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Executive summary

The aim of the deliverable on economics of electric vehicles for city logistics

FREVUEGs deliverabl &&V38. & 06 Edad nt oymilcosg i aifigithe s 6

guestion: what are the conditions to get a feasible / successful business case for electric
freight vehicles (EFVs) in city logistics. This deliverable shows what logistics operators
operationally and financially can expect when implementing EFVs and show authorities the
existing barriers and opportunities for electrifying city logistics, by presenting:

1 the operational experiences and lessons from using EFVs in real-life city logistics
demonstrations (in chapter 2);

1 the total cost of ownership comparisons between conventional and electric freight vehicles,
as well as the barriers to switch from the CFV to the EFV based on the logistics operators
value network (in chapter 3);

1 the required changes in the logistics concepts to make EFVs fit city logistics better and the
experiences with making these changes (in chapter 4); and

91 the technical and economic possibilities for scaling-up (a few of) the electric city logistics
operations as well as the exploration of the technical and economic possibilities for scaling-
up the considered vehicle (weight) classes in a more generic context (in chapter 5).

Overall, this deliverable shows that city logistics operations can be performed by electric
freight vehicles, but that at the time of writing the high vehicle purchasing costs are still a
barrier for large scale utilisation of (especially large) EFVs for logistics operations.

Electric freight vehicles operating in city logistics

In FREVUE more than 15 companies demonstrate the use of electric freight vehicles in city
logistics operations. Vehicles vary between small EFVs (small vans <3.5 tonnes), medium
EFVs (between 3.5 and 7.5 tonnes), and large EFVs (rigid trucks >7.5 tonnes). These
vehicles carry different goods, operate different routes and drive in different climates.

EFV routes are compared with the routes of the replaced CFVs, and the differences in
kilometres, time and drops are shown. Next also the changes for a logistics operator are
analysed when operating an EFV by a business model canvas comparison between the CFV
and EFV situation.

A total of fifteen operators using over 60 EFVs in eight European cities has shown us that it
is indeed possible to carry out at least part of the city logistics operations with EFVs, both

technically as well as operationally. Bot h ol

centre to a city centre) by EFVs and replacement of entire trips formerly carried out by
conventional vehicles have been tested and proven to be feasible in daily routines. The
smaller EFVs in the demonstrations were used in a number of cases for last mile deliveries
and led to changes in the logistics concept. Where they replaced CFVs, EFVs were planned
more often on fixed trips/routes and did less ad hoc pick-ups and deliveries, due to the
EFVsO range. For medium electric freight
logistics concepts, but in some cases the EFV trips were of shorter distance than the CFV
trips and the EFVs did relatively more deliveries and fewer pick-ups than CFVs. For the large
electric freight vehicles it was very case-dependent whether or not changes were made to
the logistics concept.
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Logistics operators who decide to procure an EFV or more EFVs face challenges as the
value network in which they act requires several changes. The logistics operator needs to
establish new relationships as especially large vehicles cannot be procured from OEMs and
charging infrastructure is not as widely available as fuel stations. In other words, for a
logistics operator to currently switch from the existing diesel-powered vehicles towards
electric powered vehicles, requires more than just buying another vehicle, as the logistics
operator has to explore many new and uncertain areas. Extra effort is required in procuring
EFVs in comparison to CFVs, as well as overcome sceptics in a traditionally conservative
sector. These extra elements can be (and indeed turned out to be) a barrier for operators in
moving from CFVs to EFVs, in addition to sometimes unfavourable total cost of ownership
for EFVs. The development that OEMs will start producing these vehicles will be removing
one barrier in the transition from CFV- to EFV-dominated city logistics, as the operator can
then use the regular maintenance network and buy the vehicles from familiar suppliers.

Total cost of ownership comparison between electric and conventional freight

vehicles

The total cost of ownership (TCO) comparison between an EFV and a CFV is an important
purchasing decision criterion for logistics operators. The TCO comparison results differ per
vehicle type and usage. The TCO also depends on many other elements that can be country
or even company specific.

For small electric freight vehicles, lighter than 3.5 tonnes, the TCO can be favourable for an
EFV within about five years, in the case the vehicle drives 60 kilometres a day. The more
kilometres the vehicle can be deployed on and the longer the (depreciation) period in which
it operates, the larger the TCO advantage becomes for a small EFV. Small EFVs are already
available from some OEMs, which reduce the purchase barrier even more.

For a medium sized electric freight vehicle, weighting between 3.5 and 7.5 tonnes, the TCO
comparison shows that under specific circumstances a positive business case for using an
EFV is, although challenging, possible. The more kilometres an EFV drives the more
favourable the comparison, as kilometre costs are lower for an EFV (lower costs for
electricity instead of diesel and lower maintenance costs). Specific circumstances, like the
exemption for paying the congestion charge for EFVs, have a very positive effect on the
business case for the EFV, whereas major grid investments for charging larger fleet sizes
affect the business case negatively. Next, many uncertainties still exist around the residual
value.

For the large EFVs, divided into small rigids and medium rigids in the TCO comparison, the
TCO of a CFV is lower than that of an EFV. The purchase price for the individually retrofitted
large electric freight vehicle is currently so much higher than for t he OEMs 6
truck that advantages due to lower operational costs do not result in a positive business
case for the large EFV. Even a depreciation time of ten years, and a (purchase) subsidy do
not currently allow for a cost-neutral business case for a logistics operator. Notice that
driving the maximum number of kilometres the battery allows (about 180 kilometres a day)
paired with a purchase subsidy can almost result in a cost-neutral business case.

FREVUE D3.2: Economics of EVs for City Logistics - Report Page 12 of 161
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Reorganizing logistics concepts for electric freight vehicles

For a larger scale transition towards electric freight vehicles, which is necessary to achieve
essentially CO, free city logistics in major urban centres by 2030, the reorganisation of
existing diesel based and diesel evolved logistics systems is necessary. Reorganising the
existing logistics concepts, in which the city operations are decoupled from the kilometres
driven outside the city, are necessary to use the potential of electric freight vehicles for city
logistics.

There are different ways and forms to (re)organise city logistics in such a way that electric

vehicles can be used for the last mile, such as the use ofadedic at ed hub by Tr ans Mi
Cargohoppers in Amsterdam, the use of an urban consolidation centre (Binnenstadservice in

Rotterdam and as well as one in Stockholm), a cross docking centre (in Madrid), a

decoupling point for swap bodies (in Rotterdam) and the setup of a construction

consolidation centre. Such hubs allow for the transfer of goods somewhere near the city

border from conventional vehicles to electric vehicles, so that the limited range of EFVs is

not hindering city logistics operations. The examples discussed show that there is no easy

proposition yet to convince existing logistics operators or shippers to use (or set-up) a zero

emission alternative for city logistics operations..

Transition towards widescale electrification

A quantitative TCO-focussed analysis of upscaling the electric fleets for EFVs in the GVW
categories 3.5t, 13t and 19t shows that at the time of writing the large EFVs are at least
twice the price of their conventional counterparts, as the EFVs are retrofitted because no
OEM offers a comparable EFV yet. To enable a large-scale transition towards full EFV
fleets, the lower operational costs need to compensate the higher investment costs within
the targeted depreciation period. With electric vehicles there is potential for lower
maintenance costs as well. A first order approximation of the costs saving (per km) for an
EFV compared with a CFV is provided by the following formula:
#1 003 AOET g—%gggjéx—i’i"o%wngéb i QOO G0 QHQ

This implies that there is only a cost saving potential in the case that the diesel price per litre
is at least 3.5 times as expensive as the electricity costs per kWh, thereby presuming the
depreciation costs for the charging equipment to be included in the kWh price.

Battery costs can be reduced by using a smaller battery. However to maintain the required
daily mileage, fast charging then needs to be applied. Fast charging costs more than slow
charging, which means that although the investment in the battery will decrease, the speed
with which this smaller investment can be earned back will also be reduced. Where the
battery price is the main price differentiator between the EFV and the CFV (as is expected
with in-series produced EFVs), then reducing the battery size and (also) applying fast
charging will decrease the earn back mileage. However if the price difference between the
EFV and CFV is high and the battery price has less significance in this price difference (as is
the case with CFVs that were converted into EFVs), then the reduction of the battery size in
combination with applying fast charging might increase the earn back time.

At the current production scales for large EFVs (small series or even on a one-off basis) of
companies converting CFVs to EFVs, the effect of volume on battery costs is limited.
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Furthermore, these companies are confronted with labour intensive (reverse) engineering
activities, and are therefore able to drive the production and maintenance costs significantly
lower than the in-series produced vehicles.

Ultimately, a short-term market stagnation where transport companies are waiting for robust
OEM products can be anticipated, given that they are faced with uncertainties on the
purchase of higher priced products from conversion companies. This stagnation is not
desirable, since there is a significant optimization potential by a combination of smart fleet
planning and optimal charge regimes, as also seen from the partner scenario analyses. Here
national or more localized legislation, and/or incentive programs, can play a significant role
in encouraging the uptake of electric commercial vehicles in the next few years.
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1. Introduction

1.1Background and overview of FREVUE

As part of the FREVUE pr oj ect , ei ght of Europedbds | argest
demonstrate that =electric vehicles operating nl
can offer significant and achievable decarbonisation of the European transport system.

The public-private partnership of FREVUE, which brings together 17 industry partners, nine
public sector bodies and six research and networking organisations, jointly deploys
demonstrators in Amsterdam, Lisbon, London, Madrid, Milan, Oslo, Rotterdam and
Stockholm. The demonstrators have been designed to ensure FREVUE covers the breadth
of urban freight applications that are common across Europe, including a wide range of:

1 Goods deliveries (including food, waste, pharmaceuticals, packages and construction
goods)

1 Novel logistics systems and associated ICT (with a focus on consolidation centres
which minimise trips in urban centres)

1 Vehicle types (from small car-derived vans to large 18 tonne goods vehicles)

9 Climates (from Northern to Southern Europe)

9 Diverse political and regulatory settings that exist within Europe

By exposing over 80 electric vehicles to the day to day rigours of the urban logistics
environment, the project aims to prove that the current generation of electric vans and trucks
can offer a viable alternative to diesel vehicles - particularly when combined with state of the
art urban logistics applications, innovative logistics management software, and with well-
designed local policy.

Oslo Stockholm
Benchmarking of ® New development
EVs @ area consolidation
against alternate centres + fast
fuels dam i
Fotterdam 10086 elactric ® Cnpenhaég?{gmg
- E¥sin beverage parcel
distribution = distrlbution
_
London © Frankfurt
- End user consolidation Suceav@
centres
- EV charging and grid @la
interaction Rochelle @ L
Lishon © pisa  Milan
Positive @ Zaragoza EVsto supply the
discriminatiorfor Qm drid pharmaceutical supply
EV logistics in a . - Madri 8 chain
historical centre. ~ Beja ICT + EV consolidation
centres
@ FREVUE demonstrator © FREVUE Phase 2 city

Figure 1: FREVUE demonstrator activities

The project demonstrates solutions to the barriers currently inhibiting uptake of EVs in the
sector. Novel leasing and procurement models are explored to help mitigate the high capital

FREVUE D3.2: Economics of EVs for City Logistics - Report Page 15 of 161



[ ]
gRevue ,
\J \J

cost penalty for EV purchase. The impact of a wide range of local policies on the overall
ownership case for EVs in logistics applications is also tested.

The project includes leading European research institutions with expertise in transport policy,
logistics and electric vehicle technologies. These institutions have designed and
implemented a data capture protocol and subsequent assessment framework for the project.
This ensures that the project creates a valuable European evidence base on the role of EVs
in urban logistics. Partners will produce clear guidelines and recommendations targeted
towards the key focus groups of this project: Freight operators and fleet managers, public
authorities at the local and regional level, energy network operators, ICT and service
providers, and vehicle manufacturers.

These guidelines and recommendations will feed into a targeted dissemination campaign to
ensure that the results of the study reach an audience that will be able to act on the findings
of the study and hence increase take-up of EVs in urban logistics. To complement this,
FREVUEal so created a network of APhase 20
from the demonstrators. These cities are expected to be the first to expand the successful
concepts developed by FREVUE.

1.2 Work package overview

The FREVUE project is broken down into five work packages, which are described below:

WP1 Assessment and ICT Framework
Task Leader — TNO

WP2 Demonstrators

Task Leader — Westminster City Council

WP4 Dissemination
Task Leader — Polis

.
c
(7]
=
o
@
c
o]

=

-
o

=
o
=

o

w0

=

WP3 Analysis
Task Leader — Imperial College London

Task Leader — VWestminster City Council

Figure 2: FREVUE work packages

WP1 i Assessment and ICT Framework: This work package defined the data protocols,
data handling procedures and assessment framework for the demonstrators. This ensures
that all required data is gathered and correctly communicated during the demonstrator
operations. In addition, a review of state-of-the art logistics ensured that lessons from
previous projects were taken into consideration during the planning phase for the
demonstrators. Due to the dynamic and fast-changing situation around electro-mobility and
urban logistics, it was agreed to update this state-of-the-art report in mid-2015 and in
February 2017.

WP2 i Demonstrator trials: This package contains all aspects of the delivery of the
demonstrators. Each trial has a local project manager responsible for day to day delivery of
the project and the implementation of the data collection frameworks agreed in WP1. The
trials follow a common structure across the eight trans-national demonstrators.
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WP3 1 Analysis: Data from the demonstrators is analysed and relevant conclusions for the
logistics industry and policymakers are drawn including:

9 Technical and economic performance of the demonstrators in FREVUE

1 Environmental performance of the demonstrators (with respect to CO,), and analysis
of impacts for wider scale deployment (for air quality, congestion and the electricity
grid)

1 Social impact of the EV logistics applications and policies (e.g. curfew extension)

1 Impact of the range of policies on the economic case for the logistics operators to
deploy EVs

1 Any safety issues arising during the demonstrators

WP4 1 Dissemination: The dissemination activity is the key to the project and will target

professionals in the logistics and ICT industries, energy network operators, vehicle
manufacturers as well as policy makers with the potential to unlock further EV deployment in
logistics. The task alsoincl udes direct #Aofficer to officero di
who have expressed interest in deploying similar programmes in the near future.

WP5 i Project coordination and management: This WP oversees the project overall and
ensures efficient reporting to DG Move, that partners in the project are communicating
effectively, that the project is progressing on schedule and that issues are identified at an
early stage and dealt with promptly.

1.3FREVUE deliverable 3.2i Economics of EVs for city logistics

1.31 Aim

This deliverable reports the economic analyses for the different FREVUE demonstrations.
The main aim of this deliverable is to answer the question: what are the conditions to get a
feasible / successful business case for electric freight vehicles (EFVSs) in city logistics. Or in
other words: this deliverable answers, from a logistics / operations perspective, the question:
fiVhat is necessary to make the transition from the current situation in which the majority or
urban freight trips are undertaken by ICEs (internal combustion engines) to a zero emission
situation in which electric freight vehicles are used? 0

1.32 Target audience

The target audience for this deliverable are:

9 the logistics operators (both transport companies and shippers) as these operators
are responsible for the actual transport operations in cities. They have to be
informed of the value of EFVs in city logistics operations by showing the actual
results and experiences of real life usage and practical barriers in implementation of
EFVs in daily operations.

1 the_(local) authorities as these are the main stakeholder group acting on the
improvement of air quality and zero emissions, as well as the stakeholders that can
T as will be clear from the results in this deliverable i influence the business case of
EFVs by monetary (e.g. subsidies) and non-monetary (e.g. policy exemptions
resulting in operational cost savings for operators) support.

This deliverable shows in detail what operators can expect when implementing EFVs in daily
city logistics operations; for example new partnerships that are required, how operations
change, what the effect is of charging time and infrastructure on the daily routines, what
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policy measures exemptions really make operations easier or less stressful for the driver,
what is the expected change in costs (variable as well as fixed). Other aspects that are also
relevant, for example on technical performance, are not the specific focus of this deliverable
(see FREVUE, 2017), but how technical performance influences the business case, due to
for example maintenance or limited action radius will be covered here.

1.33 Added value

This deliverable adds value to the field of e-mobility and city logistics. Although total cost of

ownership (TCO) calculations do exits about different vehicles in city logistics, most of these

studies are ex ante TCO calculations, and do not i or hardly i take empirical data in to
account . D3.20s anal ysi s iasd experisneed of the FREVIUE act u al
demonstrations that take place in real life. The approach taken in this deliverable, i.e. the

case study approach, allows for detailed information on real life experiences and lessons,

which should fit the target audience of this deliverable very well.

1.40utline of this deliverable

This deliverable is set-up as follows: chapter 2 describes the actual FREVUE
demonstrations on a case-by-case basis, where the logistics operators, the actors actually
using a EFV are the point of focus. We use a business model canvas comparison to
examine the differences in the cost-related areas (partners, activities, resources) and the
revenues. The purpose of doing this for all cases is to be able to include case specific details
and lessons.

Chapter 3 then generalizes from the individual FREVUE cases: we discuss the changes in
an oper at oetworls (that amdludes the relevant stakeholders and changes) for three
different vehicle types: small (<3.5t), medium (3.5-7.5t) and large (>7.5t). Based on these
changes in the value network, barriers that operators face in practice when changing from
using conventional freight vehicles to electric freight vehicles are highlighted. Next, the TCO
comparisons for the three categories are presented.

The forth chapter looks at one specific detail of the business model changes from the

FREVUE demonstrations: the logistics concept. Based on the different demonstrations we

look at what the requirements are to use EFVs in case these are simply replacing ICEs or for

those case where the | ogistics concept has to &
setting up a UCC to deal with limited range). The central question in this chapter is how

logistics could be (re)organised in such a way that electric vehicles can be used in the last

mile, also for trips where a CFV cannot simply be replaced by am EFV at a feasible business

case. This chapter is based on experiences from FREVUE demonstrations as well.

After discussing the experiences from the current FREVUE demonstrations and
demonstrators, the current barriers to switch from conventional vehicles to electric freight
vehicles; TCO comparisons between CFVs and EFVs; and the necessity (and challenges) of
reorganising the logistics concepts to better fit EFV characteristics; chapter 5 examines the
transition towards wide-scale electrification for city logistics. What kind of barriers and
challenges can be expected when scaling up the EFV fleets and how to deal with these
challenges that we can expect in the next three to five years, is what this chapter goes into.
Chapter 5 specifically focusses on: (1) the technical and economical possibilities for scaling-
up (a few of) these demonstrators, and (2) exploring the technical and economical
possibilities for scaling-up the considered vehicle (weight) classes in a more generic context.
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2. FREVUE case descriptions i business model changes
2.1lIntroduction

2.11 Set-up of case descriptions: using a business model canvas comparison

This chapter describes the FREVUE demonstration (situations before and after FREVUE,
focusing on the description of operational activity) and the changes that were required for the
actual implementation of EFVs in city logistics practice. The changes are reported in the
format of the business model canvas (BMC).

To analyse which business aspects change due to the use of an EFV instead of a CFV, we
look into the business model of the operator that actually runs the vehicles in the FREVUE
demonstration. We compare the business model of the business as usual with the business
model using the EFV(s) as in FREVUE demonstration. The business models are explored
through the use of the Business Model Canvas by Osterwalder and Pigneur (2010) and the
wor k that has been carried out within TURBLOG (
and models for urban Logisticso and STRAI GSTOL (

Foll owing STRAI GHT SQLd e(r2 0t1o4 adye sficiri be an organi se
Osterwalder and Pigneur propose a single reference model, which is known as The
Business Model Canvas (see Figure 3). The model initially consisted of nine building blocks
(i.e. partners, activities, resources, value proposition, customer relationships and segments,
cost and revenues streams). In the Business Model Canvas an implicit assumption is made
that the goal of an organisation is to generate revenue streams. However, when it comes to
urban logistics, societal and environmental impacts are of great concern as well, for
example, the reduction of pollution, noise, congestion and traffic accidents. When applying
the business model canvas to urban logistic concepts it becomes clear that the model does
not directly capture those externalities. For this reason, a 10th building block has been
added to the model (TURBLOG, 2011). By defining the 10th building block Externalities, the
Urban Logistics Business Model has been created. This tenth block can be considered the
value proposition to the society. The 10 building blocks together make up a complete
business model. The Business Model Canvas helps to map, discuss, design and invent new
business models.0

As shown in Figure 3 the Business Model Canvas is split up in ten blocks that can be
grouped as follows:

1 the customer-part (the right part including customer relationships, channels and
customer segments) that results in revenue streams. This customer part on the right
side of the model focuses on how value is being provided to the customer (through
which channels and relationship models). The externalities-block contains the value
proposition to relevant stakeholders in the urban logistics settings (for example
residents), but it is often very difficult, if possible at all, to put monetary values on this
proposition for the focal company. Based on what a customer is willing to pay for a
service or product, a company can create revenue streams. The business model
canvas shows that the three blocks at the right (i.e. customer segment, customer
relationships and channels) together result in a revenue stream (which is in its turn a
derivative of these three blocks).

1 the organisational part (on the left side with the key partners, key activities and the
key resources) that results in the cost structure. This part shows the elements that
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are necessary to make, produce or offer the value proposition by means of certain
key partners and key activities.

9 the financial model: The financial model shows the financial arrangements between
the different actors in the value network.

1 The value proposition and the value proposition to society (i.e. the externalities

block) show the value that a company offers to the customers and the society.

Which key resources are we acquiring

Key partners
Who are the orgdq
partners and suppliers?

from partners?
Which key activities do partners
perform?

&

Key activities
What key activities do our value
propositions, distribution
channels, customer relationships
and revenue streams require?

Key Resources

What key resources do our

Value proposition

What value does the organisation
deliver to the customer?

Which one of ou

problems are we helping to solve?
Which customer needs are we
satisfying?
i

~&

Customer relationships
What type of relationship is
established between the
organisation and the customer?
What type of relationship does
each of the Customer Segments
expect?

value propositions, distribution
channels, customer relationships
and revenue streams require?

Externalities
Which environmental and societal

Channels
How do the customer segments
want to be reached?
How does the organisation reach
the customer now? How are the

Customer segments |

For whom is the organisation
creating value?
Who are the most important

customers? E

impacts does the business model

cause? channels integrated?

0

Revenue streams
For what value are the customers willing to pay?
For what do they currently pay? How are they paying?
How would they prefer to pay?

@)

Cost structure

What are the costs associated with the business model?
Which key resources and key activities are most expensive?

& <

Figure 3: Urban Logistic Business Model Canvas

The structure of the Business Model Canvas helps to analyse and compare which part of the
business changes when an operator is using an EFV instead of a CFV in its city logistics
operations ( whi ch by the way are part of
affects other parts and eventually what the effect of this change actually is on the value
propositions, the cost and benefits of the operations. The BMC comparison is applied to
each FREVUE demonstration, and allows us to analyse the full details of the changes the
operator faces (and .rThidis dbije s ansiveringhaeset of guestians
for each block, as shown in Figure 3. In the analysis, we primarily focus on the changes and
associated consequences due to the use of EFVs in city logistics operations. We use the
BMC comparison to make sure all relevant aspects that change, as well as all elements that
do not change, are included.

A total of 69 vehicles from FREVUE demonstrations for which we received cost and
operational data are included in the overall economic evaluation, out of a total number of 80
FREVUE vehicles. The markets for small, medium and large EFVs differ a lot in their
procurement, costs and deployment characteristics. Therefore the cases are organized
according to these three categories of vehicles in sections 2.2 (small EFVs), 2.3 (medium
EFVs) and 2.4 (large EFVs). Each of these sections starts with an introduction presenting a
summary of the characteristics of the cases.

Table 1 presents an overview of vehicles deployed in FREVUE, also indicating (1) whether
the vehicle replaced a CFV or was added to the operation, (2) vehicle size, (3) the form of
ownership and (4) whether there was additional deployment of an urban consolidation centre
(UCCQC) in the demonstration.
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The markets for small, medium and large EFVs differ a lot in their procurement, costs and
deployment characteristics. Therefore the cases are organized according to these three
categories of vehicles in sections 2.2 (small EFVs), 2.3 (medium EFVs) and 2.4 (large
EFVs). Each of these sections starts with an introduction presenting a summary of the
characteristics of the cases.

Table 1 Overview of vehicles deployed in FREVUE

Country/company Replacement or Vehicle size Ownership UCC | Total
additional EFV
vehicle(s)

Repl. Add. <=35| >35 | >75 Bought Subcontract Leased
<=7,5
PT: EMEL 5 6 11 5 6 11
PT:CTT 10 10 10 10 10
(vehicles) (batteries)
NO: Bring 4 4 4 4
ES: SEUR 1 1 1 1
ES: TNT 1 1 1 1 1
ES: Leche 2 2 2 2 2
IT: Eurodifarm 1 1 1 1
NL: BSS 1 1 1 1
NL: TNT 7 7 7 7
(retrofit)

NL: UPS 4 4 4 4
(retrofit)

UK: UPS 16 16 16 16
(retrofit)

NL: Heineken 9 9 9 (retrofit) 9

NL: BREYTNER 1 1 1 1

UK: Clipper 1 1 1 1

2.12 Operations: data plotted in a box plot

The operational data of the demonstrators is represented in box plots. A box plot is a simple
way to give an overview of the distribution of a data set. The distribution is characterized by
five special values of the data set: the minimum, the first quartile (Q1), the median (Q2), the
third quartile (Q3), and the maximum. The minimum and maximum are represented by a
short horizontal line at the bottom and top of the box plot respectively. These values are
connected to the box in the middle by a vertical line. The box itself is bounded by both the
first and the third quartile. This implies that 50% of the values in the data set are contained
inside the box. The red horizontal line inside the box represents the median value. Note that
this value is different from the average value (the mean). The advantage of the median value
compared to the mean value is the fact that the median is less sensitive to extreme values.
So in case of measurement errors or other outliers, the median is not influenced by the size
of these outliers, but only by the number of extreme values on one of both sides. In case of
outliers, the small horizontal line at the bottom and the top do not represent the exact
minimum and maximum. These lines represent the minimum and maximum value after
removing all outliers. There are different ways to define outliers; in this case the interquartile
range is used. The interquartile range (IQR) is the difference between the first and the third
guartile: IQR = Q3-Q1. All values lower than Q1 - 1.5 x IQR and all values higher than Q3 +
1.5 x IQR are defined as outliers. So the vertical lines on both sides of the box have a length
of at most 1.5 x IQR. In this case outliers are not shown in the box plots.
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Figure 4: Box plot example
2.2Small electric vehicles in city logistics operations

2.21 Introduction and general outcomes

There are eight cases in which logistics companies use small EFVs in their operations in the
FREVUE demonstrations. The cases mainly concern postal and parcel operations, in which
either CFVs are replaced by EFVs or EFVs are added to the operations. Typical EFVs used
are the Renault Kangoo Z.E. and Nissan E-NV 200. In two cases the EFVs are introduced
for the Ol ast mi |l ed del i v e reitoeascity(centrey in thé otterm a c or
cases they replace longer part of the trips. In most cases there was a change in the logistics
concept because of the limitations in range of the EFVs. The EFVs were used for specific
trips that were suitable for them. In comparison to CFVs the EFVs drive more fixed
trips/routes and do less ad hoc pick-ups and deliveries. The tests and demonstrations of the
EFVs show that it is possible to carry out at least part of the city logistics operations by an
EFV. Disadvantages mentioned are the limited capacity and range of the EFVs used, and
the need to recharge. EFVs that offer more in this respect come with a higher price.
Companies would welcome more information about the EFVs available in the market to be
able to make a better choice. When looking at the costs and resources, the most important
ones are the purchase or lease of the EFVs, required infrastructure (if any) and operating
costs (fuel vs. electricity). Sometimes there are tax reductions for EFVs compared to CFVs.
In the value proposition for society there is a positive change because of a reduction of
emissions and a reduction in noise nuisance.

2.22 EMEL in Lisbon

Demonstration description

EMEL is Lisbon6s municipal parking company, full
role is to manage the public on-street parking throughout the City of Lisbon, and it does so

through (1) collecting money from on-street parking meters, whichisthe or ganimaimt i oné s
activity, (2) maintenance operations of parking meters, and (3) internal postal services.
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In FREVUE EMEL first replaced five conventional vehicles (Renault Kangoo) with five EFVs
(Renault Kangoo ZE), as shown in Figure 5. Later in the project - and based on the positive
experience made i EMEL leased six additional EFVs. Associated to this lease are services
such as insurance, maintenance and vehicle replacement. The EFVs have a higher payload
than the conventional vehicles, see Table 2. The EFVs are mostly charged at night at the
EMEL operational centre, located in the centre of Lisbon. Additional charging stations were
bought by EMEL. If necessary, a nation-wide charging network exists in Portugal, which can
be used.

Table 2 Overview of vehicle characteristics EMEL

Vehicle/Parameter EFV ICE

Model Renault Kangoo ZE Renault Kangoo
Payload (kg) 650 439

Type of vehicle Light duty Light duty
Gross vehicle weight (kg) 2175 1918

Maximum loading capacity(m3) 3 3

Changes in business model

Partners, activities, resources: With regard to the activities, the EFVs can be used for two
out of the three main activities at EMEL: maintenance operations of parking meters and
internal postal services. However, onl y t he newest EFVs <can
activity 7 collecting money from on-street parking meters as an alarm system is necessary
and only the newest vehicles have that installed. Because charging takes place during the
night, there is no problem of vehicles that cannot be used for daily operations. Parking meter
maintenance trips do not have specific routes defined by EMEL due to the type of work
involved. For this activity EFVs are deployed for on average 60 kilometres per day and four
kilometres between the stops. No operational changes were made in comparison to the ICE
vehicles.
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We have looked at the operations in more detail. Figure 6 and Figure 7 show boxplots
presenting information on the trips driven by CFVs and EFVs. These figures show that the
trips driven by an EFV were shorter in distance and in duration and show a larger variety. In
line with this, fewer stops were made than in trips performed by the CFVs. These differences
could be caused by the fact that not all EFVs collect money from parking meters during their
trips, so their trips are of a different nature than the average trips carried out by CFVs.
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Figure 6: Boxplots of the total time and total driving time per day for EMEL in Lisbon®
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Figure 7: Boxplots of the distance driven and number of stops made per day for EMEL
in Lisbon

With regard to resources, there is a change in fuel costs because of the change to EFVs.

Addi tional charging stations were bought and
costs were involved in the managing of the purchase and leasing of the EFVs. Finally, the

use of the EFVs led to higher insurance costs, probably due to the fact that the value of the

cars is higher. The use of EFVs also led to savings. The fuel costs, maintenance costs, and

vehicle repair costs are lower when using an EFV than when using a CFV.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

! Box plots irFigure6 and Figure7 are based on 81 observations for KC&nd 941 observations for EFVs; the
EFV data are corrected for outliers (especially in driving time, in about 10% of the observations the driving time
continued counting more than one day).
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Value proposition: There are no changes in the value proposition of EMEL. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

Investment costs for purchasing and leasing the EFVs (-)
Purchase of charging equipment (-)

Lower fuel costs (+)

Lower maintenance costs (+)

Lower repair costs (+)

9 Higher insurance costs (-)

= =4 =4 4 =4

In the revenue structure there are no changes (0). A non-monetary revenue stream is that
the company is more sustainable.

Conclusion and discussion
The EMEL demonstrator shows that:

f EMELGO6Gs activities can be carried out with th
done by all EFVs as this requires additional changes to the operating vehicle (not
directly related to the electric drive line).

1 There are no particular c hanges, j ust the o&éregul aré one
purchasing the EFVs and lower fuel costs are the maost important ones).

1 The EFVs make shorter trips with fewer stops, but variation is larger than for CFVs.

2.23 CTT in Lisbon

Demonstration description

Correios de Portugal, S.A. (CTT) is the national postal service of Portugal, processing more
than six million postal items on a daily basis, distributed in more than 5.6 million domiciles by
5,840 postmen and 6,295 postal delivery routes. Over the lifetime of the FREVUE project the
profile of the CTT operation itself has changed. In 2015 two previously independent
operations T mail (post and small parcels) and express mail (large parcels and express) i
were partially integrated. This resulted in an increased need for higher payload vehicles
transporting mail and express mail items together. Typically, mail delivery and collection
between the CTT distribution centres and Lisbon city centre is organised along two time
shifts:

1 Morning delivery from 08:00-13:00
1 Afternoon mail collection from 14:00-18:00

Conventional vehicles are used both in the early morning and in the afternoon shifts,
performing sometimes two or more services a day.

In FREVUE CTT introduced ten EFVs into their fleet, replacing the following conventional
vehicles:
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1 5 Peugeot Partners were replaced by 5 Renault Kangoo ZE Maxi
1 1 Peugeot Partner and 4 Renault Kangoo were replaced by 5 Renault Kangoo ZE
(see also Figure 8).

The EFVs have a higher payload than the conventional vehicles, see Table 3.

Figure8:CTT6s EFVs oOoPBREVUEt i ng i n

Table 3 Overview of vehicle characteristics CTT

Vehicle/Parameter EFV EFV ICE ICE
Model Renault Kangoo | Renault Kangoo | Peugeot Renault
ZE ZE Maxi Partner Kangoo
Payload (kg) 650 650 558 439
Type of vehicle Light duty Light duty Light duty Light duty
vehicle vehicle vehicle vehicle
Gross vehicle 2126 2239 2130 1918
weight (kg)
Maximum loading 3 4 4 3
capacity (m3)

The vehicles were purchased by CTT and the batteries are leased. The vehicles are charged
during the night on the premises of the Postal Distribution Centres. For this, charging
equipment was bought in the form of cables and sockets; this solution was opted for
because it is not subject to a market consultation (a procedure that would take some time to
conclude), thus avoiding delays in the vehicle reception by the users.

Changes in business model

Partners, activities, resources: With regard to the activities, CTT has analysed the circuits in
Li sbonds downtown area taking intedermmganlytheat t he
type envisaged in the project) and distances driven. Routes from three distribution centres to
the city centre were considered. This resulted in ten routes being identified as suitable for
EFV operation. After the merge of mail and express mail operations, the required vehicle
payload increased, and routes where EFVs are deployed were reconsidered. EFVs were
mostly deployed on shorter routes, reducing the average distance for an EFV-roundtrip to
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23-51 km/day (where the average distance of a CFV trip was up to 65 km/day). This was a
choice of CTT to divide the shorter routes to the EFVs, the range of the vehicles allowed
also assignment to the longer routes.

Over three weeks in October and November 2014, CTT monitored operations of two
conventional and two electric vehicles performing deliveries from two mail distributions
centres:

T SAD distribution centre in Lisbonbés ou

 CDP1200 Lisbon downtown distribution centre

Figure 9 and Figure 10 show boxplots presenting information from the monitoring. There
were only small changes for the roundtrips (trips leaving from and returning to the
distribution centre) comparing EFVs and CFVs. The median total time for trips was about the
same for EFVs and CFVs, but with a larger variation for CFVs. The median total driving time
was larger for EFVs. The median number of stops was comparable for EFVs and CFVs, but
there was a larger variation in number of stops for CFVs. This explains the differences in
total (driving) time. The average distance travelled per day for the EFVs was around 23 km
for SAD and 51 km for CDP1200. Other results (not shown in the boxplots) are as follows.
For CDP1200 less roundtrips were made with EFVs (-15%) and the average distance per
roundtrip was longer (+8%). The pattern over the day (with a clear reduction in kilometres
travelled during O6lunché) stayed the
with both vehicle types, typical for urban centres.

An exact comparison is not possible, as the routes changed during the project. What the
figures do show is that the EFV can perform similar operations as the CFVs did before the
FREVUE project.

same.
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Figure 9: Boxplots of the total time and total driving time per day for CTT in Lisbon?

2 Figures based on dataset sampling 58 trips of CFVs and 286 EFVs trips; test trips of EFdherdrijmse

was two days were removed from the data set (about 10% of the observations)
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Figure 10: Boxplots of the distance driven and number of stops made per day for CTT
in Lisbon

New activities for CTT were the training of drivers and fleet owners, and the charging of the
EFVs at the Postal Distribution Centres. The average recharging duration is between 2.1
and 5.6 hours, with starting times at the end of the day or at night. No charging is needed
during the day.

With regard to the resources, there is a (positive) change in fuel costs because of the
change to EFVs. Only charging equipment had to be purchased at the start.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of CTT. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

1 Investment costs for purchasing the EFVs, including training of drivers and fleet
managers (-)

Purchase of charging equipment (-)

Lower fuel costs (+)

Lower insurance costs (+)

No circulation tax (+)

No change in operating costs (0)

Free parking for EFVs in Lisbon, but CTT did not pay parking fees for CFV vehicles,
as the vehicles did not park but were loading and unloading in the operations in
Lisbon (0)

=A =4 =4 4 -8 4

So far there have been no technical problems with the EFVs, so there is no insight yet into
the maintenance and repair costs. Depreciation of the EFVs is six years, compared to four
years for the ICEs. This has to do with a difference between the buying/leasing structures.

In the revenue structure there are no changes (0). A hon-monetary revenue stream is that
the company is more sustainable.
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Conclusion and discussion

1 All activities that were selected in FREVUE can be carried out with the EFVs; there
are changes in the type of trips (shorter distance, lower average speed).

T There are no particul ar changes, j ust t he
purchasing the EFVs and lower fuel costs are the most important ones).

2.24 Bring in Oslo

Demonstration description

Bring is supplier of post and logistics services in the business market, and owned by Posten
Norge AS. Bring owns a network consisting of 41 warehouses throughout the Nordic region
and 45 company-operated terminals. All Bring drivers are employed through a franchise
agreement. Therefore Bring does not own any vehicles and participating transporters have
purchased their own EFVs (as part of a larger EFV procurement order by Norwegian post).
Nearly 10,000 vehicles are in daily usage for Bring. Bring Express is the subsidiary that
offers courier and express services, locally, nationally and internationally.

Figure1ll:Br i ngdés EFVsnFRBWE at i ng i

Prior to FREVUE, Bring used bicycles for distributing post and packages within the ring road
2 (the inner circle of Oslod <ity centre), and diesel vehicles outside this area. Under
FREVUE, Bring Express replaced four diesel vehicles (VW Transporter) operating outside of
ring road 2 but within ring road 3, with EFVs (Peugeot Partner), see Figure 11. The vehicles
have the same loading capacity but the maximum payload of the EFVs is much lower, see
Table 4. The participating transporters have purchased their own EFVs (within a larger EFVs
procurement order by Norwegian post).

Table 4 Overview of vehicle characteristics Bring

Vehicle/Parameter EFV ICE

Model Peugeot Partner VW Transporter

Payload (kg) 636 1000

Type of vehicle Light commercial Light commercial vehicle
vehicle

Gross vehicle weight (kg) 2225 3000

Maximum loading capacity (m3) 3.5 35
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Changes in business model

Partners, activities, resources: The logistics concept for the EFVs is different than that for the
ICEs. With conventional vehicles almost all deliveries and pick-ups are ad hoc, with no week
being exactly the same (this makes the before scenario difficult to define and direct

comparisonb et ween Bringbés EFVs and CFVs operati

of EFVs the choice was made to develop fixed routes as this would help to avoid range
issues. When planning an EFV routine, charging locations for the vehicle have to be taken
into account. This leads to tighter vehicle routines for the electric vehicles. Most of the goods
carried by Bring Express either originate or arrive within the demonstrator's geographical
area. The logistics concept for EFVs in Bring is as follows: in the morning deliveries are
made and in the afternoon pick-ups are done.

Basically, the route starts att h e d rhome,aa tllegost office to pick up the load, to the
customers in Oslo city centre for deliveries, then doing pick-ups, to the post office to unload,
and back home. The normal working day of the EFVs is split into two shifts: the morning shift
from 7.30-11.00 and the afternoon shift from 13.30-16.00 with fast charging in between, if
necessary. All vehicles can drive on average range of 200 to 220 km per day. Fixed routes

help to avoid range issues. The vehicle is charged at night at the dr i ver & ourh o me .

different postal offices are used forming four different routes for EFVs.

For each fixed EFV route Bring subcontractors receive a certain amount of money (the exact
price they get per day depends on the weight and volume of the parcels and the number of
zones that it has to be transported to). There are no fixed prices for the CFV. EFV
subcontractors can still do ad hoc deliveries and pick-ups, but that depends on the vehicle
and the driver. This model reduces uncertainty for drivers on their income and is also more
beneficial for Bring, as drivers with fixed routes deliver up to 10% more parcels per day
(based on data from two drivers). EFV drivers all have reported an increase in their income,
due to expenses being lower than with previous diesel vehicles (electricity is cheaper than
expenses on diesel) and an increase in the number of parcels delivered. Subcontractors are
paying these expenses themselves.

At some public (fast) charging points there are queues during rush hour, especially during
the winter. This results in long waiting times to charge the vehicle, with drivers often waiting
more than an hour to get access to the chargers. This results in a time loss of up to 1-1.5
hours per day and also loss of money for drivers and Bring Express. In 2016 two new fast
charging stations were installed in Oslo and Bring EFV operators get advantages (financially
and time-wise i charging time of 30 minutes) when using these stations. The supplier of the
fast chargers has modified a new pre-booking software, by giving priority to FREVUE Bring
EFVs at the two fast charging stations. Drivers of other vehicles are given a notice when a
Bring vehicle is approaching and the outlets will automatically be closed for other vehicles on
one charger for Bring. Furthermore, Bring is given a 40% charging discount during the
FREVUE project lifetime.

In Figure 12 are the boxplots for the electric vehicles given with respect to the total time and
distance of their trips. The median distance is almost 100 kilometres, while the median
duration is over five hours. The total time includes the stopping time at the different delivery
and pick-up locations. Figure 12 does not provide a comparison between CFVs and EFVs,
as no data on comparable CFV operations were available (due to the described change in
operations). The number of delivered and collected packages (and the corresponding
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number of stops) was not available in combination with other trip data. Bring reported
making approximately 70 deliveries per EFV trip.
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Figure 12: Boxplots of the total time and distance driven per day for Bring in Oslo®

One vehicle broke down in late 2015 and was replaced with another identical Peugeot
Partner on the same day. Bring did experience technical issues with three out of the four
vehicles.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of BRING. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: No serious changes have been made to the cost
structure of Bring, since the subcontractors own their own vehicles and purchased the EFVs
themselves, and the price they receive for the operations is for an EFV comparable to the
conventional vehicle. Also no specific investments were made for charging infrastructure,
since public charging poles are used and/or charging is done at home.

Also in the revenue structure of Bring there are no changes. A non-monetary revenue
stream is that the company is more sustainable.

The cost structure for drivers has changed. They purchased an EFV (which is more
expensive than a conventional vehicle) by themselves and pay for charging instead of for
conventional fuels (which means a reduction of costs). They have now the opportunity to
gain a higher income because they can deliver more parcels than before because of the
fixed routes they are on. They also can profit from government policies that are in favour of
EFVs, such as not having to pay any tax (car, road) or tolls, being permitted to use public
transport lanes and free parking in the city.

Conclusion and discussion

All costs, risks, etc. are for drivers rather than for the company. The cost structure for Bring
does not change, only the logistics concept (fixed routes). It is not known what the
implications for the future are if they want to deploy more EFVs. For example, will they

3 Figures based on data of more than 1500 trips made by EFVs (data coficrovediers)
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always have a certain share of conventional vehicles for the ad-hoc deliveries (that are out of
reach due to the range limitations of the EFVs)?

2.25 SEUR in Madrid

Demonstration description

SEUR is a Spanish parcel company; its main business in Madrid is parcel deliveries and

collection. In FREVUE, SEUR extended its vehicle fleet park with one EFV: a Renault

Kangoo Z.E. The capacity of this EFV is smaller than the capacity of the conventional

vehicles used in the city centre (Mercedes Sprinter/Ford Transit); the payload is halved and

the maximum loading capacity is 30-40% of that of the conventional vehicles, see Table 5.

Later SEUR added a Nissane-NV200 to its fleet, operating 1in
Figure 13); this vehicle has not been analysed in this report.

Figure13: SEURG6 s EFV opREVGE i ng i n

The EFV was a promotional offer by Renault and as a result there were no purchasing costs
for SEUR except for the charging infrastructure. In its daily operations SEUR uses
subcontractors for many of its deliveries, but for the EFV a driver was hired.

Table 5 Overview of vehicle characteristics SEUR

Vehicle/Parameter EFV ICE ICE

Model Renault Kangoo Z.E. | Mercedes Sprinter Ford Transit
Payload (kg) 650 1290 1350

Type of vehicle Light Light Light

Gross vehicle 1426 2150 2210
weight (kg)

Maximum loading 3 7.5 9.6
capacity(m3)

Changes in business model

Partners, activities, resources: Due to the fact that the capacity of the EFV is smaller than
the capacity of the conventional vehicle previously used in the city centre, the delivery route
was reorganised and only for part of the roundtrips in the city centre the conventional vehicle
was replaced by the EFV. The conventional vehicle continued performing roundtrips but not
in the central area of Madrid. Therefore, there was no full vehicle replacement, but only
replacement of part of the roundtrips and both EFVs and ICEs continued the work in the
Madrid city centre.
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During demonstration SEUR did not use the UCC provided by Madrid municipality. SEUR
operated from its own depot which is very well located for deliveries in the city centre of
Madrid and situated in close proximity to the FREVUE UCC (the SEUR depot is between the
UCC and the city centre). The EFV recharged every day at the SEUR depot.

Logistics trip characteristics of the EFV are as follows: the EFV was used for trips with small
parcels in the central area of Madrid during the day between 9:00 and 18:00 and drove 50-
100 km per day (see also Figure 14).
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Figure 14: Boxplots of the total time and distance driven per day for SEUR in Madrid*

Besides the addition of the EFV, no other operations were changed. Although there are
options to receive access to some restricted areas for EFVs, we did not find data supporting
advantages from that (but no direct comparison to the routes before was possible, due to
additional trips that were planned for the EFV); this also applied to the extended time
windows that are available for EFVs.

With regard to the resources, there are additional costs because there is an additional
vehicle and additional driver. Plus charging equipment was bought and installed. As this
demonstration was set up as a demonstration of the suitability of the electric vehicle, it does
not allow to compare economically to the before situation.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of SEUR. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure this demonstration reported the
following changes; an increase in costs due to:

Purchase and instalment of charging station (-)

Hiring extra driver (-)

Costs for additional vehicle (electricity, insurance, etc.) (-)
Administration costs for starting up the operation (-)

=A =4 4 A

* Due to capacity constraints for the EFV in comparison to the CFVs no direct comparison between the trips
made by these vehicles is possible. The boxplots in this figure are based on 236 data points (data corrected for
outliers).
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In the revenue structure SEUR also reports changes, since extra parcel deliveries are
possible because of the additional vehicle. Again, as this demonstration was set-up as a
demonstration and test for using an electric freight vehicle in city logistics operations, a good
TCO analysis is not feasible based on the available data (e.g. no costs for the vehicle).

Conclusion and discussion

The test and demonstrations of the SEUR vehicle shows that it is possible to carry out at
leastpar t of SEUROGs <city Il ogistics operations by
addition of a Nissan e-NV200 during the lifetime of FREVUE. SEUR learned the following

lessons:

1 Changes were required to the logistics concept to match it with the characteristics of
the EFV
T There was no need to use the municipalityods
located
1 Some remarks from SEUR:
o They would like to have EFVs with higher load capacity, because in the
current situation they will need to increase the total number of vehicles and
drivers.
0 The main disadvantages of EFVs are less autonomy and a need to recharge
every day.
o Companies need to have more information on EFVs that are available on the
market to be able to choose typesof EFVswi t h t he same &éproduct
conventional vehicles they are using now.

2.26 TNT in Madrid

Case description

TNT is an international parcel company. Its main business in downtown Madrid is parcel
deliveries and pick-up with two small trucks of 3.5 tonnes (Ford Transit and Nissan Cabstar);
one vehicle from the national depot located in the south of Madrid, and one vehicle from the
international depot located at Madrid international airport in Barajas.

In FREVUE, TNT extended its vehicle fleet park with one EFV: Renault Kangoo Z.E. The
capacity of this EFV is smaller than the capacity of the conventional vehicles used in the city
centre; the payload is 50-70% and the maximum loading capacity is 15-33% of that of the
conventional vehicles, see Table 6.

The EFV was a free promotional offer by Renault, so there were no purchasing costs.

Table 6 Overview of vehicle characteristics TNT

Vehicle/Parameter EFV ICE ICE

Model Renault Kangoo Z.E. | Ford Transit Nissan Cabstar
Payload (kg) 650 900 1200

Type of vehicle Light duty vehicle Van Box Van
Gross vehicle 1426 1500 3500

weight (kg)

Maximum loading 3 9 20

capacity (m3)
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Changes in business model

Partners, activities, resources: In the FREVUE demonstrator, deliveries and pick-up of small
parcels are no longer performed by the conventional trucks. The conventional trucks from
the national and international depots first go to the UCC provided by the Madrid authorities
(in the old market), where small parcels are unloaded. The conventional trucks then continue
their trip to the city centre, but only with larger loads (e.g. pallets). The small parcels are then
being delivered from the UCC to the Madrid city centre by a subcontractor using the EFV.
The EFV also performs pick-ups and by the end of the day returns to the UCC, where picked
up parcels are loaded to the larger conventional trucks and transported back to the TNT
depots. To summarize, there was no vehicle replacement during the FREVUE demonstrator,
but one additional EFV was added to the TNT fleet and replaced part of the roundtrips
performed by the ICEs in the city centre of Madrid.

The main advantage of the UCC is that it is much closer to the city centre of Madrid than the
TNT depots, so that the EFV saves kilometres. The UCC is about 6 to 7 km to the delivery
area and the depots are 25 km, so this saves about 36 km a day. The operational time of the
EFV is 20 minutes more than for the conventional vehicles, due to the extra loading and
unloading time in the consolidation centre. The EFV drives about 50-100 km per day.

See

Figure 15 and Figure 16 for boxplots on the EFV trips. Median total time is 538 minutes (9
hours) and median distance per trip is 44 km.
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Figure 15: Boxplots of the total time and distance driven per day for TNT in Madrid®

° Figures based on 208 @apoints (data corrected for outliers). There are no data for the CFVs.
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Figure 16: Boxplot of the number of stops made per day for TNT in Madrid

Vehicles are usually charged at the TNT facility. Another new activity was the training of
drivers to get the maximum performance out of the EFVs.

With regard to the resources, there are costs for the use of the UCC and charging equipment
was bought and installed.

There is a change in partners since the UCC is a new partner.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships, except that the usage of EFV has improved the image of the
company.

Value proposition: There are no changes in the value proposition of TNT. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

Purchase and instalment of charging station (-)
Costs for additional vehicle (subcontractor) (-)
Costs for using the UCC (facilities only) (-)
Lower conventional fuel costs (+)

1 No local taxes for EFVs (+)

= =4 -4 =

In the revenue structure there are changes, since extra parcel delivery is possible because
of the additional vehicle (+).

Conclusion and discussion

1 Changes are made to the logistics trip characteristics; the EFVs are used for last mile
delivery only
1 Use is being made of the UCC
1 Autonomy is the most important issue currently:
0 Due to limited autonomy EFV cannot yet cover the full distance between TNT
own depots and full delivery area;
o0 Due to weight restrictions EFV are only transporting small parcels and not the
pallets.
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2.27 Pascual in Madrid

Case description

Leche Pascual is a Spanish dairy producer and distributor. Its main business in the city
centre of Madrid is the delivery of food and beverage products (to e.g. commerce, bars and
restaurants) with vans and trucks.

In FREVUE, Leche extended its vehicle fleet park by two subcontracted EFVs: IVECO
Ecodaily and Mercedes Vito E-cell. The capacity of these EFVs is smaller than the capacity
of the conventional vehicles used in the city centre, see Table 7.

Table 7 Overview of vehicle characteristics Leche

Vehicle/Parameter EFV EFV ICE

Model IVECO Ecodaily Mercedes Vito E-cell | Various

Payload (kg) 2100 850 3500-8000

Type of vehicle Light duty vehicle Light duty vehicle Conventional vans
and trucks

Gross vehicle 3300 2200 6000-12000

weight (kg)

Maximum loading 8 3.5 Various

capacity (m3)

Changes in business model

Partners, activities, resources: In the FREVUE demonstrator, trips that were performed in
the city centre by conventional vehicles were replaced by the EFVs. Leche Pascual has
specific requirements as they deliver food and other perishable items which need to be
refrigerated. This logistics process is described below:

1 The 12t ICE trucks, carrying 6t of food products in cold ambient temperature, arrive
at the UCC at 05:30

9 After receiving the goods, the two EFVs are loaded, delivering from 08:00-11:00 to
those businesses located within the Low Emission Zone (35 clients, the type of
customer is traditional retail and the hospitality sector)

1 From 11:30 both EFVs come back to the UCC for a new load of goods in order to
make a second and final delivery. The minimum daily amount delivered by the EFVs
is six tonnes

i The ICE trucks then return to the UCC in the evening to collect cold perishable
returned products

The EFVs replaced some, but not all, roundtrips in the city centre. The operational time of
the EFVs is longer due to the necessity of additional loading and unloading at the UCC.

The payload of the EFVs is considerably lower than the payload of the conventional trucks
used. As the UCC is situated close to Leche Pascual customers, the company was able to
compensate for the lower payload of the EFVs by carrying out more trips, using therefore
several trips to deliver the same amount of goods in terms of kilograms.

See Figure 17 and Figure 18 for boxplots on the EFV trips. The median distance per trip is
30 km, the median total time about 6.5 hours and the median number of stops 16. In the
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boxplots only the combined trip characteristics of the two different vehicles could be
visualised.

With regard to the resources, there are costs for the use of the UCC and charging equipment
that was bought and installed. Vehicles can charge at the Leche Pascual location.

The most important advantages are saving emissions and reducing the carbon footprint.
There is a change in partners since the UCC is a new partner.
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Figure 17: Boxplots of the total time and distance driven per day for Leche Pascual in
Madrid®
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Figure 18: Boxplot of the number of stops made per day for Leche Pascual in Madrid

Customer, channel and relationship: Delivery is associated with the customer, therefore
delivering with EFVs supports any certification that the client wants to get (such as ISO or
EMMAS). Also, the usage of EFVs has improved the image of the company.

Value proposition: There are no changes in the value proposition of Leche. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

®The figures are based on 470 data points (data corrected for outliers). There are no data for the CFVs.
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Costs for renting two additional vehicles, including insurance and tax costs (-)
Purchase and instalment of charging station (-)

Costs for using the UCC (facilities only) (-)

Lower conventional fuel costs, costs for energy: in total lower fuel costs (+)
No local taxes for EFVs (+)

Free parking for EFVs on the street (0)

= =4 =4 4 -8 4

Conclusion and discussion

Changes are made to the logistics trip characteristics
Use is being made of the UCC
Autonomy and higher payload are the most important issues currently
Wishes for the local government are:

o Total freedom of access and timetables for EFVs

o Driving in currently unauthorized areas, bus lanes or multiple user lanes

0 Free parking on the streets, and in public car parks

o Granting the necessary infrastructure for charging vehicles

0 Using an EFV should be a criterion in tender of the local government.
1 Leche Pascual is more interested in EFVs with a higher payload and better
autonomy, as this is necessary in order to overcome a lack of the UCC that they may
face in the future or in order to use the EFVs on other routes, where there is no UCC
available. A disadvantage of this type of EFV is the very high price.

=A =4 -4 =

2.28 Eurodifarm in Milan

Case description

Eurodifarm (part of DHL) is an lItalian logistics company specializing in the distribution of
temperature controlled pharmaceutical, diagnostic and biomedical products to pharmacies,
hospitals, third party distributors, nursing homes and patients. Its distribution centre is
located in Casalmaiocco, 22.5 km from the city centre of Milan.

Trends of more restrictions for ICE vehicles in the centres of Italian cities made Eurodifarm

want to be prepared for the use of EFVs in the near future. Therefore Eurodifarm trials a

small EFV (Nissan e-NV 200) in the FREVUE demonstration in Milan to get experience with

the implementation of EFVs. The demonstration focuses on the delivery of pharmaceuticals

tophar macies | ocated within the Congestion Zone |
Bastioni o in Milan. Eur odi f anstratiorogne: thealCEeis thet he EF\V
business as usual situation; for some of the roundtrips the conventional vehicles are

replaced by the EFV. While the payload is higher, the loading capacity of the EFV is much

smaller than of the conventional vehicles used, see Table 8.

Table 8 Overview of vehicle characteristics Eurodifarm

Vehicle/Parameter EFV ICE

Model Nissan e-NV 200 IVECO

Payload (kg) 695 650

Type of vehicle Light duty vehicle Light duty vehicle
Gross vehicle weight (kg) 1480 3500

Maximum loading 4.2 16

capacity(m3)
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The Eurodifarm consolidation centre (CC) located in Casalmaiocco serves a wider area than

central Milan. In fact, in Casalmaiocco goods arrive from several pharmaceutical industries

from all over Italy where vehicles are reloaded, optimizing their load capacity. However, it

only optimises deliveries from a single carrier (Eurodifarm) rather than several ones and its

distance from the city centre (22.5 km) means that deliveries to the city centre cannot be
classified as 61l ast mi |F¥ area hasrbeen teserved floelogiGtiCs a s p e c
operations related to delivering pharmaceutical goods from the CC to pharmacies located

inside Area C. The CC has been provided with a stall for parking and a wallbox charging

station with two plugs, one for charging the vehicle, the other for charging the box for the

temperature controlled goods transportation (+2/+8° C).

Changes in business model

Partners, activities, resources: In the before situation, Eurodifarm handled all deliveries of
pharmaceutical products in Area C by two ICE vehicles with a loading capacity of 16 m3
each. The new Nissan e-NV 200 has a loading capacity of 3 m3 with a refrigerator of 1.3 m3
included to deliver cooled pharmaceutical products. For the refrigerator a separate second
battery is used in the vehicle.

The EFV is deployed for the delivery of phar ma
congestion charge zone, between 07:00 and 16:00 (upon the request of the pharmacists).

The EFV delivers three times a week. The vehicle does one roundtrip a day in the morning

(because of the traffic situation it is not possible to make two round trips in the morning). The

roundtrip differs according to the traffic situation and logistics rationalization. One round trip

is about 70-75 km. The EFV can drive on the battery around 130 km, and after the roundtrip

the EFV is being charged in the depot. The EFV does not cover the same route as the ICE

ones. The deliveries of large parcels for Area C that do not fit into the EFV because of size

are still distributed with an ICE vehicle. The EFV now serves on average approximately 17%

of all pharmaceutical deliveries in Area C.
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Figure 19: Boxplots of the total time and total driving time per day for Eurodifarm in
Milan’

The boxplots in Figure 19 and Figure 20 show information on the EFV trips (data for CFVs
were not available). The median total time per trip is about 3 hours and the median total

"The figures are based on 87 data points (data corrected for outliersje Hne no data for the CFVs.
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driving time about 2.5 hours. The median distance per trip is 63 km and the median number
of stops about 7.
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Figure 20: Boxplots of the distance driven and number of stops made per day for
Eurodifarm in Milan

With regard to the resources, charging equipment was bought and installed.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships, except that the usage of EFV has improved the image of the
company.

Value proposition: There are no changes in the value proposition of Eurodifarm. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

Costs for additional vehicle (-)

Purchase and instalment of charging station (-)

Lower conventional fuel costs (+), costs for energy (-), in total lower fuel costs
Free entering of the congestion charge area (+)

Lower taxes (+)

Lower insurance costs (as a result of special Italian regulation) (+)

=A =4 -4 4 -8 4

Conclusion and discussion

1 Changes are made to the logistics trip characteristics
1 There were problems with buying the vehicles (ltaly has very restrictive laws for the
circulation of foreign vehicles)

2.29 Binnenstadservice in Rotterdam

Case description

Binnenstadservice is a small UCC in the centre of Rotterdam. It is operated by Roadrunner
Couriers, who are the owner of the fleet and the premises. Roadrunner already used an EFV
(Citroen Berlingo) for the Binnenstadservice tasks, and additionally it has conventional
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vehicles (15) and bicycle couriers. Consolidated goods are delivered to participating
retailers. To minimize the amount of empty kilometres, disposable materials, plastic and
empty pallets are collected at the delivery addresses in order to be recycled at
Binnenstadservice.

FREVUE co-financed a second EFV to be deployed in the UCCs daily operation. The city of
Rotterdam procured a Nissan e-NV 200 to lease to the Binnenstadservice which replaces a
VW Caddy. Although the Nissan is clearly newer and more advanced than the older
Berlingo, the action radius did not really increase dramatically (Berlingo: about 80-100 km,
Nissan: about 150 km). See Table 9 for the vehicle characteristics.

Table 9 Overview of vehicle characteristics Binnenstadservice

Vehicle/Parameter EFV ICE

Model Nissan e-NV 200 VW Caddy
Payload (kg) 650 750

Type of vehicle Light duty vehicle Light duty vehicle
Gross vehicle weight (kg) 2220 2200

Maximum loading 4 3.2
capacity(m3)

Changes in business model

Partners, activities, resources: The EFV is used for a standard route delivering the internal
post for a large shipper, with a route starting at the depot, serving several delivery points in
Rotterdam and returning to the depot. The shift is from 8:15-11:00 and covers approximately
65 km. In the afternoon the EFV is used for ad hoc deliveries and pickups in the Rotterdam
area, driving on average 45-50 km. The charging of the vehicle is performed at night, during
the low peak hours. No extra investment was necessary for the charging of the vehicle
(charging is done at a regular 220V charge point).

Overall, there are no major changes in operations. The only constraint for planning is the
limitation of the EFV range. Combined with the occasional limitation of the planning capacity
at the office (in time), the action radius limits the options for the planner. Therefore it is
easier to plan ad hoc pickups and deliveries (after the fixed round) with conventional
vehicles. In case more capacity is available at the office (in time) it is possible to make a
precise planning so that the EFV is used as much as possible; however if there are many
deliveries and not so much planning capacity is available, it easier to appoint ad hoc jobs to
one of the conventional VW Caddies running in the city of Rotterdam.

There are no remarks with regard to the resources.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships, except that the usage of an additional EFV has improved the
image of the company.

Value proposition: There are no changes in the value proposition of Binnenstadservice. In
the value proposition for society there is a positive change because of a reduction of
emissions and a reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:
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Vehicle costs (-)

Lower fuel costs (+)

No road tax (+)

Higher insurance costs (-)
No infrastructure costs (0)

=A =4 -4 4 =4

There is no information available yet about maintenance costs. The residual value of the
EFV is probably lower. Depreciation time of the EFV is longer.

Conclusion and discussion

1 No major changes in operations
1 Constraints are the limitations of the EFV and limitations in planning capacity

2.210 Conclusions small electric vehicles

A total of 31 small electric vehicles were used in 8 different cases. The smaller EFVs in the
demonstrations were used in a number of cases for last mile deliveries and led to changes in
the logistics concept. Where they replaced ICE vehicles, they drove more fixed trips/routes
and did less ad hoc pick-ups and deliveries.

. " Customer Customer
Key Partners Key Activities Value Proposition Relationships Segments
1  Closer co- 1 Vehicle charging time | Limited changes: No changes Customers
operation with ) most customers including zero
citiesvia UCC |  EFVs more difficult to | want low emission emission criterions
'(:0) plan due to range (-) | geliveries, but in the procurement
T etetgeatie | Dosable 0tanIages | wiingness o pay (). athough narly
service men exemptions/privileges very limited at this used 7 at thls
available for ) moment (0) moment i in
maintenance (-) [Key Resources Channels practice
1 Ownership of the Value proposition No changes
vehicles: fewer lease .
options (0) for society
1 Fuel costs vs.
electricity (+) 1  Reduction of
1 Procurement cost (-) emissions (+)
T Less noise
nuisance (+)
Cost Structure Revenue Streams
1 Investment costs: cost in purchase or lease of the 1T No changes (0), except if:
vehicle (-) subsidy for the vehicle purchase (+), or for
1 Operating costs (0) or in case of exemptions (+) charging point purchase (+), zero emission
or in case of UCC use or additional vehicle/driver in procurement (+), tax reductions (+)
) 1 Non-monetary revenue stream: more
1  Training of drivers (-) sustainable
1 Less fuel costs; less maintenance costs (+)

Figure 21: Business model canvas (BMC) for operators using EFVs i changes
positive (+) neutral (0) or negative (-) compared to CFV situation

Slowly more different types of these kind of vehicles come onto the market. However,
companies would welcome more information about the EFVs available in the market to be
able to make a better choice. Disadvantages mentioned are the limited capacity and range
of the EFVs used, and the need to recharge. When looking at the costs and resources, the
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most important ones are the purchase or lease of the EFVs, required infrastructure (if any)
and operating costs (fuel vs. electricity). Sometimes there are tax reductions for EFVs
compared to CFVs. In the value proposition for society there is a positive change because of
a reduction of emissions and a reduction in noise nuisance (see also Figure 21).

2.3 Medium size electric vehicles in city logistics operations

2.31 Introduction and general outcomes

There are three cases in which logistics companies use medium sized EFVs in their
operations in the FREVUE demonstrations. The cases concern TNT (Rotterdam and
Amsterdam) and UPS (Rotterdam and London), in which ICEs are replaced by EFVs
(retrofitted). The EFVs are introduced to replace part of the trips, and no serious changes
are made to the logistics concepts. However, in some cases the trips the EFVs make have a
slightly shorter distance than the trips the CFVs make. For one case the number of deliveries
and pick-ups was analysed, and the EFVs showed a high number of deliveries and low
number of pick-ups, and for CFVs it was the other way around. An explanation for this could
be that the EFVs are less flexible for picking up packages due to their range limitation. There
is also less flexibility when using the EFVs when it comes to charging; operations have to be
planned around the charging times. When looking at the costs and resources, the most
important ones are the retrofitting of the vehicles, required charging infrastructure, training of
drivers (if any) and operating costs (fuel vs. electricity). In the value proposition for society
there is a positive change because of a reduction of emissions and a reduction in noise
nuisance.

2.32 TNT in Rotterdam and Amsterdam

Case description

TNT Express provides a wide range of express services to businesses and consumers
around the world.

Within FREVUE seven retrofitted EFVs of originally 3.5t were implemented in Rotterdam (4
vehicles) and Amsterdam (3 vehicles), replacing conventional vehicles. See Table 10 for the
characteristics of the vehicles. The transition of ICEs to EFVs involved a decrease of 629
kilograms in payload. The vehicles were purchased, whereas normally TNT leases vehicles.

Table 10 Overview of vehicle characteristics TNT in Rotterdam and Amsterdam

Vehicle/Parameter EFV ICE

Model Fiat Ducato Mercedes Sprinter
Payload (kg) 821 1450

Type of vehicle Light duty vehicle Light duty vehicle
Gross vehicle weight (kg) 4250 1950

Maximum loading capacity 13 13

(m3)

Changes in business model

Partners, activities, resources: The EFVs drive from TNT depots to the city centre and
replace the routes previously made by conventional vehicles. TNT did not have to make any
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serious changes to the logistics concept. The charging of vehicles takes place at night at the
TNT depot.

In Figure 22 the total time (time from leaving the depot to returning to the depot) and total
driving time per trip are displayed. While the total times are nearly identical for both types of
vehicles with an average of around 8 hours (although there are more outliers to longer total
times for EFVs), the total driving time differs by an hour: about 7 hours for conventional
vehicles versus 6 hours for EFVs, and the range is much larger for EFVs than for
conventional vehicles. In Figure 23 the distance driven and number of stops made per trip
are displayed. These boxplots might explain the lower driving time for the EFVs, since the
median of the distance driven by EFVs is 24 kilometres less than the median distance driven
by CFVs. The number of stops is comparable.

NL TNT - Total Time (min) ML TNT - Total Driving Time (min)

580 500 ——

: |
450 |
i | |
. = |
I . 400 -
| ]
500 ! g |
350 .
430 1
4a0 1 300 F
I
|
I
I

560 -

-
1
|
540 |
1
1

520

|
I
I
440 |
250 | |
420

-

1

]

]

]

1
400 . + 200 . .
CFV EFV CFV EFV

Figure 22: Boxplots of the total time and total driving time per day for TNT in NL®
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Figure 23: Boxplots of the distance driven and number of stops made per day for TNT
in NL

With regard to resources, the use of EFVs led to a reduction in fuel costs (electricity is less

expensive) and the receipt of a subsidy. However, extra investments had to be made for the

EFVs such as the purchase of charging equipment, the purchase of more expensive

telematics, and the additional training costs of drivers.

® Box plots irfiguresarebased on 139 observations for ICEs and @8ervations for EFVYBataare corrected
for outliers
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Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of TNT. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

1 Purchase and instalment of charging station (0/-) (no serious extra investments had
to be made)

Vehicle costs (-)

Telematics purchase (-)

Lower fuel costs (+)

Subsidy (+)

Costs for training of drivers (-)

=A =4 =4 =4 =4

Because the EFVs are purchased and not leased, there are depreciation costs instead of
leasing costs. It is quite likely that TNT gets privileges in both Rotterdam and Amsterdam for
their EFV operations, but what these privileges exactly are is not known yet. In Amsterdam
the government has taken complementary policy measures to make the use of EVs more
attractive (in addition to subsidies). Those "privileges" for EVs are "exemptions" on traffic
codes/regulations/rules, such as parking on sidewalks to load/unload, driving into roads that
are only for pedestrians, etc.

Conclusion and discussion

No change to operations, the EFVs replace CFVs routes. However, trips with EFVs usually
have a slightly shorter distance than trips made with CFVs.

2.33 UPS in Rotterdam

Case description

UPS is a global logistics company. The roundtrips that they perform are typically of short
distance and contain many stops. The delivery areas of UPS Rotterdam is Rotterdam and its
surroundings. In FREVUE, UPS Rotterdam deployed four retrofitted EFVs for operations.
These electric vehicles have 540 kilogram less payload than the conventional vehicles that
they replace, see Table 11 for an overview of the vehicle characteristics.

Table 11 Overview of vehicle characteristics UPS in Rotterdam

Vehicle/Parameter EFV ICE

Model P8OE Mercedes T2 Mercedes Vario 813d
Payload (kg) 3450 3990

Type of vehicle Medium duty Medium duty

Gross vehicle weight (kg) 7490 7490

Maximum loading capacity 24 24

(m3)
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Changes in business model

Partners, activities, resources: UPS Rotterdam had one requirement for their participation: it
should be possible to replace the existing roundtrips. This requirement is met, they do
replace existing roundtrips for the ICEs and each roundtrip is less than 75 kilometres, so
they do not exceed the daily range of the EFVs. The routes involved are for urban
distribution and the average daily distance covered by each vehicle is 42.7 kilometres.

In Figure 24 the total time (including stopping time) and the distance of each trip is presented
in several boxplots. It can be concluded that the use of EFV did not lead to major changes
regarding the total time and distance of the trips. This is consistent with the fact that the
EFVs are deployed on the same routes as the ICEs were. In Figure 25 the number of stops
and packages involved per trip are displayed. The median number of stops and packages
involved in a trip is slightly higher for the EFV trips than for the ICE trips. These totals are
split up into delivery and pickup stops in Figure 26, and into delivered and picked up
packages in Figure 27. For trips performed by the ICEs, few packages were delivered and
many packages were picked up, but this is the other way around for the trips performed by
the EFVs. An explanation for this could be that the EFVs are less flexible for picking up
packages due to their range limitations.

A challenge with the EFVs is that at UPS the vehicles have very tight routines (washing and
fuelling, loading and unloading). With ICEs this routine is easy and fast and with EFVs there
is less flexibility. The EFVs are charged during the night, and they have to be planned at a
charging location where they should be for eight hours. Operations at the depot have to be
planned around the charging of the vehicle.
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Figure 24: Boxplots of the total time and distance driven per day for UPS in
Rotterdam®

°Box plotsare based on 2476 observations for ICEs and 2il8&®rvations for EFVBataare correced for
outliers.
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Figure 26: Boxplots of the number of delivery and pick up stops made per day for UPS
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FREVUE D3.2: Economics of EVs for City Logistics - Report

UPS in Rotterdam

Page 48 of 161



'_RGVUG’

With regard to resources, the use of EFVs led to additional expenses for UPS Rotterdam.
The retrofit costs are higher than the ICE purchase price, and an upgrade and adaptation of
the grid capacity was required. The latter is the case because typically in UPS buildings
electric power consumption is low during the day and high during the night (due to sorting
parcels, i.e. the belt system). Charging EVs comes on a top of this, and in Rotterdam there is
an actual power constraint in the building. The benefit of using EFVs is that the electricity
costs are lower than the fuel costs of the ICEs.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of UPS. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

1 Upgrade and adaptation of the grid capacity (-)
1 Vehicle costs (retrofitting) (-)
1 Lower fuel costs (+)

Whether there are changes to the maintenance costs is not known yet due to the short time
the EFVs are running at the moment. It is expected that they will be lower as there are less
mechanical components.

Conclusion and discussion

1 No change to operations; EFVs take over part of the round trips previously made by
ICEs

1 The characteristics of the EFVs trips are different from the ones ICEs make: EFVs
deliver more packages and pick up less packages than ICEs

2.34 UPS in London

Case description

Prior to FREVUE UPS operated 179 package cars from their Kentish Town depot in London,
of which 18 were Modec EFVs. The FREVUE activity of UPS London included the
conversion and deployment of 16 EFVs in their central London operations as well as the
update of grid capacity and relevant infrastructure to accommodate the new vehicles. The
retrofit (for each vehicle the powertrain was changed and the vehicle was refurbished) and
introduction of the vehicles was performed in two stages. Ten vehicles have been
operational since September 2014 and the remaining six since September 2015. Until the
full upgrade of infrastructure and grid capacity, the first ten EFVs were operating in shifts
with the 18 Modec vehicles which were already deployed.

The electric vehicles have 540 kilogram less payload than the conventional vehicles that
they replace, see

Table 12 for an overview of the vehicle characteristics.
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Table 12 Overview of vehicle characteristics UPS in London

Vehicle/Parameter EFV ICE

Model PBOE Mercedes T2 Mercedes Vario 813d
Payload (kg) 3450 3990

Type of vehicle Medium duty Medium duty

Gross vehicle weight (kg) 7490 7490

Maximum loading 24 24

capacity(m3)

Changes in business model

Partners, activities, resources: The roundtrips performed by EFVs are exactly the same ones
that conventional vehicles were performing before FREVUE. On average the UPS vehicles
are driving 20 to 70 km/day which fits perfectly with the EFV range (120 km). As these are
retrofit vehicles, the body of the vehicle does not change so the loading/unloading routine
remains the same. In Figure 28 a boxplot is given for the distances driven per trip for the
EFVs (the median is slightly below 30 km).
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Figure 28: Boxplot of the distance driven per day for UPS in London®
The introduction of EFVs required the following operational changes:

1 The power network had to be upgraded to also facilitate the charge of EFVs
overnight. Usually in UPS buildings electric power consumption is low during the day
and is high during the night due to the sorting activities (e.g. belt system). Charging
of the EFVs came on a top of this and network upgrade was performed, resulting in a
grid capacity and charging points that can accommodate 68 EFVs in total.

1 EFVs have a tighter operational routine than ICEs and are less flexible in their
routine (washing, charging, loading and unloading). EFVs have to be planned at their
locations for at least eight hours of idle time necessary for charging. Operations at
the depot for EFVs need to planned around charging of the vehicle.

1 There is about one minute benefit in checking an EFV vehicle before departing for a
trip; an EFV driver only needs to make sure that the vehicle is fully charged, while an

19Box plotsarebased on 5287 observations faFVsDataare corrected for outliers
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ICE driver needs to check fuel, the level of water, and the main components of the
engine.

1 The use of EFVs led to additional expenses for UPS London. The retrofit costs are
higher than the ICE purchase prices. UPS London also had to upgrade their grid
capacity and they had to invest in additional training of their drivers. The benefits of
using EFVs are the lower costs for electricity compared to fuel, the reduction in
maintenance costs, and an exemption from the congestion charge.

For conversion of the vehicles UPS is looking at the fleet which will be depreciated in UPS
UK and depending on the age of the vehicle they take a decision on conversion. It takes on
average two weeks to convert one vehicle.

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of UPS. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

Upgrade and adaptation of the grid capacity (-)
Vehicle costs (retrofitting) (-)

Lower fuel costs (+)

Lower maintenance costs (+)

Lower taxation (+)

No congestion charge (+)

Training of drivers (-)

=A =4 =4 4 -4 4 A

Conclusion and discussion

1 No change to operations; EFVs take over part of the round trips previously made by
ICEs
9 Tighter operational routine due to charging time

2.35 Conclusions medium electric vehicles

A total of 27 medium electric vehicles were used in 3 different cases. These vehicles were all
retrofitted. It is still difficult to find these kind of vehicles available at OEMs. No major
changes were made to the logistics concepts, but in some cases the EFV trips were of
shorter distance than the CFV trips and the EFVs did relatively more deliveries and fewer
pick-ups than CFVs.

When looking at the costs and resources, the most important ones are the retrofitting of the
vehicles, required charging infrastructure, training of drivers (if any) and operating costs (fuel
vs. electricity). In the value proposition for society there is a positive change because of a
reduction of emissions and a reduction in noise nuisance (see Figure 29)
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- - Customer Customer
Key Partners Key Activities Value Proposition . .
4 y it Y posit Relationships Segments
1 NewOEMsand |1 Vehicle charging time | Limited changes: No changes Customers
dealers for EFVs ) most customers including zero
are usually . EFVs more difficult to [ want low emission emission criterions
;:g?ggggglless 0 Elan F’bl:e t%ran%e () | deliveries, but in the procurement
ossible advantages - ;
than for ICEs (-) due to policy 9 willingness to pay is (+), although hardly
1 Fewer exemptions/privileges very limited at this used i at this
knowledgeable ) moment (0) moment i in
service men Key Resources Channels practice
available for
maintenance (-) .
1 Ownershlp of the Value proposition No changes
vehicles: fewer lease .
options (0) for society
1 Fuel costs vs. )
electricity (+) 1 Reduction of
f  Procurement cost (-) emissions (+)
1  Charging f Lessnoise
infrastructure nuisance (+)
required (-)
Cost Structure Revenue Streams
1 Investment costs: cost in purchase or lease of the T No changes 0), except if:

vehicle; cost in purchase of charging point, grid
adaptations and telematics (-)

Operating costs (0) or in case of exemptions (+)
Training of drivers (-) 1
1 Less fuel costs; less maintenance costs (+)

subsidy for the vehicle purchase (+), or for
charging point purchase (+), zero emission
in procurement (+), tax reductions (+)
Non-monetary revenue stream:
sustainable

= =

more

Figure 29: Business model canvas (BMC) for operators using EFVs i changes
positive (+) neutral (0) or negative (-) compared to CFV situation

2.4Large electric vehicles in city logistics operations

2.41 Introduction and general outcomes

There are four cases in which logistics companies use large sized EFVs in their operations
in the FREVUE demonstrations. The cases concern Heineken (Rotterdam and Amsterdam),
BREYTNER (Rotterdam) and Clipper (London). BREYTNER i a company that uses electric
vehicles only i is a different to the other companies. For the FREVUE case it uses the
concept of swap bodies for last mile deliveries, to serve one of their customers. Clipper
purchased a new EFV which was not used in daily operations due to changed market
conditions. Heineken made no serious changes to their logistics concept. For Heineken a
comparison was made between trip characteristics; in Rotterdam the only change was that
the EFVs transported less kilograms (because of the lower payload), in Amsterdam there
was more variance in (driving) time and number of stops for the EFVs compared to the
CFVs. When looking at the costs and resources for the cases with large sized EFVs, most
important ones are the retrofitting of the vehicles (in the case of Heineken), purchase of new
vehicles (Clipper and BREYTNER), required charging infrastructure / battery pack, training
of drivers, operating costs (fuel vs. electricity) and possible subsidies. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.
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2.42 Heineken in Rotterdam

Case description

Heineken is a beer brewing company, one of the three largest breweries in the world and the
largest brewer in the Netherlands. The delivery area of Heineken Rotterdam is displayed in
Figure 30. Heineken has a distribution centre on the outskirts of Rotterdam.

Distribution et

Centre
Rotterdam
)

Rotterdam

area

Figure 30: Heineken UDC Rotterdam location and delivery area

As part of the FREVUE project Heineken deployed one retrofitted 19t EFV in Rotterdam,
which lead to a loading capacity reduction of 730 kilograms, see Table 13 for the vehicle
characteristics. The EFV replaces an ICE. Heineken uses a subcontractor for the delivery
processes which has bought the specified vehicle.

Table 13 Overview of vehicle characteristics Heineken in Rotterdam

Vehicle/Parameter EFV ICE

Model Emoss DAF

Payload (kg) 7500 8230

Type of vehicle Heavy duty vehicle Heavy duty vehicle
Gross vehicle weight (kg) 19000 19000

Maximum loading capacity 38 38

(m3)

Changes in business model

Partners, activities, resources: Heineken Rotterdam did not have to change their existing
logistics concepts, since the EFV replaces a CFV and takes over its trips. The 19t truck in
Rotterdam operates almost exclusively (99%) in the city centre, drives an average of 60 km
per day and has an average drop count of between 13-17 deliveries per day. The vehicle is
charged overnight at the depot; extra investments in charging infrastructure were made. The
truck also has equipment on the truck for extra quick loading; in this way the truck can be
charged in four hours.

Using an EFV has both advantages and disadvantages for Heineken Rotterdam. On the one
hand, the EFV saves costs on fuel and is supported through subsidies. On the other hand,
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using an EFV costs money because of investments in charging infrastructure, higher
insurance costs, training costs, and a lower estimated residual value. An EFV also requires a
different maintenance contract than an ICE.

From Figure 31 and Figure 32 it can be concluded that the trip characteristics ((driving) time,
distance, number of stops per day) remained nearly identical. It can be observed that while
the median duration of a trip is around eight hours for both vehicles, the median driving time
is only 108 minutes for an ICE and 120 minutes for an EFV, implying that during the trip six
hours are spent on other activities such as loading and unloading of freight at the delivery
stops. From Figure 33 it can be concluded that the EFV transports less kilograms per day
than the ICE; this is in line with the fact that the EFV has a lower payload.
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Figure 31: Boxplots of the total time and total driving time per day for Heineken in

Rotterdam™
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Figure 32: Boxplots of the distance driven and the number of stops made per day for
Heineken in Rotterdam

1 Box plots in figureare based on 663 observations for ICEs and 1626 observations for EFVs. Data are
corrected for outliers.
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Figure 33: Boxplot of the kilograms transported per day for Heineken in Rotterdam

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of Heineken. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

Charging infrastructure (-)
Vehicle costs (retrofitting) (-)
Lower fuel costs (+)

Subsidy (+)

Change in maintenance costs (?)
Lower estimated residual value (-)
Higher insurance costs (-)
Training of drivers (-)

=A =4 =4 =4 =4 4 A 4

Conclusion and discussion

There is no real change in operations, the only issue is that the EFV has a lower payload
capacity so it transports less kilograms per day than the ICE.

2.43 Heineken in Amsterdam

Case description

The delivery area of Heineken Amsterdam is displayed in Figure 34. Heineken has a
distribution centre on the outskirts of Amsterdam.
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Figure 34: Heineken UDC Amsterdam location and delivery area

As part of the FREVUE project Heineken deployed one retrofitted 12t EFVs in Amsterdam,
which lead to a loading capacity reduction of 1810 kilograms, see Table 14 for the vehicle
characteristics. In a later stage, seven additional 13t EFVs where purchased for Heineken
Amsterdam. Heineken uses subcontractors for the delivery processes and these have
bought the specified vehicle.

Table 14 Overview of vehicle characteristics Heineken in Amsterdam

Vehicle/Parameter EFV (1) EFV (7) ICE

Model Ginaf Ginaf DAF

Payload (kg) 4000 5045 5810

Type of vehicle Heavy duty Heavy duty Heavy duty vehicle
vehicle vehicle

Gross vehicle weight 12000 13000 11990

(kg)

Maximum loading 25 25 25

capacity(m3)

Changes in business model

Partners, activities, resources: Heineken Amsterdam did not have to change their existing
logistics concepts, since the EFVs have taken over roundtrips that were previously
performed by ICEs. The 12t truck in Amsterdam operates in the city centre only and drives
on average 60 km per day. Each vehicle operates two routes per day, one in the morning
and one in the afternoon. A specific loading pole had to be installed at the depot. The trucks
themselves also have equipment on the truck for extra quick loading; in this way the truck
can be charged in four hours. The trucks benefit from heavy regeneration so that the
batteries are still at about 50% at the end of the day.

Using an EFV has both advantages and disadvantages. On the one hand, the EFV saves
costs on fuel and is supported by subsidies. On the other hand, using an EFV costs money
because of the installation of a loading pole, investments in charging infrastructure, higher
insurance cost, and training costs. An EFV also requires a different maintenance contract
than an ICE.
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The boxplots showing trip characteristics (per day) are given in Figure 35, Figure 36 and
Figure 37. The medians of total time per day performed by ICVs and EFVs are close to each
other, but there is much more variation for EFVs. The same holds for the driving time per
day (which excludes the loading and unloading time at delivery stops). The median distance
driven and number of stops per day of the EFVs are lower than the medians of the ICEs.
The kilograms transported per day by each truck are comparable for EFVs and ICEs. All
figures combined we can conclude that per stop, more kilograms are loaded/unloaded by
EFVs than by ICEs. The variation in number of stops and (therefore) variation in total
(driving) time is much larger for EFVs than for ICEs.
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Figure 35: Boxplots of the total time and the total driving time per day for Heineken in
Amsterdam *2
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Figure 36: Boxplots of the distance driven and number of stops made per day for
Heineken in Amsterdam

2Box plots in figurearebased on 2341 observations for ICEs and 1586 observations for EFVs. Data are
corrected for outliers.
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Figure 37: Boxplot of kilograms transported per day for Heineken in Amsterdam

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

Value proposition: There are no changes in the value proposition of Heineken. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

Vehicle costs (retrofitting) (-)
Installation loading pole (-)

Investment in charging infrastructure (-)
Lower fuel costs (+)

Subsidy (+)

Change in maintenance costs (?)
Higher insurance costs (-)

Training of drivers (-)

= =4 =4 4 -4 -4 A -9

Conclusion and discussion

For Heineken in Amsterdam, there is no real change in operations. When we look at trip
characteristics, the EFVs show more variance in (driving) time and number of stops than the
CFVs. The amount of kilograms transported is about the same.

2.44 BREYTNER in Rotterdam

Case description

BREYTNER provides logistics services for all parties with goods intended for central
Rotterdam. T h e Oy iothes parties with éh@ir (¢cosventional) gehicles, after
which BREYTNER transports the swap bodies with 19t EFVs into the city centre. No
additional equipment is needed to attach and detach the swap body to/from the truck, so it is
possible to leave the container at the hub for a while. Swapping takes five to ten minutes and
goes faster with increasing experience of the driver. BREYTNER provides services for both
entering and leaving the city. The process is also suitable for freight flows starting further
away from town. The range of the trucks is sufficient to operate in central Rotterdam for a full
day.
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BREYTNER currently operates two electric EMOSS trucks on a MAN chassis, with a range
of 200-250 kilometres and a 200 kWh battery. One of these trucks is deployed for a
customer in the fashion business and this truck is used as a case for FREVUE.

Changes in business model

Partners, activities, resources: BREYTNER did not have to change their logistic concepts,
since they already operated with electric vehicles only. For the fashion customer the process
is as follows. Early in the morning (before 6:00) conventional trucks bring two swap bodies to
the south hub and two swap bodies to the north hub. Around 7:00 the electric truck picks up
a swap body from the south hub and leaves it at a store of the chain on the South bank (city
centre) during the day. Then it gets the second swap body from the south hub and leaves it
at a store on the North bank (city centre) during the day. The EFV continues to the north hub
and makes a round trip passing three stores of the chain. Around 11:30 the driver is back at
the north hub to swap the bodies and makes another roundtrip passing three other stores of
the chain. In the afternoon the EFV picks up the two swap bodies in the city centre one by
one and brings them back to the south hub. Between 16:00 and 17:00 the route is finished.

The EFV for FREVUE drives the same route for this customer each day. The length of this
route is about 165 kilometres, which means that the range is never a problem. The vehicle is
charged overnight and this requires about 4.5 to 5 hours. In Figure 38 it is shown that the
median total time per day is 662 minutes (about 11 hours) and the median distance is 173
km per day.

Charging infrastructure is very expensive and there are currently no public fast charging
possibilities. At the moment it is cheaper to use bigger batteries. BREYTNER has installed
two charging poles from which they can receive data on the charging process.
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Figure 38: Boxplots of the total time and distance driven per day for BREYTNER in
Rotterdam™

Customer, channel and relationship: There are no changes with regard to customers,
channels and relationships.

¥ Box plots in figureare based on 51 observations. Data are corrected for outliers.
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Value proposition: There are no changes in the value proposition of BREYTNER. In the
value proposition for society there is no change because BREYTNER was already using
electric vehicles only.

Cost structure and revenue streams: Since BREYTNER already operated with electric
vehicles only, there are not that many changes, except for the purchase of the new EFV.

Conclusion and discussion

Since BREYTNER already operated with electric vehicles they did not have to change their
logistic concepts. In the FREVUE case they serve the fashion customer with a new EFV,
using the concept of swap bodies.

2.45 Clipper in London

Case description

Clipper Logistics Itd is a third-party logistics provider, one of the UKb6s | eading 1| og
providers, expert in retail and high-value goods.

Within FREVUE, additionally to the 12t Smith EFV that Clipper already had, they bought
another 10t Smith Newton EFV with 500 kilogram less loading capacity than the ICE it
replaced. See Table 15 for the vehicle characteristics. For the Clipper case there are
unfortunately not much data available, so the description here is shorter than for the other
cases.

Table 15 Overview of vehicle characteristics Clipper in London

Vehicle/Parameter EFV ICE

Model Smith Newton Iveco Eurocargo
Payload (kg) 3000 3500

Type of vehicle Large duty vehicle Large duty vehicle
Gross vehicle weight (kg) 10000 7500

Maximum loading capacity 13.2 14

(m3)

Changes in business model

Partners, activities, resources: Both EFVs are used for operations in the inner London area
(Regent Street and surrounding areas). The consolidation centre operated by Clipper is
about 50 kilometres from the city centre. At the time of purchase, the new EFV was designed
and used for a specific customer and the required roundtrip for this customer, which was
characterised by a small operational area in central London with a large number of drops. A
small battery pack was enough at the time, despite a relatively limited range. Later the
battery pack was enlarged for a new customer but since the contract with that client has
terminated, the EFV has not been in daily operation as the range is now too short to
complete a return trip to central London plus the required distances within the city centre. No
additional charging equipment had to be bought as the EFV had its own dedicated charging
point already.

Customer, channel and relationship: There are no changes with regard to channels and
relationships.
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Value proposition: There are no changes in the value proposition of Clipper. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance.

Cost structure and revenue streams: In the cost structure there are the following changes:

Vehicle purchase costs and additional investments in battery pack (-)
Lower fuel costs (+)

Tax benefit (+)

Higher driver and insurance costs (-)

= =4 -4 =

Conclusion and discussion
The EFV of Clipper has not been in daily operation due to external factors.

2.46 Conclusions large electric vehicles

A total of 11 large electric vehicles were used in three different cases. Also for this category
of vehicles, the lack of availability on the market is a problem. It was case-dependent
whether or not changes were made to the logistics concept. When looking at the costs and
resources for the cases with large sized EFVs, most important ones are the retrofitting or
purchase of the vehicles, required charging infrastructure / battery pack, training of drivers,
operating costs (fuel vs. electricity), insurance costs and possible subsidies. In the value
proposition for society there is a positive change because of a reduction of emissions and a
reduction in noise nuisance (see Figure 39).

N - Customer Customer
Key Partners Key Activities Value Proposition . .
Relationships Segments
1 New OEMs and 1 Vehicle charging time | Limited changes: No changes Customers
dealers for EFVs are Q) most customers including zero
usually smallerand [ EFVs more difficult to | want low emission emission criterions
Iﬂe;i ?g?flegéf??l plan F’bul'e tc:jrange () | deliveries, but in the procurement
1  Fewer T gS:st'o soﬁc;/antages willingness to pay is (+), although hardly
knowledgeable exemptions/privileges | Very limited at this used i at this
service men (+) moment (0) moment i in
available for Key Resources Channels practice
maintenance (-)
1  Fuel costs vs. Value proposition No changes
electricity (+) ¢ et
1 Procurement cost (-) or society
1  Charging ]
infrastructure i Reduction of
required (-) emissions (+)
1 Lessnoise
nuisance (+)
Cost Structure Revenue Streams
1 Investment costs: cost in purchase of the vehicle; cost 1 No changes (0), except if:
in purchase of charging point (-) subsidy for the vehicle purchase (+), or for
1 Operating costs (0) or in case of exemptions (+) charging point purchase (+), zero emission
1  Training of drivers (-) in procurement (+), tax reductions (+)
1  Less fuel costs; less maintenance costs (+) T Non-monetary revenue stream: more
sustainable

Figure 39: Business model canvas (BMC) for operators using large EFVs i changes
positive (+) neutral (0) or negative (-) compared to CFV situation

FREVUE D3.2: Economics of EVs for City Logistics - Report Page 61 of 161









































































































































































































































































































