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The URBANIZED project develops and demonstrates the next generation of modular vehicle
architectures for urban commercial e-vehicles, satisfying design principles of optimisation and
right-sizing vehicles for their mission.

Work package 2 of the URBANIZED project provides the requirements, key performance
indicators (KPI) and design specifications on which the design and implementation of the
demonstrator vehicle in the project will be based. Furthermore, this work package describes
the steps that will be executed for assessing if the developed demonstrator vehicle meets
these requirements and specifications. Finally, in this WP the a priori risk assessment on
project level is executed. This risk assessment will be updated during the project and the a
posteriori results will be presented in M30 with an update of this deliverable.

For the development of the requirements, KPI's and assessment steps, a template has been
constructed. This template covers the most relevant requirements' attributes used in
requirements engineering and is used by all partners involved in the requirements
development in this work package.

The mission profile requirements, describing how the vehicle will be used by the two end
users in the project, BPost and Coffee Island, are developed by TNO, together with these end
users and other partners of the project. Using a road profile generator tool, customer
information about their current delivery vehicles is translated into a road profile, which will
be used in combination with ALKE's knowledge of existing customer needs for further design
and optimization throughout this project The KPI's that will be used in the project to assess
the performance on fleet level are also covered in the mission profile requirements.

Based on the mission profile requirements, the vehicle requirements have been set by Alke
together with BPost and Coffee Island, as well as other partners of the project. The vehicle
requirements have been aligned with the mission profile requirements such that the resulting
vehicle design will meet the expectations of the end users. The vehicle requirements cover
the performance and design aspects of the different parts of the vehicle. Furthermore, the
vehicle requirements include the KPI's that have been defined in the project on vehicle level.
For all vehicle requirements and KPI's, the assessment activities that will be carried out during
the project are described also in this document.

From the vehicle level requirements, the design specifications for the vehicle components are
derived by Alke together with the partners involved in the component design. These design
specifications contain the detailed requirement for the vehicle modules and components,
such as the front and rear part of the vehicle, the vehicle drivetrain and the modular cargo
body.

Finally, a risk analysis has been executed, where project risks on technical, legal, behavioural
and organisational level are analysed. This is done by using the Failure Mode and Effects
Analysis (FMEA). For the medium and high-level risks, mitigation steps are defined in order to
adequately deal with these risks throughout the project. The risks have been defined and
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analysed by the partners who have participated at the requirements identification. In total
169 risks have been identified and mitigation strategies have been proposed for 55 of them,
which are of moderate or severe importance.
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1.

The steadily growing demand related to increasing urbanisation is turning the management
of logistics flows in urban areas a more complex process, with higher demand for adaptability
and flexibility for the new solutions to contribute to optimise the overall transport capacity,
reducing operational costs and negative impacts (health, safety). URBANIZED develops and
demonstrates the next generation of modular vehicle architectures for urban commercial e-
vehicles, satisfying design principles of optimisation and right-sizing vehicles for their mission,
delivering outputs in 3 dimensions:

1) High-performance e-powertrain components and control architectures, through the use of
advanced co-design approaches.

2) Interchangeable, plug & play cargo modules for different urban freight transport use case
scenarios.

3) Integrated energy and fleet management strategies using data, connectivity and learning
algorithms.

URBANIZED follows a holistic design approach working at 3 levels (systems, vehicle, fleet)
during the entire project: starting with the definition of specific mission profiles within 2 main
pre-selected use cases (last-mile delivery of retail, e-commerce, courier and post; HoReCa
(Hotel, Restaurants and Café) and other urban on-demand services), during the optimisation
loops of the design process, and until project demonstrations, to be performed both physical
and in virtual environments, covering the specific requirements of operators. URBANIZED
brings a complementary multidisciplinary consortium of 9 partners from 6 EU countries,
involving all relevant actors from the value chain, from academic, to industrial (TIER1, OEMS)
and logistics operators. Aiming at broadening dissemination and impact, URBANIZED defines
an extended partnership, involving 3 satellite cities (Groningen, Madrid and Bergen)
committed to CO2-emissions free logistics in their city centres by 2030 and a high-volume
OEM (Ford) highly positioned in the LCV market, all interested in replicability of project results.

This document describes work package 2 of the URBANIZED project. The main goal of this
work package is to specify all relevant requirements and specifications for the vehicle system,
design process and safety requirements, as well as the mission profiles within the main 2 use
cases and their associated to the project risks. The specified requirements are to be used as
guidelines for work package 3 and 4, to go from conceptual to detailed design, prototyping
and actual testing/demonstration. Moreover, in parallel with the requirements specification,
this WP also aims at defining mission profiles and specific related KPIs to be monitored for
evaluation and assessment of the developed technologies within the two main use cases,
urban and suburban last-mile deliveries and services.

Work package 2 consists of the following three tasks:

Task 2.1 — Identification of vehicle requirements: functional, operational, safety & protocols
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This task deals with the collection of functional, operational and safety requirements for the
new target EV platform. Collection of data starts from state-of-the-art vehicle supplied by
ALKE, to be used as baseline adding expected new features and upgrades for the project. Also,
the ICT based topics e.g. cloud connectivity, remote monitoring and communication protocols
are mapped, and new features identified. Vehicle requirements cover both, main vehicle
chassis with its drivetrain, and the cargo area set-up, with focus on new modular
developments, at macro scale (swap bodies), and micro scale (single body partitioning). The
functional and ergonomics requirements are also documented for an onboard electric hand-
truck module integrated to the based bodies. The results of this tasks are documented in
Chapter 4.

Task 2.2 — Definition of specific mission profiles and KPI's within main 2 use cases

Within this task, mission profiles and KPIs are defined by TNO in close collaboration and
consultation with partners. This task starts with investigating and specifying baseline scenarios
for urban and suburban deliveries and services with support from ALK and end-users (BPost,
Coffee island). The baseline scenarios are utilised for defining relevant mission profiles and
KPIs for verification and assessment of the developed technologies in this project. Moreover,
required data and constraints for developments in other WPs are identified and listed with
support from other WP leaders (e.g. VUB, CERTH and BAX for WP3-WP7-WP8). All the
aforementioned information is used to formulate a draft plan for the final verification / testing
and assessment with focus on which KPI's are evaluated via actual testing and which ones are
assessed by virtual simulation. The results of this tasks are documented in Chapter 3.

Task 2.3 — Definition of design specifications and risk analysis

Objective of this task is to define the main design specifications for the new EV platform,
including new developed subsystems, cargo area modules and linked extensions like the e-
hand-truck module. The newly developed EV shall first meet the requirements for N1 category
electric road vehicles. Secondly, it integrates the innovations developed within the project.
Thirdly, the vehicle shall have specifications compatible with defined use-cases and scenarios.
There is a specific focus on identifying the shared design interfaces to facilitate the
coordination of the design process across WP3-WP4-WP5 involving multiple parallel
developments. The design specifications are described in Chapter 5.

Dedicated risk analysis, building upon the high-level project assessment in WP1, now focused
on the design process, is carried out to avoid unexpected issues and/or not forecasted
deviations (see subtask 2.3.1 below)

Subtask 2.3.1: Risk analysis

The aim is to identify early potential problems and/or conflicts that will occur during the
implementation of the design process, and assign adequate compensation strategies for
them, as well as unpredicted ones that were finally met and solved. A risk assessment of the
project vehicle design and development is performed, based on the Failure Mode and Effects
Analysis (FMEA) methodology. According to the methodology, the level of severity,
occurrence, detectability and recoverability is estimated per risk, resulting to an overall risk
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number. Risks are categorized based on their nature, e.g. technical-related ones (dealing with
the system or its sub-elements functionalities, their limitations and possible complications),
behavioural-related (according to the targeted users - from WP2 - potential
unexpected/erroneous actions), legal (in relation to the possible legislative conflicts in various
EU countries), etc.; the detailed risks categories are defined during the task. Specific mitigation
actions are defined that are appropriate to deal and overpass the potential risks. Risks are
identified at the early stage of the project (Month 6) and towards the project end (Month 30),
as follows:

~ Stage 1, estimation of a priori/foreseen risks, along with mitigation/alternative solutions.

 Stage 2, a posteriori risks analysis, in order to identify actual risks that occurred after the
project developments and examine the compensation solutions that were applied.

This document describes the results of stage 1, which can be found in Chapter 6.

The results of work package 2 give input to most of the other work packages in the URBANIZED
project.
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T3.2 - Self-adaptive, multi-layer EMS: system, vehicle and fleet level T7.3 - Policy recommendations and measures for effective urban integration

@ T3.3 - Optimised cooling concepts (HW & SW) for e-powertrain
electronics and motor T7.4 - Cross-fertilisation across missions and replicability

T3.4 — Holistic design alignment, focus on chassis & modular cargo body

\WP4: Detailed component design(viT)
4.1 - Design iteration of modular e-powertrain optimization with multi-
criteria framework WP6: Validation, testing & upscaling to fleet level (iD1)

T6.1 - Overall safety evaluation of the vehicle
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T4.2 - Design of self-adaptive, multi-layer EMS in vehicle control unit and
fleet management

WP8 Dissemination, training & Exploitation (BAX)

T4.3 - Final design of chassis and modular cargo body

WP5 Prototyping & component testing vehicle integration (ALk)

T5.1 — Modular eAxleDrive
T5.2 — Prototype 48V on-board charging system for AC and DC

T5.3 — Vehicle chassis and modular cargo body
T5.4 — Functional testing & validation of components
T5.5 — Vehicle systems integration @ Design specifications (@ 4xECO algorithms Integration guideline for
replicability

Designs of eAxleDrive,
@ Mission profiles and KPls on-board charger, @ Vehicle & sub-systems validated

(@) safety guidelines & (® Designs of cabin, chassis and 6 Virtual environment 77.1->T6.3
protocols modular cargo body Simulation results T6.3->T7.1

@ Simulation framework 3 x vehicle prototypes

Figure 1: Overview of interconnection between the URBANIZED work packages and the position of WP2 in the project



The requirements approach applied in work package 2 of URBANIZED project follows the V-
cycle method. The requirements are part of the left side of the V-cycle as depicted in Figure
2, which describes the design phase of the system. In the requirements, the following levels
can be distinguished:

e Mission profile requirements: These requirements describe the 'mission’ of the
vehicle, thus how the vehicle will be used by the end user. The mission profile
requirements are elicited together with the end users, BPost and Coffee Island.
The mission profile requirements are described in detail in Chapter 3.

e Vehicle requirements: These requirements describe the vehicle and its
functionality. The vehicle requirements are derived from the mission profile
requirements and direct input from the end-users on vehicle functionality that is
required for their application. The vehicle requirements are depicted in Chapter 4.

e Design specifications: The design specifications contain the detailed vehicle
components requirements and are derived from the vehicle requirements. The
design specifications are depicted in Chapter 5.

From these 3 levels of requirements, the mission profile requirements are highest in order,
since they describe how the vehicle will be used by the end users. Following, the mission
profile requirements can be decomposed into vehicle requirements, describing what
functionalities, performance and qualities the vehicle should have in order to meet the
mission profile requirements. In the following step, these vehicle requirements are further
decomposed into component level requirements, the design specifications, which are
describing the behaviour and characteristics on the vehicle components, required for fulfilling
the vehicle requirements.

After the requirements have been translated into a design strategy, the implementation of
the design is realized in the lower part of the V-cycle. Next, the assessment of the design is
done in the V-cycle's right-side part. This is carried out by comparing the implemented
characteristics and behaviour against the required characteristics and behaviour described in
the requirements phase. Such comparison is done for all three levels, starting with the
component level and working upwards to the mission profile level.

The Key Performance indicators (KPI) that have been defined in the project Grant Agreement
(GA) are set as requirements of a high aggregation level and are of high importance since
these reflect the core of the URBANIZED project. The KPI's follow the same requirements
structure as the mission and vehicle requirements and can therefore be allocated to the same
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levels as defined for these requirements. The KPI's are listed in separate sections for the
different levels (section 3.1.1 for KPI's related to mission profile and section 4.1.1 for the KPI's
related to the vehicle).

V- Model
Developer’s life Cycle Tester’s Life Cycle
I L . T Business req. Acceptance L .
| Mission profiles | Specification Testing | Mission profile assessment |

| Vehicle | System Req. System Vehicle level assessment

Intergration

| requirements | o Specification Testing definition
T s s (e
I | &

. 0 Low level
| DeSIgn | o Design
| specifications |
I |

Coding

Figure 2: Use of requirements in the V-cycle

2.2 Requirements template

For the alignment of the requirements with the different stakeholders in the project, a
requirements template has been defined. This template has been used for all requirements
levels by the partners of the project.

The requirements template structure is based on the guidelines for writing requirements as
proposed by the international Council on System Engineering (Incose, 2015). These guidelines
include a list of attributes, which can be used to help define and maintain the requirements
and their intent. This list is not exhaustive and its purpose it to suggest attributes that could
be suitable for each project. In URBANIZED, the selection of requirements' attributes that are
used in the template is done based on best practices and lessons learned from similar work in
previous projects, where the work package partners were involved.

For the requirement definition, the following attributes are included in the template:

o ID - For easy reference, every requirement is assigned to a unique ID. This ID
contains an abbreviation of the requirements level the requirements are part of,
e.g. MP for mission profile, followed by a uniqgue number. The requirements ID is
also used as a link between the different requirement levels. Vehicle requirements
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can be linked to the parent mission profile requirement from which it is
decomposed.

Name - The requirements name gives a short summary of the requirements
content and it is useful for easily refer back to a requirement.

Description - This attribute describes the requirement's content in detail. For this
description, the SMART approach is used (Specific, Measurable, Achievable,
Realistic, Time-bound).

Status - This field is used for tracking the requirements progress throughout the
development of the requirements. The following requirements statuses are used:

» Draft: requirement is being worked on
> Ready for review: review can be started by the assigned reviewer

» Released: requirement content is approved and of enough quality. All
requirements described in this report have reached the 'Released’ status.

Priority - This attribute describes how Important is the requirement to the
stakeholder. The following options are possible:

» Must have: The requirement is critical for the success of the project/product
and needs to be achieved.

» Want to have: The requirement is not critical for the success but could add
value to the project/product.

» Descoped: The requirement is no longer needed by the stakeholder and is
therefore out of scope of the project. This status is used instead of simply
deleting the requirement to indicate that the requirement has been
considered in the project.

Rationale - The rationale gives an explanation why the requirement is needed and
other information relevant to better understand the reason for and intent of the
requirement.

Source - This attribute describes the source of information on which the
requirements content is based. This field can also be used for indicating the
stakeholder that gave input to the requirements content.

Category - The following requirement categories are used in the template. These
categories can be used for checking completeness of the set of requirements, as
typically for most systems all categories should be represented.

» States/modes: The requirement describes the states and modes that the
system shall have.

» Functional: The requirement describes the functional behaviour that the
system shall have.
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» Performance: The requirement describes the performance that the
system shall have. In most cases, the performance is linked to a system
function and the functional and performance requirement are combined.

» External interface: The requirement describes an external interface that
the system shall have.

» Environmental: The requirement describes environmental conditions in
which the system shall operate.

» Resource: The requirement describes a resource that the system shall
make use of.

» Physical: The requirement describes a physical characteristic that the
system shall have.

» Other qualities: The requirements describe any other quality that the
system shall have. For example, sustainability.

» Design: The requirement describes the design solution that the system
shall comply to.

For the review of the requirements, which is part of the requirements definition process, the
following attributes have been defined in the template:

Reviewer - This attribute is used for listing the stakeholder that is providing the
review comments. This can be used both for assigning a reviewer before the review
process start or by the reviewer himself during the review process.

Review comments - This attribute is used for listing the comments that the
reviewer has on the content of the requirement. In case that multiple reviewers
are providing comments, the reviewer is asked to start the review comment with
[<fill in reviewer name>].

Review status - This attribute is to be used by the author of the requirement to
indicate if he accepts, rejects or accepts with remarks the comments provided by
the reviewer. In case of rejecting or accepting with remarks, the reason for
rejection or the remark can be provided by the author in the Review comments
field. In that case, the author is expected to start the comment with [<fill in author
name>]

The assessment that will be executed in this project is based on the requirements. Therefore,
the attributes for describing the required assessment steps are included in the requirements
template. The following assessment attributes are included:
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e Validation Method - This attribute is used for describing the validation method in
high level. Examples of the validation method are simulation, vehicle testing, check
list, etc.

e Validation test - This attribute is used for describing the validation test in more
detail. The validation test description typically contains the test conditions, the
required test equipment and the information resulting from the test, required for
validating the requirement.

o Validation responsible - This attribute is used for listing the project partners that
are responsible for executing the test. In case of shared responsibility, all involved
partners are to be listed.

o Validation remarks - This attribute can be used for documenting remarks on the
defined validation steps throughout the project. These remarks can be used for
refining the validation definition or to get a better understanding of the validation
outcome.

e Validation status - This attribute can be used for tracking the validation status of
the requirement throughout the project. The following validation status inputs can
be used in the template:

o Achieved: The requirements have been achieved, based on the validation
test executed on the developed system or component.

o Achieved with remarks: The requirements have been achieved, based on
the validation test executed on the developed system or component, but
there are remarks related to the validation result. An example of such a
remark could be that the system has not been validated throughout its
complete operational ambient temperature range. The remark is to be
documented in the attribute field 'Validation remarks', see previous item.

o Rejected: The requirement has not been achieved, based on the validation
test executed on the developed system or component.

The 'Validation remarks' and 'Validation status' attributes have not been used yet, as at the
moment of writing this document, the validation of the requirements has not been executed.

The definition of requirements is an iterative process. It requires constant alignment between
the different stakeholders and refinement of the requirements content based on the
stakeholder’s input. To facilitate this process, a requirements versioning approach has been
applied to the requirements documents. The requirements versioning workflow is depicted in
Figure 3.
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Author: create Reviewer: Author: process Author: Create

Initial version of Review review new version of

requirements

requirements requirements comments

Figure 3: Workflow for requirements versioning
A new version of a set of requirements is developed by creating a new sheet in the
requirements Excel document. To keep track of the different versions, a document history
sheet is available in the requirements document, where for each new version the relevant
information, such as date of release and main updates in the release, are documented.
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3.Mission Profile Requirements
(MPR)

The Mission profile requirements (MPR) correspond to a series of drive cycles, road
conditions, and performance requirements, which capture an average trip that the vehicle
encounters during daily operation. Such an average trip, which will be determined based on
factors like route length, route time duration, energy consumption on the route, number of
stops on the route, etc., is relevant for assessing requirements such as efficiencies, vehicle
and fleet-level optimizations and costs. Note that other type of requirements, such as
extreme-performance-related requirements (e.g., minimum operational temperature),
require worst-case type of tests at vehicle level, which are outside the scope of this project.

Among others, the mission profile captures requirements such as the typical drive cycle (e.g.,
GPS locations, charging points, stops, environment conditions, traffic flow), performance
required for the vehicle to follow daily operation (e.g., driven distance, range), and KPI related
requirements (e.qg., fleet level load cargo). Each one of the data field of mission profile has a
corresponding assessment strategy.

Since the intended use cases focus on different types of deliveries (delivery of packages and
fresh products) and different location (Belgium and Greece), the mission profile requirements
differ with respect to typical drive cycle per use case.

The complete list of data fields common for both use cases can be found in (TNO, 2021). The
specific drive cycles of each use case can be found in (BPost, TNO, 2021) for BPost and in
(CERTH (a), 2021) for Coffee Island.

The following section describes in detail the requirements, further divided over several
subsections. The section immediately after depicts the assessment plan for these
requirements.

3.1 Detailed Requirements

The requirements of the MPR are subdivided in four parts: Key performance indicators, drive
cycle definition, performance related requirements, and other requirements. In the tables
below, only the fields "Title", "Description™, and "Rationale™ from the requirements template
are shown, due to space limitations. The complete template with all the fields can be found
in (TNO, 2021).

3.1.1.MPR: Key Performance indicators (KPI)

The KPIs covered in the MPR document are related to fleet-level requirements. These KPIs are
tailored to each use case, since the nature of each use case is different. The source of such
KPIs is the URBANIZED project proposal. The KPIs related to the mission profile requirements
are shown in Table 1, which is retrieved from (TNO, 2021). The title of these KPIs directly refers
to the objectives mentioned in the project Grant Agreement.
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Title
OBJ 5 fleet-level
cargo load cargo

Description

Rationale

[BPost] The vehicle shall have an increase in the | KPl mentioned on project grant

fleet-level cargo load factor from 70% to up to | agreement. Better planning at

95%.

fleet level as result of the ECO-
charging and ECO-routing
algorithms should increase the
load factor from 70% to up to
95%.

OBJ 5 fleet-level
driven kilometres

[CI] There shall be a fleet-level reduction of daily | KPI mentioned on project grant

driven distances by at least 15%.

agreement. Better planning at
fleet level as result of the ECO-
charging and  ECO-routing
algorithms should reduce the
driven distances by at least 15%

OBJ 5 fleet-level idle
time

[CI] The vehicle shall show a fleet-level reduction | KPlI mentioned on project grant

of idle time by at least 20%.

agreement. Better planning at
fleet level as result of the ECO-
charging and  ECO-routing
algorithms should reduce the
idle time by at least 20%

Table 2 shows the input information required for a typical drive-cycle definition. This table
only shows an example of the type of information required for such a drive cycle, because the
actual one corresponds to datasets too large to be displayed in this format. The complete
datasets with the drive cycles can be found in (BPost, TNO, 2021) and (CERTH (a), 2021).

The initial information for creating a typical drive cycle is originated on the end users, e.g.,
GPS locations of the stops, stop time, etc. However, some of the required information cannot
always be made available by the end users: e.g., road slope, temperature profile, etc.
Therefore, a Mission Profile Generation tool is created to generate the missing information.
In the next subsections, such a tool is described.

Title

Rationale

Description

Daily temperature
profile

The mission profile shall contain, or be
enriched with, the daily temperature as
function of date and time (for the specific
location of the use case).

Example:

Month: April

Time (h) Temperature (C)
06:00 8

08:00 11

10:00 14

12:00 16

14:00 17

The ambient temperature will have an
effect on multiple items:

- The powertrain energy
consumption.

- The air conditioning energy
consumption.

- The cargo module cooling/heating
energy consumption.

Thereby, the ambient temperature
changes during the day may have an
influence on the operating schedule of
the vehicle/fleet.
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16:00 18

18:00 17
20:00 14
22:00 11

By specifying the daily temperature
profile for every month, the seasonal
effects can be taken into account, e.g.
study the difference between
operational planning in winter vs
summer.

Suggestion is to specify an average
daily temperature profile per month,
thus assuming that every day in that
month follows the same temperature
profile.

GPS information
vehicle destinations

The mission profile shall contain GPS
information for the vehicle destination,
including foreseen stops in between the
starting point and the destination.

Example:
Stop # Location start (lat,lon)
Location end (lat,lon)

1  40.6435552090543,
22.937548130320444
40.62658470804938,
22.948490070819542

2 40.62658470804938,
22.948490070819542
40.630087914431336,
22.960305009740182

Based on the GPS information of the
vehicle destination, the vehicle route
will be calculated and used for
creating the vehicle speed profile. The
GPS information will also be used for
the ECO-routing and ECO-charging
functions developed in WP3&4.

Stop time
destinations

The mission profile shall contain the stop
time for every destination along the
defined route.

Example:

Stop # stop time (min)
1 10

2 15

The vehicle stop time at every
destination will be used for
segmenting the vehicle speed profile
for the defined route.

Road slope profile

The mission profile shall contain, or be
enriched with, the road slope profile as
function of date and time, and should
correspond with the vehicle speed profile.

The road slope has an influence on the
required powertrain power and
thereby on the vehicle energy
consumption.

Cargo mass profile

The mission profile shall contain, or be
enriched with, a cargo mass profile as a
function of time per day. This cargo mass
profile will be based on recorded data.

Examples for deriving cargo mass profile:

- Determine average cargo starting weight
from existing delivery routes and assume
that cargo weight is zero at end of route
and equally decreases at every delivery
stop along the route.

The cargo mass will impact the overall
vehicle weight and thereby the energy
consumption of the vehicle.

The cargo mass also has an impact on
the energy consumption of the
cooling/heating of the cargo module
(if applicable).
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Daily air humidity
profile

The mission profile shall contain, or be
enriched with, a daily air humidity profile
as function of date and time for the
specific location of the use case. This can
be set up similar as the daily temperature
profile.

Example:

Month: April

Time (h) Humidity (%)
06:00 40

08:00 50

Air humidity has an impact on the
HVAC power consumption and is
therefore relevant for the ECO-
comfort function developed in the
project.

Charger locations

The mission profile shall contain the GPS
location of the chargers available for
vehicle charging.

Example of locations:

# Location start (lat,lon)
1 40.6435552090543,

22.937548130320444

2 40.62658470804938,
22.948490070819542

Required for ECO-charging.

Starting time

The mission profile shall contain the
starting time of the route.

Example:
Route starting time 08:00 am.

The starting hour of the day has an
impact on traffic conditions and
thereby, the speed profile.

Month in which the delivery route is
driven.

Example:
Delivery months July and February.

Day of week The mission profile shall contain the day of | The day of the week may have an
the week on which the delivery route is impact on traffic conditions and
driven. thereby the vehicle speed profile that
will be generated for the route.
Example:
Delivery day Wednesday and Sunday.
Month The mission profile shall contain the The month of year will determine the

vehicle ambient conditions and
humidity.

The Mission profile Generation (MPG) tool is a software application that allows to generate
(and enrich) mission profile information based on user inputs. It has been developed to assist
in the formulation and dimensioning of several mission profile requirements and it will also
be used in later stages of the project for simulations and requirements assessment. This
approach is selected over using a default drive cycle (i.e., WLTP, SORT etc.) due to the
availability of data by the end users and the fact that this approach will serve the development
of Eco algorithms, i.e., Eco-charging, that will be developed in the next WPs. Also, due to the
nature of the expected routes (frequent stops for parcel/product deliveries), a standard drive
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cycle could not accurately capture the expected driving behaviour. An overview of the tool is
shown in Figure 4. The tool requires general mission information: e.g., a list of GPS coordinates
where the vehicle stops, start time of the mission, stop time per stop, etc. The tool works in
two steps: a road-profile generator and a vehicle simulator.

Road-profile generator

This step uses online databases to perform the following actions:

o Togetallist of coordinates between the stop lists provided by the user (i.e., aroute
generator); the coordinates are obtained considering the available roads between
the stops and the fastest possible route.

e To create a list of necessary vehicle data along the generated route (i.e., route
analysis) that are used as inputs for the vehicle simulator. The data includes
weather information, road loads and traffic information, which are required for
calculating the energy consumption. Note that the traffic information is generated
based on the desired departure time. Likewise, the speed limits are obtained
taking into account not only the legal speed limits but also the reduction on speed
due to cornering actions, roundabouts, etc.
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Use case results: BPost and Coffee Island

Figure 5 shows an example of the first step of the route-profile generation tool: a complete
route generation for the BPost use case. Given the input data (markers denoted by “Stops”),
the tool generates a complete trace of coordinates connecting these input points (dash line
denoted by “planned route”). The complete trace of coordinates is used to generate a road
profile. Examples of the output information are shown in Figure 6 and Figure 7. In Figure 6,
note that the generated maximum vehicle speed drops to zero in several points. This is to
account for the stops provided by the input data.
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Figure 5: Route generation — Bpost
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Similarly, the results for the Use Case of Coffee Island are presented from Figure 8 to Figure
10. In this case, two sets of data were provided by Coffee Island for two typical routes that
occur on Thursdays and Fridays.
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Vehicle simulator

This step uses a detailed vehicle model, a powertrain model and a generic driver model to
provide vehicle and powertrain level signals along the desired route. The generation of these
signals also takes into account the provided route weather, route road load and route traffic,
which are outputs of the route analysis, as shown in Figure 4.

Figure 11 shows some preliminary speed profile generated by the complete tool. Such a speed
profile is generated using the 'Max Vehicle speed' data from the Road-profile generator (see
for example Figure 6), the (ideal) maximum (de-) acceleration of the vehicle, and the average
stop time. The left graph on Figure 11 shows the time dependence of the vehicle speed while
the right graph shows the distance dependence of the speed. Notice that the vehicle tries to
follow the maximum speed, while making complete stops according to the average stop time.
Future iterations of the tool will use the vehicle model in order to provide a more realistic
speed profile, which will include average acceleration and deceleration depending on multiple
factors such as road inclination and cargo load. .

The predicted vehicle speed, ambient temperature and humidity signals that are created with
the mission profile generator and vehicle simulator model will be used as an input to the
Energy Management Strategy (EMS) and ECO-function development in WP3 and WP4.
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The performance related requirements of the MPR are meant to guarantee that the vehicle
can fulfil the intended usage that the end users will give to the vehicle as well as the typical
drive cycle from the previous subsection. The performance related requirements are
therefore derived from use case needs (given by BPost and Coffee Island) and what is feasible
in the project scope (given by technical partners). The complete description of the
performance requirements is available in (TNO, 2021). A summary of the most relevant fields

is shown in Table 3.

Title

Minimum number of
delivery routes per
day

Description

The vehicle shall be able to drive 1 delivery
route per day.

‘ Rationale

Most of the current vehicles in the fleet
only drive one delivery route per day.

Desired number of
delivery routes per
day

The vehicle shall be able to drive more than
1 delivery routes per day, each route
defined by a typical drive cycle and
including a charge cycle of at least half an
hour between routes.

Some vehicles in current fleet already
do more than one route per day, may
become more in future.

Range

[BPOST] The vehicle shall attain a driving
range of 100 km based on WLTP, which is
to be driven per route.

[COI] The vehicle shall attain a driving
range of 70 km based on indicated driving
cycle of each route.

BPost information about current
vehicle fleet shows that a range of 100
km covers around 90% of all current
delivery routes.
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Braking power

The vehicle shall have brakes complying
with N1 standards for given GVW/GCW
rating.

This helps on defining peak braking
power in the powertrain.

The considered N1 standards are
targeting Regulation (EU) 2018/858
(and following ones) of the European
Parliament and of the Council of 30
May 2018 on the approval and market
surveillance of motor vehicles and their
trailers, and of systems, components
and separate technical units intended
for such vehicles.

Charging during
night

The vehicle shall be fully charged during
the night.

This helps on defining nominal power
of the on-board charger. Charging
during the night does not require fast
charging.

Charging in between
routes

The vehicle shall be charged in between
routes during the day, where intervals of
up to half an hour are available.

Charging in between routes will require
vehicle fast charging.

Parking on slope

The vehicle shall be capable of parking at
road slopes of at least 18% slopes when
fully loaded without a trailer attached.

Based on the road slope requirements
for driving.

Parking on slope

The vehicle shall be capable of parking at

Based on the road slope requirements

with trailer road slopes of at least 12% slopes when | for driving.
fully loaded with a trailer attached.
Ambient The vehicle shall be able to operate in a | Normal performance is based on the

temperature range

temperature range of -20°C to 40°C.

vehicle performance requirements in
this document.
Requires battery preconditioning.

Vehicle acceleration

The vehicle shall have a powertrain able to
accelerate on flat regular road, no wind,

with 205/65R15 tires:
- in low speed from standstill to 50km/h
within ~ 15sec at empty  weight

- in high speed from standstill to 70km/h
within 25sec at empty weight.

Vehicle acceleration performance is
relevant, the vehicle should be able to
follow the other vehicles in urban
traffic and not congest the traffic flow.
The acceleration performance
requirements will give input to the
required vehicle wheel torque and
thereby the requirements for the
powertrain components.

Maximum vehicle
speed

The vehicle shall have a powertrain able to

deliver a top speed of:
- 70km/h on flat road, no wind, in high
speed

- 50km/h on flat road, no wind, in low
speed.

SOTA vehicle has top speed of 44km/h,
a higher speed is required to deal with
urban environments in a better way
during routes to/from satellite hubs
where highway circulation can be
required. In some countries a minimum
speed of about 60-70km/h is needed to
be able to drive on specific connection
roads and make such vehicles more
flexible and useful.

Maximum road
slope

The vehicle fully loaded shall deal with at
least 18% slopes without trailer.

The vehicle will operate in urban
environments mainly. Depending on
the region of operation, steep road
slopes may occur also in urban
environments. The value is based on
the N1 type approval standard.
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Maximum road
slope with trailer

The vehicle fully loaded shall deal with at
least 12% slopes when coupled with a
trailer.

The vehicle will operate in urban
environments mainly. Depending on
the region of operation, steep road
slopes may occur also in urban
environments. The value is based on
the N1 type approval standard.

The final type of MPR, which cannot be classified in any of the previous subsections are shown
in Table 4. These requirements help to further specify the type of use that the vehicle will
endure during its potential use in the use cases. The full description of the requirements can
be found in (TNO, 2021).

Title Description Rationale

Type of roads The vehicle shall be able to drive on all | This is based on typical roads accessed
roads classified as secondary or lower, on- | by the use-case.
road types of road.

Usability The vehicle shall be able to be used 7 days | Based on the average use of

a week, for 52 weeks a year.

combustion vehicles a year. This
describes the intended frequency of
use of the vehicle by the end user.
Maintenance of the vehicle is not
covered in this.

Public charging and
depot

The vehicle shall be able to charge at the
BPost/COI depots.

Based on available/intended charging
facilities. BPost and COl are not
intending to make use of public
charging locations.

Target market

[CI] The vehicle shall be able to deliver
fresh and non-fresh products from
distribution centres to local shops.

[BP] The vehicle shall be able to deliver
packages to customers.

Cis use case corresponds only to the
daily fulfilment of CI shops (more than
300 shops). Types of products differ
from fresh food products to non-fresh
products.

Monitoring

The vehicle shall communicate data that is
required for fleet-level energy
management to the fleet depot.

Used for remotely monitoring the
vehicle for energy management
purposes.

[BPOST] BPost makes use of Telematics
in its last mile fleet. Multiple vendors
are used but one example is
Masternaut
https://www.masternaut.com/
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For each one of the requirements described in Section 3.1, an assessment routine has been
added. Common assessment procedures range from experimental (e.g., driving the whole
vehicle under certain conditions), simulations (e.g., running the vehicle model in a realistic
environment), datasheet (e.g., the component datasheet fulfils a particular requirement), or
a combination of several.

The following subsections follow the structure of the detailed requirements (Section 3.1). The
assessment is fully described in (TNO, 2021). Such a document contains several fields which
do not fit in the available space of this document (e.g., validation responsible, validation
status, etc). Therefore, only the "validation" column which describes the main assessment
experiment is included in the upcoming subsections.

Title
OBJ5
fleet-level
cargo load
cargo

Description

[BPost] The vehicle shall have an increase in the
fleet-level cargo load factor of up to 95%.

Assessment

A vehicle shall be demonstrated in
delivery operations in an urban
road in Belgium. Multiple routes
are to be tested where the load
cargo factor shall be evaluated
using eco-routing tools. The
baseline cargo factor is to be
taken as 70% (current value
indicated by BPost).

OBJ5
fleet-level
driven
kilometres

[CI] The vehicle shall show a fleet-level reduction
of daily driven distances by at least 15% while
achieving the same logistic effort.

The vehicle fleet shall be
simulated in the city environment
of Thessaloniki. The baseline to be
considered is a simulation which
does not include the fleet-level
optimization strategies developed
in URBANIZED. The driven
distance improvement shall be
visible when the fleet-level
optimization  techniques are
applied.

OBJ 5
fleet-level
idle time

[CI] The fleet shall show a reduction of idle time
by at least 20% through the application of fleet-
level optimizations.

The vehicle fleet shall be
simulated in the city environment
of Thessaloniki. The baseline to be
considered is a simulation which
does not include the fleet-level
optimization strategies developed
in  URBANIZED. The driven
distance improvement shall be
visible when the fleet-level
optimization  techniques are
applied.
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The assessment routine for the requirements described in Section 3.1.2 is shown in Table 6.
Notice that a single assessment experiment is described for all the requirements of such a
section. This is because the single assessment experiment is to be carried out using all the
conditions described in these requirements.

Title

All  drive-cycle
fields (e.g., GPS
coordinates,
temperature
profile,  cargo
mass, etc)

Description

The mission profile shall contain GPS
information described in the Title column

Example:
Loc. start (lat,lon) Loc. end (lat,lon)

40.643, 22.937  40.626, 22.948
40.626, 22.948  40.630, 22.960

Assessment

Simulation:

The vehicle shall be simulated
with the mission profiles of BPost
and COI, under the conditions
specified in  MP005-MP013.

Experimental:

The vehicle shall be driven during
the application of one of the
mission profiles of BPost, with
the coordinates of MP005 and
conditions as similar as possible
to MP004,MP006-MP013.

Title Description ‘ Assessment

Minimum
number of
delivery routes
per day

The vehicle shall | Simulation:
be able to drive
1 delivery route

per day.

The vehicle shall be simulated with a WLTP cycle and with the
mission profiles of BPost and COI, under the conditions
specified in MP005-MP013.

Desired number
of delivery
routes per day

The vehicle shall | Simulation:

be able to drive

more than 1
delivery routes
per day.

The vehicle shall be simulated with a WLTP cycle and with the
mission profiles of BPost and COI, under the conditions
specified in MP005-MP013. The possibility of charging the
vehicle between delivery routes will be evaluated, so that
multiple delivery routes are achieved a day.
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Range

[BPOST] The
vehicle shall
attain a driving
range of 100 km
based on WLTP

[COI] The
vehicle shall
attain a driving
range of 70 km
based on
indicated
driving cycle.

Simulation:

The vehicle shall be simulated with a WLTP cycle and with the
mission profiles of BPost and COI, under the conditions
specified in MP005-MP013. The possibility of charging the
vehicle between delivery routes will be evaluated, so that
multiple delivery routes are achieved a day.

Braking power

The vehicle shall
have brakes
complying with
N1 standards for
given
GVW/GCW
rating.

Experimental:

The vehicle brakes shall be tested according to the
description provided in the type approval standard, which is
composed of real tests and/or simulations.

Charging during
night

The vehicle shall
be fully charged
during the night.

Experimental:

The vehicle shall be fully charged from any initial SoC to 100%
SoC, within 8 hours. The power level shall be chosen
according to the depth of discharge of the vehicle at the
moment of start charging.

Charging in
between routes

The vehicle shall
be able to
include fast
charging
capabilities  of
11kW.

Experimental:
Presence of the described feature.

Parking on slope

The vehicle shall
be capable of
parking at road
slopes of at least
18% slopes
when fully
loaded without
a trailer
attached.

The vehicle brake shall be tested in a test bench or/and
factory level with simulated slope scenario (use of
dynamometer).
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Parking on slope
with trailer

The vehicle shall
be capable of
parking at road
slopes of at least
12% slopes
when fully
loaded with a
trailer attached.

The vehicle brake shall be tested in a test bench or/and
factory level with simulated slope scenario (use of
dynamometer).

Ambient
temperature
range

The vehicle shall
be able to
operate in a
temperature
range of -20°C
to 40°C.

Each one of the vehicle components shall be able to operate
in the requested temperature range. The temperature range
of each component is to be taken from the corresponding
datasheet.

Vehicle
acceleration

The vehicle shall
have a
powertrain able
to accelerate on
flat regular
road, no wind,
with 205/65R15
tires:

- in low speed
from standstill
to 50km/h

within 15sec at
empty  weight
- in high speed
from standstill
to 70km/h
within 25sec at
empty weight.

Simulation: The vehicle acceleration shall be tested on an
early stage of development by simulating the power output
of the electric machine.
The vehicle shall be accelerated from standstill to the speeds
described in the test, under the mentioned test conditions
(i.e., flat regular road, no wind, 205/65R15 tires).

Maximum
vehicle speed

The vehicle shall
have a
powertrain able
to deliver a top
speed of:
- 70km/h on flat
road, no wind,
in high speed
- 50km/h on flat
road, no wind,
in low speed.

Simulation: The vehicle acceleration shall be tested on an
early stage of development by simulating the power output
of the electric machine.
The vehicle shall be accelerated from standstill to the speeds
described in the test, under the mentioned test conditions
(i.e., flat regular road, no wind, 205/65R15 tires).
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Maximum road
slope

The vehicle fully
loaded shall
deal with at
least 18% slopes
without trailer.

Test performed at bench or factory level with scenario
simulating the road load (use of dynamometer).

Maximum road

The vehicle fully

Test performed at bench or factory level with scenario

a week, for 52 weeks a year.

slope with loaded shall | simulating the road load (use of dynamometer).

trailer deal with at
least 12% slopes
when coupled
with a trailer.

Operability Description Assessment

Type of roads The vehicle shall be able to drive on all | The vehicle shall comply with the
roads classified as secondary or lower, on | related requirements of the N1
road types of road. type approval (e.g., minimum

speed limit).
Usability The vehicle shall be able to be used 7 days | The vehicle shall be composed of

components which are selected
for heavy duty and continuous
usage.

Public charging
and depot

The vehicle shall be able to charge at the
BPost/COl depots.

The vehicle shall be charged in
Alke's facilities, where the
charging conditions (e.g., available
power, connection outlet, AC/DC
connection, etc) are to be the
same as in the depots of BPost and
COl.

Moreover, the vehicle shall be also
charged in the facilities of BPost,
previous to the application of the
mission profile cycle described in
MP004-MPO013.

Monitoring

The vehicle shall communicate data that is
required for fleet-level energy
management.

The feature is present in the
vehicle.
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Target market

[CI] The vehicle shall be able to deliver
fresh and non-fresh products from
distribution centres to local shops.

[BP] The vehicle shall be able to deliver
packages to customers.

The vehicle shall be simulated
with the mission profiles of COI,
specified in MP005-MP013.

The vehicle shall be driven
according to the mission profiles
of BPost, under the conditions
specified in MP005-MP013.

For the delivery of fresh products,
the vehicle's cooled body shall
meet the temperature-related
requirements related to the
transportation of these products.
The provider of the cooled body
shall guarantee these
requirements.
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The vehicle requirements collection is oriented on identifying vehicle specifications to satisfy
the MPRs defined in the previous chapter and KPIs defined at DOA level. Such elements are
relevant to be used as basis for the design requirements phase and to set up the activity of
next work packages. The whole list of requirements can be found in (ALKE (a), 2021).

In the following subsections, the vehicle requirements are described in detail. The following
subsections are therefore sub-divided in two parts: requirements and assessment plan.

The VR are subdivided in ten parts: key performance indicators, main specs & performance,
front part of the vehicle, cabin and comfort, rear part of the vehicle, drive train and battery,
modular cargo body, ICT platform and energy management system, economic analysis and
efficiency, passive safety.

The KPI's covered in the VR are related to vehicle-level requirements. The source of such KPI's
is the URBANIZED project proposal. The KPI's related to vehicle requirements are shown in
Table 9, which is taken from (ALKE (a), 2021).

Title

OBJ 1 Powertrain
inverter efficiency

Description

The vehicle powertrain inverter shall achieve up
to 98 % efficiency.

Rationale

KPI mentioned on project grant
agreement (KPI1).

OBJ 1 integrated on-
board charger
efficiency

The vehicle integrated on-board charger plus
port for external power tooling shall achieve
95% efficiency.

KPI mentioned on project grant
agreement (KPI2).

OBJ 1 integrated e-
powertrain
efficiency

The vehicle integrated e-powertrain solution
(eAxleDrive) shall increase the energy efficiency
of at least 10 % (WLTP cycle at test bench),
achieving a total efficiency of 91 % compared to
current 82% baseline.

KPI mentioned on project grant
agreement (KPI3). The
efficiency target includes the
combined efficiency of inverter
and electric machine. The
transmission efficiency is not
included.

OBJ 2 Multi-level
EMS energy
efficiency increase

The vehicle shall integrate a multi-level EMS
with fleet connectivity that reduce the energy
consumption at least 12.8% using 4 ECO
functionalities: eco-comfort, eco-driving, eco-
routing, and eco-charging. The efficiency
increase is to be shown with the missions

KPI mentioned on project grant
agreement (KP14).

A self-adaptable, multi-level
predictive EMS architecture will
be designed to optimize energy
consumption and fleet

44




profiles specified in MP005-M0013, when
enabling the eco-functions.

operations thanks to the use of
synergies at different system
levels, leveraging  vehicle
connectivity through integrated
sensors, GPS and real-time data
from the traffic environment
and vehicle scheduling.

OBJ 2 Vehicle
lifecycle cost
reduction

The vehicle multi-level EMS shall deliver a
vehicle lifecycle cost reduction of at least 20%
for the specifically defined mission profiles to be
tested. The baseline costs are estimated while
using the same vehicle without the multi-level
EMS.

KPI mentioned on project grant
agreement (KPI5).

OBJ 3 Vehicle fleet
acquisition cost
reduction

The vehicle shall demonstrate a lower fleet
acquisition cost by up to 40% obtained thanks to
the multi-purpose swappable cargo body design
having the possibility of using different cargo
bodies with a single vehicle to cover fluctuating
demands.

KPI mentioned on project grant
agreement (KPI9). Example of
cost reduction: from €60.000
for two vehicles to €36.000 for
one vehicle and 2 cargo bodies.

OBJ 3 Powertrain
inverter cost
reduction

The vehicle shall provide a cost reduction of 20%
for the powertrain inverter (from €350 today to
€280).

KPI mentioned on project grant
agreement (KPI16).

OBJ 3 On-board
charger cost
reduction

The vehicle shall provide a cost reduction of 25%
for the on-board charger (from €400 today to
€300).

KPI mentioned on project grant
agreement (KPI7).

OBJ 3 E-powertrain
production costs

The vehicle shall provide a total production cost
reduction for the novel e-powertrain (excluding

KPI mentioned on project grant
agreement (KPI18).

reduction the battery) of up to 25% (from €2.900 today to

€2.175).
OBJ 5 Superior The vehicle shall demonstrate superior | KPI mentioned on project grant
performance performance compared to benchmark vehicles, | agreement (KPI11).

under defined testing scenarios and targets:
(e.g. driving experience, stability,
manoeuvrability, usability, ergonomics, reduced
use of urban space).

OBJ 5 Delivery

The vehicle shall demonstrate increased overall

KPI mentioned on project grant

efficiency delivery efficiency (deliveries/day) for the | agreement (KPI112).

targeted missions by at least 30%.
OBJ 4 The vehicle shall achieve equivalent Euro NCAP | KPI mentioned on project grant
EuroNCAP 4 4 stars rating based on the current Euro NCAP | agreement (KPI10). The target is

heavy quadricycle assessment protocol.

to achieve a final rating
between 60% and 74,9% in the
overall weighted score, where
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75% accounts for  Adult
Occupant Protection (AOP) in
Frontal Impact and 25%
accounts for Adult Occupant
Protection in Side Impact.

The vehicle requirements related to main specs and performance are shown in following
table, which is taken from (ALKE (a), 2021):

Title Description Rationale
N1 type approval The vehicle shall comply with European N1 | N1 type approval compliance is
category small series type approval | acompulsory requirement to be
requirements. able to drive on public road
around Europe. Vehicle
components chosen for the new
vehicle platform will need to be
certified (except parts
developed within the project)
with  applicable regulations
proper of N1 type approval.
Two speed The vehicle shall have a powertrain able to deal
powertrain with 2 speeds:
- "low speed" (top speed of 50km/h) delivering
a higher torque for demanding urban routes
with 18% (12% with trailer) gradients or
difficult road surfaces (e.g., with presence of
snow or Ice during winter, or with unregular
finishing (not good maintenance, holes, rocks,
etc) or even totally not asphalted roads).
- "high speed" (top speed 70 km/h) for
activities on more traditional urban routes.
Speed The vehicle shall have a powertrain able to SOTA vehicle has a top speed of
deliver a top speed of: 44km/h, a higher speed is
- 70km/h on flat road, no wind, in high speed. required to deal with urban
- 50km/h on flat road, no wind, in low speed. environments in a better way
during routes to/from satellite
hubs where highway circulation
can be required. In some
countries a minimum speed of
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about 60-70km/h is needed to
be able to drive on specific
connection roads and make
such vehicles more flexible and
useful.

Acceleration

The vehicle shall have a powertrain able to
accelerate on flat regular road, no wind, with
205/65R15 tires:

- in low speed from standstill to 50km/h within
15sec at empty weight

- in high speed from standstill to 70km/h within
25sec at empty weight.

Wheel diameter

The vehicle shall have 15"-16" wheel rim
diameter.

Present wheel rim diameter
(12"-14™) needs to be increased
to 15"-16" to be able to apply
stronger brakes needed to deal
with higher speed and heavy-
duty operations. Also, the
procurement of tyres is much
simpler when going to wheel
diameters compatible with the
ordinary commercial vehicles.

2WD / 4WD

The vehicle shall have a 4WD set-up or at least
apply a design compatible with a 4WD
configuration upgrade.

2WD is in principle good for
most urban environments but
the possibility to deliver a 4WD
design  can maximise the
exploitation of the new
platform targeting uncovered
markets that most automotive
brands are not approaching due
to smaller sales volumes
expected (hilly, rural, mountain
scenarios, vehicles for park
maintenance, Northern
countries urban environments,
etc).

GVW

The vehicle shall have a GVW (gross vehicle
weight) of at least 2.15 tons and compatible with
expected payload requirements.

GVW (gross vehicle weight)
means the maximum weight for
fully loaded vehicle (empty
vehicle + driver + passengers +
loaded goods). Value chosen is
the minimum target to deal
with logistics activity in urban
environment. Expected empty
weight with 2500 mm van box
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set-up and 20 kWh battery is
about 1.35-1.4 tons.

GCW

The vehicle shall support a GCW (gross
combined weight) of at least 4.1 tons when in
high torque mode and shall support 3.3 tons in
high speed mode.

GCW (gross combined weight)
means the maximum weight for
fully loaded vehicle + trailer
combination (empty vehicle +
driver + passengers + loaded
goods + trailer weight + goods
loaded on the trailer towed by
the vehicle). Combination with
trailers or semitrailers can be
strategic when dealing with
high volume items during
logistics operations and GCW
value is relevant in that sense.

Payload (weight)

The vehicle shall carry an overall payload of at
least 800 Kg.

Payload required for carrying
post or Coffee Island materials.

Payload (volume)

The vehicle shall have a payload volume of at
least 3 mS.

Volume required for carrying
post or Coffee Island materials.

Vehicle overall
dimensions

The vehicle without mirrors and including the
cargo body shall have a target dimensions of 440
x 150 x 220 cm.

Width max size is given by the
max width of the rear body, not
by the one of the cab.

Vehicle cab height

The vehicle cab shall have a height lower than
2m to access covered parking spaces.

The height of the cab must be
less than 2 m to allow access to
covered parking spaces and
service tunnels when coupled
with specific low-profile van
body with same height of the
cab. This is not excluding the
possibility to fit also
larger/higher bodies in case this
requirement is not compulsory.
The choice of this value is
dictated by ALKE's direct
experience in the market.

Vehicle cab width

The vehicle cab shall have a width without
mirrors not exceeding 130 cm.

Cab width is relevant for
vehicles oriented to old town
city centres where narrow
streets/passages are present. In
such situation the overall
vehicle width is given by the
larger part. Rear body can easily
be reduced in width but if the
cab remains large the effort
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doesn't make sense. As
opposite a narrow cab can
anyway host a larger body if
necessary. SOTA cab is 120 cm
width.

Turning circle

The vehicle shall have a turning radius of:
- 500 cm kerb to kerb.
- 540 cm wall to wall.

Power steering

The vehicle shall have EPS.

Electric power steering s
important to provide a good
driving comfort when moving
on congested traffic and narrow
streets with lot of turns.

Max slopes without
trailer

The vehicle fully loaded shall deal with at least
18% slopes without trailer.

Given slope values are defined
by type approval minimum
requirements independently by
mission profiles for the vehicle.
Drivetrain performance and
braking system must both
comply with such scenario. It
will have an impact on the
maximum wheel torque
requirement.

Max slopes with
trailer

The vehicle fully loaded shall deal with at least
12% slopes when coupled with a trailer.

Given slope values are defined
by type approval minimum
requirements independently by
mission profiles for the vehicle.
Drivetrain performance and
braking system must both
comply with such scenario. It
will have an impact on the
maximum wheel torque
requirement

Drive range

The vehicle shall be able to cover at least 130km
with a full charge (WLTP reference).

A max autonomy of 200km
(best value in standard
conditions, WLTP reference)
would add exploitation
potential. To consider multi-
battery options.

Efficiency

The vehicle shall have an efficiency of 135
Wh/km when applying the drive cycles of the
mission profile requirements described in
MP005-MP013.

Average value measured at plug
level from electric grid including
efficiency of on-board charger.
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Charging time

The vehicle equipped with 20kWh battery shall
be charged to 80% from fully discharged:
- in 5 hours in case of regular charge (3kW)
-in 2,5 hours in case of fast charging (11kW).

Volume required for carrying
post or coffee island materials.

Charger interface

The vehicle shall be compatible with CEE and
TYPE 2 connectors for charging.

Available/intended  charging
interface at the vehicle depo.

Charging specs

The vehicle shall be charged with AC 230V 50-
60Hz.

Available/intended  charging
interface at the vehicle depo.

Braking

The vehicle shall have brakes complying with N1
standards for given GVW/GCW rating.

Being increased the max speed
to investigate the need to
upgrade to ABS or equivalent
brake system (required by EU
standards).

Automatic parking
brake

The vehicle shall have mechanical/electric
parking brake system able to deliver automatic
parking brake feature when driver is out the cab.

SOTA vehicle has mechanical
hand brake, adding also
electronic control can provide
the possibility to manage an
automatic braking functionality
when vehicle stops in specific

conditions. This can help
providing higher safety
standards during last mile
deliveries, waste collection

operations, etc. In such scenario
the driver / operator goes
infout the vehicle hundred
times per day and an automatic
parking brake system activated
once driver leaves his seat is key
aspect to avoid unintended
(dangerous) movements of the
vehicle.

Parking brake The vehicle shall have parking brake system able | Braking torque needed to

torque to deliver at least 2500 Nm brake torque on rear | comply with overall

axle. performance stated on parallel

requirements and to comply

with N1 category type approval.

Regenerative The vehicle shall be equipped with regenerative | Regenerative braking is used to

braking braking. improve overall efficiency in the
vehicle.

Gravity centre The vehicle shall have gravity centre 50mm | The lowest gravity centre is

lower than SOTA.

important to deal with logistics
but also any other application to
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provide best driving comfort
especially when turning to keep
stability and to be safe.

Weight distribution | The vehicle shall have a target weight | Front axle weight shall be
distribution fully loaded of 35% on front axle and | increased from 800kg (SOTA
65% on rear axle. value) to 1.000kg to shift weight
from rear to the front of the
vehicle. This improved balance
is important especially at empty
vehicle to have good drivebility
in such situation.

Operative The vehicle shall be able to operate in a | Start-up in extreme
temperature range | temperature range of -20°C to 40°C. temperatures is supposed to be
done with pre-conditioning.

The vehicle requirements related to the front part of the vehicle are shown in following table,
which is taken from (ALKE (a), 2021):

Title Description Rationale

Front suspension The vehicle shall provide front suspension | Front suspension geometry
redesign to fit the new EURONCAP compliant | check is expected and linked
frame and if possible to allow 4WD front | redesign study. Driving comfort
differential housing. feeling delivered by the new
system must be equal or better
than SOTA.

The vehicle requirements related to cabin and comfort are shown in following table, which is
taken from (ALKE (a), 2021):

Description Rationale

Driver visibility The vehicle shall have a driver visibility equal or | Cab & glazing design must be
better than SOTA, measured as view | studied to have best driver
angle/coverage. visibility. Driver visibility is

essential when moving on
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narrow streets and spaces to
avoid impacts with objects or
accidents with people. At same
time good view is important
also to perform in best way
activities where approaching as
much as possible a target
position can improve the
efficiency of operations carried
out (last mile deliveries >
lockers, waste management >
waste bins, etc.).

Overall cabin
comfort

The vehicle shall have a cab structure where
driver & passenger comfort (ergonomics / room
available for movements) should be maximized
keeping as much as possible a compact size.
Comparison is the SOTA vehicle ergonomics to
be improved.

The new vehicle platform is
intended to address the
professional  sector  where
comfort is not expected to be so
important as into passenger
cars, but market has showed a
strong change in this sense in
last years. An overall study
about ergonomics needs to be
performed into the new
platform. Volumes and layout
can be changed / modified
keeping in mind that anyway a
compact size must be delivered
by the new design. A max
increase on sizes for about 10
cm in width and length can be
accepted and justified.

LHD and RHD

The vehicle shall have the possibility to have
both left-hand drive (LHD) and right-hand drive
(RHD) configuration.

RHD is wuseful to target
international markets they
require it to be road legal. RHD
is requested also by several LHD
countries for specific activities
where the operator / driver is
performing an activity with
frequent stop&go and need
direct access to the side paths
(waste  collection, postal
services, logistics last mile
delivery, etc).

Steering column
and Seats comfort

The vehicle shall have steering column and seats
layout designed to provide best ergonomics.
Driver seat shall be adjustable.

A combined study for
positioning steering, seats and
other near parts must be carried
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out to identify best set-up for
maximum flexibility in terms of
drivers. The solution chosen
must be compatible with drivers
of different size and gender.
Small, thin people and tall,
"heavy" people at the same
time. Adjustable steering and
seats are expected.

Air-conditioning
system

The vehicle shall have a cab airco system able to
deliver at least same cooling capacity of SOTA.

This defines the power of the
air-conditioning.

Heating system

The vehicle shall have a cab heating system able
to deliver at least same heating capacity of
SOTA.

This defines the power of the
heating.

Heated windshield

Timed heated windshield.

Device oriented to windscreen
defogging to maximise visibility.
Installed to reduce the
activation of cab heating system
it takes more time/energy and it
is less performing/efficient for
the purpose.

Battery pre-
conditioning

The vehicle shall be equipped with pre-
conditioning capabilities for the battery.

Pre-heating the vehicle battery
during wintertime while still
connected to the charger allows
to improve energy management
and under specific scenario also
to make possible the charging
itself when under zero °C.

Cab pre-
conditioning

The vehicle shall be equipped with pre-
conditioning capabilities for the cab.

Pre-heating the vehicle cab
while still connected to the
charger allows to improve
energy management  and
occupants comfort. A/C
preconditioning will be studied
as a complementary option, but
priority will be given to pre-
heating.

2-4 seats

The vehicle shall have 2-4 seats design as the
SOTA model.

Possibility to have 4 seats
version is needed to deal with
specific markets where larger
teams of workers are using such
kind of vehicles.
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Cab in/out
accessibility

The vehicle shall deliver same or better
accessibility of the driver's seat compared to
SOTA and measured as 2D area of the exit with
door fully open and removing obstacles in
between. The driver must be able to exit
through the passenger side.

The driver must be able to work
on his daily schedule while
minimising the time he has to
get in and out of the cab and, of
course, the effort required to do
this. Important elements in
optimising this are the design of
the doors, the ground clearance
of the cab floor, the position of
the steering wheel and seats,
etc.

Cab accessories /
compartments

The vehicle shall provide user-oriented interiors
designed for the cabin to host proper
accessories and compartments for intensive
daily usage.

Study is needed for the layout of
the cabin to allow intensive use
of the cabin while putting the
driver and any passengers at
ease. Market experience tells
that professional operators
expect to have glove boxes, cup
holders, Bluetooth radio, USB
charging sockets,
smartphone/tablet holders, etc.
available.

Central lock

The vehicle shall be equipped with a remoted
controlled central locking system.

Navigation tools

The vehicle shall be equipped with a navigation
tool able to share traffic/delivery information.

Park assist devices

The vehicle shall be equipped with park assist
devices such as reverse camera and/or
front/rear sensors.

Audio system /
Radio

The vehicle shall be equipped with audio system
with DAB radio and Bluetooth integrated.

Connection/chargin
g ports

The vehicle shall have 12V port and USB or
wireless smartphone charging port.

The vehicle requirements related to the rear part of the vehicle are shown in following table,
which is taken from (ALKE (a), 2021):

Title

Rationale

Description
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Rear frame design

The vehicle shall have an upgraded rear frame
design with a lower fitting area layout.

The upgraded rear layout will
need to see the battery moved
under the seats or to another
less invasive position to lower
the height of available room for
the rear cargo area set-up. New
frame design needs also bolted
sectional rather than welded
continuous frame design for
modularity purposes. Present
design uses single chassis design
and the presence of vehicles
with  multiple  wheelbases
means to keep in stock different
full chassis. The new design
looks at having modular frames
they can be combined by bolts
to have different vehicle lengths
and keeping smaller the stock of
parts in terms of their volume.

Rear suspensions

The vehicle shall have rear suspension redesign
to allow new drivetrain housing.

A rear suspension redesign is
needed to allow extra room for
the new VITESCO drivetrain
housing, for such a reason a
switch from De Dion bridge to
independent suspensions is
expected.

The vehicle requirements related to the drivetrain and battery are shown in following table,
which is taken from (ALKE (a), 2021):

Title

Operating voltage

Description

The vehicle shall have 48V operating voltage for
the power train (51,2V actual) as the SOTA
vehicle.

Rationale

48V provides best flexibility to
the choice of available extra
components and accessories.
This is a standard Voltage in
industrial sector and similar
ones. When moving to other
alternative tensions the choice
is more limited for on the shelf
items.
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Battery lifetime

The battery lifetime shall last at least 4 years,
2.000 cycles.

48V provides best flexibility to
the choice of available extra
components and accessories.
This is a standard Voltage in
industrial sector and similar
ones. When moving to other
alternative tensions the choice
is more limited for on the shelf
items.

The vehicle requirements related to the modular cargo body are shown in following table,
which is taken from (ALKE (a), 2021):

Title

Swappable modular
cargo system

Description

The vehicle shall have a swap system to allow
the swap of different cargo bodies in less than
10 minutes.

Rationale

The system will be composed by
two sub-parts, one common
and fixed to the vehicle, and one
fixed on each body. This second
not shared item must be simple
and cheap to optimize the
overall cost of the system.

Multi-body basic
scenario

The vehicle swap system shall be designed to
be compatible with multiple bodies with a
minimum basic scenario of at least 3 solutions:
1 van box body, 1 refrigerated body and 1
dropside body.

The basic scenario includes very
different cargo bodies and it has
been chosen to demonstrate
the flexibility of the system.

Swap body stands

The vehicle swap system shall include
specifically designed stands useful for the swap
procedure and to support the cargo bodies
when not installed on the vehicle.

Height of cargo area
floor

The vehicle swap system presence shall not
increase the height of the cargo area floor
compared to SOTA.

Height of cargo area floor must
reduce as much as possible arm
lift efforts from human
operators when dealing with
heavy packages loading and
unloading operations.

Van box body with
swap system

The vehicle shall be equipped with a van box
body with swap system targeting the BPOST
case study.
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Van box size

The van box shall target an overall size of
250x150x140H cm.

Van box load
capacity

The van box shall have a load capacity of at
least 800 kg.

Van box rolling
frame

The van box shall be able to hold a set of
containers which are organized in a rolling
frame. The vehicle's rolling frame shall be able
to be fast loaded (max 5 min) via a rear door.
The vehicles’ bags/bins shall be individually
accessible via side doors.

A detachable rolling frame
becomes an easy to load, easy
to store, easy to use urban
micro depot for refresh of cargo
bikes and trailers. Containers
within the rolling frame might
be plastic bin, might be a fabric
tote bag.

Van box The van box shall have 2 side doors (vertical

accessibility roller shutter opening) to allow quick access to
goods stored and a rear door to introduce the
rolling frame.

Van box load Side doors should have a lock to protect goods

security stored into the van box, better if an automatic

lock to allow quicker opening/closing
procedure.

Van box power
supply

The van box shall have proper internal
connector set-up to allow the power supply of
tools and e-hand Truck module when stored
into the cargo area.

E-Hand  truck  preliminary

design:

Refrigerated body
with swap system

The vehicle shall be equipped with a
refrigerated body with swap system targeting
Coffee Island case study.

Refrigerated box expected to be
built as mono block structure
made of fibreglass sandwich
panels and rigid expanded
polyurethane, machined and
moulded joints for isothermal
optimisation. Finishing in white
gel coat specific for foods.

Refrigerated body
size

The refrigerated body shall target an overall
size of 250x150x140H cm.
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Refrigerated body
load capacity

The refrigerated body shall have a load capacity
of at least 650 kg.

Refrigerated body
accessibility

The refrigerated body shall have 1 side door
(optional) and 1 rear door (compulsory) to
allow quick access to refrigerated goods stored.

Refrigerated body
load security

The refrigerated body doors should have a lock
to protect goods stored into the van body.

Refrigerated body

The refrigerated body shall have an operating

operating temperature of 0°C / +4°C and comply with
temperature applicable standards for refrigerated food
logistics (ATP - FRAX certification).
Dropside body with | The vehicle shall be equipped with a dropside Dropside body is required when

swap system

body with swap system to target basic logistics
scenarios.

large items need to be loaded
and there are not problems for
safety or weather influence.
Design will be derived from
SOTA dropside body adding the
swap system

Dropside body size

The dropside body shall target an overall size of
250x150x30H cm.

Dropside body load
capacity

The dropside body shall have a load capacity of
at least 800 kg.

e-hand truck
module

The vehicle shall be equipped with an e-hand
truck module to facilitate load/unload
operations from rear van box area.

The e-hand truck module will be
designed to support the
load/unloading operation from
vehicle van box height to
ground level and to move goods
on pathway and private areas
where vehicles cannot move.

e-hand truck
size/weight

The e-hand truck shall have a max size in
storing mode inside the vehicle of
40x60x120cm and a max weight of 30 kg (rif.
50th percentile male) without loads attached.

Shape and size of the e-hand
truck must be chosen to provide
best integration with the vehicle
rear body. The anchoring
system with the vehicle and the
rail system to move the e-hand
truck in-out the vehicle must be
designed to minimize the loss of
room useful for goods
transportation.
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the carrying load and be light
enough to load and unload from
the vehicle.

e-hand truck with
goods load, unload
and hold features

The e-hand truck shall be equipped with proper
electro-mechanical mechanisms to enable load-
unload-holding capabilities of loads/goods in a
quick way (load/unload in up to 60 sec).

The mechanisms fulfil fill load-
unload capabilities must be
compact, lightweight and easy
to control.

e-hand truck with
driving capabilities

The e-hand truck shall have capability to move
on paved roads, on uphill/downhill 15% ramps,
on stairs with up to 20cm high steps.

The e-hand truck will have
driving capability to be able to
move on different urban and
indoor  scenarios including
ramps and stairs. Movement,
steering, safety braking of the e-
hand truck will be studied.

e-hand truck
drivetrain system

The e-hand truck shall have a motorized
mechanism to allow driving functions and
delivering up to 5 km/h max speed on flat
paved grounds.

e-hand truck mechanical system
to fulfil the road capabilities of
the e-hand truck must be
compact, lightweight and easy
to control.

e-hand truck with
in/out the vehicle
system

The e-hand truck shall be integrated with the
vehicle with a properly designed system to
move from storing mode inside the van box to
ready-to-use mode at ground level off the
vehicle and vice versa (up to 60sec for each of
these steps).

The loading and unloading of
the e-hand truck will be
designed with a moving tray or
equivalent system. The loading
and unloading system need to
impact as little as possible the
van box volume.

e-hand truck HMI
ergonomics

The e-hand truck shall be target of HMI
ergonomics study to check its control, applied
configurations and ergonomic use.

The completion of all its
functions with the minimum
effort and risk of injury from the
user.

e-hand truck EMS

The e-hand truck shall have a proper Energy
Management System able once on board the
vehicle to communicate with the vehicle ICT
platform.

The EMS of the e-hand truck
must provide sufficient power
and energy for the completion
of the tasks. The possibility of
charging the e-hand truck from
the vehicle will be explored.

4.1.8.Vehicle requirements related to the ICT platform and the

Energy Management System
The vehicle requirements related to the ICT platform and the Energy Management System are
shown in following table, which is taken from (ALKE (a), 2021):
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Title

Vehicle monitoring

Description

The vehicle shall communicate energy related
data required for fleet-level  energy
management.

Rationale

Data shared with a common
cloud platform.

Vehicle diagnostic

The vehicle shall communicate vehicle status
data for fleet-level diagnostic management.

Data shared with a common
cloud platform.

Vehicle tracking

The vehicle shall communicate geo-tracking
data for operational fleet-level management

Data shared with a common
cloud platform

Data security

The vehicle data transmission system shall be
equipped with an encryption protocol.

Used to protect the privacy of
the end users.

Local
communication
protocol

The vehicle shall maximise the use of CAN
J1939 as communication protocol for on-board
vehicle data exchange between vehicle devices
(increasing the volume of CAN J1939 traffic
from SOTA value of 30% to at least 75% target
value).

Currently, a mix of CAN J1939,
CAN 2.0A and CAN 2.0B is being
used in relation to the on-board
communication protocol. The
intention is to maximise the use
of CAN J1939 to increase
compatibility with third-party
industrial and  automotive
components and to standardise
vehicle communication
protocols as much as possible.

Battery intelligent
charging capability

The vehicle shall enable the intelligent charging
of batteries controlled from a centralized
system.

The vehicle's charging shall be
possible to be scheduled at a
certain rate at a certain time at
night to a certain charge level as
determined by the central
management platform.

Driver presence
recognition

The vehicle shall be able to recognize the
driver/operator presence thanks to
smartphone pairing or equivalent scenario
(transponder, keyless tech, etc).

Automatic unlock of
doors after driver
presence
recognition

The vehicle shall be able to automatically
unlock the vehicle locks (cab doors, van box
doors) once the driver/operator is approaching
it after a delivery (within 2m distance round the
vehicle).

Large display on
dashboard as
operator support
tool

The vehicle shall link a large display in the
vehicle dashboard area to mirror/replicate
information available on BPOST smartphone

The vehicle's display shall give
the delivery person touch
access to maps, delivery apps,
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fleet management tool to support operator
tasks including navigation features.

messaging delivered from the
phone.

The vehicle requirements related to the economic analysis and the efficiency are shown in
following table, which is taken from (ALKE (a), 2021):

Title

Fleet TCO reduction

Description

Total Cost of Ownership (TCO) for a target fleet
scenario need to be reduced at least 10%.

Rationale

TCO intended as cost of vehicles
plus the costs of operation
including maintenance within a
time scenario of 5 years. Target
reference to be defined
between BPOST or Coffee Island
during the project.

Vehicle longevity

The vehicle shall have lifespan of 6 years at
least.

Common lifetime operational
range of combustion
counterpart.

For each one of the vehicle requirements described in Section 4.1, an assessment plan has
been added. Common assessment procedures range from field test, experimental, virtual
simulations, component datasheet check, etc.

The following subsections follow the structure of the detailed requirements (Section 4.1). The
assessment is fully described in (ALKE (a), 2021). This document contains several fields which
do not fit in the available space of this document (e.g., validation responsible, validation
status, see section 2.2). Therefore, only the "validation" column which describes the main
assessment experiment is included in the following subsections.

Assessment elements of key performance indicators on vehicle requirements level are shown
in following table, which is taken from (ALKE (a), 2021):
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Title

OBJ 1 Powertrain
inverter efficiency

Description

The vehicle powertrain inverter shall achieve
98 % efficiency.

Assessment

Mechanical load profile
according to WLTP - separate
measurement of the inverters
electric power consumption
compared with its output
power / Check simulation
results from the high-fidelity

model of inverter and
experimental testing with
different load conditions.
OBJ 1 integrated The vehicle integrated on-board charger | Measurement of output
on-board charger plus port for external power tooling shall | values the losses.

efficiency

achieve 95% efficiency.

Experimental measurement.

OBJ 1 integrated e-
powertrain
efficiency

The vehicle integrated e-powertrain solution
(eAxleDrive) shall increase the energy
efficiency of at least 10 % (WLTP cycle at test
bench), achieving a total efficiency of 91 %
compared to current 82% baseline.

Mechanical  load
according to  WLTP -
measurement of electric
power consumption
compared with the achieved
mechanical equivalents /
Check simulation results from
the low-fidelity model of
drivetrain system and
experimental testing over a
driving cycle.

profile

OBJ 2 Multi-level
EMS energy
efficiency increase

The vehicle shall integrate a multi-level EMS
with fleet connectivity that reduce the
energy consumption at least 12.8% using the
4 ECO functionalities during specified
missions, compared to not using them.

Virtually validated by
simulation models.

OBJ 2 Vehicle The vehicle multi-level EMS shall deliver a | Virtually validated by
lifecycle cost vehicle lifecycle cost reduction of at least | simulation models.
reduction 20% for the specifically defined mission

profiles to be tested.
OBJ 3 Vehicle fleet | The vehicle shall demonstrate a lower fleet | Acquisition cost comparison
acquisition cost acquisition cost by up to 40% obtained | for a defined operation
reduction thanks to the multi-purpose swappable | scenario between a SOTA

cargo body design having the possibility of
using different cargo bodies with a single
vehicle to cover fluctuating demands.

fleet and a new project-based
fleet.
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OBJ 4
EuroNCAP 4

The vehicle shall achieve equivalent Euro
NCAP 4 stars rating based on the current
Euro NCAP heavy quadricycle assessment
protocol.

Real tests / Simulations will be
applied to validate the Euro
NCAP 4 standards having as
target the light quadricycles

reference chart.

Assessment elements related to main specs and performance are shown in following table,
which is taken from (ALKE (a), 2021):

Title Description Assessment
N1 type approval The vehicle shall comply with European N1 | Check of type approval
category small series type approval | requirements (ref. Regulation
requirements. EU 2021/535). Each
requirement line must be
satisfied or at least need to have
performed a  preliminary
compliance check at
theoretical/simulated level
justifying the expected positive
result.
Two speed The vehicle shall have a powertrain able to deal | Presence of described feature.
powertrain with 2 speeds:
- "low speed" delivering a higher torque for
demanding urban routes with gradients or
difficult road surfaces.
- "high speed" for activities on more traditional
urban routes.
Speed The vehicle shall have a powertrain able to Vehicle at bench level or in real

deliver a top speed of:
- 70km/h on flat road, no wind, in high speed.
- 50km/h on flat road, no wind, in low speed.

environment must deliver given
top speed (measurement of top
speed reached).

Acceleration

The vehicle shall have a powertrain able to
accelerate on flat regular road, no wind, with
205/65R15 tires:

- in low speed from standstill to 50km/h within
15sec at empty weight.

Vehicle at bench level or in real
environment must deliver given
acceleration (measurement of
time to reach given speed).
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- in high speed from standstill to 70km/h within
25sec at empty weight.

Wheel diameter The vehicle shall have 15"-16" wheel rim | Presence of described feature.
diameter.

2WD / 4WD The vehicle shall have a 4WD set-up or at least | Presence of described feature.
apply a design compatible with a 4WD
configuration upgrade.

GVW The vehicle shall have a GVW (gross vehicle | FE static/dynamic simulation at
weight) of at least 2.15 tons and compatible with | given scenario and/or
expected payload requirements. equivalent physical test at

prototype level.

GCW The vehicle shall have a GCW (gross combined | FE static/dynamic simulation at

weight) of at least 4.1 tons when in high torque
mode and can be lowered to 3.3 tons in speed
mode.

and/or
test at

given scenario
equivalent physical
prototype level

Payload (weight)

The vehicle shall carry an overall payload of at
least 800 Kg.

FE static/dynamic simulation at
given scenario and/or
equivalent physical test at
prototype level

Payload (volume)

The vehicle shall have a payload volume of at
least 3 me.

Presence of described feature.

Vehicle overall

The vehicle without mirrors and including the

Presence of described feature.

dimensions cargo body shall have a target dimensions of 440
x 150 x 220 cm.
Vehicle cab height The vehicle cab shall have a height lower than | Presence of described feature.

2m to access covered parking spaces.

Vehicle cab width

The vehicle cab shall have a width without
mirrors not exceeding 130 cm.

Presence of described feature.

Turning circle

The vehicle shall have a turning radius of:
- 500 cm kerb to kerb.
- 540 cm wall to wall.

Presence of described feature.

Power steering

The vehicle shall have EPS

Presence of described feature

Max slopes without
trailer

The vehicle fully loaded shall deal with at least
18% slopes without trailer.

Test performed at bench or
factory level with simulated
scenario (use of dynamometer).

Max slopes with The vehicle fully loaded shall deal with at least | Test performed at bench or
trailer 12% slopes when coupled with a trailer. factory level with simulated

scenario (use of dynamometer).
Drive range The vehicle shall be able to cover at least 130km | WLTP cycle simulated.

with a full charge (WLTP reference).
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Efficiency

The vehicle shall have an efficiency of 135
Wh/km.

WLTP cycle simulated.

Charging time

The vehicle equipped with 20kWh battery shall
be charged to 80% from fully discharged:
- in 5 hours in case of regular charge (3kW).
-in 2,5 hours in case of fast charging (11kW).

Presence of described feature.

Charger interface

The vehicle shall be compatible with CEE and
TYPE 2 connectors for charging.

Presence of described feature.

Charging specs

The vehicle shall be charged with AC 230V 50-
60Hz.

Presence of described feature.

Braking

The vehicle shall have brakes complying with N1
standards for given GVW/GCW rating.

Test performed in real
environment with simulated
scenarios. N1 standards
targeting  Regulation  (EU)
2018/858 (and following ones)
of the European Parliament and
of the Council of 30 May 2018
on the approval and market
surveillance of motor vehicles

and their trailers, and of
systems, components and
separate technical units

intended for such vehicles.

Automatic parking
brake

The vehicle shall have mechanical/electric
parking brake system able to deliver automatic
parking brake feature when driver is out the cab.

Presence of described feature.

Parking brake

The vehicle shall have parking brake system able

Test performed at bench or

torque to deliver at least 2500 Nm brake torque on rear | factory level with simulated
axle. scenario (use of dynamometer).

Regenerative The vehicle shall be equipped with regenerative | Presence of described feature.

braking braking.

Gravity centre The vehicle shall have gravity centre 50mm | Calculation done on 3D model

lower than SOTA vehicle equipped with same or
equivalent options, cargo area set-up, battery
and tyres as the new based model to compare
with.

of the vehicle .

Weight distribution

The vehicle shall have a target weight
distribution fully loaded of 35% on front axle and
65% on rear axle.

Calculation done on 3D model
of the vehicle.

Operative
temperature range

The vehicle shall be able to operate in a
temperature range of -20°C to 40°C.

Check of main components data
sheets for compliance with
given operative T range.
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Assessment elements related to the front part of the vehicle are shown in following table,
which is taken from (ALKE (a), 2021):

Description

Assessment

Front suspension

The vehicle shall provide front suspension
redesign to fit the new EURONCAP compliant
frame and if possible, to allow 4WD front
differential housing.

Presence of described feature

Assessment elements related to cabin and comfort are shown in following table, which is
taken from (ALKE (a), 2021):

Title

Driver visibility

Description

The vehicle shall have a driver visibility equal or
better than SOTA, measured as view
angle/coverage.

Assessment

Calculation done on 3D model
of the vehicle .

Overall cabin
comfort

The vehicle shall have a cab structure where
driver & passenger comfort (ergonomics / room
available for movements) should be maximized
keeping as much as possible a compact size.
Comparison is the SOTA vehicle ergonomics to
be improved.

Test done with at least 5 users
with both SOTA and new vehicle
to rate personal feeling about
cab comfort for both models
(usage of evaluation chart with
numerical rating from 0 to 10).

LHD and RHD

The vehicle shall have the possibility to have
both left-hand drive (LHD) and right-hand drive
(RHD) configuration.

Presence of described feature.

Steering column
and Seats comfort

The vehicle shall have steering column and seats
layout designed to provide best ergonomics.
Driver seat shall be adjustable.

Test done with at least 5 users
with both SOTA and new vehicle
to rate personal feeling about
steering column and seats
layout for both models (usage
of evaluation chart with
numerical rating from 0 to 10).
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Here, the baseline vehicle is a
baseline vehicle produced by
ALKE identified as an ATX340E
with same specs as the new one
in terms of cargo area set-up,
optional, battery size, tyres.

Air-conditioning
system

The vehicle shall have a cab airco system able to
deliver at least same cooling capacity of SOTA.

Presence of described feature
and comparison of given spec
against SOTA. Here, the SOTA
vehicle is a baseline vehicle
produced by ALKE identified as
an ATX340E with same specs as
the new one in terms of cargo
area set-up, optional, battery
size, tyres.

Heating system

The vehicle shall have a cab heating system able
to deliver at least same heating capacity of
SOTA.

Presence of described feature
and comparison of given spec
against SOTA. Here, the SOTA
vehicle is a baseline vehicle
produced by ALKE identified as
an ATX340E with same specs as
the new one in terms of cargo
area set-up, optional, battery
size, tyres.

Heated windshield

Timed heated windshield.

Presence of described feature.

Battery pre- The vehicle shall be equipped with pre- | Presence of described feature.

conditioning conditioning capabilities for the battery.

Cab pre- The vehicle shall be equipped with pre- | Presence of described feature.

conditioning conditioning capabilities for the cab.

2-4 seats The vehicle shall have 2-4 seats design as the | Presence of described feature.
SOTA model, without affecting cargo space.

Cab in/out The vehicle shall deliver same or better | Calculation done on 3D model

accessibility accessibility of the driver's seat compared to | of the vehicle.

SOTA and measured as 2D area of the exit with
door fully open and removing obstacles in
between. The driver must also be able to exit
through the passenger side.

Cab accessories /
compartments

The vehicle shall provide user-oriented interiors
designed for the cabin to host proper
accessories and compartments for intensive
daily usage.

Presence of described feature.
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Central lock

The vehicle shall be equipped with a remoted
controlled central locking system.

Presence of described feature.

Navigation tools

The vehicle shall be equipped with a navigation
tool able to share traffic/delivery information.

Presence of described feature.

Park assist devices

The vehicle shall be equipped with park assist
devices such as reverse camera and/or
front/rear sensors.

Presence of described feature.

Audio system /
Radio

The vehicle shall be equipped with audio system
with DAB radio and Bluetooth integrated.

Presence of described feature

Connection/chargin
g ports

The vehicle shall have 12V port and USB or
wireless smartphone charging port.

Presence of described feature.

Assessment elements related to the rear part of the vehicle are shown in following table,
which is taken from (ALKE (a), 2021):

Title

Rear frame design

Description

The vehicle shall have an upgraded rear frame
design with a lower fitting area layout.

Assessment

Calculation done on 3D model
of the vehicle.

Rear suspensions

The vehicle shall have rear suspension redesign
to allow new drivetrain housing.

Presence of described feature.

Assessment elements related to the drivetrain and the battery are shown in following table,
which is taken from (ALKE (a), 2021):

Description

Assessment

Operating voltage

The vehicle shall have 48V operating voltage for
the power train (51.2V actual) as the SOTA
vehicle.

Presence of described feature.
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Battery lifetime

The battery lifetime shall last at least 4 years,
2.000 cycles.

Check of data sheet of adopted
battery for compliance with
given specs.

Assessment elements related to the modular cargo body are shown in following table, which
is taken from (ALKE (a), 2021):

Title

Swappable modular
cargo system

Description

The vehicle shall have a swap system to allow
the swap of different cargo bodies in less than
10 minutes.

Assessment

Presence of described feature,
check compliance with the
required target.

Multi-body basic
scenario

The vehicle swap system shall be designed to
be compatible with multiple bodies with a
minimum basic scenario of at least 3 solutions:
1 van box body, 1 refrigerated body and 1
dropside body.

Presence of described feature,
check compliance with the
required target.

Swap body stands

The vehicle swap system shall include
specifically designed stands useful for the swap
procedure and to support the cargo bodies
when not installed on the vehicle.

Presence of described feature,
check compliance with the
required target.

Height of cargo area
floor

The vehicle swap system presence shall not
increase the height of the cargo area floor
compared to SOTA.

Check compliance with the
required target.

Van box body with
swap system

The vehicle shall be equipped with a van box
body with swap system targeting the BPOST
case study.

Presence of described feature.

Van box size The van box shall target an overall size of Check compliance with the
250x150x140H cm. required target

Van box load The van box shall have a load capacity of at Check compliance with the

capacity least 800 kg. required target

Van box rolling
frame

The van box shall be able to hold a set of
containers which are organized in a rolling
frame. The vehicle's rolling frame shall be able
to be fast loaded (max 5 min) via a rear door.

Presence of described feature,
check compliance with the
required target.
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The vehicles’ bags/bins shall be individually
accessible via side doors.

Van box The van box shall have 2 side doors (vertical Presence of described feature.
accessibility roller shutter opening) to allow quick access to

goods stored and a rear door to introduce the

rolling frame.
Van box load Side doors should have a lock to protect goods | Presence of described feature.
security stored into the van box, better is an automatic

lock to allow quicker opening/closing
procedure.

Van box power
supply

The van box shall have proper internal
connector set-up to allow the power supply of
tools and e-hand Truck module when stored
into the cargo area.

Presence of described feature.

Refrigerated body
with swap system

The vehicle shall be equipped with a
refrigerated body with swap system targeting
Coffee Island case study.

Presence of described feature.

Refrigerated body
size

The refrigerated body shall target an overall
size of 250x150x140H cm.

Check compliance with the
required target.

Refrigerated body
load capacity

The refrigerated body shall have a load capacity
of at least 650 kg.

Check compliance with the
required target.

Refrigerated body
accessibility

The refrigerated body shall have 1 side door
(optional) and 1 rear door (compulsory) to
allow quick access to refrigerated goods stored.

Presence of described feature.

Refrigerated body
load security

The refrigerated body doors should have a lock
to protect goods stored into the van body.

Presence of described feature.

Refrigerated body

The refrigerated body shall have an operating

Presence of described feature,

operating temperature of 0°C / +4°C and comply with check compliance with the

temperature applicable standards for refrigerated food required target under ambient
logistics (ATP - FRAX certification). temperature of 20°C.

Dropside body with | The vehicle shall be equipped with a dropside Presence of described feature.

swap system

body with swap system to target basic logistics
scenarios.

Dropside body size

The dropside body shall target an overall size of
250x150x30H cm.

Check compliance with the
required target.

Dropside body load
capacity

The dropside body shall have a load capacity of
at least 800 kg.

Check compliance with the
required target.

e-hand truck
module

The vehicle shall be equipped with an e-hand
truck module to facilitate load/unload
operations from rear van box area.

Presence of described feature.
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driving capabilities

on paved roads, on uphill/downhill 15% ramps,
on stairs with up to 20cm high steps.

e-hand truck The e-hand truck shall have a max size in Check compliance with the
size/weight storing mode inside the vehicle of required targets.

40x60x120cm and a max weight of 30 kg (rif.

50th percentile male) without loads attached.
e-hand truck load The e-hand truck shall be able to move up to Check compliance with the
capacity 75kg loads they can have a max size of at least | required targets.

(WxLxH) 35 x 26 x 100 cm.
e-hand truck with The e-hand truck shall be equipped with proper | Check compliance with the
goods load, unload | electro-mechanical mechanisms to enable load- | required targets.
and hold features unload-holding capabilities of loads/goods in a

quick way (load/unload in up to 60 sec).
e-hand truck with The e-hand truck shall have capability to move | Check compliance with the

required targets.

e-hand truck
drivetrain system

The e-hand truck shall have a motorized
mechanism to allow driving functions and
delivering up to 5 km/h max speed on flat
paved grounds.

Presence of described feature,
check compliance with the
required target.

e-hand truck with
in/out the vehicle
system

The e-hand truck shall be integrated with the
vehicle with a properly designed system to
move from storing mode inside the van box to
ready-to-use mode at ground level off the
vehicle and vice versa (up to 60sec for each of
these steps).

Presence of described feature,
check compliance with the
required target.

e-hand truck HMI
ergonomics

The e-hand truck shall be target of HMI
ergonomics study to check its control, applied
configurations and ergonomic use.

Check compliance with the
required targets.

e-hand truck EMS

The e-hand truck shall have a proper Energy
Management System able once on board the
vehicle to communicate with the vehicle ICT
platform.

Check compliance with the
required targets.

4.2.8.Assessment of vehicle requirements related to the ICT

platform and the Energy Management System
Assessment elements related to the ICT platform and the Energy Management System are
shown in following table, which is taken from (ALKE (a), 2021):
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Title

Vehicle monitoring

Description

The vehicle shall communicate energy related
data required for fleet-level energy
management.

Assessment

Presence of described feature.

Vehicle diagnostic

The vehicle shall communicate vehicle status
data for fleet-level diagnostic management.

Presence of described feature.

Vehicle tracking

The vehicle shall communicate geo-tracking
data for operational fleet-level management.

Presence of described feature.

Data security

The vehicle data transmission system shall be
equipped with an encryption protocol.

Presence of described feature.

Local
communication
protocol

The vehicle shall maximise the use of CAN
J1939 as communication protocol for on-board
vehicle data exchange between vehicle devices
(increasing the volume of CAN J1939 traffic
from SOTA value of 30% to at least 75% target
value).

Check compliance with the
required targets.

Battery intelligent
charging capability

The vehicle shall enable the intelligent charging
of batteries controlled from a centralized
system.

Virtually validated by simulation
models  for eco-charging
function.

Driver presence
recognition

The vehicle shall be able to recognize the
driver/operator presence thanks to
smartphone pairing or equivalent scenario
(transponder, keyless tech, etc).

Presence of described feature.

Automatic unlock of
doors after driver
presence
recognition

The vehicle shall be able to automatically
unlock the vehicle locks (cab doors, van box
doors) once the driver/operator is approaching
it after a delivery (within 2m distance round the
vehicle).

Presence of described feature.
Check compliance with the
required targets.

Large display on
dashboard as
operator support
tool

The vehicle shall link a large display in the
vehicle dashboard area to mirror/replicate
information available on BPOST smartphone
fleet management tool to support operator
tasks including navigation features.

Presence of described feature.

Assessment elements related to the economic analysis and efficiency are shown in following
table, which is taken from (ALKE (a), 2021):
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Title Description Assessment

Fleet TCO reduction | Total Cost of Ownership (TCO) for a target fleet | TCO comparison for a defined
scenario need to be reduced at least 10% with | operation scenario between a

the SOTA SOTA fleet and a new project-
based fleet.
Vehicle longevity The vehicle shall have lifespan of 6 years at Check of main components data
least, without considering the lifespan of sheets and parts usage
"consumables” e.g., the battery. historical data for compliance

with given target.
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Design specifications are oriented on identifying starting design scenario answering to MPR
and VR and building boundary conditions necessary to develop new project based vehicle
design and related sub-systems during next WPs activity.

Full data about design specifications can be found into (ALKE (b), 2021).

The design specifications have been divided in nine parts: main specs & performance, front
part of the vehicle, cabin and comfort, rear part of the vehicle, drive train and battery, modular
cargo body, ICT platform and energy management system, economic aspects, passive safety.

Design specifications related to the vehicle main specs and performance are shown in

following table, which is taken from (ALKE (a), 2021; ALKE (b), 2021):

Title

N1 type approval
guidelines

Description

The vehicle shall comply with EU N1 "small
series" requirements check-list (ref. Regulation
EU 2018/858, appendix 1, table 2).

Rationale

Link ref document: https://eur-
lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELE
X:32018R0858&from=EN.

Number of gears

The vehicle shall target as optimal choice a 1
gear design covering full torque requirements.
Alternative (B choice) will approach a 2 gears
design.

2 gears with "low speed"
delivering a higher torque for
demanding urban routes with
gradients or difficult road
surfaces and a "high speed" for
activities on more traditional
urban routes.

Speed

The vehicle shall have a powertrain able to
deliver a top speed of 70km/h on flat road, with
no wind, with 205/65R15 tires, using empty
weight + 75kg driver. If a 2 gears design will be
adopted (B choice) the low gear will target
50km/h and high gear 70km/h."

Acceleration

"The vehicle shall have a powertrain able to
accelerate on flat regular road, no wind, with
205/65R15 tires from standstill to 70km/h
within 25sec at empty weight.
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Wheel diameter

The vehicle shall have 15"-16"
diameter.

wheel rim

2WD / 4WD

The vehicle shall have a 2WD design (rear driving
axle) keeping the possibility to add an extra front
driving axle to reach 4WD design. A full 4WD
design will be considered as an extra feature
surely welcome but not compulsory.

GVW

The vehicle shall have a design compatible with
a GVW (gross vehicle weight) of at least 2.15
tons and compatible with expected payload
requirements.

GCW

The vehicle shall have a design compatible with
a GCW (gross combined weight) of 3.3 tons.

Payload (weight)

The vehicle shall carry an overall payload of at
least 800 Kg.

Payload (volume)

The vehicle shall have a payload volume of at
least 3 m®.

Vehicle overall

The vehicle without mirrors and including the

dimensions cargo body shall have a target indicative
dimensions of 440 x 150 x 220 cm.
Vehicle cab height The vehicle cab shall have a height lower than

2m.

Vehicle cab width

The vehicle cab shall have a width without
mirrors not exceeding 130 cm.

Turning circle

The vehicle shall have a turning radius of:
- 500 cm kerb to kerb.

- 540 cm wall to wall.

Power steering

The vehicle shall have EPS.

Max slopes without
trailer

The vehicle fully loaded shall deal with at least
18% slopes without trailer.

Max slopes with
trailer

The vehicle fully loaded shall deal with at least
12% slopes when coupled with a trailer.

Drive range The vehicle shall be able to cover at least 130 km
with a full charge (WLTP reference).
Efficiency The vehicle shall have an efficiency of 135 | Average value measured at plug

Wh/km.

level from electric grid including
efficiency of on-board charger.

Charging time

The vehicle equipped with 20kWh battery shall
be charged to 80% from fully discharged:
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- in 5 hours in case of regular charge (3kW).

-in 2,5 hours in case of fast charging (11kW).

Charger interface

The vehicle shall be compatible with CEE and
TYPE 2 connectors for charging.

Charging specs

The vehicle shall be chargeable with AC 230V 50-
60Hz.

Braking

The vehicle shall have brakes complying with N1
standards for given GVW/GCW rating.

Automatic parking
brake

The vehicle shall have mechanical/electric
parking brake system able to deliver automatic
parking brake feature when driver is out the cab.

Parking brake The vehicle shall have parking brake system able

torque to deliver at least 2500 Nm brake torque on rear
axle.

Regenerative The vehicle shall be equipped with regenerative

braking braking.

Gravity centre The vehicle shall have gravity centre 50mm

lower than SOTA.

Weight distribution

The vehicle shall have a target weight
distribution fully loaded of 35% on front axle and
65% on rear axle. Front axle weight shall be
increased from 800kg (SOTA value) to 1.000kg to
shift weight from rear to the front of the vehicle.

Operative
temperature range

The vehicle shall be able to operate in a
temperature range of -20°C to 40°C.

Beside main vehicle dimensions a preliminary available volume has been Identified for the
new powertrain and located into the rear part of the vehicle. Picture below highlights such
area in red giving also linked sizing:
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Design specifications related to the front part of the vehicle are shown in following table,
which is taken from (ALKE (b), 2021)

Title

Front suspension

Description

The design of front part of the vehicle shall
provide front suspension redesign to fit the new
EURONCAP compliant frame and to allow 4WD
front differential housing (not necessarily
installed on final prototype).

Rationale

Design specifications related to cabin and comfort are shown in following table, which is taken
from (ALKE (a), 2021; ALKE (b), 2021):
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Title Description Rationale
Driver visibility The vehicle shall have a driver visibility equal or
better than SOTA, measured as view
angle/coverage.
Overall cabin The vehicle shall have a cab structure where | An  overall study about
comfort driver & passenger comfort (ergonomics / room | ergonomics needs to be
available for movements) should be maximized | performed into the new
keeping as much as possible a compact size. | platform. Volumes and layout
Comparison is the SOTA vehicle ergonomics to | can be changed / modified
be improved. keeping in mind that anyway a
compact size must be delivered
by the new design. A max
increase on sizes for about 10
cm in width and length can be
accepted and justified.
LHD / RHD The vehicle shall have dashboard design,

steering design and front lights set-up
compatible (with proper reversal and/or
dedicated assembly) to both left-hand drive
(LHD) and right-hand drive (RHD) configuration.

Steering column
and seats comfort

The vehicle shall have steering column and seats
layout designed to provide best ergonomics.
Driver seat shall be adjustable.

A combined study for
positioning steering, seats and
other near parts must be carried
out to identify best set-up for
maximum flexibility in terms of
drivers.

The solution chosen must be
compatible with drivers of
different size and gender.

Small, thin people and tall,
"heavy" people at the same
time. Adjustable steering and
seats are expected.

Air-conditioning
system

The vehicle shall have a cab airco system able to
deliver at least same cooling capacity of SOTA.

Heating system

The vehicle shall have a cab heating system able
to deliver at least same heating capacity of
SOTA.

Heated windshield

The vehicle shall have timed heated windshield.
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Battery pre- The vehicle shall be equipped with pre-
conditioning conditioning capabilities for the battery.
Cab pre- The vehicle shall be equipped with pre-
conditioning conditioning capabilities for the cab while still
connected to the charger. A/C preconditioning
will be studied as a complementary option, but
priority will be given to pre-heating.
2-4 seats The vehicle shall be compatible with 2-4 seats
design as the SOTA model. Project prototypes
anyway will physically target only the 2 seats
design.
Cab in/out The vehicle shall deliver same or better | Important elements in
accessibility accessibility of the driver's seat compared to | optimising this area are the

SOTA and measured as 2D area of the exit with
door fully open and removing obstacles in
between. The driver must be able to exit
through the passenger side as well.

design of the doors, the ground
clearance of the cab floor, the
position of the steering wheel
and seats, etc.

Cab accessories /

The vehicle shall provide user-oriented interiors

Market experience tells that

compartments designed for the cabin to host proper. | professional operators expect
accessories and compartments for intensive | to have glove boxes, cup
daily usage. holders, Bluetooth radio, USB
charging sockets, smartphone /
tablet holders, etc. available.
Central lock The vehicle shall be equipped with a remoted

controlled central locking system.

Navigation tool

The vehicle shall be equipped with a navigation
tool able to share traffic/delivery information.
This is not necessarily needed to be integrated
with vehicle dashboard, can be implemented
into an external device (smartphone, secondary
display, etc) it needs a specific holding unit in
case.

Park assist devices

The vehicle shall be equipped with park assist
devices such as reverse camera and/or
front/rear sensors.

Audio system /
Radio

The vehicle shall be equipped with audio system
with DAB radio and Bluetooth integrated.

Connection /
charging ports

The vehicle shall have at least 1x 12V port and
1x USB smartphone charging port. Wireless
smartphone charging port can be considered as
extra feature beside the just listed ones.

80




Design specifications related to the rear part of the vehicle are shown in following table, which
is taken from (ALKE (b), 2021):

Title

Rear frame design

Description

The vehicle shall have an upgraded rear frame
design with a lower fitting area layout. Battery is
going to be moved under the seats or to another
less invasive position to lower the height of
available room for the rear cargo area set-up.
New frame design will be based on bolted
sectional rather than welded continuous frame
design for modularity purposes.

Rationale

Rear suspensions

The vehicle shall have rear suspension redesign
to allow new drivetrain housing.

Design specifications related to the drivetrain and the battery are shown in following table,
which is taken from (ALKE (b), 2021):

Title

KPI 1
Powertrain inverter
efficiency

Description

The vehicle powertrain inverter shall achieve up
to 98 % efficiency .

Rationale

Ref. OBJ. 1 DOA

KPI 2
Integrated on-board
charger efficiency

The vehicle integrated on-board charger plus
port for external power tooling shall achieve
95% efficiency.

Ref. OBJ. 1 DOA

KPI 3
Integrated e-
powertrain
efficiency

The vehicle integrated e-powertrain solution
(eAxleDrive) shall increase the energy efficiency
of at least 10 % (WLTP cycle at test bench),
achieving a total efficiency of 91 % compared to
current 82% baseline.

Ref. OBJ. 1 DOA
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Operating voltage

The vehicle shall have 48V operating voltage for
the power train (51,2V actual) (same as the
SOTA vehicle).

Battery lifetime

The vehicle shall be chosen to have a lifetime of
at least 4 years, 2.000 cycles, 80% of original
battery capacity.

Design specifications related to the modular cargo body are shown in following table, which
is taken from (ALKE (b), 2021):

Title

Swappable modular
cargo system

Description

The vehicle shall have a swap system to allow
the swap of different cargo bodies in less than
10 minutes.

Rationale

The system will be composed by
two sub-parts, one common
and fixed to the vehicle, and one
fixed on each body. This second
not shared item must be simple
and cheap to optimize the
overall cost of the system.

Multi-body basic
scenario

The vehicle swap system shall be designed to
be compatible with multiple bodies with a
minimum basic scenario of at least 3 solutions:
1 van box body, 1 refrigerated body and 1
dropside body.

Swap body stands

The vehicle swap system shall include
specifically designed stands useful for the swap
procedure and to support the cargo bodies
when not installed on the vehicle.

Height of cargo area
floor

The vehicle swap system presence shall not
increase the height of the cargo area floor
compared to SOTA.

Van box body with
swap system

The vehicle shall be equipped with a van box
body with swap system targeting the BPOST
case study.

Van box size

The van box shall target an overall size of
250x150x140H cm.
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Van box load
capacity

The van box shall have a load capacity of at
least 800 kg.

Van box rolling
frame

The van box shall be able to hold a set of
containers which are organized in a rolling
frame. The vehicle's rolling frame shall be able
to be fast loaded (max 5 min) via a rear door.
The vehicles bags/bins shall be individually
accessible via side doors.

Containers within the rolling
frame might be plastic bin,
might be a fabric tote bag.

Van box The van box shall have 2 side doors (vertical

accessibility roller shutter opening) to allow quick access to
goods stored and a rear door to introduce the
rolling frame.

Van box load Side doors should have a lock to protect goods

security stored into the van box, better if an automatic

lock to allow quicker opening/closing
procedure.

Van box power
supply

The van box shall have proper internal
connector set-up to allow the power supply of
tools and e-hand Truck module when stored
into the cargo area.

Refrigerated body
with swap system

The vehicle shall be equipped with a
refrigerated body with swap system targeting
Coffee Island case study.

Refrigerated box expected to be
built as mono block structure
made of fibreglass sandwich
panels and rigid expanded
polyurethane, machined and
moulded joints for isothermal
optimisation. Finishing in white
gel coat specific for
foods.

Refrigerated body
size

The refrigerated body shall target an overall
size of 250x150x140H cm.

COlI loads for the refrigerated
van box: Average weight of
boxes 2-3 kilos, size of the boxes
used are approximately 50X50
or 40X40cm.

Refrigerated body
load capacity

The refrigerated body shall have a load capacity
of at least 650 kg.

Refrigerated body
accessibility

The refrigerated body shall have 1 side door
(optional) and 1 rear door (compulsory) to
allow quick access to refrigerated goods stored.

Refrigerated body
load security

The refrigerated body doors should have a lock
to protect goods stored into the van body.
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Refrigerated body

The refrigerated body shall have an operating

operating temperature of 0°C / +4°C and comply with

temperature applicable standards for refrigerated food
logistics (ATP - FRAX certification).

Dropside body with | The vehicle shall be equipped with a dropside

swap system

body with swap system to target basic logistics
scenarios.

Dropside body size

The dropside body shall target an overall size of
250x150x30H cm.

Dropside body load
capacity

The dropside body shall have a load capacity of
at least 800 kg .

e-hand truck
module

The vehicle shall be equipped with an e-hand
truck module to facilitate load/unload
operations from rear van box area.

e-hand truck
size/weight

The e-hand truck shall have a max size in
storing mode inside the vehicle of
40x60x120cm and a max weight of 30 kg (rif.
50th percentile male) without loads attached.

e-hand truck load
capacity

The e-hand truck shall be able to move up to
75kg loads they can have a max size of at least
(WxLxH) 35 x 26 x 100 cm.

e-hand truck with
goods load, unload
and hold features

The e-hand truck shall be equipped with proper
electro-mechanical mechanisms to enable load-
unload-holding capabilities of loads/goods in a
quick way (load/unload in up to 60 sec).

e-hand truck with
driving capabilities

The e-hand truck shall have capability to move
on paved roads, on uphill/downhill 15% ramps,
on stairs with up to 20cm high steps.

e-hand truck
drivetrain system

The e-hand truck shall have a motorized
mechanism to allow driving functions and
delivering up to 5 km/h max speed on flat
paved grounds...

e-hand truck with
in/out the vehicle
system

The e-hand truck shall be integrated with the
vehicle with a properly designed system to
move from storing mode inside the van box to
ready-to-use mode at ground level off the
vehicle and vice versa (up to 60sec for each of
these steps)

e-hand truck HMI
ergonomics

The e-hand truck shall be target of HMI
ergonomics study to check its control,
configurations and ergonomic use.
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e-hand truck EMS

The e-hand truck shall have a proper Energy
Management System able once on board the
vehicle to communicate with the vehicle ICT
platform.

The EMS of the e-hand truck
must provide sufficient power
and energy for the completion
of the tasks. The possibility of
charging the e-hand truck from
the vehicle will be explored.

Design specifications related to the ICT platform and the Energy Management System are
shown in following table, which is taken from (ALKE (b), 2021):

Title

KPI 4

Multi-level EMS
energy efficiency
increase

Description

The vehicle shall integrate a multi-level EMS
with fleet connectivity that reduce the energy
consumption at least 12.8% using the 4 ECO
functionalities during specified missions,
compared to not using them.

Rationale
Ref. OB.. 2 DOA
A self-adaptable, multi-level

predictive EMS architecture will
be designed to optimize energy
consumption and fleet
operations thanks to the use of
synergies at different system
levels, leveraging vehicle
connectivity through integrated
sensors, GPS and real-time data
from the traffic environment
and vehicle scheduling.

KP1 5
Vehicle lifecycle
cost reduction

The vehicle multi-level EMS shall deliver a
vehicle lifecycle cost reduction of at least 20 %
for the specifically defined mission profiles to
be tested.

Ref. OBJ. 2 DOA.

Vehicle monitoring

The vehicle shall communicate energy related
data required for fleet-level energy
management.

Data shared with a common
cloud platform.

Vehicle diagnostic

The vehicle shall communicate vehicle status
data for fleet-level diagnostic management.

Data shared with a common
cloud platform.

Vehicle tracking

The vehicle shall communicate geo-tracking
data for operational fleet-level management.

Data shared with a common
cloud platform.
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Data security

The vehicle data transmission system shall be
equipped with an encryption protocol.

Local
communication
protocol

The vehicle shall maximise the use of CAN
J1939 as communication protocol for on-board
vehicle data exchange between vehicle devices
(increasing the usage of CAN J1939 traffic from
SOTA value of 30% to at least 75% target
value).

Battery intelligent
charging capability

The vehicle shall enable the intelligent charging
of batteries controlled from a centralized
system.

The vehicle's charging shall be
possible to be scheduled at a
certain rate at a certain time at
night to a certain charge level as
determined by the central
management platform.

Driver presence
recognition

The vehicle shall be able to recognize the
driver/operator presence thanks to
smartphone pairing or equivalent scenario
(transponder, keyless tech, etc).

Driver presence
recognition

The vehicle shall be able to recognize the
driver/operator presence thanks to
smartphone pairing or equivalent scenario
(transponder, keyless tech, etc).

Automatic unlock of
doors after driver
presence
recognition

The vehicle shall be able to unlock
automatically the vehicle locks (cab doors, van
box doors) once the driver/operator is
approaching it after a delivery (within 2m
distance round the vehicle).

Large display on
dashboard as
operator support
tool

The vehicle shall link a large display in the
vehicle dashboard area to mirror/replicate
information available on BPOST smartphone
fleet management tool to support operator
tasks including navigation features.

The vehicle's display shall give
the delivery person touch
access to maps, delivery apps,
messaging delivered from the
phone.

Design specifications related to th