There are at least two different organizations (CharIN and Chaoji) developing standards that are
supporting higher charging power. When analysing status and plans for these, the project team
concluded that the standard developed by CharIN, i.e. MCS (Megawatt Charging System) is most likely
to be the leading/valid standard for charging in the main HD BEV markets in the future.

There are still several open questions for the MCS standard to be handled within CharIN, and a future
E-Charge main project will need to follow and adjust in parallel.

In order to secure interoperability and to simplify charging, payment and possibly also booking, several
charging services will be needed. During the feasibility study a workshop was held with stakeholder
within the charging ecosystem and even if all are reasonably aligned on the wanted final situation, there
are many open questions on how to get there.

In a main project E-charge, interoperability is needed between vehicles and charging stations but
payment can be handled with standard solutions such as credit cards, and booking is probably not
needed at all due to the low number of vehicles. By that, it was concluded to exclude development of
specific services such as plug and pay and booking from the main project scope.

There are several demonstration projects and companies that can deliver solutions for automated
connection/charging on the market today, but the technology is still immature. The research in this
feasibility study resulted in that to have substantial benefits with automated connection it also needs to
be combined with autonomous parking solutions. Automated connection of charger interface as such is
not necessary, it would only gain approximately 1-2 minutes charging time (total duration 30-45
minutes) and it would also add complexity/risk to the charging event. If combined with autonomous
parking a reduction of the space for the charging station with approximately 30-50% could be
envisioned. However, since autonomous solutions are also immature and are not in the scope of E-
charge, it was concluded not to include automated connection/charging in an E-charge main project
either.

It is foreseen that most charging station suppliers will work with MCS and several are actively involved
in the CharlIN organization and European initiatives similar to E-Charge. An evaluation of the main
actors on the market was made and when synced with the potential CPOs at the identified truck stops
in the horizontal work packages 2 and 4, the team concluded that ABB is the most suitable supplier to
work with in a future E-charge main project.

Summarized:
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It has been proven within the feasibility study that a suitable charging standard (MCS) is under
development and can match the need from our analysed use cases. ABB is concluded to be the most
suitable partner for charging equipment for the main project, automated connection/charging will not
be included, and even if related services will need to be aligned between the relevant stakeholders as
the project progresses the specific development of those will be excluded.

6.2 Defining logistics needs and system possibilities with peak
shaving/local energy storage and mobile charging stations

Based upon technical maturity research of the included system components (as presented in 6.1, 6.3)
the challenge to operate long-haul 40 tonne trucks coping with logistics applications requiring driving
cycles of 4.5 h driving, 45 min charging during driver break and another 4.5 h driving has been
analysed.

Based upon experience from the two involved OEMs a number of generic transport logistic flows were
described (actual transport flows with actual goods, but without named operators). By transferring these
into the in-house OEM specific simulation - and calculation tools research work was performed (done in
the vertical work flows of each OEM): The research gave results presented for the project members in
the horizontal work flows. Both OEM parties presented corresponding characteristics for charging need
(power, timing) and distribution of chargers over the road network to manage the logistic transport task.

The analysed transport routes and logistic flows per OEM were mapped with the hypothesis that they
would create a good start for testing in real life, in a logistic system where both brands of trucks would
meet at least at one common resting location for megawatt charging.

The next task was to secure that the proposed locations for the megawatt charging would have
possibilities to accomplish needed power for at least one truck at a time.

The project successfully involved major commercial players at the most promising truck stops identified
in this research. However, it has still to be secured that these analysed charging locations can deliver
sufficient electric power. Checking and securing electric power capacity can only be done by filing a
request to build out the charger system, which was not a task within the feasibility study.

As a result, solutions using mobile charging stations or stationary energy storage connected to the grid
were analysed to secure that it would be possible to set up chargers in a system test even if the
electric grid would be unable to support the peak power need to the vehicle.

It was concluded from the research that these types of systems both exist and can be used in a future
system test if needed.

Summarized:

It has been proven within the feasibility study that heavy duty long-haul electric vehicles and charging
system performance already would be capable of performing long distance transport logistics if the
actual flow for the transport is matched with needed charger capacity at dedicated locations.

6.3 State of the art analysis with crucial research and innovation issues to
be explored and data needed to be shared

The system-level readiness of an integrated and interoperable system of 40-tonne and above battery
electric vehicles with long-range (400+ km) characteristics and high-power stationary charging is low
(3-4). Also, if including the societal, grid and logistics perspectives, the readiness level is even lower.
This state-of-the-art chapter identifies the most important R&l gaps where appropriate technology
system development would accelerate commercial vehicle electrification for 40-tonne battery electric
vehicles with long-range characteristics.
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6.3.1 Integration of MCS vehicle power electronics & control

1+ MW charging plays a critical role in the system of electric long-haul logistics, and there is
international research ongoing in the multi-port 1+ MW charging systems for medium and heavy-duty
electric vehicles areas, see references. The National Renewable Energy Laboratory (NREL) is
exploring different R&l issues e.g. 1) Load profiles for regional-haul trucks, 2) Optimal battery-charge-
control algorithms, 3) Site-integrated charging for improved operations and equipment costs, 4)
Thermal challenges associated with cables and connectors, 5) High-power conversion equipment, and
6) Grid impacts of a multi-port, publicly accessible charging station, please see figure 2 (Walkowicz, K

et. al, 2019).

Overlapping Areas Of Common Benefit to MDHD
Electric Vehicle Charging (1+MW and other levels)

DFMEA Failure Analysis

DCaas, DC

conversion,
distribution tqg
EVs

Utility
connection,
load
management

Cyber-
everything

MD/HD

MW4EV Mechanized
Infrastructure Charging / systems,
charging

planning services,
physical
implications of
parking/charging

interlocks

Couplers,
cables, cooling
systems,
ergonomics

Sub-MW
wireless
charging

Figure 2; Overlapping areas of common benefit to MDHD

Sub-MW level charging
(Chaoli)
{1500 v/600 A=0.9
MW}

Sub-MW level
charging, over
night, opportunity

In Verbruggen et al, 2018, state of the art analyses for full electric trucks are also introduced. Given
that all the power conversion equipment for the high-power levels is located outside the vehicle, the
main technical questions remaining on-board are related to the voltage level and the design of the
battery pack, see Figure 3. Protection circuits on-board the vehicle, communication with the off-board
charger and the sizing of the connector and cables follow, once the voltages and currents levels are
decided. In Verbruggen et al, 2020, a layout of the powertrain system-level design problems is
presented. Performance metrics required of next-generation batteries to make a practical electric

semi-truck are presented in Sripad, S. and Viswanathan, V, 2017.

Metering
and billing

CAN Bus control and Authentication Batt?ry 2
monitoring
, BMS

Medium Voltage c |
3-phase, > 1 MW Safety o

AC/DC | Interlocks

MV AC "
Protection
Regulated DC i
egulated DC output Variable DC s Battery
CHARGING STATION
lnemivad bl httne /Mfianing mmmauiari il cama linfeacteiinrbiira hbna

Figure 3; System, charger, & truck, elements & interfaces
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6.3.2 Subsystems of logistics & fleet management, vehicle, charging & power
grid

Logistics planning — Changes in the system and how cost and benefits are affected

In the present transport system, the transport buyers demand punctual, predictable, cheap and secure
transports, while at the same time they request flexibility to change or to place orders late and at the
same time have short lead time. These characteristics can be divided into two major aspects to
consider when evaluating a logistics system, namely total cost of ownership (TCO) and delivered
service (which can include lead times, reliability of delivery and flexibility) (Fugate et al., 2010). These
aspects are also often in focus when evaluating and comparing different logistics systems (see e.g.
Fugate et al., 2010; Eliram, 1995). Both are important to address due to the inherent complexity
between cost and delivered service (Schiffer & Walther, 2018) since impaired service can lead to
increased cost. In this context, the present transport system must be compared to an electrified freight
transport system in order to evaluate how the logistics system is affected when making the transition
to an electrified system and what effects it has on different actors in the system. It is especially
important to understand and evaluate how different actors are affected since uncertainties and
complexity can make important actors very reluctant to make the transition (Schiffer et al., 2021; Hovi
etal., 2019).

To be able to meet their customers' demands, the logistics service providers need vehicles that are
flexible and where fuel/electricity is available wherever the trucks are operating. Today, electrified trucks
do not have these characteristics, which sets new requirements on the system (Samet et al., 2021;
Schiffer et al., 2021). The driving ranges are significantly lower, so the vehicle needs to be recharged
more often, the recharging time is about one order of magnitude higher, and the energy capacity per
weight unit of batteries is more than one order of magnitude lower compared to diesel. All these factors
increase the complexity and the risk of disturbances in the logistic system, i.e., risk for worsened logistics
performance and increased cost. The infrastructure for charging electrified trucks must not only meet
the expectations of the logistics service providers, but also their customers. Thus, there are several
different barriers that prevent a large-scale implementation of electrified freight vehicles that need to be
addressed, including which actors should be involved; understanding the effect on logistics service
providers and their customers; division of risks and benefits between actors (Brus & Nordgren, 2021;
Schiffer & Walther, 2018; Dong et al., 2018).

Cost. When assessing an electrified transport system from a TCO perspective, it is of relevance to
compare it with a conventional system (e.g. with diesel vehicles), in order to identify which costs will
increase, which costs will decrease, and which costs stay the same. The risk for increased cost is
viewed as a major barrier in the transition to electric trucks (Hovi et al., 2019; Schiffer & Walther,
2018). There are examples from previous research that points to that an electrified freight distribution
system can be financially viable (Hovi et al., 2019; Gao et al., 2017), however, uncertainties remain
regarding which costs to include, their magnitude, and how different actors are affected. Moultak et al.
(2017) and Hovi et al. (2019) include investment cost for vehicles, maintenance cost of vehicles, and
cost of operation. Quak et al. (2016) mention vehicle replacement cost. Other cost elements for
charging infrastructure can also be included, especially if the evaluation is made from a system
perspective (Quak et al., 2016). Another type of cost is the cost for loss of logistics, i.e., how the cost
is affected if delivered service are impaired (Schiffer & Walther, 2018). For example, less loading
capacity with a battery onboard (Gao et al., 2017), longer lead times (Moultak et al., 2017), and less
flexibility (Hovi et a., 2019). Furthermore, it is not enough to do the TCO analysis on a system level,
there is also a need to address how different actors are affected, for example, logistics service
providers (Schiffer et al., 2021; Hovi et al., 2019).

Service. As previously noted, cost and performance in terms of service go hand in hand since
changes in delivered service can lead to changes in cost. There is much uncertainty how the delivered
service is affected when making a transition to electric trucks, especially when it comes to long-haul
transports (Schiffer et al., 2021; Hovi et al., 2019). This is vital to address since logistics service
providers have been reluctant to electrify their vehicles due to the uncertainties that exist (Schiffer et
al., 2021). Some of the key services aspects that are important to address when it comes to transition
to an electrified transport system are:
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Risk of loss of payload: The risk of loss of payload is relevant both when it comes to weight and
volume and is a consequence of battery on-board on the vehicles (Hovi et al., 2019; Moultak et al.,
2017)

Limited driving ranges: For longer transports, the range capacity of electric trucks is inferior to
diesel trucks, and this can have large implications on how the transport system functions (Hovi et
al., 2019)

Increased lead time: Due to the limited driving ranges, there is often a need to charge electric
trucks, which increases the risk of longer delivery time. This will also affect how the transports are
planned (Schiffer & Walther, 2018; Moultak et al., 2017)

Less flexibility: With the limited driving ranges, risk of increased lead times, and availability of
charging locations, and less flexibility in general, planning is affected (Hovi et al., 2019)

The effect of different weather conditions and seasons: The weather and season affect the driving
ranges. The range loss can be as much as 20-50 % depending on which factors are included
(Hovi et al., 2019).

Vehicle Energy — Improved energy consumption estimates

The transition of the long-haul transport from diesel trucks to battery electric trucks will stress both the
vehicle system and the electric infrastructure with the charging system. To succeed in the
transformation, we need to optimize the system design both with respect to planning of the individual
vehicle's driving and charging and with respect to planning the development of the infrastructure so that
it will match the increase in electrical energy needed for transportation, when the system is rolled out. A
foundation for doing optimization and planning is access to models and in this case the planning relies
on the estimation of the vehicle energy consumption on the roads. A future project could provide a
unique opportunity to improve the energy consumption estimation methods as well as documenting the
variations (season, weather, time of day, etc) and gain more knowledge about the variations and
uncertainties since the vehicles can be driven in repetitive patterns and the energy consumption can be
monitored continuously. Therefore, an important component in a future project work package would be
to use the vehicles in the demonstration to develop adaptive methods and models that improve the
vehicle energy estimation over the driving missions. The adapted models would provide information to
both the vehicle’s local logistics planning as well as lay the foundation for the higher-level planning of
where chargers should be placed to provide the best support for the energy needs of the vehicles that
are out on transportation missions.

Chargers: Where to place them, their power, and how they are utilised.

Sizing the necessary charging infrastructure to enable full-electric long-haul goods transport implies
deciding not only how many chargers are needed, but also their geographical distribution and power
rating. However, finding the optimal system configuration is a complex task depending on many inter-
related parameters, several of which may be studied in a main project, e.g. the battery capacity in the
vehicles, the usage patterns and logistics (which may be affected by the availability of charging
infrastructure), and the capacity and state of the power grid (which affect the available power and the
electricity prices). There is very limited data on actual EV use, and it only concerns passenger cars.
Based on these data, there are a number of studies analysing charging infrastructure needs for
passenger cars (Transport & Environment, 2020; Gnann et al., 2018) but almost none for heavy
vehicles. All the aforementioned interactions make it difficult to assess charging infrastructure needs
from data and experience collected from conventional ICE vehicles, and more complex models, such
as agent-based models have been proposed in (Marquez-Fernandez et al., 2021) assessing charging
infrastructure needs in Sweden for both cars and heavy vehicles.

Electric grid

The charging of long-haul trucks will differ in several ways compared to other transports. The power
level will be higher and the charging time will be more critical. These two differences make it important
to conduct research on how megawatt charging of long-haul trucks will affect power quality and whether
you can reduce peak power demands. Several studies agree on that those problems with quality as
well as stability exist already at today’s level of charging powers (Lucas et. al. 2015; Gomez and
Marcos 2003). To facilitate the change to fossil free transportation these issues must be solved.
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Possible solutions might include either strengthening the grid, redirection of traffic, implementation of
storage (hydrogen, batteries, flywheel etc.) or local production (Dragicevic et. al. 2014; Bai et. al 2013).
Although fast charging has a deep impact on the electrical grid (Lucas et. al. 2015), very little
information can be found on charging powers of more than a couple of 100 kW output from the grid. To
enable for the development of a suitable infrastructure for charging of all vehicles, a study of limitations
in the grid must be done. Previous studies have shown that the peak power demand can be reduced by
introducing a local energy storage device or by introducing demand side management charging
strategies (Earl et. al. 2018). How this can be implemented will be further analysed in the main project.

Policy and regulations

The successful large-scale implementation of full electric long-haul trucks requires an understanding of
various sub-systems and how they interact with each other from an economic, environmental and
technical perspective. The implementation of such a system also requires an understanding of
institutional barriers and possibilities from a national and international perspective. It is also important
to analyse current and expected future regulations and policy instruments to identify how they affect
such an implementation and if additional or reformed instruments are motivated from a socioeconomic
point of view.

6.3.3 System demonstration of long-haul electrified transport

Integrated shipper, forwarder, manager, haulier, driver, truck, terminal, charger, grid, receiver, etc
systems and value chains need to be demonstrated, monitored, and evaluated. No international study
results on such chains are available but needed in order to be able to design robust logistics systems. A
stepwise approach is planned with a system demonstrator with four trucks initially to sort out basic
integration problems. Contacts are established with a European project on megawatt charging systems,
and more collaboration will be sought but for the moment this effort seems to be in the lead so there are
not many opportunities. In the following larger demonstrators’ consequences of multiple electric trucks
at terminals and charge points will be investigated. One specific issue turns out to be the availability, for
at least a couple of years, of enough power at certain selected charge points. This means that electric
energy storage system for high power also needs to be included. These storages also have other tasks
as risk handling at power breaks.

6.4 The main project preparation

The objective of the horizontal work package was to set up a structure and prepare for an initial system
demonstration. This work was carried out in an iterative way combining smaller meetings with only
Scania, Volvo or both in order to find a common ground. As one of the objectives with the system
demonstration will be to demonstrate how vehicles from different OEMs and/or logistics
providers/hauliers can use the same charging equipment and prove the system’s interoperability there
was a need to get a consensus of potential charging sites, preferably, at existing truck stops.

6.4.1 Initial system demonstrator preparation

Description of sites for the initial system demonstrator was partially done through cooperation between
the vehicle OEM’s and Lindholmen Science Park (LSP). The cooperation was necessary for jointly
choosing geographical area for the system demonstration and to examine logistics flows within that
geographical area. The process of finding and describing feasible sites was initiated by examining rest
areas and large fuelling/service stations, with sufficient parking capacity for several trucks at a time,
along the main road network (Nationellt stamvagnat) in Sweden. The information was gathered by LSP
from several databases and publications, primarily from Swedish Transport Administration, Trafikanalys
and private fuelling network providers. Examination of those sites resulted in the construction of an
interactive digital map consisting of all the potential locations across Sweden with necessary
information regarding each. The necessary information consisted of coordinates, number of parking
spots, description of services with its corresponding owners and other.
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Several sites were characterized as major truck stops (marked with drop symbol on the map, figure 4)
as they were of larger capacity (due to number of parking spots), offering various services (showers,
restaurants etc.) and/or being strategically located along major highways or next to major
intersections. These locations were examined more thoroughly. Apart from data and information such
as the number of truck parking spaces, local fuelling and service providers, net grid owners and
landowners were identified at each location. Through these analyses, vehicle OEM’s and LSP were
able to identify relevant stakeholders to discuss potential incorporation within the initial system
demonstration.

Three locations were chosen as potential sites
for the MCS chargers necessary for the initial
system. MCS chargers will be utilised in the
initial system demonstration and possibly further
on, in the large-scale demonstration which will
be planned for during the E-Charge main
project. The three chosen MCS locations are:

- Gothenburg (Vadermotet)

- Ostgétaporten (Odeshdg)

- Sodertalje, Trafikplats Saltskog (Saltskog
Intersection)

All these three locations are currently operating
truck filling stations with sufficient traffic and
number of customers. The stations in
Vadermotet and Saltskog (Saltskog Intersection)
ekl are operated by Circle K, whereas the station in
ninn - Odeshdg is operated by OKQ8. Both companies
“* have decided to participate in the initial system
demonstration as e-mobility service providers
law”a“" (eMSP) and will establish MCS chargers at their
il e respective locations. OKQ8 will be working
j Keheﬁﬂ:‘ - closely with energy company Skelleftea Kraft
1 being a strategic partner of OKQ8. The two

companies have jointly engaged in large-scale
Figure 4. Rest areas and service stations for trucks build-up of their own charger network for cars

: o =KannHuHrpag )
Schieswig- Garsk vileh

along the Swedish main road network. ~ across Sweden within OKQ8 fuel station
(Red — major truck stops, dark blue — rest areas, light network. Skelleftea Kraft will not burden nor
blue — parking, yellow — filling stations. contribute to the project financially.

The MCS chargers will be provided by ABB, as charge point manufacturer, through an agreement
between concerned parties. Estimated power output for the MCS chargers varies between 600 to 800
kW although levels up to 1 MW will be possible. Considering the high power required by the MCS
chargers, they will have a substantial impact on the power grid. In addition to the competence in the
area of grid and energy storage held by representatives from Swedish Electromobility Centre, the
energy company Vattenfall has been invited to the consortium for the E-Charge main project to
contribute with their competence and insights. Vattenfall is also the grid owner in Odeshdg, one of the
potential locations for an MCS charger.
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In addition to the MCS charger
locations, the vehicle OEMs have
also identified several suitable
locations for CCS chargers of lower
output (approximately 350 kW). CCS
chargers are essential for the overall
system, they will not be a part of the
E-Charge main project and thus will
not be included in the project budget.
The objective of identifying CCS
charger locations was to map out
desirable sites within the future MCS
charging system which would
support the system with additional
chargers of lower power. Primarily,
these would be utilised in cases
when a vehicle is unable to reach an
MCS location without exhausting all
available battery capacity and would
thus need additional charging. CCS
charger locations are preliminary as
Q MCS they do not yet exist but expected to

emerge in the near future to support
regional logistics flows.

Trafikplats
Saltskog
E4/E20,
Sodertdlje

Ostgotaporten,
Odeshog

Vadermotet,
Goteborg

Q CCS, 350kW
Q CCS, 50-100kW

1AEMO -

Several chargers with lower power
than CCS chargers (approximately
50-100 kW) are expected to become
parts of the system as well. These will be placed at the outer ends of several logistics flows to provide
slow charging, predominantly during night-time. This is planned to be done for the flows where vehicles
spend a substantial amount of the time at the terminal, not performing any logistics activity. These
chargers will not be public and will not be a part of the project budget.

Figure 5. Potential MCS and CCS sites in relation to tentative
logistics flows in the system demonstrator

Vehicle OEMs have separately planned for several logistics flows for the operation in the initial system
demonstration in the main project. Each OEM has invited hauliers, logistics service providers and cargo
owners to be included in the main project to provide real, customer-based logistics flows. These flows
are referred to as external (in relation to the OEMs). In addition, both OEMs have chosen one internal
logistics flow each from their corporate supply chains. These internal and external flows are the key
elements that will enable field testing of the vehicles and the corresponding system. Another important
factor is that operation in real customer logistics flows will provide the opportunity for customer
feedback to the vehicle OEMs. The flows will contribute to knowledge gained related to the complete
logistics system, business cases, opportunities and risks. A total of five logistics flows have been
identified for the main project and at least four vehicles are planned to be built and tested in the system
in real flows, although up to six vehicles may be used. One internal flow is described below as an
example of a flow to be included in the system demonstrator. As the flows are preliminary, the final set
up may vary from the description below.
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Demonstration Line Haul Oskarshamn — Sodertélje (Scania)

Short description of the transport case:

Electrified logistics flow of goods between Scania’s factory in Oskarshamn to assembly in Sodertalje.
The vehicle supporting this flow is utilised under the same conditions during business days. In cases
of high occupancy in production, the flow will be executed during all days of the week.

Detailed description of
a shift.

Starting at depot (in
Oskarshamn)

Starting at approximately 07:00

Loading at factory

Loading for 45 minutes

Driving to Norrkdping

For 2 hours and 15 minutes, arriving in
Norrkdping at 10:00

Driver’s break

For 15 minutes. The vehicle will be charged at
the CCS point (350 kW), if needed

Driving to Sddertalje
(MCS location)

For 2 hours. Arrival at approximately 12:15

Driver’s break and
charging

The vehicle will be charged at the MCS point in
Sddertélje during 30 to 45 minutes at 700 kW

Driving to the assembly

For 10 minutes, arriving at approximately 13:00

Unloading at assembly

For 1 hour. Charging may occur at this point if
needed.

Driving to Norrképing

For 2 hours, arriving at Norrkdping
approximately at 16:00

Driver’s break

For 15 minutes. The vehicle will be charged at
the CCS point (350 kW), if needed

Driving to Oskarshamn

For 2 hours and 15 minutes, arriving at 18:30

Parking and charging at
depot

Parking at depot for 10 hours including
charging during the night with 100 kW output

6.4.2 Goals of the initial system demonstration

A list of the deliverables for the main project has been comprised by the participants. At the time of the
project completion, the project should have:

o Developed vehicles with state-of-the-art performance mainly related to

e Vehicle architecture for MCS compatibility — physical and communication interfaces

e Battery system for higher charging power and energy content

e Battery management system

e Operated and driven at least 4 vehicles with capacity of driving for 4.5 h, charging in 45
minutes and then driving 4.5 h again, in customer flows

e Received feedback from participating customers/actors in order to:

e Proven that the system works

o Disseminated the results in order to stimulate additional partners to join

e |dentified alterations in the cost structure of the logistics system

e Described and analysed the energy and power supply system

e Established and operated a system demonstration with MCS capacity

e Contributed to a first edition of MCS

e |nitiated relevant problems and opportunities to be addressed in relevant research programs
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e Contributed to a master plan for charging infrastructure for long-haul BEV as an addition to the
national e-mobility plan

o Generated a foundation for a build-up of fast charging at truck stops and terminals

e Strengthened and improved the system readiness level, SRL, at the start of the project to be
able to enter a large-scale demonstrator of the end of the project with a strong consortium

6.5 Processes and operations for securing competitive data

In this feasibility study, data and information have been shared between the partners, additional
stakeholders and the scientific community, in order to contribute to the realization of the overall project
goal. The amount of sensitive data has been quite limited and possible to handle when needed, by
holding separate meetings. The project set up with vertical and horizontal work packages has been
successful.

In the proposed main project that has the aim to establish and operate a system demonstrator including
vehicles and charging stations supporting several real logistics flows, a lot more sensitive information
and data will be handled. The need for a trustee function and for processes and operations handling
such data will be greater, in the preparation phase as well as when the logistics flows are up and
running. Processes and mechanisms need to be implemented, which prevent the dissemination

of business-critical data and information, to maintain competition among partners involved. Some of this
work on the same topic has been carried out in a sister project REEL, which is ongoing and also with
funding from FFI. Considering this parallel project, in which the trustee function is of great value and
importance, less time and resources has been spent on this subject in the feasibility study.

7 Dissemination

7.1 Dissemination of results

How will the project result be used | Mark Comment
and disseminated? with X

Increase knowledge in the field X Studio Scania 15 sept

Power Circle 1 sept

Transportforum 2022

Scania Innovation Day — internal Scania event
Transferred to other advanced Research projects within SEC (Henrik
technological development X Gillstrém and Lars Eriksson)
projects Transferred to the E-Charge main project
Transferred to product X Ongoing and accelerated development of
development projects products in this segment
Introduced on the market -
Used in investigations, The application as such signals the parties’
regulations, licensing/political X ambition to move this area forward.
decisions.

This feasibility study is directly connected to the suggested system demonstration for which project
funding has been applied from FFl in June 2021. If the application will be granted by FFI, Scania and
Volvo with partners will have an opportunity to test and demonstrate battery electric long distance
transports before or at least parallel to the HOLA initiative which gathers all large European truck
manufacturers with the aim to showcase long distance battery electric transports on German highroads
in the coming years. Specific synchronization with HOLA and the work in CharlIN is therefore expected
as both OEMs and ABB are involved in these parallel processes on the EU-level. In addition to the
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above, the proposed main project will be a forerunner to the EU call HORIZON-CL5-2022-D5-01-08
(Modular multi-powertrain zero-emission systems for HDV (BEV and FCEV) for efficient and economic
operation (2ZERO)).

In addition, regional electrification is maturing and is ready for REEL2 - large scale system
demonstration, see dark grey sections in figure 6 below. Outcomes from REEL2 and research topics
directed towards policy, regulation and financing as well as on culture and norms will provide significant
value for the continuation of electrification of long-haul transports. Several of the project partners in
REEL/REEL2 are also involved in E-charge which provides good prerequisites for synergies.

L N Goteborg Vistra Gotalandsregionen
Areas of logistic operations Bt . e "
with N S Region Stocl
Malmé Region Skane
Heavy vehicles (accumulated) >200 buses >120 urban trucks > 350 trucks > 800 trucks > 1500 trucks >3000 trucks > 4500 trucks
High power charge points ~45 ~ 130 ~300 ~ 550 ~ 600 ~ 600+
Power MW per charge point <0.35 <0.35 <0.35 <0.75 <1 <1

I T 2020 T 2021 T 2022 T 2023 T 2024 | 2025 T 2026+ |

System level

Solutions implementation A ified h t Regional truck and charging system solution implementation

scale-up
scale-up

Initial production solutions Regional electrified logistics system implementation &

implementation verification (REEL 3)

Longhaul electrified logistics system
SRL8-9 implementation & verification

PFID
Regulations and Societal aspects

Interoperability

System demonstrations and D D

validations I =
Large scale system demonstrator of regional electrified logistics (REEL 2)

SRL5-7 /
System concepts, research &

Large scale system demonstrator of long haul electrified logistics (E-Charge 2)
al
pre-studies ¢

SRL2-4 Integrated electric long-haul truck and charger system demonstration (E-Charge)

Feasibility study

Figure 6; Electrified logistics systems R&l aiming for implementation 2020-2030. White sections
highlight long-haul BEV development (E-Charge) and dark grey sections highlight regional
electrification (REEL).

The TranZero initiative in Gothenburg will also contribute to the acceleration of the electrification.
CircleK has recently announced that they will build a combined charging and hydrogen fuelling station
close to the harbour in Gothenburg as part of Tranzero. In addition, a list of projects not yet put in
common innovation road maps will be established including e.g. ACEA study on charge point
standardization of charging voltages, interfaces, etc, the Swedish Transport Administration’s study on
localization of charging locations, and SEC'’s project on high power charging.

In July, the three leading commercial vehicle manufacturers Daimler Truck, the Traton Group and Volvo
Group signed a non-binding agreement to install and operate a high-performance public charging
network for battery electric heavy-duty long-haul trucks and coaches across Europe. The joint aim is to
initiate and accelerate the build-up of charging infrastructure to enhance customer confidence and to
support EU’s transformation to climate-neutral transportation. The next step in this process is to create
a joint venture.

7.2 Publications
The feasibility study has not resulted in any publications. However, the main project, if granted, will
most certainly result in several publications in different areas related to the electrification of long-
distance transports.
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8 Conclusions and further research

The feasibility study has confirmed the target to operate long-haul 40 tonne trucks coping with logistics
applications requiring driving cycles of 4.5 h driving, 45 min charging during driver break and another
4.5 h driving. The study has proven that there is a strong interest in testing, demonstrating and
researching long-haul BEVs using Megawatt Charging System, MCS, in real logistics flows. The two
Swedish OEMs have a common idea on suitable locations for the first MCS chargers in the Swedish
part of the TEN-T network and are prepared to go ahead with a main project, E-Charge: System
demonstration of electrified long-haul transports. A request for funding of such a project has been made
to FFI in June 2021.

Further research to be addressed in the main project includes multi-disciplinary research on the design
and operation of a large-scale system of electric long-haul trucks. A core issue is how to achieve an
overall cost-effective and robust system which strikes a good balance between conflicting requirements
and describing the key interactions between the parts of the system and what mechanisms that
determine the main system trade-offs. Key areas:

- Logistics: Electric trucks and how they affect the logistics chain including costs and benefits.
How will payload reduction, charging infrastructure, charging time and frequency influence
logistics operations and the end customers? What actors are needed and how shall the
interaction be planned and executed to enhance the scale-up of electrified long-haul transport?

- Electric vehicle: Adaptive methods and models for improved energy consumption estimation for
electric trucks in transport missions on the roads based on vehicle measurement data. Adapted
models to provide improved information to both the vehicle’s local logistics planning as well as
to higher system-level planning about charger placement with the aim to provide the best
support for the energy needs of the vehicles that are out on the roads and transportation
missions.

- Chargers: Type and availability of charging infrastructure coupled to both the electric power
grid and the characteristics of the vehicles in the fleet and their usage. Power rating and
location of chargers and modelling of vehicles’ interaction with the grid, while making sure that
transport missions are fulfilled.

- Electric grid: Analysis of cost for grid connection and effects on the grid. Analysis of power
quality with megawatt chargers. Analysis Local battery storage if grid supply is not sufficient.

- Cost-benefit-analysis of total system: Which factors influence system trade-offs and how can
they be quantified.

- Policy and regulations: Electric trucks consequences on society and national targets. How
policies can influence how fast electric trucks are introduced and how effective the system is.
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9 Project partners and contact persons

Organisation Namn Mail
AB Volvo Per Bengtsson per.bengtsson@volvo.com
Scania CV Nils-Gunnar Vagstedt hils-gunnar.vagstedt@scania.com:;
Chalmers (SEC) Anders Grauers anders.grauers@chalmers.se
Linda Olofsson linda.olofsson@chalmers.se;
Lunds tekniska Francisco J Marquez-Fernandez [fran.marquez@iea.lth.se;
hégskola (SEC) Mikael Lantz mikael.lantz@miljo.lth.se;
Uppsala Cecilia Bostrom cecilia.bostrom@angstrom.uu.se;
universitet (SEC)  |Karin Thomas karin.thomas@angstrom.uu.se;
Linkdpings Henrik Gillstrém henrik.qillstrom@liu.se
universitet (SEC)  [Lars Eriksson lars.eriksson@liu.se;
Magnus Blinge Imagnus.blinge@liu.se;
Lindholmen Science [Gunnar Ohlin gunnar.ohlin@lindholmen.se;
Park Nikita Zaiko nikita.zaiko@lindholmen.se;
Lars-Goran Rosengren lars-goran.rosengren@lindholmen.se;
Magnus Karlstrom Imagnus.karlstrom@lindholmen.se;
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