iy

By,
ZKTHE

VETENSKAP

DEGREE PROJECT IN ENERGY AND
CLIMATE STUDIES,SECOND CYCLE,
30 CREDITS

STOCKHOLM, SWEDEN 2022

Electrification of Last-Mile
Transport

A Study of Charging Infrastructure and
Collaborative Business Model

ELIN JOHANSSON
MARCUS ROSTMARK

KTH ROYAL INSTITUTE OF TECHNOLOGY

SCHOOL OF INDUSTRIAL ENGINEERING AND MANAGEMENT




v

By,
FKTHS

{S} VETENSKAP
&8 OCH KONST &¢

s

KTH Industrial Engineering
and Management

Master of Science Thesis
Department of Energy Technology
KTH 2022

Electrification of Last-Mile Transport:
A Study of Charging Infrastructure and Collaborative
Business Model

TRITA: TRITA-ITM-EX 2022:33

Elin Johansson

Marcus Rostmark

Approved Examiner Supervisor

Date Viktoria Martin Jagruti Ramsing Thakur
Industrial Supervisor Contact person
Jakob Ingvar-Nilsson Jagruti Ramsing Thakur




Abstract

Electrification of the transport sector is an important step in reducing the global greenhouse
gas (GHG) emissions. Compared to traditional internal combustion engine vehicles (ICEVS),
electric vehicles (EVs) produce no tail-pipe emissions and could be coupled with responsible
energy production from renewable energy sources to reduce coupled emissions of their
operation. One particularly interesting segment of the transport sector is the light-duty trucks
(LDTs) commonly utilized in last-mile distribution. These vehicles are responsible for the third
largest GHG-emissions in the road transportation sector in Sweden and is not as detailly
covered in existing research compared to heavy-duty and passenger vehicles. At the same time
usage of these vehicles is increasing due to the rapid increase of e-commerce. The objective of
this thesis therefore is to investigate the potential of electrification for LDTs in last-mile
distribution, operating in Stockholm, Sweden. The study is conducted through a techno-
economical optimization along with a business model innovation coupled to the current last-
mile operation of three collaborating partner companies. In this way, real world cases are
included in the study to reflect on the feasibility of electrification of these vehicles. Conclusions
of the study shows that electrification of the LDTs in last-mile operation in Stockholm, Sweden
is possible. However, it would require value-adding measures to gain economic profit when
transitioning from ICEVs. In addition, there also exists practical challenges as there is a
significant need for route charging for several vehicles in the analyzed company fleets. This
implies that operational driving behavior is required to be reviewed to reduce the requirement
of route charging. Additionally, there is a need for investigating how route charging could be
supplied to the companies.

Keywords: Electrification, electric vehicles, last-mile, charging infrastructure, risk analysis,
collaborative business models



Sammanfattning

Elektrifiering av transportsektorn &r ett viktigt steg for att minska de globala utsléppen av
vaxthusgaser (GHG). Jamfort med traditionella fordon med forbranningsmotorer (ICEVS) ger
elfordon (EVs) inga direkta avgasutsldapp och skulle kunna kopplas till ansvarsfull
energiproduktion fran fornybara energikallor for att minska de kopplade utslappen fran deras
drift. Ett sarskilt intressant segment av transportsektorn ar de latta lastbilarna (LDTs) som
vanligtvis anvands i last-mile distribution. Dessa fordon ar ansvariga for de tredje storsta
utslappen av vaxthusgaser inom vagtransportsektorn i Sverige och tacks inte lika ingaende i
befintlig forskning jamfort med tunga fordon och personbilar. Samtidigt 6kar anvandningen av
dessa fordon pa grund av den snabba 6kningen av e-handel. Syftet med denna avhandling ar
darfor att undersoka potentialen for elektrifiering for LDTs i last-mile distribution, verksamma
i Stockholm, Sverige. Studien genomfdrs genom en tekno-ekonomisk optimering tillsammans
med en affarsmodellinnovation kopplad till den nuvarande verksamheten hos tre deltagande
partnerforetag. P4 sa satt inkluderas verkliga fall i studien for att reflektera over
genomforbarheten av elektrifiering av dessa fordon. Slutsatser av studien visar att elektrifiering
av LDTs inom last-mile distribution i Stockholm, Sverige ar mojlig. Det skulle dock krava
vardeskapande atgarder for att fa ekonomisk vinst vid 6vergangen fran ICEVs. Dessutom finns
det praktiska utmaningar i och med ett stort behov av ruttladdning for flera fordon i de
analyserade foretagsflottan. Detta innebér att det operativa korbeteendet maste ses 6ver for att
minska kravet pa ruttladdning. Dessutom finns ett behov av att undersoka hur ruttladdning pa
basta sétt skulle kunna tillféras foretagen.

Nyckelord: Elektrifiering, elfordon, sista milen, laddinfrastruktur, riskanalys, kollaborativ
affarsmodell.
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1. Introduction

Climate change is an important concern that have gained increased awareness all around the
world in recent years due to the risk it poses to humankind as an effect of global warming.
Mitigation of climate change has therefore been increasingly relevant in different nations,
seeking to reduce the dangerous impacts. In mitigation of climate charge, reduction of
greenhouse gas (GHG) emissions is of most importance. The United Nations (UN) have come
together in the so-called Paris Agreement, aimed at restricting global warming below 2 °C
above pre-industrial temperature levels [1]. In this way, nations are legally binding themselves
to reduce their GHG emissions [1]. Hence, there is an increased relevance of finding ways to
further reduce GHG emissions.

Since the year 2010 annual global GHG emissions have been around 50 to 60 Gt CO»-
equivalents [2]. In 2021 direct CO2-emissions made up a share of about 33 Gt CO-equivalents
[3]. The transport sector is a large contributor to CO2-emissions, seen to be responsible for
about 23% of global direct CO2-emissions in 2021 [4]. Finding ways to reduce the GHG
emissions of the transport sector is, therefore, an important part of lowering the global GHG
emissions. For this purpose, innovative solutions are being put in place. One of these being the
transition from internal combustion engine vehicles (ICEVs) to battery electric vehicles
(BEVs) within the road transport section.

In Sweden the road transport section was responsible for emitting 13.62 Mt of GHG emissions
in 2020, corresponding to about 29.4% of the national total [5, 6]. Reducing emissions of this
section poses a highly relevant undertaking to mitigate climate change. The relevance of
electrification of transport is further increased by the Swedish government which appointed a
commission for electrification of all transport in the autumn of 2020. This commission has the
mission of promoting the implementation of BEVs and phasing out ICEVs on a two-year basis
[7]. Further governmental missions to evaluate enablers and effect of the electrification has
been appointed during the following years.

Within the road transport sector, various vehicle types are utilized for various purposes. These
are in turn coupled to varying degrees of GHG emissions. While much focus is being put on
the electrification of private passenger vehicles and heavy-duty trucks, the section of Light-
Duty Trucks (LDTs) has not gained as much attention. From statistics gathered by the Swedish
Transport Administration, the LDTs was responsible for 1.22 Mt of GHG emissions in the year
2020, making them the third largest GHG emitter within the road transport sector [5]. At the
same time, the usage of LDTSs has been increasing in recent years [5]. The main reason for this
is coupled to the large increase in e-commerce, where the LDTs are commonly utilized as
delivery vehicles within last-mile transport [8].

Last-mile transport is a segment included in commercial transportation services. Vehicles
within this service are typically operated in the final stage of distribution of services or goods.
Last-mile transport, therefore, makes up operation for shorter distances and high repeatability
of routes, with high potential for electrification [9]. At the same time companies within last-
mile transport often house many vehicles at centralized locations [Interviews]. Electrification
of LDTs in last-mile transport is therefore an interesting topic that has not properly been
covered in previous literature for the case of Sweden. Due to the increasing urgency of



sustainable operation, business model innovation is necessary for many sectors including the
sector of last-mile deliveries.

A business model contains three key factors, value creation, value capture and value
distribution where different methods of building or innovating a business model after
strategical structures of the organization have been developed. [10]

Business model canvas (BMC) is one of the tools where value creation, value capture and value
distribution are analyzed by nine blocks to include the perspective of operation, economic and
strategic. The topics include customer segment, customer relationships, channels, value
proposition, key activities, key resources, key partners, cost structure and revenue stream. [11]
The perspective of a traditional Business Model Canvas is often organization centered and
focuses only on financial value creation and has therefore been reviewed and elaborated into
new business model frameworks. [12, 13]

Triple layered business model Canvas (TLBMC) are one elaboration of the BMC that
introduces layers of social and environmental scopes to compliment the traditional financial
scope. The framework takes a life cycle assessment (LCA) perspective where the
environmental and social benefits and impacts will be analyzed after the organization’s choices.
The environmental layer focuses on the materials and the source of the material while the social
layer focuses on the human resources and the social and cultural environment the organization
are situated in. [13]

City Model Canvas (CMC) are an adaptation of the classic BMC and TLBMC. The CMC are
aimed towards smart city development for city councils and have therefore reinterpreted the
traditional blocks in a BMC for mission-based organizations. In addition to the reinterpretation
to the BMC the CMC takes inspiration from the TLBMC by adding blocks for environmental
and social aspects. [14] The block structures of all canvases can be seen in appendix I.

Collaborative Business Models is no longer organization centered but community centered and
can identify the risk factors such as lagging solutions, allocate resources, act collectively and
reduce the risks coupled with complex and multidimensional dilemmas and economic
challenges. With the people, planet, profit perspective the collaborating organizations take
greater responsibility for natural and societal issues by designing their business model to create
value for the network, society, economy, and environment. The collective value such as
knowledge, resource and influence can be created by utilizing this methodology. [12] The
collaboration parties in a collaborative business model can variate in the value chain between
horizontal, vertical, or diagonal relationships. A collaborative business model can include one
or more of these relationship types. [15]

In 2011 the European union (EU) founded “The collaboration Concepts for Co-modality”
(CO3) who researched the potential of horizontal collaboration in the logistic sector for union
wide electrification while creating a methodology for business model innovation based on the
BMC structure. [16]

This study therefore seeks to investigate the potential of electrification of LDTs in last-mile
transport in Stockholm, Sweden. This by first investigating the optimal sizing of the required
charging infrastructure and developing a business model for the transition with a focus on
sustainability and possibilities of shared economy. To reflect on requisites specific to Sweden,

10



the study is focused on three specific companies, all having substantial last-mile operation in
Sweden.
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2. Literature Review

This chapter seeks to present current research surrounding battery electric vehicles and
charging infrastructure relating to last-mile transport in Sweden, motivating the purpose of this
thesis.

2.1 Battery Electric Vehicles

Battery Electric Vehicles (BEVs) offer a good means for reducing coupled GHG-emissions of
the transport sector, typically operating with high tank-to-wheels energy efficiency and
producing no direct tailpipe emissions [17]. At the same time, BEVs offers a more established
technology making them more suitable for adoption in comparison to other electric vehicle
technologies such as Fuel Cell Electric Vehicles (FCEVs) [17]. The coupled emissions of BEV
operation could additionally be further decreased by utilizing a responsible energy supply,
using Renewable Energy Sources (RES) for supplying the BEV with energy in charging [17].
Despite these advantages, a large concern with BEVs is the significantly reduced driving range
compared to traditional Internal Combustion Engine Vehicles (ICEVS) [17, 18]. This is because
the battery has a low specific energy content per unit of mass compared to the gasoline fuel
[18]. To sustain a flexible operation of BEVs compared to ICEVs there is a large need for an
increased extension of refueling possibilities of these vehicles compared to traditional gasoline
refueling stations. This could potentially be linked to very high coupled costs of supplying the
necessary Charging Infrastructure (CI).

2.1.1 Components

The BEV drive system typically consists of a battery, converter, electric motor, and a
transmission system [19]. The battery is used as an energy buffer in the system, storing and
emitting energy towards the DC-AC converter [19]. The converter is connected to the electric
motor supplying three phase AC current to drive the wheels through the vehicle transmission
[19]. Batteries are considered the most sensitive component of the BEV because of their large
weight and associated cost [20]. The cost of batteries in BEVs is observed to be able to account
for up to one-third of total vehicle costs [21]. This makes BEV range and price highly
dependent on the performance of this component, where manufacturers of BEVs often needs
to find a good tradeoff between driving range, cost, and weight of the vehicles [20, 18]. This is
particularly important as the expected energy consumption of the vehicle increases with
increased vehicle weight [18].

The BEV battery is typically made up in three main stages, relating to cell, module, and pack
levels [22]. The cell level of the BEV battery refers to the individual electrochemical cells in
the battery [23]. The electrochemical cells are typically made up of an electrode pair separated
by an ion-conductive electrolyte and a separator [24]. The main battery type used in BEVs
today is the Lithium-ion Battery (LiB) [23]. The chemical composition of the cathode is the
main determining factor of the cell characteristics, with different LiB types being defined by
this component chemistry [25]. The most employed LIB types in BEVs today are the nickel
manganese cobalt (NMC) battery [25]. Other types that are used in the automotive industry
today are typically, lithium nickel cobalt aluminum (NCA), lithium iron phosphate (LFP) and
lithium manganese oxide (LMO) batteries [25]. The exact preference of which LIB type is best
is influenced by the potential energy density of the cell chemistry and the availability and cost
of ingoing components [25]. NMC batteries are used today due to their relatively high energy
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density in comparison to low material cost [25]. The typical energy density of battery cells used
in BEVs in 2020 was up to 265 Wh/kg [26].

The individual cells of the BEV battery are arranged on module and pack level to define the
performance characteristics of the battery pack. The required configuration is determined by
the desired battery pack voltage and power output requirement. To achieve a certain pack
voltage (VF), the individual cells need to be connected in series dependently on the specific
cell voltage (V¢). The pack energy (EF) of the pack is determined by the number of cells
connected parallelly dependent on the specific cell capacity. The specific cell capacity is
defined as the rated hourly capacity of sustained current that could be supplied by the battery
cell, commonly known as discharge rate of 1C in C-rate. The C-rate describes the rate at which
a battery could charge or discharge all its capacity in relation to time. The C-rate is determined
by the potential discharge of a battery in 1h, being equal to 1C. With 0.5C indicating a full
discharge over a 2h period and 2C indicating a full discharge of the battery over a period of
30min. Based on this, the C-rate could be used to specify the specific charge and discharge rate
that is possible for shorter and longer time intervals. In this way, the design of the battery
largely determines the receivable charging power a vehicle could obtain while charging. This
limitation is an important factor to account for when adopting BEVSs, potentially causing
limitations in vehicle operation. [24]

In the design of battery packs for BEV applications, the V¥ of a battery pack is mainly
determined by the voltage requirement of the electric motor of the vehicle [24]. The E? is then
dependent on the power rating of the electric motor and the necessary requirement of sustained
current to operate at the rated voltage [24]. The total power that the battery system could
provide is dependent on the Internal Resistance (IR) of the battery pack [24]. Of which, the IR
of a battery pack depends on the specific chemistry of the battery cells and varies with specific
State-of-Charge (SoC) and operating temperature of the battery [27]. The IR is reasonable for
deviating the operational voltage of the battery cell from the V¢ due to various resistances
taking place, effectively reducing the achievable cell capacity [24]. This results in unavoidable
losses in energy conversion, reducing the total energy that could be charged and discharged in
the battery [24].

2.1.2 Battery Degradation

During the battery’s lifetime, performance is degraded due to the occurrence of aging
mechanisms [20]. The categorization of battery degradation is typically made between calendar
ageing and cycle aging [23]. Both processes occur due to parasitic physiochemical
transformations in the battery, resulting in permanent loss of the energy storage capacity and
potential power output of the battery [20]. These processes affect the performance of the
battery, accelerating the capacity degradation towards the End-of-Life (EoL) of the battery
[24]. The EoL is generally reached when either power or energy has decreased to an
unsatisfactory point, reducing the achievable acceleration or range of the vehicle [24]. The EoL
is therefore generally set to when a battery’s maximum energy and power capacity has been
reduced to about 80% of the original capacity [24].

The capacity losses due to calendar aging refer to losses occurring for batteries at rest condition
[20]. The responsible aging mechanism for calendar aging is the formation and growth of the
Solid Electrolyte Interface (SEI), which reduces the number of active ions in the battery [20].
The formation of the SEI is accelerated by high temperature and SoC, with the general factors
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that influence the magnitude of the calendar loss being the time, temperature and SoC of which
the battery is stored [23]. The typical calendar lifetime until EoL of LIBs is today between 10
- 15 years, which corresponds to an annular calendar capacity loss of 1.5 — 2% [28, 29].

Cycle aging refers to aging mechanisms taking place when the battery is charged and
discharged [23] The cycle aging loss is in this way influenced by the number of cycles, charge,
and discharge rate (C-Rate) and depth of discharge (DoD) of which the battery is operated at
[23]. The DoD describes the percentage of capacity in a cell that is used in operation [24]. This
makes the DoD closely related to SoC, being defined as DoD = 1 — SoC [23]. With 100% DoD
describing a fully discharged battery [23].

The main mechanism responsible for cycle aging is the formation of metallic plating on the
battery anode, hindering the intercalation of ions into the anode [20]. The metallic plating
mechanism occurs due to increased accumulation of ions at the anode, being accelerated by
fast reaction rate (High C-rate) and low temperature [20]. At more extreme operating
conditions, with very high DoD and C-rates, other aging mechanisms come into play in the
cycle aging [20]. The DoD is an important factor affecting the Achievable Cycle Count (ACC)
of a LIB battery [23]. ACC describes the number of full cycles a battery is expected to perform
towards the EoL when accounting for occurring cycling capacity loss [30]. The ACC is in
addition dependent on the specific battery type that is used, with a typical full-cycle ACC being
around 1500 — 3000 cycles in BEV batteries today [25]. When accounting for a restricted DoD
between 20 - 80%, the corresponding ACC becomes 2500 — 5000 corresponding cycles.

2.2 EV Charging Technology

Compared to ICEVs, BEVs generally are coupled to a much shorter driving range and longer
refueling time which restricts the adoption of BEVs in society [31]. The exact restriction in
refueling time is coupled with the charging technology used to charge the vehicle [31].
Charging could be done either through alternating current (AC) or direct current (DC) charging,
with various types of EV chargers and charging levels following certain standards [32, 33].
The charging type is also coupled with specific requirements to enable charging [32]. This as
some charging levels could be managed through a typical household outlet meanwhile others,
of higher rated power, need dedicated wires and specific EV components to enable charging to
take place [32]. One reason for this is that the incoming AC current from the electrical grid
needs to be processed through an AC-DC converter to suit the DC pack voltage (V) of the
BEV battery in charging [34]. The exact classification of standards used for charging of BEVs
could therefore be seen to be based on factors of rated power, operational voltage, and physical
charging socket [33, 35, 36]. There are standards for defining “modes” of charging
corresponding to different voltage levels and current flows [36].

In Europe the standard follows under IEC 61851, defining requirements for the specific electric
vehicle supply equipment (EVSE) supplying a certain classification of charging [36]. The
standard defines four modes of charging coupled to the charging power classification in
Europe: namely mode 1 (AC), mode 2 (AC) and mode 3 (AC) and DC fast charging (Mode 4)
(DCFC) [31]. For AC charging, mode 3 charging is most common in commercial settings [35,
36]. Typical charging rate of AC charging in commercial settings is 7.2 kW or 22kW with a
voltage level varying between 110-480Vac [31, 37]. However, the maximum charger power
seen in AC mode 3 charging is a power rating of up to 43 kW [31, 33]. The standard cost of
AC mode 3 charger could be up to 54 000 SEK [38]. In DCFC, the adopted power rating in
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standard public settings in Europe is up to 50 kW at 480+ Vac [31]. Additionally, there exist
DC high power fast charging, which could potentially rate up to 150kW as seen in newer DC
chargers [32]. The maximum achieved charging rate today is however up to 350 kW [33]. The
coupled cost of hardware related to a 50kW DCFC charger has been observed to be around 260
000 SEK along with 410 000 SEK coupled to the installation of one charger [32]. For DCFC
of 150 KW the corresponding costs have been seen to be about 680 000 SEK and 430 000 SEK
in hardware and installation cost respectively [32].

The installation cost of chargers is made up of several components relating to labour, material,
taxes and permits [39]. The installation cost of a project is dependent on the number of chargers
to be installed at a specific site [39]. Nicholas et al. studied the BEV charging infrastructure
cost in metropolitan areas in the US was investigated through analysis of real-world data [39].
In the compilation of gathered data from various sources, it was observed that the per-charger
cost on average declined with about 18.7% in installations of 6 or more mode 3 chargers at the
nonresidential specific site [39]. Similarly, the installation cost of DCFC stations decreased by
approximately 20.4% in the installation of 2 or more chargers seen in assembled data [39]. The
exact economic cost of charging infrastructure is largely dependent on the coupled costs of
necessary components to enable the charging at a certain power rate, this is largely determined
by the distribution infrastructure equipment [34]. Local distribution networks are typically
operated between 33kV - 11kV in Sweden where electricity is distributed to the electricity user,
requiring transformer substations to downgrade operational voltage down to 400V [40]. The
major factors limiting the integration of EVs into the distribution network are related to thermal
limits in supply equipment (lines, cables, and transformers) along with voltage unbalance,
voltage distortion and voltage fluctuations [41].

Exact effects on distribution infrastructure and economic cost are dependent on the adopted
charging strategy and the impacts on the power system [34]. In literature, there is a discernment
about uncoordinated “uncontrolled” charging versus coordinated “smart” charging strategies
of BEVs [31, 32, 34, 35, 42]. Uncontrolled charging indicates that charging of the BEV occurs
immediately at full charging power when the connection is made to the BEV until full battery
capacity has been reached [34]. This strategy often causes problems in the local distribution
grid due to increases in peak load, affecting the power reliability and cost effectiveness of the
energy system [34, 42]. The coordinated smart charging strategy instead optimizes the time
and power demand in charging of the BEV [34, 42]. In the study of Masoum et al. the smart
charging strategy is seen to contribute to system load leveling in a studied residential
distribution network with low, medium, and high PEV penetration. Specific results of the study
show that the strategy could contribute to reducing daily electricity costs, voltage deviations,
line currents and transformer loading by lowering power surges coupled to the charging of EVs
[43]. The study of Lopes et al. similarly investigates different scenarios of varying degree of
integration of EVs in the electrical grid. For this study, the results show an increase of 11% in
peak load when a smart charging strategy is applied compared to an 85% increase when
uncontrolled charging is taking place, indicating a major advantage in cost effectiveness
coupled to the smart charging strategy [44].

In practice, smart charging is managed through communication between the charger and the
vehicle when charging is taking place [45]. In this way, so called dynamic load balancing could
be employed, limiting the distributed vehicle charging power based on regulations of the
electricity grid connection [45]. This is typically managed using interconnected “smart meters”,
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continuously monitoring the different loads of a certain grid connection point to see to it that
the set limitations are not exceeded [45]. Hence, optimal distribution of power could be
supplied following predetermined prioritization of certain load points [45]. The smart charging
technology in this way is an important component in CI involving several vehicles charging at
one single grid access point [45]. Offering high flexibility and control in energy management
for the charging station (CS) operator [45]. Smart charging could therefore be seen as an
important component in the charging strategy of BEVs.

2.3 Last-mile Operation

The segment of last-mile delivery is often referred to as the last leg of the order delivery from
business-to-consumer (B2C) [46]. It is typically characterized by operation in urban areas with
shorter and more frequent routes than other segments in the distribution sector [46, 47]. The
operation of last-mile deliveries is additionally coupled with a demand of fast deliveries,
varying loading factors and deliveries to dispersed locations [46, 48]. This makes the last-mile
segment often being the costliest part of the delivery chain accounting for about 28% of the
total transportation costs [46, 49]. Because of this operation of last-mile transport in a cost-
effective way could be especially beneficial for distribution companies in this transportation
segment.

The last-mile operation employs varying distributional methods for making deliveries to the
consumers [50]. The study of Xuping et al. defines these as home delivery points (HDPs),
reception boxes (RBs) and collection-and-delivery points (CDPs) [51]. The study of Janjevic
et al. similarly distinguishes between HDPs and CDPs for consumer pickup at secondary
collection points. Figure 1 presents differences in HDP versus CDP delivery.

a a
o[ o

HDP CDP

Figure 1: Delivery to HDPs versus delivery to CDPs.

The type of delivery point used by the logistics companies is associated with a varying degree
of cost related to the operation [50]. The operation to HDPs is typically associated with low
operation efficiency compared to CDPs and thereby coupled with a higher operational cost in
comparison [51]. The choice of the utilized delivery methods is in large degree decided by the
consumers, coupled to the satisfaction of consumers [48]. Consumer satisfaction in last-mile
operation is determined by several factors, but several studies point out convenience in time
and place of deliveries as being very important [53, 54].
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The most impactful factor in the last-mile distribution is e-commerce, where the rapid
development has increased the complexity of the delivery chain. This is in the way of making
companies having to transition from a traditional supply chain where customers visit physical
retail stores to a supply chain with different levels of distribution utilizing sorting centers to
make deliveries to multiple delivery points at urban level [47]. By this, the value in businesses
offering flexibility, availability and speed has increased in last-mile distribution. This creates
new demands on the vehicles along with the requirement for route planning in the operation to
create as much value as possible for consumers. To meet the specific demands of the vehicles
and to be suitable for urban operation, last-mile delivery vehicles are often categorized as light-
duty vehicles which can vary from bicycles, mopeds, cars, and light-duty trucks (LDTs) [55].
This study focuses specifically on the requirements of LDTs employed in the last-mile
distribution, where the utilization has increased by approximately 31% during the last 10 years
in Sweden coupled with the increase in e-commerce deliveries [50].

2.3.1 Light Duty Trucks

Light-duty trucks (LTDs) are defined as four-wheeled vehicles with a gross weight under 3 500
kg. In accordance with this definition, they can be driven by a driver with a Swedish B-license
[56]. In 2020 there was 32 827 registered LDTs with the Swedish Transport Administration
where the majority is driven by conventional fuels. 85.3% of the total fleet of LDTs in Sweden
was driven by diesel in the year 2020 and only 6% of the share was fully electrified. The other
fuels including petrol, ethanol, gas, and electrical hybrids have a small share of 8.7 percent of
the shares combined. [57] From statistics gathered by the Swedish Transport Administration
LDTs emitted 1.22 million tons of GHG in the year 2020 with a small increasing trend from
the previous 30 years. The driving kilometers show a large increase starting in the year 2000
and thereby yielding a decreasing average GHG emission per driven kilometer Figure 2 shows.
This indicates a continuous improvement of ICEVs combustion emissions as well as transition
to more environmentally friendly fuels such as bio-diesel.
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Figure 2:GHG emissions per driven kilometer in transport, Sweden [57].

GHG emissions per driven kilometer could be observed to decrease for LDTs in coherence
with the total emission from the transport sector, including city busses, regional busses private
vehicles, heavy-duty trucks and two-wheeled mechanical driven vehicles. Concerning the
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LDTs the trend intel’s that the energy efficiency in the vehicles has increased due to the
decrease in emissions per driven kilometer. This trend is projected to continue under set
regulations. The European requirements on the carbon dioxide emissions for LDTs is a total
vehicle emission below 147 g-COx/km by year 2020. Additional goals of 85% reduction of
2019 levels are set for 2025 and 69% of 2021 levels by 2030. The total carbon dioxide emission
from LDTs in Sweden was in the year 2020 about 145 g-CO./km which is just below the
European requirements. With the measurements of the requirements and the statistics from the
Swedish transport agency the LDTs emissions should be below 99.8 g-CO./km until 2025 to
align with the EU goals [57]. Due to the large decrease in a short time span the investigation
of electrification has gained relevance.

The Swedish promotion of BEVs can be seen in the taxation of vehicles. The taxation for
vehicles in Sweden has a basic amount of 360 SEK/Vehicle and additions according to the
carbon dioxide emissions and fuel of the vehicle. [58] This implies reduced taxation of BEVs
compared to ICEVs. The taxation rates as stated by the transportation agency is presented in
Table 1. For light duty trucks there is a bonus-malus system within the taxation. The bonus of
maximum 70 000 SEK is recovered for low environmental impact vehicles taken into operation
after 1%t of April 2021 or 60 000 SEK for vehicles operative before this date. The bonus is
calculated after the differentiation of the value of the new BEV and the closest related ICEV
[59]. The malus implies a taxation addition for vehicles with emissions over 95 g-CO./km with
increasing additions with the rate of emission [58]. The malus additions as stated by the
transport agency can be seen in Table 1. The low taxation for BEVs in combination with an
increasing share of BEVs in the daily traffic, is producing concerns about how the funding of
the coupled costs is formed. The Swedish Environmental Institute (IVVL) are therefore
proposing a reformation of the taxation system that could be in place by early 2030. The
proposal is showing a structure where owners of vehicles with low carbon dioxide emission
are accountable for a kilometer taxation proportional to the road tear and damages of the
average vehicle [60].

Table 1: Vehicle taxation framework as stated by the Swedish transport agency.

Fuel Diesel or Petrol Ethanol, E85, Natural- or Biogas

360 SEK /vehicle

Basic amount
Emission limit

Emission component

> 111 g-COz/km
22 SEK/ g-CO;

> 111 g-COz/km
11 SEK/ g-CO;

Vehicle in operation 2018-07-01 to 2021-03-31 2021-04-01
(YY-MM-DD)

Emission limit 95-140 g-CO2/km >140 g-CO2/km 90-130 g-CO2/km >130 g-CO2/km
Malus 82 SEK/ g-CO, 107 SEK/ g-CO, 107 SEK/ g-CO; 132 SEK/ g-CO;

Other reforms coupled to the policies sounding LDTs are the proposal of increasing the gross
weight categorization of LTDs fueled by electricity or gas. The policy inclines a weight
increase from 3 500 to 4 250 kg of vehicles without a trailer, with the restriction of the driver
being in possession of a B-license over 2 years. The proposal is initiated by the European union
to promote reduction of carbon dioxide emission in transport [61]. The Swedish government
issued an investigation of the implementation of the policy in December 2020 to the Swedish
Transport agency [62]. The Swedish Transportation Agency responded in November 2021 with
a report that concludes that the policy should not be implemented. This is due to the vague
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definition of vehicle restrictions and comparison to ICEVs together with the implication on law
enforcement. However, if international directives of the prerequisites of electrified transport or
new policy possibilities are suggested, the Swedish position should be reevaluated [61].

Economic incentives to aid the de-carbonation of transport are rather limited for companies
active in the distribution industry. One incentive that could be obtained by request to the
Swedish Environmental Protection Agency is “Klimatklivet”. This is an incentive to promote
investments to reduce the emission of carbon dioxide. The Incentives are today set by the size
of the company in units of profit and employees. The financial aid is limited to maximum 50
% of the investment for charging stations and a percentage of the difference of a BEV and
corresponding ICEV purchase price when evidence of emission reduction is provided. [63, 64,
65]

2.3.2 Environmental Regulations

For the case of last-mile distribution in Sweden local regulation as environmental zones in the
urban area poses challenges for the actors where demands of the vehicles are set to aid in better
air quality. Each province could regulate the traffic by three different environmental classes,
class one, two and three. Environmental class one set the demand on heavy vehicles to do better
than the Euro Il standard exhaust requirements for eight years of operation and better than Euro
IV for further operation. Class two sets a demand on light vehicles to fulfill Euro standard
exhaust requirement V or VI, from the first of July 2022 the requirement is strengthened by
requiring only Euro VI. Environmental class three set the requirement that no spark ignition
vehicles (petrol or diesel) are allowed in the area, heavy electrical hybrid vehicles can be
allowed if it fulfills European standard VI [66]. The requirements for the different European
classifications can be seen in Table 2.

Table 2: European classification requirements as of 2021 [67].

Classification CO [g/km] HC+Nox [g/km] PM [g/km] NOXx [g/km] THC [g/km] NMHC [g/km] PN [#/km]
Petrol Diesel Petrol Diesel Petrol ‘ Diesel Petrol ‘ Diesel Petrol Diesel Petrol Diesel | Petrol Diesel

Euro 1l 2.2 1.0 0.5 0.7 - 0.08

Euro IV 1.0 0.5 - 0.3 - 0.025 0.08 0.25 0.10 -

EuroV 1.0 0.5 - 0.23 0.005 0.005 0.06 0.18 0.10 - 0.068 - - 6*10%

Euro VI 1.0 0.5 - 0.17 0.005 0.005 - 0.08 0.10 - 0.068 | - 6*1011 | 6*10M

Stockholm is today divided in two different environmental zones, class 1 and class 2. Class 1
reaches around the central city of Stockholm with exceptions for large roads connected to
industrial areas and highway bypasses [68]. The environmental class two are restricted to one
central street in the inner city called Hornsgatan since January 2020 [68]. Figure 3 shows the
outer limits for environmental zone 1 (red), restriction for environmental zone 2 (orange) and
exceptions for highway bypass and industrial areas (green).

1 Direct injection only
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Figure 3: Environmental zone restriction in Stockholm, adapted from [69].

2.4 Charging Optimization

The optimization of CI is done with different techniques in previous literature. Out of the
different techniques used, the typically employed method is optimization through linear
programming (LP). The LP algorithm-based optimization is then carried out through a linear
objective function and constraints. The LP optimization is done by either maximizing or
minimizing the cost associated with the optimal use of defined resources of the problem [70].
In continuation to the LP algorithm, Mixed Integer Linear Programming (MILP) exists. What
differs LP optimization from MILP optimization is that in LP the objective function is linear,
with variables being allowed to take on all numeric values when solving the optimization. In
MILP optimization one or more variables are restricted to only being allowed to take on integer
or binary values [71]. In addition to these algorithms, there exist several other optimization
methods. These include particle swarm optimization (PSO) and genetic algorithms (GA). Both
are so called meta-heuristic methods, typically handling optimization of problems with
incomplete information in their definitions [72]. These methods usually handle a larger set of
solutions, whereof the optimal one is derived from the solution sets with a definition of
additional problem assumptions [72].

The MILP based optimization algorithm is employed in BEV charging scheduling in many
previous studies, with the objective of optimization varying depending on the optimization
approach taken. Some typical examples include minimizing the total cost of energy of the
energy system users, minimizing peak load consumed by the infrastructure and supporting
integration of renewable energy sources into the system [72]. Huang F et al. studied the optimal
charging strategy for a PHEV charging station with the objective of optimal integration of local
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renewable energy sources by minimizing the charging electric cost. The optimization was
carried out through scheduling of storage in a battery unit along with the implementation of
optimal energy trading with the external grid. The results show a reduction of 61% in total
electricity consumption for the optimized case compared to no optimization [73]. Chen et al.
sought to optimize the load profile of an electric bus fast charging station by minimizing the
cost of time-of-use electricity prices. The results show that charging costs could be minimized
in this manner along with shifting charging loads to off-peak hours, reducing the strain on the
distribution transformers [74].

Specifically linked to optimization of BEVs in transport and logistics, optimization objectives
could be set as strategic or operationally linked. In terms of strategically levelled problems, the
study of Menno. et al. aimed at investigating bus operator fleet size and mix in utilized
drivetrain technologies. This was done by finding the cost-optimized amount of BEVs in a bus
fleet and the necessary charging infrastructure. The objective of the study was set to minimize
Total Cost of Ownership (TCO) of vehicles through a grouping genetic algorithm (GGA), with
MILP optimization being incorporated in the process to minimize the necessary charging
infrastructure. The results show that BEV busses could reduce TCO when integrated into the
vehicle fleet [75]. In the study of Chen et al. the strategic objective was set to find the optimal
placement of charging locations for a bus line in an urban public transportation system. MILP
optimization was used with the objective of minimizing the total project cost linked to its
lifetime. The results indicate an optimal cost being found with the corresponding locations of
charging infrastructure [76]. Linked to operationally levelled optimization, the study of Rogge.
et al. sought to optimize charge scheduling of EVs employed in last-mile distribution utilizing
the MILP algorithm. The specific objective of the optimization of this study is to minimize
labor costs along with energy costs and battery degradation based on the variation in different
operational patterns (varying amount of driving shifts of the day). The results show that charge
schedule optimization reduces total costs by about 25.2% indicating a major advantage of this
type of optimization [77].

In terms of constraints typically employed in optimization of EV charging infrastructure, these
are typically linked to specific EV charging demands in the form of specific time and energy
requirement of charging, battery size, desired SoC allowed in operation and charging power
rate [73, 74, 77]. Additional constraints include site-specific constraints in the form of
maximum allowed transformer sizing and distribution of energy from available renewable
energy sources [73, 74, 77].

While many previous studies have been focused on optimally solving BEV and CI integration
through different optimization techniques, none have additionally analyzed associated risks,
benefits, and costs of the implementation in related business models. This study therefore
further incorporates this to present a more holistic view in the analysis of employing BEVSs in
the last-mile transport segment.

2.5 Business Model Development

Previous studies of business models for electric mobility (e-mobility) focuses on business
model methods, tools and configuration to create a holistic systemwide overview for beneficial
models for all stakeholders. Interdisciplinary traits were found in all analyzed studies where
future work included continuance of the analysis from different perspectives or additions to the
databases used for the business model tools. Methodologies used included empirical, statistical,
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and systematical approaches where mathematical functions, value chain evaluation (VCE) or
seminars with distribution companies indicated correspondence to business cases, models or
patterns for the analyzed scenarios and cases. The business models highlighted as most suitable
was collaborative, cost-saving or service business models. [78, 79, 80, 81, 82, 83, 84, 85] In
the studies where a business model canvas was utilized, BMC and CMC were represented [79,
80].

Integrations of innovating services such as Vehicle-to-Grid (V2G) and Vehicle-to-Building
(V2B) are shown as beneficial for vehicle owners with driving patterns concurring with longer
charging sessions alongside the adaptation of batteries second use (SLB). The suitable business
models in a V2X system are shown to imply on the auxiliary electricity markets with large
potential for integration of solar power as well as increased power factors on low- and mid-
range power plants. For the segment of BEV owners with little to no opportunities for
participation in V2X systems, a cost-saving business model was shown as most profitable [79,
81]. Incentives to promote the transition to e-mobility was shown to be of importance and was
indicated in form of tax reduction for vehicle and electricity as well as incentives coupled to
power demand. [81, 82]

From a techno-economical evaluation it was indicated that private charging at centralized
locations is the most preferable for reducing the TCO of vehicles, but it is not sufficient to
provide the required ranges of e-mobility [80, 82]. It was therefore concluded that a public
ecosystem with fast charging is necessary, but requires a high utility of charging stations to
gain economic sustainability [82]. The key aspects of public charging stations were identified
as charging speed, flexibility, integration, security, and parking availability that is connected
in a holistic system. Island-effects of disconnected areas was indicated as a barrier that could
pose challenges in the electrification of all driving patterns and proposed electrification
corridors for longer travels [80].

E-mobility as a service was shown interest in multiple studies where clusters of services could
be identified with varying characterizations [80, 83, 84, 85]. The main clusters identified was
data-, transport-, knowledge-, analytics- and charging as a service implication for different
stakeholders in an e-mobility ecosystem. Data- and analytics as a service describes when
stakeholders do not utilize the charging power but own the chargers. Transport- and charging
as a service indicates stakeholders utilizing vehicles and charging power while knowledge as a
service indicates stakeholders with heightened knowledge in parts of the system components
of design [83, 84, 85].

Studies specifically about business models for last-mile transport are usually aimed towards
sustainable operation excluding electrification of transport. Studies of crowdsourced logistics,
contract design and parcel lockers [86, 87, 88]. Oliveira et al does however, state that the
current business model for a company in last-mile can be disrupted by the implementation of
sustainable vehicles [89].
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3. Research Objective and Questions

The objective of this thesis is to analyze optimal sizing of charging infrastructure considering
techno economic constraints and hence designing shared business models. This to evaluate the
feasibility of electrified last-mile transport in Stockholm (Sweden), using data collected in
collaboration with three active companies towards a techno-economic optimization and
development of a transitional business model. The outcomes will focus on charging station
sizing and charging scheduling. The optimized charging infrastructure is integrated in a
business model with parameters of sizing, energy demand and investment cost. The business
model will focus on risk-, cost- and benefit-factors of the transition, aiming towards
contributing to an implementation plan for the transition of the collaborating companies.

This by more specifically answering the research questions of:

e What is the optimal charging infrastructure sizing required to meet demand of
electrified last-mile distribution considering technical, operational, and economical
limitations?

e What is the optimal charging schedule for the vehicles operated in last-mile
distribution?

e What is the associated cost coupled to operation of electrified last-mile distribution
vehicles and how does it compare to traditional fuels?

e How can a traditional business model for the collaborating companies be innovated to
include management of the transition and sustainability?

e How can a collaborative business model for management of charging infrastructure be
integrated in the operation of collaborating partners?

3.1 Scope and Limitations

Within the scope of the thesis, the feasibility of electrifying last-mile distribution vehicles is
investigated. The study focuses on last-mile distribution coupled to e-commerce, investigating
the feasibility of electrification of only LDTs coupled to the specific collaborative companies
included in the study. The thesis focuses on deducing demand and prerequisites of
electrification in a bottoms-up approach, mainly focusing on technical, operational, economic,
and business strategical limitations from the last-mile distribution companies in designing of
the method of investigation.

Qualitative data for the method of investigation is collected through interviews with
collaborating companies who wished to be anonymous. The answers are therefore not
transcribed in the report but instead interpreted in key words or phrases using pseudonyms. All
collaborating companies are in initial stages of transition and have therefore limited experience
in management of operation, technical parameters, and business development of electrified
transport. The business model development is therefore supported by literature alongside the
interview interpretations and limited in the quantification of risk factors.

Limitations of the study are related to availability and interpretation of data. This as the
operational pattern of vehicles had to be assumed based on interpretations of collected data
with no specific vehicle operational data of routes or driving distance being available.
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4. Case Study

The chapter begins with a general introduction of each of the companies coupled to their
respective last-mile operation. Then the further analysis is conducted regarding the specific
operation coupled to these companies operating in Stockholm, including DT setup, and usage
of LDTs in the operation.

The collaborative companies in focus are Company A, Company B, and Company C. Table 3
presents the specific business categorization and specific product category associated with the
last-mile operation of the studied companies.

Table 3: Overview of the companies studied.

Categorization | Company A Company B Company C
Business B2C B2C, B2B B2C
Product Convenience Goods? Parcels® Parcels?

Company A utilizes its last-mile business for delivery of products coupled to the physical
Company A store business. In this sense, the last-mile operation of Company A only handles
the transportation of products from their own business for delivery to their consumers (B2C),
both through HDP and CDP delivery. The products that are handled in last-mile delivery is
categorized mainly as convenience goods handling mainly groceries along with some
additional product categories in pharmaceutical products and some smaller rare products. The
Restrictions in the products that can be handled by their last-mile business is mainly associated
with the physical size of the containers used in order handling. [Interview 1 Company A]

The main value creation of Company A is in their grocery stores where individual stores has
control over their own assortment in the lines of “free Company A merchants”. This means that
the centralized organization with its functions and affiliates are offering value to the individual
stores and not the final consumer. The segment of the last-mile is part of the affiliate “Company
A” that are responsible for storing and distributing groceries to the store’s assortment and online
shopping. The value is created to the Company A merchant that is connected to the value
offering and advertised only by the merchant. The strategy to connect as many merchants as
possible to the service is to offer a large and reliable value to a market price including customer
service. Projects in adding delivery options to increase customer convenience and optimize
driving patterns were interpreted as value creation. [Interview 1 Company A]

Company B utilizes last-mile delivery coupled to their business of supplying logistics solutions
to external businesses. The operation is handling both deliveries from external businesses to
consumers (B2C) and deliveries between businesses (B2B), with both HDP and CDP delivery.
The products that are being handled in their last-mile operation have no precise limitations in
specific product types. The products are typically of the kind of parcels, mainly coupled but
not limited to e-commerce. Company B has no specific restrictions on the products that are
being handled in their business, instead, the delivery type and the vehicle used is adapted to
manage the specific requirements. [Interview 1 Company B]

2 Convenience goods: Frequently bought goods for everyday use. l.e. food and hygiene products.
3 Parcels: Single purchase products. l.e. clothing and make-up products.
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The core business of Company B is distribution where hauling contractors are utilized to
deliver the units Company B is managing. The main value is therefore created towards recipient
of the delivery (consumer), the hauling contractors and the sender of the delivery alongside
themselves, the community, and the environment. Towards the consumer Company B is
creating value by offering fast, predictable, and flexible deliveries by having real-time updates
of the location of the vehicle and time of arrival together with the ability to redirect the delivery
to another location if necessary. Towards themselves and hauling contractors, value is created
in involvement in technological advancement and information sharing of new findings,
statistics and results making them an attractive employer and employee. Towards the
community and environment, value is created in environmentally friendly distribution seeking
improved emissions and air quality. [Interview 1 Company B]

Company C last-mile delivery business is, like Company B, coupled to supplying logistics
solutions for external businesses to their consumers (B2C). The main businesses that are being
supplied by Company C are mainly coupled to e-commerce, resulting in handling of varying
product types in their deliveries. The company today mainly handles CDP delivery but have
recently begun implanting HPD delivery as well. Typical product types that are being handled
is pharmaceutical products along with make-up products. Additional restrictions of possible
products for deliveries are coupled to their physical restrictions in slot size of their delivery
point lockers. [Interview 1 Company C]

Company C is a young company with a high focus on environmentally friendly transportation
and innovative solutions. The company is considering itself as a tech-company rather than a
distribution company due to the high degree of technological solutions adapted in their value
creation. The value is created by utilizing delivery boxes located near consumers to minimize
dependency on consumer availability and to optimize driving patterns. Company C has since
year 2021 operationalized home deliveries where value is created towards the consumer
convenience as well as environmentally friendly with implementation of battery electric
vehicles. An algorithm is used to optimize driving patterns and calculate delivery times to
increase predictability. They take great pride in being pioneers in fossil free transportation and
have the aim to aid in technological advancements by implementing and evaluating current
innovations. [Interview 1 Company C]

4.1 Operation in Stockholm

In Stockholm, Sweden, the operation of the last-mile business for each of the companies is
managed through transshipment in DTs. While all three companies operate in the entire
Stockholm area, the exact setup and ownership of the DTs vary. In the Stockholm area
Company B and Company A utilizes a decentralized setup of their distribution transshipment
points. Hence, operation takes place with several DTs from which deliveries are carried out in
the Stockholm area. Meanwhile, Company C has a centralized distribution hub where one
single DT is handling all their transshipment for the Stockholm area. Noteworthy is that
Company A is currently developing a new DT that is intended to cover the whole larger
Stockholm area, meaning that Company A is moving towards a more centralized setup of their
distribution hubs [Interview 1 Company A, Company B and Company C]. This study focuses
specifically on one DT for each of the case study companies. Data for the specific DTs chosen
for detailed analysis is presented in Table 4.
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Table 4: Properties of the specific DTs analyzed in this study.

DT Properties Company A Company B Company C
Associated Weekly Deliveries 60 000 14 560 5600

HDP Delivery of Total Deliveries | 93% 53% 3%

CDP Delivery of Total Deliveries | 7% 47% 97%
Location Outer City Outer City Outer City
Ownership Self-owned  Leased Leased
Utilization of Space Private Shared Shared
LDTs Housed 200 80 40

Company A’s last-mile business is today divided between two DTs in the Stockholm area. The
study focuses on the DT that is newly developed. The planned capacity of this facility is today
about 13 000 order deliveries per week, but it is built to handle more as it is being phased into
operation. The projected possible capacity is about 50 000-60 000 delivery stops per week.
From the DT about 93% of deliveries are typically made to HDPs, with about 7% being
delivered to CDPs. CDP delivery is typically being handled with heavier transportation due to
larger volumes per delivery stop. The DT is utilized only by Company A and is today owned
by the Company A concern. In 2022 the business is projected to employ about 200 LDTs in
the Stockholm area, divided between the two DTs. The future ambition is however to allow for
the newly developed facility to cover most deliveries in the Stockholm area along with
deliveries of nearby regions as well. Hence, the assumption is made that the new DT is housing
200 vehicles to reflect total demand associated with operation in the Stockholm area. [Interview
1 Company A]

Company B’s last-mile business is today distributed over three DTs in the Stockholm area,
with one additional being under construction. Out of these, the chosen DT for analysis in this
study 1s the company’s largest DT in Sweden. The DT typically houses larger deliveries of
varying kind, with both LDTs and heavy-duty vehicles coupled to the operation. The DT today
handles approximately 14560 delivery stops per week. The deliveries made are typically
divided with about 53% being delivered to HDPs and 47% being delivered to CDPs. The DT
today have approximately 98 vehicles in operation, out of which 80 is of the LDT type and the
rest is of heavier transportation. The DT is located outside of the city is in a shared facility with
other businesses. [Interview 1 Company B]

Company C’s operation is centralized to one single DT intended to cover the Stockholm area,
along with some coverage of nearby regions. The facility is the largest of Company C:s DTs in
Sweden and today approximately handles about 5600 delivery stops per week. Homedelivery
IS just set in place in their operation, with these delivery points being operated by smaller
vehicles. As of today, only 3% of the total deliveries are of the HDP type, whereas the rest of
the delivery stops (97%) are made to CDP delivery boxes. The DT is located outside the city
and is shared with other businesses. With the facility today being rented from a property owner.
The DT houses about 40 LDTs. [Interview 1 Company C]
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5. Methodology

In this chapter, the methodology adopted for the project is presented. The steps of the
methodology followed the flowchart presented in Figure 4. There are two stages of the
methodology designed. Stage one included data collection where two interviews with
partnering companies were conducted and interpreted for usage in the Stage two process. The
Stage two process included quantitative Mixed Integer Linear Problem (MILP) optimization
and qualitative business model development.

The MILP optimization of the Stage two process was conducted through programing in Python
with the Jupyter Notebook interface. Microsoft Excel was used as a tool for managing
databases and summarizing results. The optimization was done in the form of specific cases,
referring to the collaborative companies participating in the study utilizing the MILP
methodology. In the MILP methodology, linear relationships were used to form the objective
and constraints of the optimization algorithm. The gathered data from Stage one was used to
define operational input data along with setting up a relevant set-up of the optimization
algorithm. The MILP optimization was run for a whole year, seeking to find the optimized
setup of Cl and investigate the potential for electrification for each respective case. This was
done in the way of utilizing hourly timesteps for each individual vehicle for the whole year of
the optimization. Lastly, a sensitivity analysis was conducted and analyzed to assess the
implication of policy.

In the business model development of the Stage two process collected data was coupled to
parameters of value creation, value capture and value delivery of the participating company
cases. This was utilized in the formation of a general business case, out of which the individual
prerequisites of the company cases were to be assessed. This was used in the development of a
suitable business model considering coupled risks, benefits, and costs, integrating results of the
MILP optimization into the general business case for cost evaluation and final model
configuration.

Stage One Stage Two

[ MILP Optimization ’

Model Set-up } Processing +

Business Model Development

Sensitivity ’

Data collection j Analysis

Interview 1 *‘ Interview 2 n-[ Interpretation

Risk-Benefit Cost

. Integration
Analysis Assessment g

Figure 4: Flow chart over the project methodology.
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5.1 Interviews

The following section is a description of methodology for qualitative data collected from
interviews with collaborative companies within stage one of the project methodology. The
exact questions of the interviews can be found in Appendix II.

The interviews were divided into two occasions to organize the data collection throughout the
thesis while utilizing the participation within the limits of the companies’ timelines.
Additionally, the division was motivated by increase in focus of all participants by avoiding
extensive processing of information as well as enable aimed topics to the different stages in the
thesis.

The first interview was scheduled to two hours and was aimed to define system boundaries,
case definition, business development and optimization constraints. The interview was
therefore divided into four categories:

e Transition to sustainable fuels
e Operational data

e Fuel planning

e Business strategies

The categories of transition to sustainable fuels is summarized in results and was used as system
definition for both the MILP optimization and business model innovation. Fuel planning and
business strategies were used as indicators for the scope of the risk analysis and cost assessment
in the business model innovation. The questions were a mix of numerical questions, multiple-
choice questions, close-ended questions, open-ended questions, along with rankings on a scale
of 1 to 5. The ranking was limited to a scale of 5 to reduce the time spent on the specific
question and to avoid indecisive answers. The questions could be denied by the companies
which was the case of the rankings, discussion of the outlook of the topic was however
obtained. An intermediate break was scheduled to reduce the impact of reclining focus on the
questions.

The second interview was one hour long and aimed to discuss enablers for electrification and
primary findings from the thesis. The questions were mainly composed of open-ended and
follow-up questions divided into three categories: energy management, end-of-life treatment,
and charging management. The categories were designed to investigate the interest in energy
system participation with integration of onsite generation and vehicle to grid application
along with value chain relations, expectations of electrification and implementation rate of
BEVs. These categories were used in the MILP optimization strategy and system boundaries
of business model. The interpretation of the answers can be seen in results in chapter xxx.

The answers given during the interviews was interpreted as key words or phrases and were sent
to the collaborating partners by email to be confirmed. Input data for the techno-economic
optimization was obtained in the from of selective answers which companies gave based on
precise data of their operation. This due to secrecy of the precise operational data. In this way,
average data of the operation was obtained for the optimization, with no inclusion of effects
depending on specific weekdays or seasons.
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5.2 MILP Optimization

The MILP optimization followed the methodology presented in Figure 5. First, input data
relating to technical and economical parameters along with operational data of the vehicle fleets
was gathered. The specific components of the optimization model were the external grid, the
vehicle fleet, the slow and fast charging stations at the DT and the route fast charging stations
located out on the vehicle routes. The initial parameters associated with the components were
assumed or derived from preceding data collection through literature review and partner
interviews. The input data of the optimization for solving the model setup is presented in the
subsequent section referring vehicle energy demand, electricity prices, vehicle, and CI
parameters in addition to the availability for charging and driving range of vehicles in the fleets.

Input Data Optimization Results

Grid Vehicle Chargers
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Figure 5: Methodology of the MILP Optimization.

The optimization was performed for a whole year, utilizing hourly timesteps (t) for each
respective vehicle (v) of the respective vehicle fleet size (1) according to equations (1) and (2).

0<t<8760 (1)
1<v<V (2)

The optimization strategy adopted in this study sought to investigate the necessary charging
infrastructure of the collaborative partner companies. The MILP optimization, therefore, took
on a cost-optimal strategy aimed at minimizing coupled costs of electrified operation of
vehicles. The cost-optimal optimization strategy was motivated through the study seeking to
investigate the feasibility of electrification of last-mile vehicles, putting large relevance on
minimizing the coupled cost. The important components associated with operational costs were
identified as the total energy taken from the grid, the coupled demand charge cost associated
with the grid connection at the DT and the coupled investment cost of charging stations (CS).
The results were finally collected relating to optimal charging station sizing, charging schedule
and energy consumption of each company case.

5.2.1 Model Set-up

The set-up of the MILP optimization algorithm was formed based on the principle of supplying
vehicles with the necessary charging energy regarding their total energy consumption in
operation. This while accounting for the specific vehicle scheduling to determine the
availability for charging at different times. The specific model approach of the MILP
optimization model is visually displayed in Figure 6. The model took the approach of supplying
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charging in relation to the specific DTs (DT charging), with complementary fast charging
during routes (route charging) to account for insufficiencies in individual vehicle driving range.
The DT charging was prioritized over route charging, visually displayed through solid and
dashed lines in the figure. This specific approach was motivated through the data collection of
Stage one in the methodology, where a key interest was identified as being able to secure a
reliable fuel supply with minimal impact on the overall operation of the vehicles. This was
done by using the availability for charging of the vehicles in the fleet to investigate the
requirement of charging infrastructure with regards to causing minimal impact on the vehicle
operation. Charging at the DT was the primary strategy, utilizing the time where vehicles
ordinarily are not in operation during inactive hours for charging.
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Figure 6: Visualization of optimization model set-up.

5.2.2 Operational Data of Company Fleets

The specific behavior of LDTs coupled to the DTs of the different companies is presented in
Table 5. The operational hours are presented as the absolute times for departure of making
deliveries to final arrival when the vehicles are no longer operated. In between, there would
exist different operational timeslots for deliveries, which are further presented below.

Table 5: Properties of driving pattern behavior for LDTs in operation.

Properties | Company A | Company B | Company C
Operational Hours 05:00 — 23:00 07:00 — 22:00 12:00 — 22:00
Delivery Point Type HDP HDP, CDP CDP
Average Daily Driving Range 165km 80km 120km
Average Daily Number of Stops | 25 26 20

Company A utilizes LDTs for HDP delivery. The operational hours of the LDTs are divided
into two types of schedules. Vehicles could be utilized for making either morning or evening
deliveries. This is coupled to different timeslots for delivery offered to the customer. The
specific timeslots utilized are between 05:00 — 15:00 and 10:00 — 23:00. About 70% of the total
deliveries are today made during the later timeslot, this since evening deliveries has been most
sought by customers. The average daily driving distance of vehicles is 165km. The typical
number of daily delivery stops is about 25 per vehicle. Interview 1 Company A]

Company B utilizes LDTs for both HDP and CDP delivery. The determining factor for which
delivery points the LDTs are utilized for is based on the physical size and total amount of
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deliveries per delivery point. The operational hours of vehicles for making deliveries are today
divided into a morning and an evening timeslot, with timeslots for operation between 07:00 —
15:00 and 15:00 — 22:00. The largest number of deliveries is typically carried out during the
morning timeslot with the evening timeslot being less utilized. Approximately 76% of
deliveries are made during routes in the morning timeslot with the rest typically scheduled to
the evening. Vehicles are operated through both timeslots, meaning some vehicles returnto DT
for evening operation after completing the morning route. The average daily driving distance
of vehicles is 80km. The average amount of delivery stops for a vehicle during a day is
approximately 26, mixed between the different delivery point types. [Interview 1 Company B]

Company C utilizes LDTs for making CDP deliveries. The whole operational timeslot during
the day is set in the afternoon. The operation is typically divided into two delivery timeslots of
the vehicles. These timeslots are today between 12:00 — 16:00 and 19:00 — 22:00. Deliveries
are distributed evenly across both timeslots, with all LDTs being operated through both
timeslots. The average daily driving distance is approximately 120km. The average amount of
stops during the day are typically 20. [Interview 1 Company C]

From this data the availability for charging and driving distance of vehicles in the respective
company fleets was derived. The specific data is presented in detail in concurring sections.

5.2.2.1 Fleet Availability for Charging

The data for the availability of vehicles for charging was based on gathered data of vehicle
scheduling. The hourly availability of vehicles was derived from the operational timeslots
presented in Section 5.2.2. The data was estimated with a differentiation between the vehicles
being available for DT slow charging (EV,s:°"), DT fast charging (EV,F#5*) and route charging,
in accordance with the presented model setup.

The adopted data for the hourly availability of the vehicles was derived with various
assumption’s dependent on each company case. In doing this the aim was to determine the
availability for charging with the different charging types in relation to what would be
practically manageable for the collaborative partners i.e., that the algorithm would not decide
to switch between DT slow and DT fast charging in the middle of the night when no employees
would be around to practically mange this. The following assumptions were made to derive the
hourly availability of the fleets:

1. The total number of vehicles (v) in each company case was equal to the number of
vehicles (V) of the fleets housed at the DT, presented in Section 5.1.

2. The distribution of vehicles operated in the different daily operational timeslots was
matched to the expected distribution of total delivery stops, accounting for how the
vehicles were operated as presented in Section 5.2.2.

3. All vehicles operated in a specific timeslot during the day were set to depart directly in
accordance with the set departure and arrival times of these timeslots.

4. Vehicles were only available for route charging when in operation during the
operational timeslots presented in Section 5.2.2.

5. Vehicles were parked during available hours at the DT, being coupled to availability of
slow charging only.

6. Vehicles were taken out of parking 1 hour prior to departure to account for the loading
of the vehicle. During these hours the vehicles were set to be available for DT fast
charging.
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7. Vehicles returning to the DT between operational timeslots during the day were
available for DT fast charging during this time.

The summation of the resulting hourly fleet availability is presented in Figure 7.
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Figure 7: Summation of availability data adopted for: a. Company A, b. Company B and c. Company C.

4.2.2.2 Fleet Driving Distance

The data for hourly driving distance for vehicles in the fleet (d¥7* [kWh/km]) was determined
from the expected daily driving distance and the number of operational hours for each specific
vehicle in the fleets. This was done with the assumption that the total daily driving distance
was equally distributed across all operational hours of each specific vehicle.

The total daily driving distance of specific vehicles in the fleet was derived from estimated data
of average daily driving distance along with maximum and minimum deviations of the vehicle
fleets. This was done following the steps below:

e Normal distribution was adopted according to equation 1, where the number of vehicles
() driving a specific daily driving distance (x) was derived using the average driving
distance of the fleet (1) and the standard deviation STD and the total fleet size (N).

X —u
7= N
STD (3)
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x was derived based on intervals of 10km within the minimum and maximum

deviations of driving distances gathered from the companies.

The expected standard deviation (STD) in calculations were assumed based on

qualitative data collected from the collaborative partner companies.

Resulting number of vehicles (Z) coupled to different driving distances (x) was then

coupled to the different operational timeslots for the company cases to derive dX".

Table 6 presents the data assumed for calculations of the vehicle driving distance distributions
in the respective fleets.

Table 6: Assumed data for vehicle driving distance distribution.

Properties Comp | Comp | Company
anyA |anyB | C

Fleet Size (N) 200 80 40

Average Driving Distance (1) 165km | 80km 120km

Max Deviation 280km | 250km | 450km

Min Deviation 50km 40km 20km

Standard Deviation (STD) 45km 57km 450km

The resulting summation of daily driving distance distribution of Z based on the vehicle
fleets is presented in Figure 8a, b and c.
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Figure 8: Adopted distribution of Z for: a. Company A, b. Company B and c. Company C.
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5.2.3 Technical and Economic Parameters

5.2.3.1 Vehicle Energy Consumption

The energy consumption model used to represent vehicle energy consumption in this study was
calculated as a combination of theoretical energy consumption per km (P¥™ [kWh/km]) and
an energy consumption factor (f7) to account for the effects of ambient temperature.

Pk™ was derived based on the total mass of the vehicle. The derivation was done by accounting
for contributions of underlying physical principles of vehicle motion and the driving behavior
of the vehicle. The energy requirement of a vehicle starts at the mechanical energy required
for the movement of the wheels, where the total energy demand is dependent on the physical
force needed to move the vehicle [90]. The total energy demand could therefore be expressed
as a function of resistive forces, describing the contribution to the total traction force (F;). The
resistive forces included were effects of rolling resistance, potential energy, aerodynamic
losses, Kkinetic energy, and energy for the acceleration of rotational parts [90, 91, 92]. The
relation of total traction force and resistive forces is described in equation (4).

1
F, = Ma+ MgC, cos(a) + EpACd(V —,)?% + Mgsin(a) (4)

Where resistive forces are expressed using total mass of the vehicle (M), acceleration (a),
frontal area (A), rolling resistance coefficient (C,), aerodynamic drag coefficient (C,), road
slope angle (), air density (p), gravitational constant (g) and wind speed against the vehicle
moving direction (V).

The total traction force was used in turn to determine the required power (P) to move the
vehicle at a certain velocity (V) through the mechanical power equation (5) [91].

P=F,*V (5)

In this way the theoretical estimate of total energy demand of a vehicle could be based on the
summation of momentaneous power requirement over time during a vehicle trajectory
described in equation (6) [92].

1
Eyech = jP dt = j[(Ma + MgC, cos(a) + EpACd(V —V,)? + Mgsin(a)) * V] dt (6)

A specific trajectory was then used to calculate the P*™ with time specific values of a and V.
The driving behavior of the vehicle affects the total energy demand based on the necessary
dynamic behavior the vehicle must adopt for different types of routes. These effects were
incorporated in calculations of the total energy demand (Ey..;) by simulating operation of
equation (6) in a standardized test cycle. From these specific cycles, P¥™ of the vehicle was
derived based on the total energy consumption and travelled distance of the cycle.

The test cycle was based on the Worldwide Harmonized Light VVehicles Test Cycles (WLTC).
WLTC are a part of the Worldwide Harmonized Light Vehicle Test Procedures (WLTP) which
is created for approval testing of light duty vehicles in Europe, relating to the determination of
emissions and fuel consumption [93]. WLTC cycles are classified into three categories
distinguishing between different power-to-weight (PMR) factors of vehicles [93]. From these
classes, the class 2 cycle was chosen due to it representing realistic driving behavior meant for
vehicles with low power requirement in relation to high vehicle weight operated in traffic
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conditions like the ones in Europe. The exact characteristics of the WLTC 2 cycle used are
presented in Table 7.

Table 7: WLTC characteristics [93].

Phase Duration | Stop Distance | Percent | Max Average | Average | Minimum Maximum
[s] Duration | [m] Stops Velocity | Velocity | Velocity | Acceleration | Acceleration
[s] [%%0] [m/s] (Without | (With [m/s”2] [m/s”2]

stops) Stops)
[m/s] [m/s]

Low 589 155 3132 26.3% | 51.4 26.0 19.1 -1.07 0.92
Medium | 433 48 4712 11.1% | 747 44.1 39.2 -0.99 0.96
High 455 30 6820 6.6% 85.2 57.8 54.0 -1.11 0.85
Total 1477 233 14664

In the process of calculating P*™, the effect of regenerative braking and electric motor
efficiency was included in the calculation. From equation 3 it could be seen that the total energy
requirement is dependent on the acceleration and deacceleration made by the vehicle during its
trajectory. A deacceleration results in a negative energy contribution to the total energy
demand. This makes the total energy demand of a vehicle being largely affected by the
efficiency of regenerative braking, allowing for regeneration of energy during deacceleration
in driving [94]. The efficiency of regenerative braking considered in calculations was 70%
[94].

While the physical principles of vehicle motion gave a rough estimation of the necessary
energy demand, this energy requirement was also subjected to various losses occurring from
the charging of the BEV towards the actual motion of the wheels [90]. Here the efficiency of
the electric motor and transmission came into play [95]. The electric motor efficiency
considered in calculations was 90% [96].

All ingoing fixed values of the calculation of P*™ is presented in Table 8.

Table 8: Input variable values of the calculation of P¥™,

Variable Value

Mass of vehicle (M) 3500 kg
Rolling Resistance Coefficient (C,) 0.02
Aerodynamic Drag Coefficient (Cy) 0.61

Road Slope Angle («) 0°

Air Density (p) 1.225 kg/m"3
Gravitational Constant (g) 9.82 m/s"2
Wind Speed (V,,) 0m/s
Regenerative Braking Efficiency 70 %

Electric Motor Efficiency 90 %

The temperature was an additional factor that influenced the energy consumption of the
vehicle. These effects were considered through the definition of an energy consumption factor
(fT) to describe how P*¥™ would change under different operating temperatures. Previous
studies have found that severe reductions in vehicle driving range occur in cold temperature
operation [97, 98, 99]. This is partly because of reduced battery pack energy due to increased
internal resistance in the battery itself, but also due to increased use of auxiliary energy services
in the vehicles to keep cabin temperature at reasonable levels for the driver [97, 98]. This was
investigated for a Nissan Leaf in the study by lora et al. [97]. The data was in the study derived
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from simulated standard driving cycles for a temperature interval between -15 - 20 -C. Results
of the study showed that the total driving range could decrease from 150km at 20 °C to about
60km at -15 °C, indicating a 60% decrease because of low temperature operation [9]. The study
of Geotab Inc. experimentally investigated the effect ambient temperature had on real-world
driving range compared to manufacturer rated driving range. Results in the study were
compiled from 5.2 million trips of 4 200 BEVs and showed that the real-world driving range
dropped to 54% of the rated driving range for operation at -25 °C. Meanwhile the driving range
increased to about 115% at 21.5 ~C.

To incorporate the effects of ambient temperature, data from [99] was used to form a
polynomial relationship between the real-world/rated driving range ratio and ambient
temperature. This was used to define the factor of expected energy consumption per traveled
km (fT) compared to the theoretical driving range obtained from the WLTC [93]. Data was
simulated for a whole year by utilizing hourly temperatures from the measurement station
“Stockholm-Observatorielunden A” obtained from Swedish Meteorological and Hydrological
Institute (SMHI) [100]. The resulting input data of the energy consumption factor used in the
optimization could be seen in Figure 9.
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Figure 9: Adopted hourly energy consumption factor (f*T) for a year

5.2.3.2 Electricity Prices

The cost components of the supplied electricity were considered based on electricity prices in
Sweden. In Sweden the cost of electricity for consumers is made up of three parts; namely one
part relating to various fees and taxes, the actual price of electricity consumed, and an
electricity network service subscription cost [101]. The total electricity price, therefore,
depends on a specific subscription agreement and its tariff structure decided by the electric
network service provider. These in turn incorporate various factors including the price of power
demand, taxes, transmission costs, and distribution costs [102]. For large electricity consumers,
the specific subscription agreement is defined in mutual agreement between both the consumer
and the network service provider [103] [104]. The subscription agreement is thereby dependent
on the specific prerequisites and requirements of the consumers' grid connection [103] [104].
In the study by Sachdewani. et al. [102], various structures of the tariff are identified. These
include simple, tiered, time of use, demand rates and seasonal rates presented in Table 9 [102].
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Table 9: Network tariff structures identified by [102].

Tariff | Description

Simple Fixed rate per kWh

Tiered Rate change with the consumed total kWh
Time of Use Rate changes with the time interval
Demand Rates Rate is based on peak power demand
Seasonal Rates Rate depends on the season of the year

This study adopted a general energy cost model for evaluating all three companies in the
optimization. This by including only the total electricity cost (C*¥¥") and electricity network
subscription cost (C¥") at DT. Additional costs of energy taxation and value-added taxes
(VAT) was disregarded. The cost of the consumed electricity was defied with a time of use
tariff structure, utilizing an hourly spot price. The hourly spot price used in this study was taken
from Nord Pool for the electricity spot price area for Stockholm (SE3) during the year of 2019
[105].

The cost for the network service subscription at the DTs was identified as a demand rate type
structure. This was based on the annual maximum power requirement at the DT. For the
specific case of Stockholm, a previous electricity network fee subscription made for 2022
showed how this subscription cost could be formed [106]. The cost structure utilized a two-
part demand rate cost based on yearly and monthly maximum power consumption combined
with a simple type of cost based on energy consumption [106]. For the optimization algorithm,
the specific network service subscription cost of the DTs is based on these examples for a 6-
24KV grid connection, presented in Table 10. The demand rate of the subscription is in the study
simplified for easier calculations, combining both the monthly and yearly demand rates to one
single rate based on the yearly maximum.

Table 10: Electricity network subscription cost structures used in modelling.

Rated Voltage Fixed Cost Simple Rate Demand Rate
[kr/month] [Kr/kWh] [kr/kW,year]
High Voltage (6-24 kV) | 1500 | 0.0331 | 1352

5.2.3.3 Vehicle and Charging Infrastructure Parameters

Table 11 presents the ingoing parameters of the optimization referring to the chargers and
vehicles. The charger types used in the optimization refer to slow (AC) charging and fast (DC)
charging including an AC/DC converter efficiency of 95% [107]. The investment cost of the
charger types included hardware cost and installation cost [108]. While all collaborative
companies expressed a desire to setup 22kW slow charger, the receivable charging power
would still be limited by the receivable charging power of the vehicle. The rated charging
power used in the algorithm of the respective charger was therefore based on the set limits of
receivable power of the vehicle.

The parameters related to the vehicle were based on the specification of the Mercedes-Bentz
E-Sprinter, including battery charging, and discharging efficiency of 97.5% [110]. The total
battery capacity was 41kWh, with assumed minimum and maximum SOC between 20% - 80%
[111]. The receivable charging power in AC charging was limited to 7.4 kW and the receivable
DC charging power was 80.0 kW [111].
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Table 11: Ingoing parameters of vehicle and chargers.

Parameter Value
Vehicle Total Weight - M 3500 kg [111]
Theoretical Energy Consumption - P¥™ 0.3932 kWh/km
Vehicle Battery Battery Capacity - BvCap 41 kWh [111]
Battery Charging/Discharging Efficiency - n® 97.5% [110]
socMin 20%
socMax 80%
SOC Start - SOC,, o 0.8 * BS%
Full Cycle Charging Time (20-80%) ~18.5 min*
Chargers AC/DC Converter Efficiency - n¢ 95% [107]
Slow Charger Charger Type AC
Charging Power - PS>, 7.4 KW [110]
Investment Cost - CS5,, 54 000 SEK [108]
Fast Charger Charger Type DC
Charging Power - PE5, 80.0 kW [110]
Investment Cost - 5., 1110 000 SEK [109]
Route Charger Charger Type DC
Charging Power - P§3,ce 80.0 kw [110]
Penalty Cost for Usage - CPemaity 1 250 000 SEK

5.2.4 Objective Function

The objective function of the algorithm was set to minimize the related cost of the CI. Including
energy cost per kWh (C¥"") of total energy taken from the grid (PvngOt) as seen in equation
(7.1). In addition to the cost of total energy, the objective function was composed of two parts,
relating to cost associated with Cl at the DT and CI on route. Costs relating to CI at the DT
(equation (7.2)) referred to the network subscription (NW) cost of the grid connection along
with the investment cost (CSS,,, C55..) of the installed number of charging stations (NS>

Slow?
NES:0)- The network subscription cost included a fixed subscription fee (Cw,2"), energy price

addon (Coy”") for energy taken at the DT (P5;”") and a demand rate cost (Cgy,~") of the
maximum power demand from grid connection at the DT (PG54).

Equation (7.3) presents the part of the objective function related to route charging. The function
was set up to allow route charging as a complement to DT charging, only allowing this charging
type if there is an absolute need during vehicle operation. The objective function of this study
was set to minimize the number of sessions of route charging (N§3,..) occurring for each
vehicle. One session was defined as a full cycle charging of the vehicle battery. This was done
by associating each route charging session with a high penalty cost (CP¢"4!%Y), equal to the set
investment cost of a fast charger along with a total yearly network subscription cost.
Additionally, a higher energy price (C¥""™R) was set for energy charged during the route
charging sessions. This was done to make DT charging a preferable choice, making the
algorithm avoid route charging as much as possible.

The parts of the objective function used in the optimization algorithm were:

4 Adapted from 20 min at 80kW charging between 10-80% according to [M022].

38



Cost of energy:

Vehicles Hours

Z Z ByTOt x ClWh (7.1)

Cost of Cl at DT:

Vehicles Hours

( Slow * Slow) + ( Fast * Fast) + (CI{"VL‘;cvegT) + Z Z PG TOt Ilcvl/‘(/VthT +

(Cow ™" * P (7.2)
Cost of Cl on route:

Vehicles Vehicles Hours

cPenalty Z Nioute Z Z (B = Byi°T) + CKWRE (7.3)

5.2.5 Constraints
To get the total power purchased from the external grid (P,f,"t'T"t) per timestep and vehicle, the

variable was set to equal the total charging power (Pvc_fargi"g). Equation (8) was formed to
describe this relation, accounting for losses in the power extraction from the grid (n°).

n® « Pt = BT (8)
The total charging power was set as the summation of the power of slow (P3i°%), fast (Pf2st
and route (PX2%t€) charging per timestep and vehicle described in equation (9).

Charging __ pSlow Fast Route
P, = Pylow + pFast 4 pRo 9)

Equations (10), (11) and (12) describe the different choices in charging power that could be
chosen for each individual timestep and vehicle. Equation (10) describes the maximum slow
charging power that could be adopted for each time step and vehicle. It was defined with a
maximum total charge equal to the slow charging power rate (PS>,,) and incorporates a binary
decision variable (Uy°¥) for describing the choice of utilizing this charging for each
individual timestep and vehicle. Additionally, the constraint takes the predefined availability
for DT slow charging of the vehicle (EV,>:°") into account, only allowing the slow charging to
take place if the individual vehicle is parked at the DT in accordance with vehicle availability
data.

PSlOW < PSlOW * EVslow * USlOW (10)

Equation (7) describes the charging power that could be made through a fast CS for each
timestep and vehicle. Similarly to the slow CS constraint, equation (11) defined the maximum
total charge that could be made based on a fast charging power rate (P£S,) and incorporated a
binary decision variable (UJ#) for deciding on if this charging type should be adopted for
each timestep and vehicle. The constraint incorporated the availability of for DT fast charging
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(EV,f?“) each vehicle at the DT when loading and unloading of goods, only allowing the fast
charging to take place during these specific times in accordance with vehicle availability data.

Fast CS Fast Fast
Pyt < Prgse x EVy i7" x Uy (11)

Equation (12) defined the allowance of route charging to take place. The constraint defined a
maximum allowed route charging power for each timestep and vehicle similarly to equations
(10) and (11). The maximum allowed charging power was based on a full charging cycle of
the battery capacity (B,fap). In this way an integral decision variable (UX?*¢) could be used to
describe the number of route charging sessions being made each hour by each vehicle.

PREU < 0.6 % By x (1 — EVSoW) » URgute (12)

The decision variables of (Us°%), (Us°%) and (UR?%t¢) were utilized to derive the minimum

amount of CS of each type ((NG,), ( NSss), ( Nf5,ee)) that could be adopted based on the
decisions of each individual charging type according to equations (10), (11) and (12). Equations
(13) and (14) defined the minimum DT slow and DT fast CS that could be adopted in the
objective function based on the maximum summation of the individual decision variables seen

in a specific timestep in the optimization across all timesteps and vehicles. The total amount of
charging sessions required on route (N§5,..) is defined in equation (15), accounting for the

total amount of decisions of route charging sessions (UX2%t€) per year for each vehicle.

Vehicles

CcS Slow

NSlow2 Z Uv,t (13)
v=1

Vehicles

NSz ) Uk (14)
v=1

Hours

nggute = Z UIIJ?,gute (15)
t=1
Since there was overlap between the availability of (EV;Si°%) and (EV/ ) at the DT, the slow
and fast charging for each timestep was restricted by equation (16). The constraint ensured that
only one choice of either charging with the DT slow CS or the DT fast CS could be taken for
each vehicle in DT charging in each timestep at the DT. Utilizing the decision variables (U3 "
and (UJE).
Up™ + Ut <1 (16)
The consumed energy from the grid associated with charging taking place at the DT (P,,G[ id'DT)

was dependent only on the DT slow and DT fast charging that took place. This was described
in equation (17), where the variable was set equal to the DT slow and DT fast charging for each
vehicle and timestep, accounting for conversion losses (n°).

rlC " Pv(‘;g'id,DT — P,f,?St + PI}S‘,ItOW (17)
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The variable of maximum power demand from the grid at the DT (P574) was constrained as
the maximum power purchased from the grid at a specific timestep for the summation of all
vehicles at the DT. The definition of this constraint effectively puts relevance on the algorithm
choosing to reduce the peaks of power in DT charging, accounting for economic profitability
in relation to other cost components in the objective function. This is described by equation
(18).

Vehicles

> reee < b 1®
v=1

To define the timewise consumption of energy of the vehicles in operation (Pvl?tiSCharge),
equation (19) was formed. The definition was based on the calculated theoretical energy
consumption per km of a vehicle (P*¥™) along with the energy consumption factor (f7) to
account for the effects of ambient temperature as presented in Section 4.2.3.1 The constraint
further included the hourly driving distance per vehicle (d§7') in accordance with collected
data. The vehicle availability (EV.Z#¢4) was utilized to set discharging to take place in each
timestep that a vehicle is on route.

PSCRATIe = FT s plm s« g (1 — EV,Siow (19)

v,t

To incorporate the individual vehicle energy level, a variable of State-of-Charge (SOC, ;) was
created. The variable was defined as the remaining battery capacity of each vehicle in relation
to charging and discharging processes occurring during each timestep. The variable was
utilized to restrict these processes to keep the levels of the battery SoC within certain limitations
as defined based on the total battery capacity of a vehicle (Bvca”) in equations (20) and (21).
The upper and lower limits were implemented as 20% and 80% of battery capacity respectively
to keep the battery level in reasonable limits preferable for enhancing battery life.

socMn < s0C,, < SOCM*™,  50C,, = SOCM™ (20)
socMin = 0.2 x BE® | sOCMax = 0.8 x BSP (21)

The SOC, . was used to relate the battery SoC level of each vehicle to the charging (P,ff‘"g gy

and discharging (Pf,f“ha’"ge) at each increment in time. This while relating to the available

battery capacity within the defined limitations of equations (20) and (21). Equation (22)
describes this relation, describing the total energy balance that had to be fulfilled for each
consecutive timestep for each vehicle in the calculations of the algorithm. With the factor n®
for representing inefficiency in the battery charging process of the total charging taking place
each hour.

SOC,; = SOC,;_; + 1P « PEpeTImI _ pPischarge (22)

v,t

5.2.6 Smart - Uncontrolled Charging Strategy

In regard to analyzing the effects a smart charging strategy would pose on the DT grid peak
power demand, an uncontrolled charging strategy case was derived in post processing of the
optimization results. In relation to the definition of uncontrolled charging presented in Section
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2, the uncontrolled case was developed based on the adopted amount of DT slow and fast
chargers (NS . NE5.,) of the optimization results and their respective rated maximum power
(PES ., PEaet). The maximum peak power (PP¢%¥) was then calculated according to equation
(23).

PPeak ( Fast * Fast) + ( Slow * Slow (23)

In this way, effects on the DT peak power demand were studied for both a smart charging and
a uncontrolled charging strategy to investigate its effects.

4.2.7 Battery Lifetime

To estimate the effects of the requirement for new batteries in the vehicles, the expected battery
lifetime was calculated based on degrading battery capacity. Calculations of the battery
degradation was therefore conducted in post processing of the optimization results. This was
done by incorporating effects of cycle and calendar aging for each vehicle during the
operational year studied. Battery capacity loss due to cycle aging (L¢Y¢*¢) was calculated
according to equation (24). The EoL considered was an 80% of the original capacity of the
battery. The ACC used in the calculations was set to 3 500 cycles, corresponding to the
achievable number of cycles of a LIB within the set SOC limitations of the battery [112]. The
annual capacity loss due to calendar aging (L¢®€"a7) was set to an annual value based on
typical shelf life being about 10 years for a LIB [112, 113]. L¢@endar was therefore assumed
as 2% in annual capacity loss.

(1 — EoL) * BS®
ACC

The number of annual cycles per vehicle was calculated in the optimization algorithm as the
yearly summation of hourly cycles according to equation (25). This was based on the hourly
charging taking place in relation to the defined battery capacity of the vehicle. The battery
charging efficiency (n®) was included to account for conversion losses in the battery
charging/discharging cycles.

LCycle — (24)

Hours i
B PChargmg

NCycles — Z Bvél;l’ (25)

t=1 v

The annual battery capacity degradation of each vehicle was calculated according to equation
(26).

Cap,D C C
Bv ap,veg _ Bv ap __ LCycle * NCycles _ LCalendar * Bv ap (26)

The expected battery lifetime per vehicle (t“f ®) was then calculated as the number of years

until EOL would be reached according to equation (27).

e _ (1 — Eol) @
v - BvCap _ BvCap,Deg
BS*P
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5.2.8 Sensitivity Analysis - Implication of Policy

A sensitivity analysis was performed to investigate the implication of the policy of increasing
the allowable maximum weight of the LDTs as seen in Section 2 of this report. From this
proposition, a new total battery capacity was derived and used in the algorithm. This new
battery capacity was then used to investigate how the implementation of the policy would affect
the potential of electrification of LDTSs in the companies last-mile business. The derivation of
the new battery capacity was made with regards to meeting the need of additional payload
requirements in the vehicles, with the rest of the allowed weight addition to the vehicle (BW)
contributing to increased battery capacity. The input weight components are presented in
Table 12. The calculations are based on the specification of the Mercedes-Bentz E-Sprinter
equipped with a loading space of 950 kg. Calculations included an additional 150 kg being
added to the payload requirement for representing a requiring tail-lifts in the operation.

Table 12: Resulting available battery capacity from increased total vehicle weight.

Properties Company | Company | Company
A B C

Payload Requirement 1100 kg 1 000 kg 1200 kg

Extra Requirement (Tail-Lift) 0 kg 150 kg 150 kg

Additional Payload Requirement 150 kg 200 kg 450 kg

Available Weight for Increasing Battery Size (BW) 600 kg 550 kg 350 kg

The process of relating gross battery capacity to battery weight includes many factors
dependent on the specific configuration of the battery pack in the vehicle. This refers to the
battery cell and module configuration in the vehicle battery pack which affects the gravimetric
cell-to-pack ratio (GCTPR). The GCTPR, presented in equation (28), describes the ratio of the
gravimetric energy density of the battery pack (E”%¥) in relation to the gravimetric energy
density seen in individual battery cells (E€¢") [114]. Thereby the GCTPR includes weight
contributions of additional battery components such as the BMS, cabling, busbars etc. [114].
The GCTPR seen today is varying depending on the specific vehicle type and the total battery
size, but realistic values have been observed between 0.55 — 0.65 [114].

EPack

GCTPR = (28)

ECell
The addition of battery weight to a vehicle increases the need for structural improvement to
carry this new weight addition [115]. The additional structural weight requirement is dependent
on specific vehicle design, with lightweight structures requiring more additional structural
improvement than for example a vehicle designed for hauling [115]. The calculation of the
battery capacity, therefore, incorporated a structural weight requirement (SW) with the
assumption of 1-kilogram increased battery weight needing 2 additional kilogram of structural
improvement in the vehicle chassis as seen in the literature for PHEVs [115].

The assumptions made to estimate the new gross capacity of the batteries for each company
were:

e Gravimetric energy density (p) of Li-ion battery cell was set to 265 Wh/kg [116].
e GCTPR was set to 0.65 [114].

e Structural weight requirement (SW) is equal to 2kg per 1kg added battery capacity
[115].
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e Original battery capacity (BS®”) was set to 41 kWh.

The calculations of the new battery capacity followed the equation (29).

BW = GCTPR * pE
BCap,New — BCGP 29
Y 1+5sw v (29)

The resulting input parameters for the algorithm of the sensitivity analysis to investigate the
effects of the policy is seen in Table 13. The resulting gross battery capacity of the calculation
is shown for each individual company case.

Table 13: Changed ingoing parameters of the optimization algorithm.

Parameter | Company A | Company B | Company C
Total Weight - M 4250 kg 4250 kg 4250 kg
Theoretical Energy Consumption - P¥™ | 0.4470 kWh/km 0.4470 kWh/km | 0.4470 kWh/km
Battery Capacity - Bfap'New 76 kWh 73 kWh 61 kWh
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5.3 Business Model Methodology

The results of the MILP optimization were analyzed and put towards integration in the business model
innovation. The Business model innovation followed a methodology that utilized the
characteristics of a business case and business model to develop a business plan [117]. This
methodology was used and adapted due to the structured guidelines of effects, risk, and cost
assessment to implement an operational strategy. In this thesis the business model was seen as
a guideline on how a system of charging infrastructure could be utilized and expanded in
operational last-mile distribution companies in a sustainable manner.

The methodology developed followed a parallel approach where common companies of all
contributing companies were summarized to a base case. The individual company operational
and strategical prerequisites were assessed in the discussion. Figure 10 describes the
methodology of the business model innovation. The scope was set to charging strategies and
vehicle management directly affecting the business operation.

Local
Influence

Business Strategies

Business Model Innovation

Local Risk
Assessment

A

4 )
Business Business /|—~
Drivers and Model

A

Carbon
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Figure 10: Methodology of business model development and innovation.

The methodology was divided into four categories of business model influence. Business
strategies (Black) describes the organization’s influence over the operational changes and the
current business strategy. This phase included a snapshot of the current business model,
business drivers and challenges. Local influence (Blue) described the influence of centralized
DT charging on the organization and operation. This was represented with a local risk
assessment including the risks coupled to DT charging. The external influence (Green)
described the influence of route charging on the organization and operation. In the same manner
as for the DT charging this was represented in an external risk assessment coupled to semi-
public or commercial charging. The last step (Red) was to integrate the previous phases to
innovate the business model snapshot for the transition. This phase included a cost analysis,
carbon dioxide emission and PM10 calculations.

An interpolation of BMC with CMC was used to structure the business model due to the
common use of the BMC and the layers in CMC. The interpolation has the same number of
blocks as CMC with the same cost-benefit structure but with the stakeholder and value
functions from the BMC. Table 14 shows the structure of the chosen canvas with descriptors
of which part of the methodology and data collection the input will be derived from.
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Table 14: BMC + CMC block structure and input parameters from this study.

Key
partnerships

Case study

Interviews:
Charging
management
Energy
management
Fuel planning
Operational data

Risk analyis:
Risk reducing
partners

Key activities
Case study

Interviews:
Charging
management
Energy
management
Fuel planning
Operational data

Risk analysis:
Risk reducing
measures

Key resources
Case study

Interviews:
Charging
management
Energy
management
Fuel planning
Operational data

Risk analysis:
Risk reducing
resources

Value Proposition
Case study

Interviews:
Transition to sustainable
fuels
Operational data

Customer
relationships

Case study

Interviews:
Operational data

Channels

Customer channels

Interviews:
Fuel planning

Risk analysis:
Risk reducing
channels

Customers
Case study

Interviews:
Operational data

Budget cost structure
Interviews: Business strategies
Cost assessment result
Interviews: End-of-life treatment

Revenue streams
Interviews: Business strategies
Cost assessment result

Environmental costs
Carbon dioxide emission calculations results
Interviews: End-of-life treatment

Environmental Benefits
Carbon dioxide emission calculations results
Interviews: End-of-life treatment

Social risks

Risk analysis: Social risks

strategies

Social benefits
Interviews: Transition to sustainable fuel, Business

PM10 calculation results

5.3.1 Business Strategies
The business strategies phase considered the current business model, business drivers and
challenges. The business model snapshot was meant to illustrate the current value creation,
value delivery and value capture of a general case to provide a system overview of the operation
of a last-mile actor. The canvas used for this snapshot was the BMC due to its common use in
practice, frequency of academic reviews and structured blocks suitable for assessment. The aim
was to visualize the system and aid in the assessment of the effect of electrification and
charging infrastructure. The Business drivers and challenges were meant to indicate the internal
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goal and limitations for the implementation of BEVs. This indicated which companies and
factors must be implemented in a business model and which actions are most appropriate. The
data for the business model snapshot and business drivers and challenges were collected and
structured after the answers from interview 1 with the actors.

5.3.2 Internal Influence

The DT charging phase considered the risks and impact reducing measures associated to the
operational changes connected to DT charging to be integrated in a BMC+CMC setup in the
last phase. The risk analysis was done through a literature study of similar systems combined
with interpretations of interview answers. The risk analysis from previous work utilized the
Delphi methodology where companies for public-private partnership projects finances by the
government (PPPs) were identified and quantified. [118, 119] The local risk assessment
methodology was structured in five categories, environmental risks, political risks, financial
risks, technological risks, and social risks. These categories were adapted to the cases of this
study. The companies were not quantified in this methodology and therefore serve as key
finding for future work. However, suitable risk reducing measures was suggested.

5.3.3 External influence

The Route charging phase considered a risk assessment with a focus on the operational
influence of the company’s daily business to determine the most suitable risk reducing
measures. In the same manner, as for the local risk analysis the external risk analysis was done
through a literature study of similar systems [118, 119] combined with interpretations of
interview answers. The difference was the addition of participation risks that are not eligible in
the local risk analysis due to the centralized nature. This was then mapped to a business model
to be integrated with the innovation of the business model snapshot as a result.

5.3.4 Business Model Innovation
The business model innovations phase considered the additions of entries from the business
model snapshot to a layered business model suitable for a sustainable transition.

5.3.4.1 Cost Assessment

The financial blocks were constructed after the business model snapshot with additional entries
from cost analysis, transition opportunities (Emission-free transport), and practical necessities
(Power utility and charging infrastructure).

The cost analysis was done comparatively between ICEV and BEV operation. The analysis
was aimed at only investigating coupled costs of transportation. Revenue was not considered
due to the unavailability of data from collaborative partners. Results were therefore compiled
in terms of Net Present Cost (NPC) in SEK, considering investment (CAPEX) in SEK,
operational and maintenance costs (O&M) in SEK/Year of coupled components for each
operational type. For the calculations, a period of 5 years (n) was adopted to reflect the
depreciation period and lifetime of vehicles in last-mile distribution today. The calculation of
NPC can be seen in equation (30) where the interest rate (i) was assumed to be 10 %. Residual
value (R) of BEV batteries due to replacement over the period was considered at EoL from an
estimate of the sum of battery investment (CAPEX pattery) in SEK, depreciation rate (33 %) [118]
and age of battery (5-i) of each operative year as seen in equation (31).
0&M

NPC = —— — CAPEX + R [SEK 30
T [SEK] (30)
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R= Z CAPEXgartery: * (1 — 33%)5~! [SEK] (31)

i=year

The analysis included financial methods of equity payment and service agreement (SA) for the
electrification. Equity payment refers to direct payment without instalments with interests and
are aimed towards analyzing a base case of operational costs compared to ICEVs. The service
agreement includes instalments of CAPEX of 3 years with an interest rate of 1.5 % starting at
year zero. Equation (33) and (34) describe the cost flow associated with the service agreement.
The investment route charging was neglected due to the uncertain nature of the assumptions
made for route operation while the fueling costs were included.

SAn < 2) = (“E29) « (1 + 0.015)" + CAPEXyepicie(n) + 0&M () [SEK /Year] (32)

SA(n = 3) = 0&M(n) [SEK /Year] (33)

The investment costs were only considering the ClI and vehicles including a bonus system for
low environmental impact vehicles, investment for upgraded supporting facilities such as grid
connection was neglected due to insufficient data. The input data used in the analysis can be
seen in Table 15.

Table 15: Input data for CAPEX in economic calculation.

Entry \ BEV \ ICEV \ Source

Vehicle® 622 180 284 400 [119], [59], [120]
[SEK/Vehicle] [SEK/Vehicle]

DT CI From optimization - -
results

The O&M costs considered main parts of the operational costs of the vehicles including service,
maintenance, and taxation including malus system for increased environmental impact. Table
16 describes the input data used in the calculation.

Table 16: Input data for O&M for economic calculations.

Entry BEV ICEV Source
Maintenance vehicle 0.553 [SEK/km] 0.916 [SEK/km] [121]
Maintenance CI © 0.1* CAPEXc [SEK/Year] - -
Replacement battery 52 070 [SEK/Battery] - [122]
Taxation as of January 2022 | 360 [SEK/Vehicle] 19 116.2 [SEK/Vehicle] | [119], [58]
Fuel cost DT From optimization results 1.5021 [SEK/km] [119], [123]

5.3.4.1.1 Sensitivity analysis
Sensitivity analysis of implementation rate and impact of financial incentives was conducted
to show the scalability and financial sustainability of the electrification.

The implementation rate was calculated with the BEV to ClI ratio from the MILP optimization
to simulate a scalable design which would result in the same CI design for full electrification
as the optimal case intel. The ratio was calculated for the number of vehicles in the fleet

5Inc. Bonus for low environmental impact of 70 000 SEK
5 Assumed value from Siemens professional estimation
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(nvenicles) and for both the number of slow charging stations and fast charging stations (ncs,i)
where the subscript (i) indicates the type of charging which can be seen in equation (34). The
investment cost of the scaled CI (CAPEXc,)) in SEK was estimated by multiplying the ratio
with an increasing number of BEVs to be implemented (nsev) and rounded up to nearest integer
to simulate the purchase of one charging station (CAPEXcs;)) in SEK as shown in equation (35).
The total costs of the vehicles were normalized to cost per vehicle from the base line results of
the NPC calculations and multiplied with the increasing implementation of BEVs. Equations
(36) shows the input data for the implementation sensitivity (Simplementation) SEK/Year.

n .
Ratio (i) = —22c (34)
Ncs,i
CAPEX(;; = ROUND(Ratio(i) * nggy; 1) * CAPEX (s ; [SEK] (35)
CAPEXpz, O&M
Simplementation = CAPEXCI,slow + CAPEXCI,fast + +
Nyehnicles Nyehnicles
[SEK /Vehicle] (36)

The impact of financial incentives was calculated by introducing rate of incentives to the
CAPEX of vehicles and CI in the NPC calculation of the base line. The incentives after the
framework from the Swedish Environment Protection Agency for both Cl and BEV were
increased from 0% to 50% (r) with a step of 10 and compared to the NPC of ICEVs (NPCicev)
without any incentives. The calculation is shown in equation (37).

0&M

Sincentives = [m - ((1 —71) x CAPEX¢; + (CAPEXBEV —1(CAPEXggy — CAPEXICEV)))]

5.3.4.2 Carbon Dioxide Emission Calculations

The environmental blocks were modeled after previous work on life cycle analysis and
assessments on constituent products (vehicle, fuel, and fuel infrastructure) in each block of the
layer. The entries are adapted after a full electrified fleet compared to today’s HVO-driven
vehicles. The data used for emissions coupled to operation is adopted from previous work on
LCA for electric vehicles and charging infrastructure as described in Table 17. Additional data
for fuel usage is adapted from manufacturer datasheet for Mercedes-Benzes’ Sprinter,
Mercedes-Benzes’ e-sprinter, and the Swedish energy authority for HVO emission per
consumed liter of fuel. The emission coupled to the Swedish electricity grid is adopted from
EEA. The emissions coupled to the maintenance of the CI was neglected due to insufficient
data for both Cl and HVO cistern maintenance.

Table 17: Carbon dioxide emissions for operational patterns.

Entry ’ E;ZZ'CIE ‘ Emission per consumption | Emission per vehicle | Source

Vehicle ICEV 3.67 E-3 kg-CO2/ km - [124]

Maintenance BEV 3.09 E-3 kg-COy/ km - [124]

el ICEV 63 E-3 kg-CO2/ km - [125], [119]
g BEV 8.8 E-3 kg-CO2/kwh - [127]

In addition, an initial emission is calculated coupled to the investment of BEVs. The input
data can be seen in Table 18.
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Table 18: Carbon dioxide emissions for vehicle lifespan.

Entry Vehicle type Emission per vehicle Source
Chassis production BEV 4219 Kkg-COy/Vehicle | [124]
Motor & inverter BEV 1711 kg-CO2/Vehicle | [124]
ClI production BEV 1 670 kg-CO2/Charger | [128]
Battery production | BEV 7 257 kg-CO2/Vehicle | [124]
Battery replacement | BEV 3667 kg-CO/Time [124]
End-of-Life BEV 65kg-CO-/vehicle [124]

As seen from the table there are two entries for battery carbon dioxide emission, battery
production and replacement which is neglecting the additional emissions from last-mile
distribution of the battery. Battery production refers to the production of the entire battery
system which is relevant in along the production of the battery. Battery replacement refers to
replacement of the battery pack. The number of times in the vehicle depreciation period the
battery is replaced is calculated from the expected lifetime of the battery from the optimization
results divided by the depreciation period of 5 years. If the expected lifetime of the battery is
higher than the depreciation period, the entry will be neglected due to the production of a new
vehicle.

5.3.4.3 PM10 Emission Calculation

The social blocks refer to the social risks and benefits in the business model and was for this
study focus on the electrification of vehicles. The quantification is constructed after the
European classification of vehicles connected to the environmental zones active in Stockholm
to measure the air quality improvements as stated in the literature review [66]. To drive a
commercial vehicle in the urban areas (environmental zone 2) of Stockholm European
environmental class V must be fulfilled [67]. Since HVO is a form of diesel it is assumed to
have the same PM10 emissions as the highest allowed emissions of a diesel vehicle in euro
class V (5 E-6 kg-PMzio per km). BEVs are assumed to have no PM10 emissions. The
concluded social layer canvas can be seen in results.
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6. Results and Discussion

Stage one of the project methodology is defined as the data collection from interviews. The
questions asked can be seen in appendix Il and the interpretations of the answers are presented
below. The section is structured after the topics discussed during the interview.

6.1 Transition to Sustainable Fuel

When investigating the drivers and challenges for the transition to more sustainable fuel and
operation, elaborate answers were given. These were interpreted with key word or phrases
presented in Table 19.

Table 19: Actor specific key driver and challenges interpretation from interview 1.

Actor Key Drivers Key Challenges

Company | Net zero carbon emission National Policy (weight classification)

A Responsible consumption Vehicle availability on market
Air quality Battery capacity (range)

Consumer demand Power demand
Branding Infrastructural integration
Environmental Zones Fueling availability
Company | Fossil free transport and buildings Vehicle availability on market
B Emission free transport Battery capacity (range)
Consumer demand Fueling availability
Branding National Policy (weight classification)
Working conditions Investment cost
Involvement in technological advancement Investment risks (coupled to small profit
margins)
Material shortage (coupled to COVID-19
pandemic)

Company | Involvement in technological advancement Battery capacity (range)

C Branding National Policy (weight classification)
Societal awareness Fueling availability (charging rates)
Improvement resource efficiency Power demand

Investment risk (coupled to short time leases
of property)

Expansion of the company

Material shortage (coupled to COVID-19
pandemic)

Both external and internal driving forces were identified. The internal driving forces for
Company A were declared as the main objective to achieve net zero carbon dioxide emission
for their transport, including last mile, and heavier transport. Together with responsible
consumption of resources and societal responsibility of air quality the organization has formed
their company policy. With these objectives and policies, the actor is aiming to include both
societal and environmental aspects of sustainability. Branding is also seen as an important
driving force due to the esteemed reputation of the organization. The external driving forces
were seen as the consumer demand of environmentally friendly distribution as well as possible
policy implementation of environmental zones in the operative areas. This policy is not seen
as a challenge due to the slow implementation rate where the actor sees an opportunity to be
ahead on the restrictions. [Interview 1 Company A]
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The first challenge mentioned by Company A is the current weight limitations of 3.5 tons for
LDTs from national policy. Challenges in the variety of vehicles on the market is seen as a
lagging factor due to the inflexibility of chassis and wheelbase to their operation. Furthermore,
the driving range of current vehicles was considered a challenge due to limitations in driving
range related to the battery capacity of BEVs. The integration of Cl in operation and the
buildings switchgear and electricity usage pose difficulties coupled to increasing electricity
demand from charging BEVs as well as the largely increasing time of refueling compared to
more traditional fuels which will affect the operational patterns. The organization is today at
an initial phase of transition to emission-free transport and have therefore no plans of action
towards the challenges besides gathering market development and technical information about
the vehicles, batteries and charging infrastructure. [Interview 1 Company A]

The internal driving forces for Company B is explained as an objective for fossil-free transport
and buildings until 2025. This together with involvement in the technological advancement
pushes the development in the desired direction. Due to the involvement of hauling contractors
in their operation, improving working conditions for the drivers and securing fueling
availability are major internal drivers to enable the transition. External driving forces is seen
as consumer- and customer demands for flexible, cheap deliveries and emission-free
transportation. The differentiation of consumer and customer is made in regard to the value
chain, where the consumer is the recipient of the delivery, and the customer is the buyer of the
distribution service and the sender of the delivery. Branding is an important driving force due
to the potential to increase the social outreach and gain market shares. [Interview 1 Company
B]

Company B saw the challenges as vehicle availability on the market due to the limited
availability of electric vehicles with tail lifts and the limited range of the current batteries. The
weight classification from the current national policy is also seen as challenging due to the
additional weight of the BEV powertrain together with the large increase in fueling time and
the effect on the operational patterns. In difference to the larger organization Company A,
Company B considered investment cost and investment risks as challenging due to the
decentralized management of vehicles and facility. The small profit margins in the last-mile
sector were also mentioned as a participating challenge in investment. The organization are in
an initial phase of putting electric vehicles into their operation and had seen a challenge in the
material shortage caused by the COVID-19 pandemic. [Interview 1 Company B]

For Company C, the internal driving forces is not declared as definite measurable company
goals, but rather purposeful aims of operation in terms of optimization of resource usage. This
includes operational resources such as materials, involvement of technical advancement along
with the implementation of innovations. Branding is an important driving force for Company
C, which aim to gain market shares and social outreach. External driving forces are societal
awareness, which is differentiated from consumer demands due to the implied focus on social
trends instead of direct demands. From the discussion, the most important driving force is the
implementation of innovation and involvement in technological development. [Interview 1
Company C]

Company C’s challenges, like Company A and Company B, is seen as the limitations in driving
range coupled to battery capacity, national weight limitations of vehicle, fueling availability in
terms of increased fueling time and its effect on operational patterns. The increased power
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demand is seen as a challenge not only from integrating the charging infrastructure in the
building but also the effect in the national electricity grid. Due to the rapid expansion of the
company the leasing agreement on DT facilities is kept short term which implies investment
risks in charging infrastructure due to the immobility. Similar to Company B, Company C is
also in the initial stage of implementing electrified transport and have experience challenges in
material shortage due to COVID-19 pandemic. [Interview 1 Company C]

From a summation of the driving forces from I1 the importance of sustainable branding and
operation is seen as highly prioritized. This is due to increased consumer demand or social
awareness surrounding sustainable responsibility, which is forming pressure on the companies
to make the transition. The differentiation of consumer demand and social awareness is in this
study made to indicate the value chain outlook of the company. Consumer demand is meant to
indicate a focus on a demand and social awareness a focus on social trends and mindset which
in turn indicate a focus on future possibilities and innovations. Emission reduction is a recurring
answer which is connected to the company goals, which includes measurable goals in net-zero
carbon dioxide emissions, fossil-free transport and zero-emission targets. Due to the changes
the transition is implying in the sector, all parties saw driving forces in motivating employees
in enhancing working conditions, involvement in technological development or both. Social
aspects of sustainability such as air quality in the areas with the operation and responsible
consumption were often not seen as driving forces but opportunities arising from a possible
transition. Technical solutions for environmental aspects of sustainability such as measures for
material, energy, and operational efficiency together with technological advancement is in one
case seen as the company goals. National policies are shaping all driving forces but the Swedish
policy of implementing environmental zones [68] is seen as especially relevant in one case.
This policy is seen as a driver rather than a challenge due to the slow implementation rate of
the policy and is therefore a strategy to be ahead of the restriction of environmental zones. In
Figure 11 the compiled answers are indicated by frequency by size and shade.

Responsible
consumption,

33% Air quality, 33%

Emission reduction, Working conditions,
67% 67%

Environmental Societal
zones, 33% awarness, 33%

Technological
Consumer demands, advancement, Resource
Branding, 100% 67% Involvement, 67% 33% efficiecy, 33%

Figure 11: Compiled sectorial key drivers from interview 1.

From the summation of challenges from interview 1, the challenges in transitioning to
sustainable fuels are seen as the specific challenges the company is facing when transitioning
to electrified vehicles. This is due to HVO, battery or natural gas is used as fuels by the
companies for the vehicles in operation in Stockholm today [Interviews]. All actors agreed on
three major challenges. These were the national policy in weight classification, the range
coupled to limitation in the battery capacity and the fueling availability coupled to charging
rates and time of refueling in the operation. Related to the fueling availability challenges of
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integration of CI in operation and building power supply that leads to the challenge of the large
increase in power demand with the utilization of BEVSs. Vehicle availability on market in terms
of chassis, wheelbase and loading capacity is seen as a challenge in two of three cases where
the operation is designed to load specific dimensions, aesthetic of the chassis, or operate with
certain loading and unloading protocols. Related to the market availability of vehicles is the
COVID-19 pandemic effect on material availability for technical components. However, the
technical and social advancement in the sector of last-mile vehicles have been neglected due
to the large focus on private vehicles, HDT and busses. For two companies, the investment cost
and investments risk are seen as a challenge due to internal factors such as small profit margins
of the last-mile distribution and short time leases of property due to rapid expansion of the
company. In Figure 12 the summation of challenges is visualized where the frequency of
answers is represented by the size and shade of the boxes.

Material
shortage, 67%

Investment, 67%

Profit
Integrati... margins, Expansion,
33% 33% 33%

Vehicle availability
on market, 67%

Figure 12: Compiled sectorial key challenges from interview 1.

6.2 Business strategies
6.2.1 Value Creation

Regarding value creation coupled to the last-mile operation, the actors show a variety of value
offering related to different company structures and stakeholder relations. The current value
creation is presented in the case study while the expectations for value adding opportunities
connected to electrification of operation is presented in Table 20.

Table 20: Actor specific value creation and opportunities in electrification interpret
from interview 1.

Actor Value adding opportunities in electrification
Fuel cost reduction

Company A Tax reduction

Service fee reduction for refrigeration
“Grocery” Improved working conditions

Increased social responsibility (air quality and consumption)
Enhanced branding

Land refinement

Fuel cost reduction

Company B Tax reduction

Improved working conditions

“Distribution” | Increased social responsibility (air quality)
Enhanced branding
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Enhanced outreach
Reduction of environmental impact

Company C Improved working conditions
Increased social responsibility (air quality)
“Technology” | Enhanced branding

Fuel cost reduction

The value adding opportunity for Company A in electrification is coupled to the driving forces,
the incentives offered to electric vehicles, technological advantages, branding and affiliate
business. The key aspects are seen as operational cost reductions in terms of fuel cost, vehicle
tax and service fees coupled to the electrification of refrigeration systems in the vehicles.
Branding as a sustainable and responsible company is considered as an influential factor due
to the visibility of the vehicles among the final consumers, together with creating an attractive
working environment. Land refining is considered due to affiliate business of land ownership
in “Company A” and therefore the influence of investment cost in infrastructure is easily
managed. [Interview 1 Company A]

The value adding opportunities for Company B in electrification of vehicles are connected to
the operational costs, community, branding and outreach. The key aspects are seen as a
reduction of fuel cost and vehicle taxes for operational costs, working conditions and air quality
towards the community, enhanced branding as a sustainable choice and a larger outreach
towards consumers, employees, academia, and potential employees with enhanced visibility
and involvement in the transition for the entire sector. [Interview 1 Company B]

The value adding opportunities for Company C in electrification is coupled to environmental,
social, and financial benefits where the key aspects are seen as reduction of environmental
impacts with emission-free vehicles, improved working conditions with more ergonomic
operation, increased social responsibility with improved air quality, enhanced branding as a
sustainable choice and fuel cost reduction compared to HVO. [Interview 1 Company C]

6.2.2 Fuel Supply

From investigating the fuel supply of the participating companies, direct answers were given
which were interpreted with key word or phrases shown in Table 21.

Table 21: Summarized ownership of today’s property from interview 1.

Actor Fuel used today Fuel supply Ownership
Company A HVO Centralized Company A affiliate
HVO Centralized’ Company B and Third party
Company B Battery electric Centralized Company B
Gas® Decentralized | Third party
HVO Centralized Company C
Company C Battery electric Centralized Company C°
Electric hybrid Centralized Company C

7 Managed by hauling contractors but offered in small scale by Company B together with an assortment of gas

stations
8 Only vehicles over 3.5 ton

9In agreement with landowner




Questions regarding alternative sustainable fuels received describing answers which were
interpreted with key word or phrases shown in Table 22.

Table 22: Actor specific outlook on alternative fuels interpret from interview 1.

Alternative fuels Company A Company B Company C

HVO In use / Temporary In use / Temporary In use / Temporary
Synthetic gas Limited potential In use / Temporary Limited potential
Electric hybrids Limited potential Limited potential In use / Temporary
Hydrogen Future potential Future potential Future potential
Battery electric Potential/ First step In use/ First step In use/ First step

Today Company A is only utilizing HVO as fuel in the last-mile vehicles which means that the
segment is already considered fossil-free. However, the organizations still see issues in particle
pollution and are therefore in an initial phase of evolving the fleet to a more sustainable
alternative. The alternative of fuel-cell electric vehicle is seen as too immature regarding
technology, fuel production and fuel infrastructure. The uncertainties regarding investments in
both fuel-cell electric vehicles and hydrogen fuel infrastructure are also hindering this
alternative to be considered as a first step in evolving the fleet. It is however still considered
for future operation. Synthetic fuels are seen as an alternative, but the fuel supply, fuel storage
size and fuel availability are seen as a barrier. Battery electric vehicles are seen as the first step
of evolving the fleet due to the maturity of the technology and the availability of fuel and
infrastructure together with interest in end-of-life opportunities coupled to the batteries.
[Interview 1 Company A]

The HVO supply is owned by Company A affiliate and is conducted within the terminals gated
area in relation to their own facility. The company’s vision for electrification is to provide slow
charging during nighttime at the DT when the vehicles are inactive along with additional fast
charging during daytime reloading. The organization sees the ownership of future fuel supply
to be within the organization with potential collaboration with third parties in other industries.
A power utility organization was mentioned as an example as a third party collaborate in route
charging. [Interview 1 Company A]

The fuel supply for Company B’s last-mile distribution vehicles is often managed by the
hauling contractors through framework agreements with local gas stations. However due to the
increasing customer demand for environmentally friendly deliveries, Company B has secured
the availability of HVO by owning their own supply on a small scale, linked to their facility.
The charging infrastructure already set in place for the BEVs is managed by Company B but
owned by the property owner from whom Company B is renting their terminals. Secure
availability of fuel is considered more important than the ownership and utility of the hardware.
Company B are therefore open for collaboration with actors in the same and other sectors if
there are protocols for fueling availability when needed. [Interview 1 Company B]

The fuel used today are HVO for most of the distribution in Stockholm. BEVs are used for
some urban home deliveries and natural gas for a few long-haul deliveries (linehaul) between
their own distribution terminals. Some vehicles have not yet transitioned to HVO, gas or battery
electric, these are operated outside the larger cities of Sweden (Stockholm, Gothenburg, and
Malmd). When considering alternative fuels in the transition HVO and synthetic gas are in use
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and are seen as temporary solutions to a larger goal due to the remaining pollution and
emissions with these technologies. Electric hybrids are dismissed due to the range of the battery
where the second fuel would contribute to most of the route and not affect the transition as
much as desired. BEVs are in use today and are seen as the first step towards emission-free
transport due to the maturity of technology and fuel availability. Fuel-cell electric vehicles are
observed with interest especially in linehaul but are considered too immature and uncertain for
real-time implementation. [Interview 1 Company B]

The fuel used by Company C today is HVO for most vehicles, electric hybrids for a small
fraction of the heavier transport and battery electric light duty vans for the newly released
homedeliveries. In transitioning to more sustainable fuels, Company C is seeing HVO and
electric hybrids as a temporary solution where they want to move on to a better solution in the
future. Synthetic gas has previously been dismissed for this purpose due to the limitation of the
size of the gas tank that would reduce the loading area, while BEVSs are seen as the next step
in scaling up the sustainable vehicle fleet. Fuel-cell electric vehicles are seen as a too immature
technology with highly limited fuel supply to be sustainable today but are observed with
interest for future implementation. [Interview 1 Company C]

The HVO are supplied to Company C’s vehicles from in-house cisterns at the terminal with
purchased fuel. The CI for the smaller vehicles in the homedelivery segment is owned by the
actor in compliance with the landowner. Secure fuel availability is seen as a priority and the
company has therefore chosen to own their fuel supply. In potential collaborations in scaling
up the CI the company is expecting exclusive rights and are not prohibited by the ownership
of the infrastructure if it can be motivated as environmentally friendly. Therefore, the actor has
the preference of owning and utilizing their infrastructure but could collaborate with a third
party in another industry as a “fuel” supplier where “Vattenfall AB” is mentioned as an
example. [Interview 1 Company C]

6.3 Energy Management and End-of-Life Treatment

Interview 2 is designed with open-ended questions made for discussion of transitional
strategies and enables for a fully electrified fleet. The topics of energy management, power
demand, end-of-life treatment, and second life of batteries (SLB) is discussed and received
indications for the transitional strategies. The interpretations of the answers are presented in
Table 23.

Table 23: Actor specific outlook energy management interpret from interview 2.

Actor Energy demand Power demand Vehicle End-of life SLB

Solar PV Battery storage (PV) Residual value Second-hand
Company A (Planning for Load balancing Repurpose market formation

Building) Smart charging Restoration

Solar PV Power agreement Outside scope Outside scope
Company B (Implemented in Load balancing

Building)

Solar PV Load balancing Undetermined Second-hand
Company C (Implemented in Smart charging market formation

Building)
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Energy management is considered in Company A’s strategy for more sustainable operation
where solar photovoltaic cells (PV) have been calculated for the storage facility but not
implemented. The PV are however not considered to be connected to the CI because of the
charging times of the vehicles being planned during the night. Load balancing and smart
charging are planned to be implemented to minimize the peak demand and building load.
Battery storage could pose potential and SLB could be implemented if a market for reselling
and buying used batteries is formed. With this, the residual value of the vehicles can be
evaluated and potentially utilized within the organization. The potential of restoring discounted
vehicles and selling them on a secondhand market is seen as a possibility. [Interview 2
Company A]

For Company B, energy management coupled to charging infrastructure is handled by signing
a power agreement of 1 500 kW with the grid owner. On top of this load balancing of the
charging infrastructure is planned to be implemented to decrease the peak demand. Due to the
rental of terminal facilities solar PV is not considered in the strategy. However, in some
terminals in agreement with the landlord, solar PV has already been installed. Due to the
preference for night charging and power agreement the solar PV is not connected to the ClI.
Battery storage is not seen as an option due to the reselling of power not being utilized in the
charging. Due to the utility of hauling contractor and their leasing of vehicles SLB is seen as
an interesting concept but not as a part of the scope of the organization. [Interview 2 Company
B]

Energy management is considered in Company C’s sustainability but is not connected to the
charging infrastructure due to the night charging. Battery storage is not considered due to the
heavy environmental impact of battery manufacturing and expensive products. Load balancing
and smart charging are considered to minimize the peak demand and building load to in turn
minimize the effect on the electricity grid. The company is considering either to purchase or to
lease the vehicles which make the end-of-life treatment either inside or outside the scope of the
organization. SLB is however seen as a potential solution for closing the loop and aid in
flexibility in the electrical grid or on-site energy generation. This would be interesting if a
market is formed for the purchase and sale of used batteries. [Interview 2 Company C]

6.4 Charging Management

The topics of charging configuration and management is discussed and received indications for
preferred charging strategies. The interpretations of the answers are presented in Table 24.

Table 24: Actor specific outlook ClI management and electrification strategy interpret from interview 2.

Actor Hardware Software Preferred | On route Rate of Route
Requirement Requirement charging charging electrification replanning

Company | 22kW max capacity Load balancing | Terminal Not 80% of vehicles | Not considered

A Fast charging considered until 2028

Company | 22 kW max capacity | Load balancing | Terminal Considered | All ranges until | Considered

B 2030

Company | 22 kW max capacity | Load balancing | Terminal Not As soon as Not considered

C No fast chargers considered possible
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Regarding Cl, Company A is missing an ecosystem and industry organization for managing on
route charging of last-mile vehicles. They have therefore prepared themselves for an inhouse
strategy where all charging of vehicles will be conducted at the terminal. A configuration where
slow charging for 200 vehicles is active during the night where power can be allocated from
the building to the chargers is seen as optimal together with a few fast chargers for recharging
during loading and unloading of the vehicles. [Interview 2 Company A] Since the operation is
mostly aimed towards HDP deliveries the driving routes of vehicles are changing from day to
day. This means that on route charging must be accessible from dispersed locations and not
only by larger connection points. The company has no interest in commissioning on route
charging points by themselves and commercial charging is to be diverted due to the risks it
poses of fueling availability. Company A is therefore waiting for the technology to reach a
stage where battery capacity is capable of managing all ranges of the last-mile vehicles. The
company is however considering phasing out HVO driven vehicles with short driving ranges
before the technology is profitable for all routes to reduce the environmental impact. Regarding
route planning, it is indicated as hard to include in business development for the transition.
Charging times between delivery timeslots could not be managed due to the low availability of
vehicles in the daily operation. [Interview 2 Company A]

For the expansion of CI for on route charging, commercial charging is considered as an enabler.
Company A saw that traditional fueling station operators would be the enabling actor to offer
ClI. The criterions stated from the organization on a commercial charging system is:

e Located in dispersed locations to improve the accessibility from all locations.

e Bookable within a short timeframe to secure fueling availability due to competition
from other operational vehicles.

e Independence of fuel provider to further improve accessibility.

These demands come from current systems for private vehicles where different platforms are
used in different locations and fuel providers and no bookable option is available. Peer-to-Peer
models of route charging is not dismissed if the criterions are met. [Interview 2 Company A]

Due to the lagging infrastructure system for charging of BEVs, Company B has also considered
a strategy of providing necessary infrastructure in-house. The organization is however
considering commercial charging as well to fulfill customer demand for fully emission-free
transport until 2030. Commercial charging is also interesting due to other segments in the
organization such as carrier services that are seldom parked at the terminal. Besides this,
Company B must convince and secure charging availability towards the hauling contractors
which must be based on physical data and not theoretical plans of a non-operational system.
At the DT, a configuration of slow charging stations for 80 vehicles where the load is balanced
between the vehicles by the charger is seen as the optimal set-up. No integration between the
building and the charging stations are considered necessary due to a specific power agreement
already being set in place with the landlord. Routes with shorter range and smaller vehicles
have already been electrified but due to customer demand, all ranges must be electrified or
emission-free. On route charging are considered due to the customer demand and other
segments in the organization (carriers). The charging stations on route would not be
commissioned by Company B themselves due to associated risks, ownership issues and their
scope of value creation. Commercial charging is therefore indicated as interesting. Route
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planning after electrification of vehicles in such ways as including time for charging is
indicated as possible but not preferable. [Interview 2 Company B]

By Company B, commercial charging is indicated as most optimal for on-route charging if
conducted by current fueling stations or in collaboration with reoccurring delivery points. For
commercial charging conducted through fueling stations demands in accessibility is indicated
and could be utilized without booking system if the charging infrastructure system is expanded
to provide accessibility in multiple locations. Collaborations with reoccurring distribution
points is seen as possible and resources such as knowledge and time to pilot test is indicated as
possible. [Interview 2 Company B]

The lagging factor of commercial charging infrastructure has also led Company C to seek an
approach to provide necessary charging at the DT. On route charging is neglected because of
the effect on the operation in elongated route times affected by charging. The strategized
configuration of Cl is slow charging up to 22 kW during the entire day with little to no addition
of fast charging to lower the power demand and minimize the effect of variable loads in the
electricity grid. The charging infrastructure would be connected to the same switch gear as the
building load which means that integration of charging infrastructure and building would be
interesting. However, no data on the terminal load could be provided. Route charging is today
not an option due to the highly optimized route planning but could be an option by larger CDPs
if the charging time is decreased to a few minutes. The ratio between the range from route
charging and the time lost from package delivery at CDPs is mentioned as a requirement.
Commercial or semi-public charging would also be an option with the same requirements.
[Interview 2 Company C] Collaborations within expanding commercial charging infrastructure
network and vehicle enhancements could be considered if it results in a more sustainable or
environmentally friendly solution compared to if the challenge is handled in-house. The
establishment of Cl at traditional fueling stations is not seen as an enabler of electrification due
to it indicating added route time as previously mentioned. [Interview 1 Company C, Interview
2 Company C] It is therefore assumed that the actor is awaiting vehicle and technology
enhancements for a fully electrified fleet.

Company C is working with resource efficiency in vehicle utilization, loading factor of the
vehicle and packaging from the e-commerce. The rate of the utility of the charging stations is
however not seen as a parameter to optimize due to the inflexibility of the electrical grid and
the practice of availability of the vehicles. [Interview 1 Company C, Interview 2 Company C]

6.5 MILP Optimization Results

Results of the optimization were generated with the objective of minimizing coupled costs of
electrified vehicle operation. This includes charging infrastructure investment cost, yearly
energy cost and yearly network subscription cost at the DT. In this way, cost-optimized results
of energy consumption, installed amount of CI components, and charging schedule could be
obtained. In this way the results give a good insight into the requirement of Cl for electrification
of the last-mile vehicles.

6.5.1 Energy Consumption

The total yearly energy consumption of the entire vehicle fleet is presented in Figure 13. The
results show how the total energy consumption is divided between charging at DT and charging
on route. As the optimization sought to minimize the required route charging sessions, the
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results reflect the minimum amount of charging required on route. It can be observed that all
companies have a requirement for on route charging. Indicating that to fully electrify the
vehicle fleets there is a need for CI being setup on routes to cover inefficiencies in the vehicle
driving range.
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Figure 13: Total yearly energy consumption and cost per company.

To further investigate the potential for electrification the total annual energy consumption was
plotted per specific vehicle in Figure 14, Figure 15 and Figure 16. The results present the total
annual energy consumption based on charging type origin, distinguishing between slow and
fast charging at the DT and on route charging. In total it could be observed that some vehicles
with shorter daily driving distances could be sustained with DT charging only. This would
imply that these vehicles are the easiest to electrify, requiring no route chargers to operate.
These vehicles are observed to have a varying degree of daily driving distance, which indicates
that the driving behavior of the companies have an effect on how much of the vehicles can be
electrified in this way.

Figure 14 presents the annual energy consumption per vehicle for Company A, where all
vehicles in the vehicle fleet have a requirement of route charging. The result also shows that
Company A has no use for fast charging at the DT. This could be interpreted as there being no
economic benefit to be made from investment into this type of charger coupled to their
operation. This is since there is enough time for all vehicles to slow charge to full battery
capacity before departure, making it less beneficial to utilize fast charging at the DT. Route
charging is then a requirement due to the insufficient battery capacity for discharging during
the operational timeslots. The high amount of route charging necessary could thereby be
coupled to the operational behavior of Company A, with very long consistent operational
timeslots for the vehicles during the days.
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Figure 14: Annual energy consumption per vehicle for Company A.

Figure 15 shows the energy consumption per specific vehicle for Company B, where the total
requirement of on route charging is the lowest between all three companies. This is reflected
in the energy consumption per specific vehicle, where a large portion of vehicles can operate
with only DT charging. Additionally, it is seen that a total of 6 vehicles with a daily driving
distance up to 40 km can sustain charging at the DT only during the entire year.

The usage of DT fast charging is prominent for Company B, with all vehicles utilizing this
charging type during the year. A large increase in this energy type is seen for vehicles with the
longest daily driving distances (<120km). This could be explained by the set operational
timeslots operated by Company B, with these same vehicles being the ones operated through
both timeslots. This operational behavior could increase the benefit of investments into fast
charging as vehicles are available for DT charging for a short time before departing for the
second operational timeslot. This behavior makes it beneficial to charge as much as possible to
avoid route charging during the second timeslot operation. As the objective of the optimization
is to minimize cost, these same fast chargers are probably utilized for the whole vehicle fleet
to maximize their utilization. Hence, the investment into these chargers is more beneficial in
the total sense.

The vehicles operated through both timeslots also display a generally lower requirement of
route charging compared to the vehicles being operated in the single morning timeslot. The
lower requirement of route charging is observed, even though these vehicles operate for similar
daily driving distances. This could mean that operation in the way of having two timeslots,
would increase the total amount of energy that could be supplied on the DT compared to only
operating with one timeslot. It could therefore be argued that if operation of all vehicles could
be distributed over two timeslots, the number of vehicles that could be electrified with only DT
charging could increase.
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Figure 15: Annular energy consumption per vehicle for Company B.

Figure 16 describes the energy consumption per specific vehicle for Company C. A total of 7
vehicles with daily driving distance up to 80km can fully electrify operating at DT charging
only. The high daily driving distance of these vehicles compared to Company A and Company
B, implies that Company C have the most beneficial driving pattern in the operation. In this
way the specific conditions in vehicle availability at the DT could reduce the effects of
insufficient driving range in the operational timeslots of Company C. Company C also have
the vehicles requiring the most annular energy out of the three companies coupled to having
the longest daily driving distances in some vehicles. Because of the long driving distances there
is still a large need for route charging when seen to the entire fleet.

The results shows that fast charging is beneficial for Company C, with all vehicles having some
supplied energy obtained from this charging type. In similarity to Company B, this could be
explained by the operational driving behavior of vehicles. Since all vehicles return to the DT
for a second operational timeslot, there is a benefit of quickly charging as much as possible to
avoid route charging. Since all vehicles have this driving behavior in operation, this could
explain the more evenly distribution of fast charging energy compared to Company B, with no
favoring of which vehicles that utilize these chargers.
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Figure 16: Annual energy consumption per vehicle for Company C.
6.5.2 DT Charging Station Sizing

Figure 17 presents the sizing of the DT charging station for each actor along with the estimated
investment cost. In coherence with the presented data for energy consumption, it could be seen
that Company B and Company C have a requirement of fast charging stations at the DT, while
Company A only has a requirement of slow charging stations. In the analysis of the number of
chargers per vehicle in the respective fleet, it is seen that Company A have an advantage
compared to Company B and Company C. This could be a result of the larger fleet being able
to utilize chargers more efficiently and in turn, mean that Company A would see a higher
benefit from investments into the chargers. This effect would also indicate that charging at a
centralized location could be advantageous as the whole fleet would be able to utilize this

synergy.

It is important to notice that the required number of chargers presented here reflect an optimal
case. This as the results represents charging with optimal scheduling of vehicles at the adopted
chargers. If the intent is to have vehicles charging at their respective parking space during
nighttime, there might be a need for additional chargers to enable all vehicles to have a separate
charging point connection. This would then increase the required number of chargers
dependent on the vehicle fleet size and the available charging points per charger. Some chargers
do offer more than one charging point connection per charger, which would allow more
vehicles to be stationed in connection to the charger. Depending on how many charging points
a charger is equipped with, would influence the necessary investment cost of the chargers at
the DT.
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Figure 17: Number of charging stations needed at DT.

To analyze the cost to benefit ratio for the installed fast and slow chargers at the DT, the
utilization rate'® was plotted in Figure 17. Utilization of the slow chargers is seen to be much
higher than for the fast chargers. This would indicate that slow chargers pose a better
investment in comparison, which would mean that the requirement of fast chargers is only
beneficial as a means to avoid route charging.

It is important to notice that investments into fast chargers at the DT could be further motivated
by increasing intra-timeslot revisiting of vehicles at the DT. With intra-timeslot revisiting
meaning the possibility of vehicles returning to the DT in the middle of the operational
timeslots for charging. This is dependent on the individual vehicle routes, determining if they
can return to the DT for shorter times during operation. As the optimization of this study takes
on a worst-case scenario for the vehicle availability, with vehicles being unavailable during the
entire operational timeslots, this behavior is not fully captured. In this regard, there could exist
potential benefits from installing more fast chargers along with increasing the utilization of the
ones already installed. However, to see these benefits it would require some reorganization of
the vehicle driving patterns from how it is managed today.

Even though the exact possibility for intra-timeslot revisiting of vehicles is unknow it is safe
to assume that there will never be 100% utilization of installed chargers. This is because some
routes today do require a vehicle to travel far away from the DT, making it less possible to
return quickly for charging. Additionally, there will always exist times during the day when
vehicles are in operation. The overall low utilization rate across all charger types and
companies could therefore indicate that there is potential for utilizing the chargers for
additional purposes, which would increase the total utilization rate and thereby increase the
benefits of the investment cost.

10 Defined based on the number of hours a charger is used in relation to all hour of the year.
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Figure 18: Annual utilization rate (%) of DT chargers.

6.5.3 DT Power Consumption

The peak power consumption is calculated as the maximum hourly power consumption at the
DT, minimized by the set objective function. In the objective function the peak power
consumption is minimized through the demand rate component in the network subscription
cost of the DT grid connection. Figure 19 presents the peak power consumption taking place
at the DT along with the corresponding results in the annual network subscription cost. Results
are presented for the optimized case along with an uncontrolled case, where the uncontrolled
case represents charging taking place uncontrolled with the installed chargers at the DT,
resulting in a potential increase in the peak power consumption. The uncontrolled case is based
on the amount of DT chargers presented in the DT Charging Station Sizing and their expected
maximum power consumption.
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Figure 19: DT peak power consumption for optimized versus uncontrolled charging.
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For all companies, there is a decrease in peak power consumption in the optimized case
compared to the uncontrolled case. It could also be seen that the annual network subscription
cost is reduced for all companies between the two cases. This indicates that there is a significant
relevance in distributing charging power as much as possible during the days. In this way it is
seen to decrease the annual network subscription cost with about 79 768 SEK (14%), 2 290 288
SEK (76%) and 513760 SEK (75%) for Company A, Company B and Company C
respectively. This indicates that the trend seems to be that the relevance of distributing power
consumption increases when fast chargers are installed at the DT. It also indicates that there is
significant annual savings to be harvested in applications of smart charging strategy, especially
in the cases of Company B and Company C.

In practice the charging power distribution during the days would have to be managed through
a smart charging strategy. Realistically this would require adaptation of the practical charging
schedule of when vehicles should be available and allowed to charge at the DT. Additionally,
technical solutions for limiting the momentaneous charging power that could be extracted from
the grid connection would be required. For this purpose, dynamic load balancing
interconnecting chargers to limit the total power withdrawal from the grid connection would
be an important part, distributing charging power to vehicles based on a set maximum power
limitation.

It is important to notice that the power consumption presented is an effect only from BEV
charging taking place at the DT. In addition, there would exist other loads that could potentially
impact the peak power consumption of the DT grid connection and the coupled savings of
applying smart charging. One major component is the building load. The expected load from
the building would probably vary during the day based on inhouse activities taking place. In
relation to last-mile services there are many energy-intensive actions in play, relating to sorting
the outgoing goods prior to the loading of vehicles. To fully optimize the peak power
consumption at the grid connection, the building would be an important load component to
analyze. The building load component is however neglected in this study due to insufficient
data.

6.5.4 Route Charging Requirements

The requirement of route charging taking place is minimized in the objective function by
minimizing the number of route charging sessions made during the entire operational year.
Figure 20 presents the minimum number of necessary route charging sessions by each
respective vehicle fleet. It can be observed that there is a substantial need for on-route charging
in all three cases. On average each vehicle of the vehicle fleets would require 3, 1, and 3 daily
route charging sessions for Company A, Company B and Company C respectively. Which
indicates that to fully electrify the vehicle fleets, there is a need to access proper route chargers
strategically in the geographical area of operation. In regard to daily route charging sessions
per km, this value is observed between 0.013 and 0.023 sessions per km.
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Figure 20: Number of charging sessions needed annually on route.

To better get an estimate of the necessary route charging, figures are derived based on
individual vehicles in the fleets in Figure 21, Figure 22 and Figure 23. These figures display
the average daily time requirement for route charging along with how much of the operational
time this would consume for each vehicle case.

Figure 21 presents the requirement of route charging for Company A. As previously mentioned,
all vehicles display a need for route charging. It can be observed that the average daily charging
times ranges between 1 min - 72 min. This corresponds to a time consumption of the
operational time, with a maximum of 9.2% (72 min) being needed for the vehicles driving the
longest daily driving distances. The long charging times required of some vehicles, in
combination with the high amount of annual route charging sessions, indicates that Company
A requires the largest effort to set up the necessary route CI out of the three company cases.
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Figure 21: Daily route charging time consumption for Company A.
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Figure 22 presents the route charging behavior of vehicles coupled to Company B. For
Company B there is a lower requirement of average daily charging time, ranging between 0
min — 31 min. The corresponding time consumption of operational time is also low, with
maximum being about 4.7% (31 min). It could additionally be seen that a total of 78 vehicles
require no more than 30 min of route charging during the days. This in combination with the
relatively low amount of required route charging sessions indicates a major potential for
electrification in the case of Company B, with the least effort necessary to set up the required
CI compared to the other company cases.
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Figure 22: Daily route charging time consumption for Company B

Figure 23 presents the time consumption coupled to route charging of Company C. It could be
observed that Company C have a partially high time consumption between 0 min — 113 min,
corresponding to a high consumption of the daily operational time up to about 26.9% (113
min). The high amount of charging time required could be explained by the very long
operational driving distances seen in some vehicles of Company C. This would imply that there
is a significant challenge in setting up the required CI for electrification of these vehicles, with
much organization needed to set up route chargers.
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Figure 23: Daily route charging time consumption for Company C.

The results indicate that implementing route charging would not impact the time for making
deliveries in a significant way. As can be seen there are several vehicles in all company fleets
that could be sustained with no more than 30 min of daily charging during the operation. These
vehicles show the best potential for electrification, requiring very few efforts in altering
operational driving behavior and the least cost of associated ClI. In this way, the main question
remaining is how and where the route chargers should be placed to maximize their benefit.
This would involve investigating the on route operational driving patterns of all vehicles to
determine the best placement of these chargers to minimize the potential investment cost. The
exact placement of the route chargers is not included in this study due to insufficient data. To
fully electrify the vehicle fleets this is something that must be solved.

6.5.5 Optimal Charging Schedule

Figure 23 to figure 29 presents the optimized charging schedules of each of the collaborative
companies. Results are presented for both February and July, representing months with the
lowest and highest monthly average temperatures respectively. These are chosen as they would
represent the worst and the best case in their impact on the energy consumption of the vehicles.
The schedules are presented as monthly average values for each hour. The schedules present
the expected numbers of vehicles charging at different charger types along with the total
charging power consumed per specific hour. The charging power presented is representing the
total charging power at DT along with total charging power on route of the entire vehicle fleet.

In total it can be observed that there is a significant effect of how much charging is required
that is dependent on the temperature. The schedule for February displays a higher number of
vehicles charging along with increased charging power compared to July. This is because of
increased energy consumption of vehicles due to low ambient temperatures. The largest effect
is for the necessary route charging taking place. Hence, there is a significant increase in the
required charging on route in the colder months of the year. Total charging power peaks are
shown to increase with 378.2 kW (25%) and 191.4 kW (45%) for Company A and Company
C respectively. Company B (Figure 26 and Figure 27) displays no charging power peak

70



difference between the two months. This is because the total charging peaks are coupled to fast
charging at the DT rather than because of increased requirement route charging.

This could be explained by the short time between the first and the second operational timeslot,
where a high amount of energy is needed in a short amount of time to avoid route charging as
much as possible. Compared to Company C (Figure 28 and Figure 29) that have a similar
operational behavior, the behavior of Company B is disadvantageous. Company C have more
time in between the operational timeslots. Hence, it allows for a better distribution of the DT
fast charging power while still managing to minimize the route charging in the same manner
as for Company B. The short time between the timeslots could additionally explain the high
amount of DT fast chargers needed as seen in previous results. This would indicate that the
operational behavior of Company C is also better for reducing the required investment cost of
DT chargers.
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Figure 24: Optimized charging schedule for Company A — average for February.
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Figure 25: Optimized charging schedule for Company A — average for July.
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Figure 26: Optimized charging schedule for Company B — average for February.
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Figure 29: Optimized charging schedule for Company C — average for July.

As can be observed for Company A and Company C, the peak charging power of the fleets is
highly related to the amount of route charging taking place. It could also be observed that there
are increased peaks where route charging is necessary. It could therefore be expected that with
the reduced requirement of route charging, the charging power peaks would be more distributed
to the charging taking place at the DT. In this way, the power consumption would be shifted
towards DT available hours. In contrast, the route charging would however be distributed over
the whole operational area of the vehicles. This would allow for the reduction of the necessary
grid component sizing at the DT and offer possibilities of better integration of charging at
secondary locations. In this way, distributed RES could perhaps be integrated for supplying the
charging. These results would however be related to how route chargers should be set up and
is therefore not further investigated in this study.
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6.5.6 Battery Lifetime

The battery lifetime is calculated based on battery degradation resulting from the optimization.
Calculating the expected battery life per specific vehicle in operation, considering the battery
capacity losses from cycle and calendar aging.

Figure 30 presents the general results of the expected average battery lifetime for each
company. It can be observed that the expected battery life is closely related to the vehicle
driving distance, with decreased lifetime as the driving distance increases. This is particularly
prominent in the case of Company C where the average battery lifetime is the lowest out of the
three companies. This could be explained by the high average daily vehicle driving distance
compared to Company A and Company B.
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Figure 30: Expected average battery lifetime.

In analysis of individual vehicles in the fleet, all companies display a shortage in battery
lifetime compared to an assumed depreciation period of 5 years in many vehicles. Showing
that there is a large potential in utilization of secondary batteries, with a high production of
potential batteries for this purpose.

In Figure 31 the result of Company A is presented. The results indicate an average lifetime of
3.8 years with variation between 2.6 — 6.6 years in the vehicle fleet. Accounting for the whole
vehicle fleet, about 188 batteries are required to be changed in vehicles during the set
depreciation period. A small amount of 12 vehicles, with a driving distance up to 90km,
displays a higher battery lifetime. This indicates that there is a residual value in operational
reuse for these vehicles.
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Figure 31: Battery life per vehicle for Company A.

The results for Company B (Figure 32) shows the highest average lifetime of 5.2 years.
Deviations was observed between 3.2 — 7.1 years in the vehicle fleet. A total of 40 new batteries
is seen to be required during the set depreciation period. Due to the high battery lifetime, a total
of 40 vehicles with driving distance up to 90km, displays a lifetime over the depreciation
period. These results indicate a low battery replacement cost compared to Company A and

Company C.
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Figure 32: Battery life per vehicle for Company B.

In Figure 33 the results of Company C shows the lowest average battery lifetime of 3.7 years,
indicating the highest frequency in required battery replacement in vehicles. The results also
show a comparatively wider span in battery life in the vehicle fleet. The expected lifetime is
seen between 1.8 — 8.3 years. A total of 45 batteries requires replacement within the set
depreciation period. 8 vehicles, up to a driving distance of 90km show a battery life higher than

the depreciation period.
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Figure 33: Battery life per vehicle for Company C.
6.5.7 Sensitivity Analysis - Implication of Policy

A sensitivity analysis is performed regarding the implementation of the policy for increased
allowable gross vehicle weight of LDTs in Sweden. The sensitivity analysis shows results for
increased energy consumption of the vehicle in relation to the increased weight (up to 4250kg),
along with increased battery capacity. The effects of such policy on previous results are directly
prominent in the analysis. Figure 34 presents the annual energy consumption for the three
respective companies. It could be seen that increased battery capacity in the vehicles reduces
the necessary amount of energy that needs to be charged on route even though the energy
consumption also increases. The DT charging is seen to increase by 14%, 21% and 8% for the
respective company cases. This would additionally imply that route charging is still a necessity
even with increased battery capacity. This indication shows that it is still highly relevant to
investigate how this would be solved if the whole fleets are to be electrified.
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Figure 34: Total yearly energy consumption and cost per company — Sensitivity analysis.
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In a closer investigation into each company case, it could be seen that there is a significant
decrease in total amount of required route charging sessions in all cases. The average number
of daily sessions decreases by 66%, 100%, and 33% in each of the respective company cases.
This would correspond to a vehicle average between 0.0025, and 0.0158 route charging
sessions per kilometer for each company case, as presented in Figure 35. There is also a
significant increase in the number of vehicles that could be sustained on DT charging only. At
the same time, the charging time consumption is not that affected in the sensitivity analysis
results. This could be explained by the way route charging is minimized in the optimization
algorithm. Since the algorithm is set to minimize the amount of charging sessions, there is still
an advantage of charging each vehicle as much as possible when a session is required. In this
way, the resulting charging times of vehicles still requiring route charging sessions are
unaffected as the algorithm still utilizes these as beneficially as possible. The number of
sessions required is the least affected in vehicles of the higher driving distances. Hence, the
charging time of these vehicles is seen to be the least affected in the sensitivity results.
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Figure 35: Average daily number of route charging sessions per vehicle — Sensitivity analysis.

Figure 36 presents the route charging characteristics for Company A. It can be observed that
a total of 4 vehicles with driving distances up to 70 km can be sustained on DT charging
only. Additionally, a total of 82 vehicles with a driving distance up to 150 km can be
sustained with only 30 min of daily route charging.
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Figure 36: Daily route charging time consumption for Company A — Sensitivity analysis.

Figure 37 presents the necessary time for route charging in the case of Company B. It could be
seen that a total of 40 vehicles can be sustained with DT charging only. A total of 79 vehicles
do not require more than 30 min of route charging during a day.
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Figure 37: Daily route charging time consumption for Company B — Sensitivity analysis.

Figure 38 presents the necessary route charging taking place for the case of Company C. It
could be observed that a total of 9 vehicles with driving distances up to 100 km could be
sustained with DT charging only. A total of 16 vehicles with a driving distance up to 170 km
could be sustained with only 30 min of route charging. The very high amount of route charging
time is still prominent for vehicles driving the longer driving distances.
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Figure 38: Daily route charging time consumption for Company C — Sensitivity analysis.

These results indicate that implementation of a policy allowing for increased gross vehicle
weight of LDTs in Sweden would substantially increase the potential for electrification of the
vehicle fleets. This by allowing more charging to take place at the designated DTs along with
severe reductions in the amount of charging sessions needed for route charging.

6.5.8 Discussion - MILP optimization

The results relating to the optimal charging station sizing reveal that only a part of the total
charging energy needed by the vehicle fleets can be sustained on DT charging only. In regard
to the DT charging, key aspects of how this CI would best be supplied refers to the charger
types and charging power. There are many technical benefits of having charging supplied at
the respective DTs. As seen in the results there is an increased possibility of control, where a
company can more efficiently manage the practical charging scheduling along with applying
smart charging strategies to reduce peak power demand. In this way, chargers can achieve a
higher utilization rate while being shared by the who fleet and thereby reduce coupled costs of
the IC investment. With larger fleet sizes these effects become more prominent as seen by the
indicator of chargers per vehicle in the results. This would mean that a larger fleet would gain
the most in regard to charging at the DT.

In contrast, setting up charging infrastructure at the DT still leads to chargers not being used at
all times during the days. This lowers the utilization rate and explains the lower utilization rate
seen in the results. This could pose negative in regard to maximizing the benefits of the
investments, but also poses a subject that needs further analysis. Since there is sometimes
during the days when chargers always would be unutilized, this would mean that the companies
would be able to provide other parties during these times. In this way, there is a potential for
generating added revenue, which could increase the viability of investments into CI.

DT fast charging is seen to be only beneficial for the Company B and Company C. The results
show that the operational driving pattern largely affects how useful these would be. The DT
fast chargers are seen to be useful when there is a need for quick charging during the days
between operational timeslots. If vehicles do not operate in this way, it is always cheaper to
operate with slow chargers as these are good enough for supplying the whole fleet during the
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nighttime. One additional benefit of using slow chargers instead is that there is a more natural
distribution of power due to the lower power rating of these chargers. In adoption of DT fast
chargers there is a larger need for smart charging applications. This is seen in the results where
the companies using fast chargers also shows a much higher peak power demand in an
uncontrolled case versus the optimal smart charging case.

As can be observed in these results, there is a significant need for route charging. One factor
that has a large impact on this requirement is the daily driving distances of the vehicles. This
is due to the relatively low battery capacity seen in the LDTs commercially available today,
naturally leading to requirements of recharging when longer driving distances are operated.
One additional factor that is seen to have a large effect on the requirement of route charging is
the operational driving pattern of the vehicles. There is a significant reduction in how many
route charging sessions are needed when comparing for instance Company B and Company A.
This difference is explained by Company B having a better operational behavior, with vehicles
returning to the DT during the day. The phenomenon of how the route charging requirement
decreases with inter-timeslot revisiting at the DT does put relevance on investigating how
operational driving behavior could be altered. This is since there is potential to further increase
the amount of charging that could take place at the DT by having shorter operational timeslots
with more intra-timeslot revisiting of the vehicles. However, this needs to be further
investigated in relation to how it would be feasible, as it probably would be coupled to
increased operational costs.

When reflecting on the results of route charging produced in the optimization, it is observed
that the required time for charging on route is relatively low. Company A and Company B both
show charging time consumption below 10% of the total operational time. This indicates that
the required charging times seen in the vehicles would perhaps be short enough to practically
manage this in the operation. The only dilemma that remains is then how the route charging
could be supplied to the companies. The resulting time consumption for route charging is
following the precept that there is an available charger wherever and whenever needed by the
vehicles. In reality, this would not probably be the case. Hence, there could be no direct
conclusion that it would be possible to operate with route charging as there would most
probably be prolonged time consumption in this matter. However, the results of the study show
that there is a relevance of having an investigation of how these chargers would be supplied in
the best way for the companies, minimizing the impact it would have on the operation.

It is important to mention that there are specific vehicles in the respective fleets that do not
have any requirement of route charging. These are as expected the ones operated for shorter
daily driving distances with beneficial operational behavior in driving. These vehicles show
very good potential for electrification, as they easily could be managed with DT charging and
thereby require less planning of the charging.

The optimal charging schedule is largely affected by the required route charging taking place.
As seen in the obtained results the optimal way of charging the vehicles at the DT is through
slow charging. This is due to the more beneficial distribution of power that is possible through
this charger type. DT fast chargers are seen to only be beneficial in regard to avoiding route
charging as much as possible in correlation with the optimization model setup to couple this
charging type with a high penalty cost. The DT charging is observed to be coupled to higher
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power demand at the DT. In this manner, it is a large requirement of adoption of smart charging
strategies to minimize the coupled costs.

There are however still peak power demands during the days when summarizing charging of
the whole fleets. These peaks are closely related to the amount of route charging that is
required. Since there is a specific time when vehicles are operated, there is a larger need of
power coupled to supply the necessary charging for vehicles to finish their routes. Due to the
peaks being so closely related to the route charging, there is a prominent effect of ambient
temperatures. This effect will have to be managed as both the number of vehicles that needs to
route charge and the total peak power demand is observed to increase.

The effects of the low battery capacity seen in the LTDs is even more prominent when viewing
the results of the sensitivity analysis. These results show that an increased battery capacity will
lead to an increased amount of charging being able to be supplied at the DTs, with a reduction
in the necessary route charging. This illustration predicts that the feasibility of electrifying the
LDTs in last-mile transport will be significantly increased with the adoption of a policy
allowing for increased LDT weight. The effects of such policy would allow more vehicles to
be sustained on DT charging only, which allows companies to have more control over charging
and reduce total investment cost as seen in previous results.

However, the results of the sensitivity analysis still indicate a need for route charging in the
whole vehicle fleet. If these are to be electrified there is a need to solve how this charging
should best be supplied. This means that even though some more vehicles will be able to
electrify with the adoption of this policy, companies cannot take a passive approach and hope
that this would solve their problems. If full electrification of the fleets is sought, there is still a
requirement to oversee how operational behavior can be altered, along with how route charging
could be supplied. Only then can the CI sustain the electrification of the entire fleets.
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6.6 Business Model Results

The business model results are an extension of the interview and MILP optimization results
with additional research in risk analysis and collaborative business. The results are compiled
in the section below based on the structure described in the methodology.

6.6.1 Internal Influence
Internal influence results are interpolated from the interviews with a focus on value creation.
6.6.1.1 Business Model Snapshot

Since all actors have different means of value creation, value capture and value distribution,
this overview is a representation of how the segment structures its business model. The
structure of the model will be used as a base for further analysis. This is shown in Table 25.

Table 25: Business Model Snapshot.

Key Partner Key activities Value Proposition Customer Customer Segment
Relationship
Landowner E-commerce
Delivery of goods Environmentally Self-service
Vehicle . . friendly distribution Companies
manufacturer Information sharing Customer support

Predictable deliveries
Route

planning/optimizing

Maintenance

service provider Consumer

convenience

E-commerce
Key Resources Attractive employer Channels
Vehicle Direct calls
Terminal Website
Fuel Emails

Online platform

Human resources

Cost structure Revenue Stream

Operation costs: vehicle tax, insurance, maintenance | Pay per delivery

Employees: salaries, insurance Pay per return

Facilities: rent, power supply Monthly revenue
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6.6.2 Local Risk Assessment

The local risk assessment is summarized with risk factors and risk reducing actions in Table

26.
Table 26: Local risk assessment summation of risk factors and risk reducing measures at DT.
Category Risk Action

Fuel origin Green power agreement

Environmental
Risks

Political Risks

Financial Risks

Value chain emissions

Material resources depletion

Unstable policy

Imperfect industry standards
Government decision making
Insufficient funds

High maintenance cost

Uncertainties in future electricity prices
Increasing interest rates

Increased taxation

Hardware/software malfunction

Supplier

Supplier

Scalable

Scalable

Scalable

Financial methods

Service and maintenance agreement
On site generation to coupled operation
Financial methods

Scalable

Service and maintenance agreement

Supporting facilities Scalable, Service and maintenance agreement
Technological

Corruption of software Cybersecurity with updates

Risks
Disruptive innovation Scalable
Imperfect technology Scalable
Value chain relations SLB, supplier
Social Risks

Power quality Load balancing, HV connection, Fast charging

The environmental risks have been described as more detailed compared to the literature and
social risks have been added to aid in identifying risk reducing action targeted towards
sustainability.

The environmental risks target the emissions and resource exploitation from all stages of the
project from the manufacturing of products, distribution of resources and electricity origin. The
fuel origin highlights the challenges connected to the increased energy and capacity demand
due to digitalization and electrification. If the energy demand surpasses the supply, auxiliary
generators are required to be turned on. There is a risk that with this generation the carbon
dioxide emissions from the energy powering the vehicles will emit an equal amount of carbon
dioxide as for the biodiesel. To reduce this risk onsite generation with battery storage can be
recommended to deliberate the regional electricity grid and isolate the on-site charging from
external factors. On-site energy generation is in some cases, not an option due to leasing of
facilities and land, together with the additional need for equity. Since the operation hours occur
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during the day when the generation from PV is at its highest battery storage is a necessity.
Concern about the environmental impacts from battery manufacturing is raised during the
interviews and it could therefore be recommended to implement SLB of the BEVs.

However, due to the small size of the batteries compared to the large energy demand of the
vehicles, utilization of SLB in combination with onsite generation is neglected. It is therefore
recommended to sign a green energy agreement with the power utility to secure the fuel origin.
Since on-site SLB is neglected and the market for SLB sales is immature the risk of material
depletion must be handled by reducing the environmental impact of the manufacturing and
distribution of materials and products.

Political risks are identified from the literature as unstable policies, imperfect industry
standards and government decision making. The unstable policies refer to the economic
incentives provided to aid the electrification such as tax reductions and financial aids such as
“klimatklivet”. Imperfect industry standards refer to the risk of lagging with technological
innovation with standards such as European plugs and Swedish electrical safety standards.
Governmental decision making refers to policy implementation of policy such as the new
European LTD weigh restrictions for carbon-neutral vehicles. The political risks are reduced
by keeping the project scalable to aid in flexibility towards changing policies and standards.
Political risks also refer to fuel supply where the electricity generation is government owned
for the national grid. The implementation of onsite generation is however not considered as a
risk reducing action in this case due to the risks of changing incentives and policies. Scalability
may refer to phasing out periods of the ICVs to BEVs and with this partial integration of CI. It
may also refer to a flexible agreement with a Cl supplier or system designer such as a functional
agreement, this will be further analyzed in the cost analysis.

Financial risks refer to the financing of the project where investment costs, maintenance costs,
interest rates and electricity pricing are included. Investment and maintenance costs can be
managed by investment methods with the supplier of CI. These methods will be analyzed in
the cost assessment below and are considering direct payment and functional agreement
including annual service of the systems. The risk of uncertainties in electricity pricing can be
avoided by on-site generation of electricity but is due to the scale of the CI dismissed in this
study. However, by implementing on-site generation to coupled operations such as for the DT
the impact of increasing electricity prices is reduced. SLB could also be implemented by
shifting the peak demand to times with lower spot prices. Low electricity prices often occur
during the night which is when the entire fleet of BEVs is to be charged, this means that the
peak shifting may not contribute to reducing the impact to the desired degree. It is therefore
recommended to reduce the risk by implementing onsite generation to coupled operation to
reduce its impact on the organization. A report published in January of 2020 by the Swedish
environmental institute (IVL) concerning the taxation of electric vehicles claims that
implementation of a new form of taxation for EVs are required to capture the coupled cost of
road wear and accidents in 7 to 12 years [60]. As of January 2022, the Swedish government
have not yet announced any actions concerning this, implementing additional taxation to
earliest 2029. The taxation is not proposed to rise above the current taxation of ICEVs but
should be considered in project development by implementing a scalable design.

Technological risks refer to the technology implemented in the project during the planning and
use phase including CI and grid connection. Hardware/software malfunction highlights the

84



risks of malfunctioning CI on the operation to the last-mile actor. This risk is reduced by regular
maintenance and services which can be managed by a service and maintenance agreement
which will be further discussed in the cost analysis. Malfunction of hardware/software of the
grid connection is captured in supporting facilities. This risk is reduced by regular maintenance
and service and is affected by the power utility operation; therefore, the project should be
scalable to concur with the connected electrical grid together with a service agreement. With a
scalable design, the project can also reduce the risk of disruptive innovation and imperfect
technology by leaving room for the implementation of more advanced technologies. Corruption
refers to malware and cyberattacks towards the Cl system which is an increasing risk with
digitalization. The risk is reduced by implementing cybersecurity with regular system updates
to continuously guard against new types of malware and attacks.

Social risks refer to risks to the project and last-mile operation caused by external parties in the
same community such as grid users and value chain actors. The reliance of the electrical grid
will increase with the implementation of BEVs when a micro-grid cannot be achieved. As
stated in the literature review the power quality and grid capacity is dependent on the line rating
and grid users. This yields in risks of overload of the CI causing battery damage and risk of
distribution transformer overloading resulting in energy losses and potential power outage.
Other grid users cannot be controlled, and it is, therefore, suitable to reduce the CI load with
load balancing technology and utilize fast charging, to reduce the accumulation of harmonics.
This yields an increased capital cost of the system compared to a simple configuration of
uncontrolled slow charging. It is however shown by the optimization results that a low number
of fast charging technologies are economically optimal for full electrification of the fleet.

6.6.3 External Risk Assessment

As for the local risk analysis environmental, financial, political, and technological risk factors
are identified. However, due to the suggested collaboration between many companies,
participant risks are added. The summation is presented in Table 27.

Table 27: External risk assessment summation of risk factors and risk reducing measures for route charging.

Category Risk factor Measures
Fuel origin Green power agreement
E?S\Lisronmental Value chain emissions Supplier
Material resources depletion Supplier
Intervention of Governing actor Flexible
Unstable policy Scalable
Political Risks Land acquisition Lease agreement
Imperfect industry standards Scalable
Government decision making Scalable
Increased interest rates Leasing agreement
Increased taxation rates Leasing agreement
Financial Risks
Increased electricity prices Leasing agreement
Insufficient revenue Cost analysis
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Technological Risks

Participant Risks

Insufficient funds

High maintenance costs
Unreasonable design

Imperfect technology
Disruptive inflation
Hardware/software malfunction
Supporting

Software corruption

Delays

Market changes

Leasing agreement

Service agreement

Pre study of suitable locations
Scalable

Scalable

Service agreement

Scalable, Service agreement
Cybersecurity with updates
Collaboration, CI leading

Scalable, Service agreement

Third party flatus Protocols, Communication channels

Charging station availability Earmarked stations, restricted location

Power Quality Load balancing, HV connection, Fast

Social Risks charging

Traffic congestion Pre study location, Traffic flow analysis

Value chain relations

Supplier

The environmental risks are the same as for the local risk and can be reduced in the same
manner. However, due to the creation of information channels between the companies in the
collaboration SLB sales could be developed within the ecosystem.

Political risks are expanded compared to the local risks due to the public characteristics of route
charging, even if the charging availability will be restricted to collaborative last-mile actors.
Unstable policy, imperfect industry standards and government decision making are the same
challenging risk factors as for local influence. However, governing intervention and land
accusation is added. Governing intervention refers to the risk of change in the current climate,
this includes energy market development, energy grid development and last-mile operation
development. This risk is reduced by implementing a flexible system design able to adapt to
grid edge solutions and changes in operation. This can be part of a scalable solution where
more advanced systems are implemented with time or a standalone measure starting from day
one. Land acquisition refers to the approval of utilizing land on route that is not within the
organization’s ownership. This includes both economic compensation to the landowner and
social resistance from the public. This risk is seen in power generation project such as PV
parks, the risk is there handled with standardized leasing agreement applicable for 3 years with
an option of prolonging. In this agreement the economic compensation is agreed upon with the
landowner and affected public have been revised together with a pre-study of suitable locations.
This should be adapted to CI to reduce the risk of land acquisition.

Financial risks for the external risk assessment include many of the same risk factors as for the
local risk assessment. These risk factors can be reduced or transferred by different
collaborations, project design and ownership configurations of the CI. From the interview
responses the collaborating partners expressed concerns surrounding the control and
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availability of route charging. A CI ownership in the form of a power utility or fuel supplier
(gas station) where these companies are responsible for the investment and O&M are
considered. The investment and O&M will be balanced by revenue from the last-mile
companies in a form of leasing agreement. This would reduce the risk of insufficient revenue
for the CI owner and secure Cl availability for the last-mile companies.

Increased interest rates will have the largest impact on the investment costs for ClI and land
acquisition agreements. It could therefore be argued to be favorable for the last-mile actors if
a decentralized ownership is implemented. The risk of increased interest rates, taxation rates,
electricity pricing and funding will therefore be transferred to the power utility or fuel supplier.
High maintenance costs are like for the local risk assessment reduced by implementing a
service agreement.

Technological risks are similar to the local risks due to the assumption of utilization of the
same technologies. There is however an addition of unreasonable design due to the limited data
of route operation available in this project. This risk can be reduced by commissioning a pre-
study including location analysis for suitable locations to operational patterns, electrical grid
connection and interested collaboration partners.

Participant risks are unique for the external risk assessment due to the participation of multiple
actors. The category includes delays in commission, market changes and third-party error.
Delays in commissioning of the CI poses risk to the operation since some vehicles could not
operate as normal on their assigned routes. This risk is reduced by close collaboration between
the implementation of CI and vehicles. It is suggested to implement vehicles for shorter ranges
first as suggested in the optimization results. The CI can thereafter expand and always have a
demand from vehicles due to the varying nature of vehicles on each route. Later, as the ClI
expands more vehicles can be implemented. It is therefore suggested to plan the expansion of
the CI one stage ahead of the vehicle expansion. Market changes include both innovations
within BEVs where different charging technology or alternative fuels gains market shares and
outperform current technology. The risk can be reduced by implementing a scalable system
design to be flexible with future technology and by utilizing the service maintenance agreement
described where old technology is replaced. Third-party errors refer to errors made by other
actors in the collaboration with consequences that has a direct effect on one’s operation. The
risk is reduced by establishing standard protocols for error handling and communication
channels for reporting and supportive functions.

Social risks include charging station exclusivity, power quality, traffic congestion and value
chain relation. Power quality and value chain relation are the same risks as discussed in the
local risk analysis and have the same risk reducing measures. Due to the extra activity of
charging during loading and unloading the time spent in the loading area and the size of the CI
could pose risks for traffic in terms of vehicle movement and congestion. Since no CDPs have
been analyzed in this project additional studies on suitable location including a traffic flow
analysis should be conducted at the initial stages of the project. Charging station availability
refers to the availability of charging for the last-mile actors included in the collaboration. The
risk can be reduced by implementing earmarked charging posts with the company logo at a
restricted location such as loading docks.
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6.6.3.1 Collaborative Framework

The external risk assessment indicated a collaboration framework with system boundaries,
revenue streams and information channels for the ecosystem. Two CI ownerships were
suggested which is shown in Figure 39.
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Figure 39: System boundaries and channels for route charging collaboration.

The figure shows the value chain relations in a collaborative business model with different
collaborative companies with different benefits. On the right is a system where the owner of
the Cl is a fuel supplier which already has established gas stations with possession of the land
in dispersed urban areas. On the left, a power utility is the owner of the CI where land
ownership in dispersed locations is limited but have control over the primary fuel and
distribution. The suggested financial method for ensuring charging station exclusivity for the
last-mile companies are a leasing agreement where earmarked charging stations are
implemented for the collaborative companies only. Further optimization of route charging in a
collaborative environment should be conducted to establish a cost structure and pricing
framework for the agreement. This could potentially be minimized by increasing the utilization
rate of the charger by including more last-mile companies without compromising the
availability of the chargers. A leasing agreement concurs with the financial methods of land
accusation and service agreement suggested which is beneficial for the power utility ownership.
The cost structure of electricity supply in the fuel supplier ownership is considered to follow
the same structure as for small industries such as the last-mile DT where a demand charge and
a volumetric cost are combined. The volumetric cost increases the risk of increasing electricity
prices compared to the power utility ownership and is therefore considered as the most suitable
option. For the last-mile company this means that leasing agreement with the power utility is
necessary together with channels for CI development, utilization of operation with the power
utility together with a channel for service and maintenance with the service provider. Similar
channels are active between the service provider and the power utility while the landowner
only needs channels for utilization of the land with the power utility.

However, for a potential development of an SLB market within the ecosystem, the fuel supplier
ownership shows larger potential in reaching a wider market due to the existing channels to
private, commercial and industrial sectors. Due to the development of the energy flexibility
markets and implementation of renewable energy a power utility could also be benefitted from
SLB in a higher scale than the supplied batteries from the last-mile companies. Therefore, the
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fuel supplier ownership could be more beneficial in a SLB optimized collaboration. Further
analysis of the SLB market is needed to establish a pricing of the batteries and suitable
channels. Due to the immature market of SLB this option is discarded. This means that the SLB
market will be constricted to only the power utility.

The Canvas developed for the system described in Figure 39: System boundaries and channels for
route charging collaboration.

6.6.4 Business Model Innovation

The results for the business model innovation are divided into three categories corresponding
to the principles of sustainability and the CMC:

e Financial with a cost assessment, interviews, and risk assessments
e Environmental with carbon dioxide emissions calculations
e Social with PM10 calculations and risk assessment

The cost analysis is done with two financial methods, equity payment and service agreement
(SA) on the CI. These two configurations are compared to reinvestment in ICEVs in a base
scenario and a scenario estimating SLB in form of sales of used batteries for the collaborative
business model perspective. The cost assessment is a direct continuance to the MILP
optimization results combined with the financial solutions discussed in the risk assessments.

6.6.4.1 Cost Assessment

The base scenario all revenue is neglected, this shows an increased investment costs for
BEVs in both financial methods compared to ICEVs but with a reduced operational cost. The
cost flow breakdown can be seen in Figure 40. The data is compiled from an average case
from all collaborating companies, the individual results for all both financial methods can be
seen in appendix IV and comparisons of the companies with SA can be seen in Figure 42.
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Figure 40: Cost flow breakdown Equity payment in comparison to ICEV and Service Agreement.

A total initial investment of 79 393 260 SEK is calculated for the average case where vehicle
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investment is estimated as 66 573 260 SEK and the Cl as 12 820 000 SEK for 107 BEVs in
operation. The initial investment for ICEVs is calculated as 30 336 000 SEK where no
additional investment for infrastructure is necessary and the vehicle investment cost are lower
than for BEVs. The Service Agreement has an initial investment of 70 846 593 SEK where the
vehicle is estimated to 66 573 260 SEK, same as for equity payment, and the CI to 4 273 333
SEK. The reduced initial investment of CI is due to the installment included in the CI Service
agreement which will reduce the requirement of equity in the initiation of the project.

The operational costs are however reduced compared to ICEVs where the O&M costs for BEVs
are calculated as 5 837 364 SEK per year for 107 vehicles not including battery replacement
and Service Agreement installment. The comparative result for ICEVs is 16 494 767 SEK
where the fuel cost is the largest factor as seen in Figure 41.

O&MBEV O&MICEV

Taxation 12%

Fuel cost DT

14%

Fuel cost 58%

Figure 41: Cost breakdown of O&M cost BEVs and ICEVs.

Due to the higher fuel cost price of HVO-diesel compared to electricity in addition to a low
taxation rate for BEVs the operational costs are reduced. These cost factors are considered as
fixed cost which do not change year to year. For variable costs, battery replacement and
installment on the Service Agreement is included for BEVs. This is due to the varying lifetime
of the batteries due to the degradation rate of different routes calculated in the MILP
optimization and the interest rate of the installments. The battery replacement occurs between
year 2 and 5 in operation with a cost between 2 496 816 and 86 695 SEK with an average of
946 709 SEK for a fleet of 107 vehicles. The installment occurs between year 0 and 2 in
operation with a cost of 4 273 333, 4 337 433 and 4 402 495 SEK for a Cl of 25 AC and 10
DC charging stations. The residual value is calculated from the batteries that has not yet reach
EoL from extended lifetime or battery recement. The average case shows a residual value of 2
454 415 SEK for the whole fleet.

When comparing the annual costs and investment costs between the companies the values was
normalized in cost per vehicle to make a fair comparison. The results can be seen in Figure 42.
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Figure 42: Company comparison of service agreement per vehicle.

The figure shows that the case of Company B has the highest for the cost per vehicle, before
for Company C and Company A. This is due to the implementation of fast charging at DT
where Company B has the highest degree of fast charging before Company C and then
Company A.

From these results NPC is calculated as 104 509 732 SEK for the equity payment, 103 544 612
SEK for the service agreement and 92 864 145 SEK for ICEVs. The NPC is as expected larger
for BEVs compared to ICEVs; this is due to the large initial investment required for an
electrified fleet. The results are reduced to of cost per vehicle for all companies are summarized
in Table 28

Table 28:Cost assessment results per vehicle.

Company Method Initial Investment Fixed Cost | Average Variable Residual NPC
[SEK] [SEK/Year] | Costs Value [SEK]
[SEK/Year] [SEK]
Vehicle | Infrastructure Battery | Installments
cost
Average Equity | ICEV | 284400 |0 154 157 0 0 870 601
BEV | 622180 | 119813 54 555 8 848 0 +22939 | 966 790
SA ICEV | 284180 |0 154 157 0 0 870 601
BEV | 622180 | 39938 54 555 8 848 40 537 +22939 | 957742
Company A | Equity | ICEV | 284400 | 0 181 007 0 0 970 559
BEV | 622180 | 13230 48 215 9779 0 +24699 | 837085
SA ICEV | 284180 |0 181 007 0 0 970 559
BEV | 622180 | 4410 48 215 9779 4543 +24699 | 836089
Company B | Equity | ICEV | 284400 | 0 97 609 0 0 654 414
BEV | 622180 | 370875 120 537 5201 0 +18513 | 1260563
SA ICEV | 284180 |0 97 609 0 0 654 414
BEV | 622180 | 123625 120 537 5201 127 362 +18513 | 1232643
Company C | Equity | ICEV | 284400 | 0 136 855 0 0 803 188
BEV | 622 180 | 153 600 58 854 11704 |0 +23563 | 1027769
SA ICEV | 284180 |0 136 855 0 0 803 188
BEV | 622 180 | 51200 58 854 11704 | 52748 +23563 | 1016 206
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When comparing the collaborating companies with each other where only Company A has a
lower NPC for BEVs than for ICEVSs, it is indicated that slow charging is the most economical
option. However, from the MILP optimization results, it was shown that this company has a
lower ratio of vehicles only charging at DT and need more route charging. Visualization of the
costs of each company can be seen in appendix V.

To reach the NPC of the ICEVs the average case needs to include added revenue or cost saving
with a total value of about 2 900 000 SEK each year. In the case of Company B the value is 14
900 000 SEK and 2 400 000 SEK for Company C. No added revenue or cost saving is necessary
for Company A. Revenues could be added by utilizing SLB market by sales of utilized
batteries, added delivery prices and revenues from unutilized charging hours. The case of SLB
is analyzed below while the added delivery prices and revenues from unutilized charging hours
will only be discussed. In terms of delivery prices, the increase per delivery is approximately
20 SEK for Company B, 8 SEK for Company C and only 2 SEK for the average case. For cost
savings Company B require a saving of 186 250 SEK per vehicle and year, Company C 60 000
SEK and the average case 27 103 SEK per vehicle and year. These savings can partly be found
in investment deals of vehicle and Cl and economic incentives such as “Klimatklivet”
alongside cost saving measures across the operation.

In terms of scalability of the electrification where the electric fleet could be phased in in the
current operation or expanded in future operation a sensitivity analysis is conducted. This
sensitivity uses the same CI to BEV ratio for both AC and DC chargers as calculated from the
MILP optimization and the cashflows calculated from the base scenario of the cost assessment.
The results indicate a breakeven point for all collaborating companies in an implementation
rate of 10 vehicles at the time where the cost pers vehicle is significantly reduced compared to
implementation of only 1 vehicle at the time. This is shown in Figure 43.
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Figure 43: Sensitivity analysis of implementation rate of BEV and CI.

The figure also intel that the investment of DC chargers increases the costs per vehicle, and
therefore also the total costs, where Company B has the highest number of DC chargers and
Company A has only AC chargers at DT. The irregularities in the lines of Company B and
Company C indicates times when new DC charger are required. From the slope of the lines the
indication is that only a small reduction of costs is obtained in cost per vehicle when the
implementation rate is above 10 cars at the time, this means that the funding of the vehicles
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and ClI are the determinator of the recommended implementation rate as long as it is above the
breaking point.

Other means of reducing the operational costs to the electrification is by promoting delivery
slots that corelates to beneficial electricity prices with so called “nudging” and therefore reduce
the fueling cost. Nudging bookable delivery slots to optimize the driving range per delivery
could also prove beneficial in terms of cost reduction.

To aid the electrification for companies ‘“klimatklivet” was formed as an incentive to reduce
the impact of higher investments cost of both Cl and BEV. A sensitivity of possible economic
incentives to be obtained from the average case is shown in Figure 44 where product purchase
of BEV and Cl is considered (Equity payment) in thousand SEK increase from NPC of ICEVs.
It is shown that the incentives gained from “Klimatklivet” is not enough to compensate the
NPC of electrification to concur with the NPC of ICEVs. With the highest compensation of Cl
with 50% of investment costs and vehicle compensation of 50% of the price difference of BEV
and for the corresponding ICEV the NPC is 21 000 SEK above the NPC for ICEVS per vehicle.

To reach the NPC of the ICEVs the average case is still in need to include added revenue or
cost saving with a total value of about 2 800 000 SEK each year. In the case of Company B the
value is 14 900 000 SEK and 1 510 000 SEK for Company C. No added revenue or cost saving
is necessary for Company A.

"Klimatklivet”  CAPEX CAPEX CAPEX CAPEX CAPEX CAPEX CAPEX CAPEX CAPEX CAPEX CAPEX
Compensation Cl0% CI5% CI10% Cl115% Cl120% CI25% C130% CI35% Cl140% CI45% CI50%

CAPEX BEV 0% -82 -76 -70 -64 -58 -52 -46 -40 -34 -28 =27
CAPEX BEV 5% -82 -76 -70 -64 -58 -52 -46 -40 -34 -28 -22
CAPEX BEV 10% [ -82 -76 -70 -64 -58 -52 -46 -40 -34 -28 -22
CAPEX BEV 15% [ -82 -76 -70 -64 -58 -52 -46 -40 -34 -28 -22
CAPEX BEV 20% [ -82 -76 -70 -64 -58 -52 -46 -40 -34 -28 -22
CAPEX BEV 25% [ -81 -75 -69 -63 -57 -51 -45 -39 -33 -27 -22
CAPEX BEV 30% [ -81 -75 -69 -63 -57 -51 -45 -39 -33 -27 -21
CAPEX BEV 35% [ -81 -75 -69 -63 B/ -51 -45 -39 -33 -27 -21
CAPEX BEV 40% [ -81 =75 -69 -63 -57 -51 -45 -39 -33 -27 -21
CAPEX BEV 45% [ -81 -75 -69 -63 -57 -51 -45 -39 -33 -27 -21
CAPEX BEV 50% [ -81 -75 -69 -63 -57 -51 -45 -39 -33 -27 -21

Figure 44: Sensitivity analysis of economic incentive impact on NPC in comparison to ICEVs

6.6.4.2 Carbon dioxide emission results

The environmental calculations are a product of adaptation of previous work and is therefore
only an indication of environmental impacts and benefits obtained from the electrification of
the full fleet. The results are categorized as associated carbon dioxide emissions which is
measured only once per vehicle life and direct emissions which are measured every year. Due
to the varying replacement of batteries during the lifetime this is accumulated to lifetime
emissions and categorized as indirect emissions despite the annual occurrence. In Figure 45 the
direct emissions are shown as stacked bar chart for all collaborating companies including an
average and comparison to ICEVs. Indirect emissions of ICEVs are not considered due to
limited data for maintenance of fuel cisterns which would lead to an unfair comparison.
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Figure 45: Direct carbon dioxide emissions of each collaborating company including an average.

The bar chart depicts a large reduction of carbon dioxide emissions in the operative patterns
where an average reduction of 64 tones-CO; per year and 107 vehicles is measured. The most
contributing factor for the emission is the fuel usage which can be further reduced by
implementing renewable energy in the charging which is neglected in this study. The
accumulated lifetime emission of the BEVs and CI are depicted in Figure 46.
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Figure 46: Indirect lifetime emission of electrification for all collaborating companies
including an average.

The accumulated emissions shows that the largest contributor to the associated emissions is the
production of batteries and BEV chassis. This number do not include transportation of raw
material or final product and are therefore smaller than the real contribution. These factors are
not determined by the collaborating actors but are seen as an environmental cost of purchase.
The battery replacement is the third most contributing factor and is within some control of the
companies themselves due to the option to spare the batteries as much as possible to reduce the
number of batteries replaced during the lifetime of the vehicle. The average results are
normalized as emission per vehicle in Table 29.
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Table 29: Carbon dioxide emission summation of average case per vehicle.

Per Vehicle Fuel End of Life | Maintenance | Production | Battery
usage replacement
Associated Emissions 0 0.065 0 134 5.4

[tones-CO./Lifetime]

Direct Emissions 0.21 0 0.019 - 0
[tones-CO./Year]

6.6.4.3 Social calculations

The social calculations were estimated from the European emission standards and the
assumption of no associated PM10 emissions of production and fuel usage. This indicated that
the results should be seen as estimation of the social benefit and not evidence of improvements.
The direct PM10 reduction of operation of BEVS compared to ICEVs can be seen in Figure
47,
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Figure 47: PM10 reduction connected to the operation of BEVs compared to ICEVs
including an average.

The direct PM10 emissions reduction is determined of total vehicle km and is therefore larger
for the contributing companies with higher milage. The average reduction is 27 kg-PM10 per
year and 135 kg-PM10 in a vehicle lifetime. The results of total reduction and reduction per

vehicle is shown in Table 30.

Table 30: PM10 reduction compared to ICEVs.

PM10 Full fleet Per Vehicle
Reduction [kg/Year] [kg/Year]
Average 27 0.25
Company A | 60 0.3
Company B | 12 0.15
Company C | 9 0.225
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6.6.4.4 Final model

The final model is a compilation of the results stated in the entire “Business Model Results
and Discussion” chapter showing the key findings. The compilation can be seen in Table 31.
The business model is configured after the snapshot in the beginning of the chapter and the

entries and sections added is marked in bolded cursive text.

Table 31: Business Model for electrification for last-mile actors in collaboration with third parties.

Key Key Activities Value Proposition Customer Customers
Partnerships Relationships
Landowner Delivery of Environmentally friendly E-commerce
goods distribution Customer support
Vehicle Companies
manufacturer Information Predictable deliveries Collaboration
sharing organization Consumer

Maintenance
service provider

Route optimizing

Consumer convenience

Attractive employer

E-commerce ClI utilization
Emission free transport
Power utility Key Resources Channels
Direct calls
Vehicle
Email
Terminal
Website
Charging
infrastructure Collaboration

Online platform

Human
Resources

board

Cl repair platform

Cost Structure

Employees: salaries, insurance

Facilities: rent, power supply

Investment increase: 377 980 SEK/BEV
Investment: 662 118 SEK/BEV

Fixed cost reduction: 148 702 SEK/ Year and BEV
Fixed cost: 5 455 SEK/ Year and BEV

Variable costs: 49 385 SEK/ Year and BEV

Leasing Agreement on Route

Revenue Streams

Pay per delivery

Pay per return

Monthly subscription

Residual value: 22 938 SEK/Lifetime and BEV
Added revenue/ Cost saving:

2 SEK/Delivery/ 27 103 SEK/BEV

Environmental Costs

Indirect Emission:

18.8 kg-CO:2 per lifetime and BEV
Directl Emissions:

0.229 kg-CO:2 per year and BEV

Environmental Benefits

Carbon dioxide reduction compared to HVO
Operational Reduction:

0.6 kg-CO2 per year and BEV

Social Risks

Charging station exclusivity
Power Quality

Traffic congestion

Value chain relations

Social Benefits

Increased awareness

Market competitive

Improved working conditions
PM10 reduction compared to HVO: 0.25 kg/ year and
BEV
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The key partners have an additional new entry in form of power utility which represents the
partnership required for power demand in DT and potential power agreements where power is
allocated for charging only but also the collaboration of route charging where the power utility
could pose as an owner of the charging stations. Partnership with landowner must be
strengthened due to the immobility of the charging stations which poses a vital operative
function in the electrification. The changes in partnership with maintenance and service
provider are referring to the service agreement discussed in the cost assessment and risk
analysis.

The change in key activities refers to the necessary measures for the route charging. The
activities are charging infrastructure utilization which refers to the usage of the route charging
stations and indicates that the collaborating companies are the cost bearers of the expansion of
semi-public CI. The route optimization refers to the adaption of the routes to the CI due to the
immobility of the stations but could also indicate further optimization of routes and charging
patterns to elongate the battery life and therefore reduce the cost and environmental impacts.

Key resources have an additional entry in form of charging infrastructure due to the demand of
high fueling availability. Human resources are increased due to the management of route
charging where it is recommended to have a delegate in the CI location planning to best suit
the requirements of the sector.

Value proposition has the additional entry of emission-free transport which could be possible
if renewable energy is utilized in charging. The other value propositions were kept identical
due to the optimization aim to pose as little change in the operational patterns as possible.

Customer relationships have the additional entry of collaboration which refers to a potential
industry organization requested in interview 2 to manage the route charging. This in turn refers
to delegates mentioned in key resources.

Channels have changes in all entries where direct calls and emails refers to the communication
channels in the industry organization together with newsletters and research reports. The
Website refers to the channels towards the consumer where the progress of the electrification
can be shared to promote the company. Service platform refers to the service agreement where
additional platforms such as applications or website can be utilized to request additional
service.

The cost structure is not quantified in the snapshot and has therefore additional entries as for
the calculated average costs per vehicle and the differentiation of operational and investment
costs compared to ICEVs. The results are from the cost assessment with the service agreement
method. The NPC did however not exceed the NPC of ICEVs but could potentially be balanced
by increased consumer and customer outreach caused by branding. Means of financial support
though financial incentives is not included in this study and could balance the NPC even
further.

The revenue structure has additional entries for the SLB value adding opportunities assessed
in the cost assessment with the second scenario, which rests on an immature market of used
BEV batteries. This in turn require strengthened relationships with byers of used batteries, since
the market is immature more and more start-ups should appear on the market making the SLB
easier.

97



Environmental costs are a summation of the results found under environmental calculations
and is normalized as emission per vehicle. These entries are included as measurements of the
sustainability of the operation and could be complemented with additional data from other
functions of the company.

The environmental benefits are as the environmental costs a summation of the environmental
calculations and are mainly included for branding opportunities as environmentally friendly
and sustainable organizations.

The social risks are a summation of the risk assessment with a reformulation of charging station
availability to charging station exclusivity. This configuration is due to the aim towards the
company stakeholders and not the company itself. The charging station exclusivity is a
consequence of the semi-public route charging discussed to ensure fueling availability.

Lastly, the social benefits are compiled from interview 2 answers and the social calculations.
Market competition is a measurement of the branding opportunities as sustainable and not only
environmentally friendly together with social awareness to promote the difference.

6.6.5 Discussion - Business Model Innovation

The most challenging areas in the electrification of transport in the segment of last-mile
distribution from a business point of view are indicated as the increased investment connected
to BEVs and CI compared to ICEVs, the limited availability of route charging and the
complexity of a system design.

The NPC was indicated to decrease with the implementation of leasing agreement for the CI
and with a high rate of slow charging at the DT. It did not however reach to a level of direct
comparison to the ICEVs even when economic incentives were implemented for two of three
companies. This would imply that companies that have reached economy of scale could
profitably transition to an electrified fleet in the current climate. Another trend seen in the cost
assessment is the increased costs with implementation of fast charging at DT which worsen the
NPC for the two companies not within economy of scale. The vehicle taxation for BEVs is
today at a very low level and influential organizations are promoting an increase. This would
further increase the cost difference of BEVs and ICEVs making electrification unsustainable.
Measures of increased incentives targeted towards last-mile companies would be needed to
make BEVs competitive with ICEVs. To capture smaller companies and the benefits from
implementing fast charging and vehicle taxation increase, further incentives would be needed
connected to the investment of CI together with incentives or penalties connected to operation
to make the reduced O&M balance the investments. Cost reducing measures by the companies
could also reduce the impact of the increased cost by allocating financial means towards the
investment of BEVs and CIl. Due to the increasing incentives from both customers and
consumers for more sustainable distribution additional revenue could be found by increasing
the delivery price for electrified vehicles. The segment is today operation under low profit
margins due to the low incentives from consumers to option for a more expensive delivery
despite the environmental benefits. Further market analysis could define where the incentives
for sustainable and cheap deliveries intersect. Even if companies are mainly distributing their
own products this was indicated as a prominent challenge in the interviews.

One other factor that is seen to potentially affect the results is the price of electricity. Due to
the rapid increase in usage of electricity, the future prices could be suspected to increase. This
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is something that is not considered in the study as electricity prices are used based on the year
2019. As prices would increase it could be expected that this too would affect the results of the
cost analysis, increasing the cost of electrified operation.

The route charging was in this thesis connected to a collaborative business model where a
framework of the revenue streams, relations, and channels were visualized. Further
development of the framework would be needed to include benefits for all stakeholders and to
integrate the channels to the current business. In this framework a model for SLB was described
where used batteries is sold to parties in the collaboration. This model could be expanded with
including other sectors such as truck manufacturer, battery manufacturer and vehicle service
stations to expand the outreach and capture cost saving benefits in the battery EoL by pawning
used batteries. Financial models of renting the batteries from the truck manufacturer was found
in the case of Mercedes-Bentz. [132]

The route charging was also indicated to have earmarked charging stations to secure the
availability of the CI. The number of CS and locations could be optimized by analyzing the
geographical driving patterns of the companies to see if there are correlations and how often
those occur at the same time. From the interviews peer-to-peer models of route charging was
indicated as interesting if there was an independence of fuel suppliers and bookable slots in
dispersed locations. Today there are platforms to locate the nearest CS and to see if it is
available or not. From the interviews, this was not seen as an option due to the insecurity of
charging availability and restrictions of usage when driving. If the route charging optimization
and software for locating available CS could be integrated with the route planning this
challenge could be mended.

The transition to sustainable fuels is not limited to only BEVs as the scope of this thesis
suggests. The transition is indicated as mandatory from the climate change urgency and the
customer segments of some of the collaborative companies. From the MILP optimization it is
indicated that a share of the fleet could be electrified by only utilizing DT charging with
increasing results with the implementation of the EU policy of weight limitation. From the cost
assessment only a fully electrified fleet was compared to the ICEVs with varying results, but it
could be assumed that these shorter ranges would be the most suitable for initial electrification
while longer ranges waits for further financial incentives, technology development or
developing of existing or new alternative fuel options.

The results presented are affected by several factors of uncertainty which could have an impact
on the exact results obtained. The most important to mention are regarding route charging and
limitations in data.

A large factor that can lead to uncertainty of the obtained results is the necessary route charging
to achieve full electrification of the fleets. This as it today exists no adequate system for
supplying this route charging that fulfills the exact requirements for the last-mile companies.
Because of this the cost of supplying this type of charging could require large investments,
which is something that would affect the cost analysis of the study, potentially being coupled
to very high cost depending on how the problem would be solved. The potential coupled cost
of route charging would additionally impact the rate of implementation in the company fleets.

The limitations in data used in the study also poses uncertainties of the results obtained. This
as the exact operational schedule data of the companies could not be obtained including
variations in amount of order deliveries during the year. Fluctuations in how many deliveries
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that are made during the year is a factor that would affect the results of charging infrastructure
sizing and charging schedule. Related to this there also exists uncertainty in how operation is
carried out in intensive delivery periods. With more deliveries per delivery stop it could be
suspected that vehicles would operate for shorter routes with more availability at the DTs. This
would potentially reduce the amount of charging that have to take place during routes. Hence
the operational behavior of the vehicles is as previously mentioned a factor that must be
investigated further to assess how the requirement of route charging could be decreased. This
would then affect the coupled cost of electrification. Additionally, no revenue streams could
be obtained from the collaborating companies, hence limiting the financial analysis.

The future work that could be made to further investigate the potential for electrification of
last-mile distribution is:

e Optimization of how the operational driving behavior of the company fleets could be
altered to allow for more DT charging to take place.

e Assessment of the impact on local grid by the charging pattern of the vehicle fleets.

e Assessment of the effects on the charging scheduling caused by integration of the
building load of the DT for the different companies.

e Integration of onsite RES generation connected to building load and CI

e Optimization of charging scheduling with battery lifetime objective and its effect on
coupled costs and emissions.

e Traffic flow analysis for route charging for collaboration partners including assessment
and development of suitable locations together with configuration of chargers.

e Development of the suggested framework for collaboration within semi-public route
charging for all stakeholders.

e Development of public charging station with bookable options.

e Peer-to-Peer assessment of route charging stations.

e Analysis of SLB options and market formation.
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7. Conclusion

The objective of this study was to analyze the optimal sizing of charging infrastructure and
integrate a shared business model for electrification of LDT last-mile vehicles in Stockholm,
Sweden. The study focused on three specific last-mile companies for the analysis. The first
stage of the study started with data collection where specific qualitative data was gathered from
the collaborative companies through interviews. The data was then interpreted and put towards
a MILP optimization and business model innovation to investigate the potential of
electrification.

The key findings from the data collection were the expectations of the electrification and the
demands of the charging infrastructure by the collaborative companies. The expectations were
to be able to electrify the fleet by phasing in BEVs without disturbing the operational behavior
and still offer predictable, flexible, fast, and cheap deliveries. Additional expectations in value
adding opportunities were stated as reduced environmental impact, corporate branding, and
enhancement of local conditions such as air quality and working environment for the drivers.
The demands were stated as fueling availability in terms of both location and time. Challenges
were stated as vehicle availability on market and vehicle range.

The MILP optimization was conducted to determine the cost-optimal sizing of the ClI in all
three collaborative company cases. This was done considering techno-economical constraints,
including minimizing the necessary route charging sessions required by each vehicle. In this
way, the cost-optimal sizing of CI, annual energy consumption, and charging schedule was
determined and included in the business model innovation. Outcomes of the MILP optimization
consists of optimized charging schedule considering both DT and route charging, optimized
investment cost of sizing the CS at the DT and optimized annual operational costs of energy.
Regarding the optimal sizing of the Cl, the results of the study found that there is a significant
need for route charging in all three analyzed company cases. Results show that vehicles on
average would require 1 — 3 route charging sessions per day. The need is observed to increase
with colder ambient temperatures. The main reason for this is determined to be the low battery
capacity seen in the LDTs. The need for route charging is seen to correlate with increased daily
driving distances of the operated vehicles. Average values of required route charging sessions
per kilometer driven is observed between 0.013 - 0.023 sessions per kilometer. Some vehicles
with shorter daily driving distances are seen to have no need for route charging, indicating that
these vehicles would be the easiest to electrify when trying to avoid route charging. The results
show that today’s vehicles, with daily driving distances up to 80 km, can sustain charging at
DT charging only. In sizing of the CI at the DT it is found that the operational behavior of the
companies has an impact on how much of the total charging could be sustained onsite. Results
of the study show that the relevance of adopting fast charger at the DT is more beneficial if
vehicles are operated with daily returns to the DT between two operational timeslots rather
than operation for one continuous.

Regarding the optimal charging schedule, the result of the study shows that the optimal
schedule is affected by the amount of total charging that could be sustained at the DT. The
results shows that 30%, 65% and 33% of total charging could be sustained at the DT for each
respective company case. The need for route charging is seen to cause peaks in total power
consumption of the entire fleet during the day. At the DT slow charging is a preferred option
as vehicles are available to fully charge the fleets. Fast charging is observed to be a complement
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for avoiding route charging, with increased use when vehicles are returning to the DT in
operational hours. The optimized charging schedule involves distributing power consumption
as much as possible during the available hours of the vehicles. In this process, smart charging
is an important component, with a reduction in annual operational cost seen when smart
charging is applied. The smart charging strategy is observed to reduce the annual network
subscription cost by 14%, 76% and 75% for each respective company case.

The business model innovation was aimed towards aiding an implementation plan where risk-
, cost-, environmental- and social factors were included. To find a reasonable base for the
business model the internal influence from the companies themselves in terms of company
drivers and goals, current business model and their inclinations towards internal and external
enablers for the electrification was investigated. This was later included in local and external
risk analysis to identify the key risk reducing activities and resources for the transition. The
cost assessment was conducted to identify the cost of these activities together with the
identification of cost bearing factors connected to the MILP optimization results.
Environmental and social factors were estimated from the same results to offer other measures
of value besides financial and to provide opportunities for branding purposes together with
sustainable business development. For this purpose, the city model canvas is adapted with
block entries from the classic business model canvas to provide a sustainable evaluation of
operational choices.

In the cost assessment it is determined that the initial investments connected to electrification
with a higher vehicle price than the investment of ICEVs. This even though investments in
BEV included price reductions of the Swedish bonus system for low environmental impact
vehicles and financial incentives from “Klimatklivet”. The fixed operational cost is however
significantly reduced for BEVs by the lower fuel price and low taxation rates compared to
ICEVs, which could be seen to partially balance the higher investment. Additional cost for
BEVs is coupled to the cost of replacing the batteries as the battery EoL does not concur with
the vehicle EoL. This is shown to be influential by contributing with high cost at the end of the
depreciation period. Cost bearing factors were measured in NPC which could not be reduced
to be higher than the NPC for ICEVs. Value adding measures such as sales of used batteries in
an immature SLB market and financial method in the form of a service agreement where the
Cl are sold as a service and not a product indicated positive results on the NPC but is not
recommended as a single measure to balance the investment.

From a sensitivity analysis of the cost flow, it is indicated that the implementation rate of BEVs
and CI for all collaborative companies could be as low as 10 vehicles every year without
compromising the total cost of operation of each vehicle. This in turn means that the transition
could start with the small segment of the fleet, which can be electrified through DT charging
only. The impact of fast charging on DT indicated that slow charging is beneficial in low
implementation rates while fast charging is more beneficial for a quicker transition.

The limited weight restriction of LDTs in Sweden is seen to pose an additional challenge. This
as the portable payload of BEV-LDTs is limited below what companies have access to in
traditional ICEVs. The policy of increased allowable gross vehicle weight could allow access
to comparable portable payload and increased battery capacity in the vehicles. Results of the
MILP optimization sensitivity analysis show that this policy could significantly reduce the
number of route charging sessions required, allowing for more charging to take place at the
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DT. The amount of required route charging sessions is reduced to 1, 0 and 2 sessions per day
for the respective company cases. Additionally, more vehicles are observed to be able to
electrify utilizing only DT charging. The results show that vehicles with daily driving distances
up to 140 km, depending on operational behavior, can sustain charging at DT charging only.
Hence, this policy is an important component in further enabling electrification of the LDTs in
last-mile operation.

The local risk analysis for the DT charging indicated risk reducing actions associated with
implementation rate to safely follow the technical and market development together with
uncertainties of future policy implementation and grid limitations. It is therefore recommended
to adapt the implementation rate to ensure scalability of the electrification. By implementing
the service agreement on DT charging stations, the risk of malfunctioning systems is placed on
the service provider and reduces the risk for the collaborating companies as well as having a
positive effect on the NPC. For the external risk analysis focusing on the route charging
additional risks of participating was identified and the need for an industry organization with a
focus on semi-public charging is requested. The scalability of implementation rate and the
service agreement also indicated risk reducing qualities by distributing the risks on
participating actors and flexibility to follow the social and technological development.

From the data collection company drives for the sustainable operation was indicated alongside
branding which was combined by including the environmental benefits and costs of
electrification in a business model. The calculations indicated that a high saving in direct
carbon dioxide emissions can be obtained from the utilization of BEV instead of ICEVS in
operation while the associated emissions of battery production and replacement poses high
environmental cost.

In addition to the environmental calculations, social aspects of the transition were identified as
social risks and benefits of the implementation. The risks were identified as charging station
exclusivity where only participating actors in the collaboration are allowed to utilize the ClI,
traffic congestion in CI location, power quality of electrical grid and value chain relations
where channels and stakeholders are accounted for. The social benefits included improved
working conditions for the drivers with a less noisy environment, social awareness with
expanded branding, market competitiveness with sustainable choices and PM10 reductions
connected to urban air quality.

In summary the general conclusion of the study is that electrification of LDTs in last-mile
operation in Sweden is possible but not economically feasible without additional value adding
measures. However, with the loss in financial resources values in terms of branding, emission
reduction and attraction as an employer could be gained. Additionally, to electrify vehicles
operated for the longest daily driving distances it is required that route charging is accessible
in dispersed locations with secure fueling availability.
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Appendix |: Business Model Canvases

BMC
Key Partner Key Activity Value Proposition Customer Customer
Relationship Segment
Key Resources Channels
Cost structure Revenue Stream
Additions to BMC for TLBMC
Supplies and Out- Production Value function End-of-life Use phase
sourcing
Materials Distribution
Environmental impacts Environmental benefits
Local Governance Social value Societal culture End user
communities
Employees Social outreach

Social impacts

Social benefits
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CMC

Mission statement:

Key Key activities
partnerships

Key
infrastructure
and resources

Value Proposition Buy-in and
Support

Deployment

Beneficiaries

Budget cost structure

Revenue streams

Environmental costs

Environmental Benefits

Social impacts

Social benefits

BMC+CMC

Key Key activities
partnerships

Key resources

Value Proposition Customer
relationships

Channels

Customers

Budget cost structure

Revenue streams

Environmental costs

Environmental Benefits

Social risks

Social benefits
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Appendix Il: Interview Questions

Interview 1
Transition to sustainable fuels

Drivers in Transition

Which driving forces are most important in your transition?
Customer demands

National policy

Local policy

Market development

Bonus/malus system for electric vehicle
Fuel cost reduction

Human health and welfare

Responsible consumption

Branding

Other

o000 0oopoo

Are they the same with electrification?
How are they different?

Challenges in Transition

Which challenges are most difficult in your transition?
Infrastructure investment
Electricity prices

High fixed cost for charging
Infrastructure availability on market
Awareness related to infrastructure
Vehicle availability on market
Customer behavior

Charging infrastructure on routs
Route planning based on charging
Route radius

Route flexibility

Alternative fuels on market
Business integration

Human resource/Competence
Maintenance

Technical innovation
Decentralization of management

ool oooo

Do you have strategies targeting these 5 challenges?
Yes/No

What?

Are they the same for electrification?

Operation

Distribution Terminal:

What type of product make up your last-mile deliveries?

Ex. Convenience goods, Shopping goods

» Does the type of goods you deliver cause any variation in your operation? l.e., do you prioritize
certain goods in delivery?

How large volumes of deliveries depart from your distribution terminal during a day?
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* How are your total last-mile operation divided for a city today? l.e., how many distribution
terminals do you operate from? Is the total amount of deliveries divided equally between these?
»  Where are your distribution terminals typically located today? l.e., Urban, suburban, industrial
sites.
*  Why these areas?

How many vehicles on average does one of your distribution terminals houses?
* How is parking of vehicles managed?

» Does your parking situation include any charging points today?

» Isthe parking depot owned by you or leased through property owner?

During which hours is your distribution terminal active during a day?
» What additional activities other than transshipment of last-mile deliveries do you typically have in
your distribution terminal?

How does the energy demand of your distribution terminal vary during a day?
This in the form of low, medium, and high energy intensity.

What is the rated power of your transformer station in your grid connection?

» Do you have an enlinjeschema of your facility?

* What is the amount of power that could be delivered to your distribution terminal today?

» Do you have a direct medium voltage connection or is your facility getting its electricity as a part
of a urban low voltage network?

What type of cable is being used in connection to your grid connection today?
How far away from your distribution terminal is your transformer station located?

Driving behavior:

During which hours do your vehicles operate for making deliveries?

» Do your vehicles operate 24/7 or have specific times?

» Do you have time restricted appointments on a route?

+  Does customer availability cause limitations in route planning? If so, how?

» Do you try to reduce the limitation of customer availability today? How does this affect your
operation?

» Does rest requirements of the national resting-regulation cause limitations in how you operate
today?

* Do the drivers have set times? If so, what are they?

» Have you identified any other companies causing time-specific restrictions on your deliveries?

How long does a vehicle drive in total during a typical day?

» s there a difference between driving ranges between vehicles in the fleet? If so, why?

*  What types of stops does you have for your vehicles today?

»  Approximately how large percentage of the time are vehicle stationary during operation today?

How many routes does a vehicle take during a typical day?

»  Approximately how many times does a vehicle return to the depot during a day?
»  How many driver breaks are taken today?

»  Where and when are breaks taken today?

»  Approximately how long are the breaks?

How many delivery stops does a typical route include?
*  What types of delivery points do you deliver to?
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»  Approximately how is the number of stops divided between the delivery point types for your
business? (Percentage)
* How are the number stops distributed between vehicles today?

Vehicle demands:

Which vehicle model do you utilize today?

*  Which types of vehicles do you have coupled to your last-mile distribution today?

* What is the background for the type of vehicles used? l.e., cheapest price, good reliability, or
good energy efficiency.

» Are vehicles operating from your depot independently owned by you or do you utilize hauling
contractors?

»  Are there other factors, other than supplying necessary vehicle loading space, that influences your

choice of vehicles today?
» Does your deliveries require additional energy in vehicles for auxiliary purposes?

What is the average payload your vehicles typically depart with?

»  How much does it differ from the maximum payload your vehicles operate with during high
demand periods?

* What is the preferred term for measurement of amount of delivered goods?

What is the typical degree of utilization of available payload space in a vehicle today?
» Do your vehicles always depart fully loaded?
» Do you have large variations in deliveries depending on specific weekdays or seasons? How is
this managed?
O Extra payload
O Longer routes
O More routes
O Other

Avre there any safety margins used when looking at sizing of vehicle loading space today?
» If so, what are they?

Fuel planning

Fueling behavior today:

Which fuel is used today?

Where are your vehicles typically fueled today?
» Do you have your own fuel supply?

Alternative fuels
Rank the fuels from 0 to 5 on how you evaluate their potential to be market leaders in Last-mile
within 10 years?
Where 0 is “don’t know”, 1 is “no potential”, 3 is “moderate potential” and 5 is “high potential”
Hydrogen
Batteries
HVO0100
Synthetic fuels
Electric hybrids
Which alternative fuels are you interested in utilizing?
*  Why?

‘Oo0o00o

Fuel supply

Which form of ownership of the fuel supply would you preferer?
O Third party in same industry

U This party in other industry
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O Inhouse
O Gas stations
 Shares
Q Other, which?

Do you have a preferred charging rate?
22 kW

50 kw

100 kW

300 kW

Fast charging, fast degradation
Slow charging, slow degradation
AC

DC

ooo0o00ooo

Business Strategy

Value Creation

Where do you create value today in the segment of last-mile distribution?
Multiple answers are allowed

Fast deliveries

Predictable deliveries
Environmentally friendly deliveries
Flexible deliveries

Cheap deliveries

Customer convenience

Control of value chain

Other

ooooodooo

How do you create value today?
e Isanalgorithm used to create routes today?
e What is the main objective of this algorithm?

Where do you create added value in the segment of ENVIRONMENTAL FRIEDLY last-mile
distribution?

» Are environmental benefits accounted for in the strategy?

» Are social benefits accounted for in the strategy?

»  Are Monetary benefits accounted for in the strategy?

Value Capture

How do your customer segments pay?
Combinations of answers are allowed
Pay per delivery

Monthly variable by delivery
Quarterly variable by delivery
Yearly variable by delivery
Monthly fixed

Quarterly fixed

Yearly fixed

In advanced

After delivery

Other, which?

o000 00oUpoo

Cost evaluation
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Which is the major companies affecting the cost evaluation for the operation today in the segment?
Multiple answers are allowed

Driver salaries

Fuel costs

Depreciation

Taxes

Insurance

Facilities

Others

o000 0o

Business Collaboration

Which parties would you preferer to collaborate with regarding fuel supply and investment?
Multiple answers are allowed

Direct competitors

Indirect competitors

Third party service provider (not in your traditional value chain)
Third party resource provider (not in your traditional value chain)
Customers

Local transport

Distribution centers

Industry organization

Other, which?

ooocood0oooog

Circular economy

How long are todays vehicles estimated lifetime?
Have you considered energy demand measures?
O Smart charging

O Vehicle to grid

U Battery storage

U Onsite energy production

Have you considered any end-of-life treatments of a new fleet?
2 ife of batteries

Recycling of batteries

Rental options of batteries

Upcycling of vehicle

Other

coooo

Business Model framework
Do you know about peer-to-peer business models?
» Do you see opportunities in utilizing peer to peer in your business?

Interview 2

Energy management

Is increased energy demand a challenge?
» Can you affect this?

Is increased power demand a challenge?
» Can you affect this?

End-of-life treatment

What is the depreciation period and lifetime of your vehicles?
Do you have a plan for battery disposal?

Can second life of batteries be integrated in your business?
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Charging management
Would you like to phase out all current vehicles to electric?
Is the preservation of route planning prioritized above emission free transport?

Charging setup
What expectations do you have on the chargers?
» Do you expect to only charge at terminal?
+ If yes: Would you like to wait on the technology to meet the range requirement of all
routs?
»  Could routes be reconfigured with range as a restriction?
»  Could routes be assigned a car with beneficial ranges?
» If no: Would you set up your own charging stations on route or use commercial?
» s the utility rate of the chargers important?
»  Software for load balancing, smart charging?

If there was a booking system for chargers, would you use commercial stations, set up your own on
route or both?
*  What would you require from such system?
» Payable option, fees for overstaying booked time, physical barriers, tags?
*  Would you implement it on terminal and opening to other BEVs?

Route charging
Would you be interested in sharing costs, revenues or knowledge in expanding the charging
infrastructure used by many?
» Do you have a preference of ownership or set-up for on route charging?
*  Would you like to see earmarked charging posts for you at frequent distrubition points?
*  Would you like to see new charging stations earmarked for last-mile?
*  Would you like to see configurations of gas stations?
»  Would you use public/commercial charging stations without a booking system?
* Could a charging station be managed by an Company A mercer with postombud and
collection boxes where the investment is shared with indirect competitors in last-mile?

How do you measure company value today?
*  Would a secondary company of company value be interesting for branding?
» Carbon footprint per capital?
» Social outreach per capital?
» Satisfaction per capital?
* Other?
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Direct Emissions

Indirect Emissions

Appendix I11: Framework Collaboration Canvas
Key Key Activities Value Customer Customer
Partnershi . Proposition Relationshi .
P Data Collection P P Operation and
) Semi-Public Charging Annual Service Development of
Last-Mile Information Key Resources
Sharing Increase Range (BEV) Repair
Power Utility .
. . Exclusivity
_ Cr_]e_\rgl ng Data Collection Agreement
Service Utilization
Provider . Hioati
Knowledge Gathering Utilization
Agreement
Landowner
GDPA
Key Resources Channels
Charging )
Infrastructure Repair Platform
Vehicles Collaboration
Board
Technical
Expertise
Operational
Expertise
Location
Budget Structure Revenue Stream
Monthly Payments
yreay Monthly Revenue
Product Purchase
Product Sales
Environmental Cost Environmental Benefit

Material Resource Optimization

CO2 Emission Reduction

Social Risks

Exclusivity

Traffic Congestion

Value Chain Relations

Social Benefits

Increased Awareness
Improved Air Quality
Risk Distribution
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Third Party Faults Loyalty
Market Changes

Appendix IV: Cost Evaluation Individual Companies
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"Klimatklivet* | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX

Compensation Cl 0% CI5% | Cl10% | CI15% | Cl120% | CI25% | CI30% | CI35% | Cl40% | ClI45% | CI50%

CAPEX BEV 17% 17% 17% 17% 17% 17% 17% 17% 18% 18% 18%
0

CAPI(E))?BEV 17,0% 17,1% 17,1% 17,2% 17,3% 17,3% 17,4% 17,5% 17,5% 17,6% 17,7%
0

CAPE)?BEV 17,0% 17,1% 17,1% 17,2% 17,3% 17,3% 17,4% 17,5% 17,5% 17,6% 17,7%
0

CAPIlici(AJBEV 17,0% 17,1% 17,1% 17,2% 17,3% 17,4% 17,4% 17,5% 17,6% 17,6% 17,7%
9

CAPIlif;(A)BEV 17,0% 17,1% 17,2% 17,2% 17,3% 17,4% 17,4% 17,5% 17,6% 17,6% 17,7%
0

CAPZEOXAJBEV 17,0% 17,1% 17,2% 17,2% 17,3% 17,4% 17,4% 17,5% 17,6% 17,6% 17,7%
9

CAPZESXAJBEV 17,0% 17,1% 17,2% 17,2% 17,3% 17,4% 17,4% 17,5% 17,6% 17,6% 17,7%
0

CAP?IJE(;(A)BEV 17,0% 17,1% 17,2% 17,2% 17,3% 17,4% 17,5% 17,5% 17,6% 17,7% 17,7%
9

CAP?I’ESXAJBEV 17,1% 17,1% 17,2% 17,3% 17,3% 17,4% 17,5% 17,5% 17,6% 17,7% 17,7%
0

CAP?E(;(AJBEV 17,1% 17,1% 17,2% 17,3% 17,3% 17,4% 17,5% 17,5% 17,6% 17,7% 17,7%
9

CAP‘I;E;(A)BEV 17,1% 17,1% 17,2% 17,3% 17,3% 17,4% 17,5% 17,5% 17,6% 17,7% 17,8%

50%
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"Klimatklivet* | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX

Compensation | Cl 0% Cl5% | Cl10% | Cl115% | C120% | C125% | Cl130% | C135% | Cl40% | Cl45% | Cl 50%

CAPEX BEV -92% -89% -86% -83% -81% -78% -75% -12% -69% -66% -64%
0

CAPI(E))?BEV -92% -89% -86% -83% -81% -78% -75% -12% -69% -66% -64%
0

CAPIEE-J)?BEV -92% -89% -86% -83% -81% -718% -75% -12% -69% -66% -64%
0

CAP]I-E(;(AJBEV -92% -89% -86% -83% -81% -78% -75% -12% -69% -66% -64%
0

CAP]I-ESX/OBEV -92% -89% -86% -83% -80% -78% -75% -12% -69% -66% -63%
0

CAP?E(;(A)BEV -92% -89% -86% -83% -80% -718% -75% -12% -69% -66% -63%
0

CAP?ESXAJBEV -92% -89% -86% -83% -80% -78% -75% -12% -69% -66% -63%
0

CAP?;E(;(/OBEV -92% -89% -86% -83% -80% -78% -75% -12% -69% -66% -63%
0

CAPSI’ESXA)BEV -92% -89% -86% -83% -80% -718% -75% -12% -69% -66% -63%
0

CAP?E(;(AJBEV -92% -89% -86% -83% -80% -17% -75% -12% -69% -66% -63%
0

CAP?ESX/OBEV -92% -89% -86% -83% -80% -17% -75% -12% -69% -66% -63%

50%
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/ 1% 4000000
1500000
3000000
1000000
2000000
500000 1000000
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"Klimatklivet* | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX | CAPEX

Compensation | Cl 0% Cl5% | Cl10% | CI15% | Cl120% | CI25% | CI30% | CI35% | Cl40% | Cl45% | Cl 50%

CAPEX BEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
0

CAPI(E))?BEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
0

CAPE)?BEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
0

CAP:ILEOXA)BEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
0

CAPIlii(/OBEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
0

CAPZEOXA)BEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
9

CAPZESXA)BEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
0

CAP:IBEOX/OBEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
9

CAP?IJESXA)BEV -25% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
0

CAP?EOXA)BEV -24% -24% -23% -22% -21% -20% -19% -18% -17% -16% -15%
9

CAP?EE;(/OBEV -24% -23% -22% -22% -21% -20% -19% -18% -17% -16% -15%

50%
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