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Abstract

The transition to electric heavy-duty trucks is a critical component of decarbonizing
the road freight industry. In practice, it introduces a fundamental shift in op-
erational logic that traditional transport management systems are ill-equipped to
handle. This study explores the emerging demand for additional system support
in Swedish electric road freight planning and investigates how these needs can be
met. Employing a qualitative approach with interviews across carriers, shippers,
and transport management system providers, the research applies the Multi-Level
Perspective, Activities-Resources-Actors model, and platform ecosystem theory to
address these objectives.

The empirical findings indicate that manual planning is perceived sufficient for cur-
rent small-scale operations on static routes. However as fleets scale and operational
complexity increases, two distinct system support categories become critical. The
first one being Route and Charge planning for operational flexibility, and the second
one being Charge Management Systems for energy orchestration. Broader demand
remains fragmented due to road freight actors’ divergent perceptions and opera-
tional priorities, such as a focus on predictable transport corridors and a lack of
immediate scaling plans, alongside a general skepticism regarding whether digital
tools can effectively outperform the expertise of experienced planners and drivers.

The study concludes that a gap exists between the desired unified transport manage-
ment system workflow and the current prioritization of system providers who wait
for broader market demand before developing specialized features. Consequently,
road freight actors work in parallel systems and a few early adopters have instead
developed internal solutions to satisfy complex operational needs. By mapping how
operational challenges translate into software needs, this research contributes to
navigating the systemic hurdles inherent in large-scale heavy-duty freight electrifi-
cation. Such a mapping offers a foundation for coordinating the necessary alignment
between transport actors and system providers to facilitate the industry’s electrifi-
cation transition.

Keywords: Heavy-duty transport, Heavy-duty electrification, Transport planning,
Transport Management Systems, Charge Management Systems
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1

Introduction

Heavy-duty trucks (HDTS) represent a marginal portion of the global vehicle popula-
tion while contributing a substantial share of total carbon dioxide emissions within
the transportation sector. Although the transition to electric HDTs is essential
for decarbonization, it introduces a fundamental shift in operational logic. Previ-
ous research argue that traditional transport management techniques and systems,
adapted for diesel fleet characteristics, are no longer sufficient to manage the com-
plexities associated with electrification. This research investigates Swedish road
freight actors’ and transport management system (TMS) providers’ perspective on
emerging needs for additional system support and how needs can be met to enable
large-scale electrification.

1.1 Background

This section establishes the context for the study by examining global and regional
trends in road freight decarbonization. It explores how the shift toward electric
HDTs impacts traditional transport planning and highlights the operational and
structural complexities that arise.

1.1.1 The Unsustainable Road Freight Industry

The global transport sector is a primary contributor to climate change, accounting
for approximately 23% of global energy-related CO2 emissions (ITF, 2023). Within
this sector, HDTs are disproportionately impactful, contributing to approximately
5% of total global CO2 emissions (International Renewable Energy Agency, 2026).
Without aggressive intervention, global freight demand is predicted to roughly dou-
ble by 2050, potentially causing a 28% increase in total freight emissions compared
to 2019 levels (ITF, 2023).

Beyond the CO2 emissions, the industry faces a structural inefficiency challenge in
the form of low load factors. In 2024, one-fifth (21.6%) of all vehicle-kilometres trav-
eled by road freight vehicles in the EU were performed by empty vehicles (Eurostat,
2024). This inefficiency is even more pronounced in national transport, where 25.8%
of distances are driven without a load. These empty runs represent a significant
waste of energy and capacity, often resulting from fragmented planning and the
difficulty of securing return loads in a non-digitized ecosystem. However, it should
be noted that the potential to reduce empty runs varies across segments which is
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discussed further by Tano and Pettersson (2026).

Momentum for sustainable transport is growing, but the transition for HDTs in
Europe remains in an early stage. In 2025, electric vehicles accounted for 3.67%
of newly registered HDTs in the European Union (European Alternative Fuels Ob-
servatory, 2026a). Sweden reached a significantly higher adoption rate during the
same period, where electric models represented 16.56% of all new HDT registrations
(European Alternative Fuels Observatory, 2026b). To meet the European Union’s
target of a 45% carbon dioxide (CO2) reduction by 2030, estimations suggest that
more than 400,000 zero-emission trucks must be deployed within the decade. How-
ever, such transformation implies several challenges which will be described below
in subsection 1.1.2.

1.1.2 Electrification Challenges

According to Ragon and Rodriguez (2022), the lack of adequate infrastructure re-
mains the most significant barrier to the electrification of the European road freight
industry as a whole. While the industry shows a strong preference for transitioning
to zero-emission vehicles over other efficiency improvements, Ragon and Rodriguez
(2022) argues that the current "infrastructure gap" prevents these ambitions from
materializing into large-scale deployment. Other key barriers include operational
constraints such as limited vehicle range and extended dwell times for charging,
alongside TCO compared to conventional diesel alternatives. While Akther et al.
(2025) highlights that the TCO for electric trucks is already lower than diesel coun-
terparts in some regions, with global cost parity expected before 2033, Ragon and
Rodriguez (2022) identifies initial capital investment as one of the most important
key barrier, where smaller carriers often experience limited capital and restricted
access to funding.

The challenges above also translate into increased transport planning complexity.
Firstly, because of the significant upfront capital required for electric trucks there are
increased requirements on capacity utilization to lower TCO (Al-dal’ain & Celebi,
2021). It implies keeping the trucks in motion while reaching a high load factor
both in front-haul (on the way to the customer) and back-haul (on the way back).
Secondly, optimizing routes while integrating charging stops into a transport sched-
ule requires balancing battery range, charging station locations, and charging times
with driver rest requirements and operational costs (PTV Logistics, 2025). Type of
charging need to be selected where depot charging, overnight charging, destination
charging, and public charging vary in cost and refueling time. Limited access to
charge infrastructure further complicates charge and route planning. Thirdly, ex-
ternal conditions such as weather, traffic, topography and the influence of driving
habits on energy consumption further adds complexity to the planning (Link6pings
Universitet, 2026; Perger & Auer, 2020). An overview of the mentioned complexities
can be found in Table 1.1.
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Table 1.1: Electric Heavy Duty Freight Planning Complexities

Complexity Description
Vehicle and Truck High utilization rates needed to lower total cost of
Load Utilization ownership and ensure long-term economic viability.!

Route and Charge Optimized routes with integrated charging stops re-

Planning quires balancing battery range, charging station lo-
cations, and charging times with driver rest require-
ments and operational costs. %3

Managing External  Energy usage and total range is influenced by environ-
Conditions mental variables, including topography, weather, and
traffic, alongside individual driving habits.! 4

Note. Adapted from !Linkopings Universitet (2026), 2Ragon and Rodriguez (2022),
SPTV Logistics (2025) and *Perger and Auer (2020)

The complexities mentioned in Table 1.1 put additional pressure on the people, tools
and systems used to manage transport. The core system used by many actors is
called transport management systems (TMS), a digital platform to streamline the
planning, execution, and optimization of freight movements. Basso (2017) however
argues that these systems today fall short and are limited in effectively coordinating
the complexities associated with electric trucks. The next section therefore covers
research on re-optimization by Zackrisson et al. (2026) which demonstrates how new
transport management techniques can enable large-scale electrification where new
systems are likely to be needed.

1.1.3 How Re-Optimized Planning can Enable Electrifica-
tion

Zackrisson et al. (2026) point out that the transition to electric HDTs in distribu-
tion logistics faces significant technical and economic hurdles when organizations
attempt to fit these new vehicles into operational structures designed for conven-
tional diesel fleets. The authors call this one-to-one vehicle replacement and suggest
a holistic re-optimization approach instead. This approach moves beyond simple
vehicle substitution by simultaneously solving for fleet composition to determine
the ideal mix of electric and diesel trucks, shipment allocation to assign goods to
the most appropriate vehicle type, and vehicle routing to map efficient paths that
take battery range and delivery windows into account. Furthermore, it strategically
incorporates charging into the schedule to ensure that it does not disrupt produc-
tive time. Zackrisson et al. (2026) argue that adapting and re-optimizing the entire
logistics plan will maximize vehicle utilization and unlock significantly higher elec-
trification potential compared to maintaining existing operational plans. Doing this
in practice with all constraints and complexities involved leads the authors to argue
that "successful large-scale electrification likely requires the adoption of algorithmic



1. Introduction

planning tools..." (Zackrisson et al., 2026).

Even though previous research by Zackrisson et al. (2026) point towards new plan-
ning tools and algorithms as enablers to large-scale electrification, little research
exist on transport actors’ perspective on what additional system support they need
to manage and operate their electric vehicles. Moreover, it remains unclear how
such needs could be met as existing TMS fall short in addressing these complexities
while PTV Logistics (2025) recommends to have a single system for planning both
electric and diesel trucks.

1.2 Research Aim and Problematization

The overall aim of this study is to explore the current and future demand of addi-
tional system support in the transport planning process of electric vehicles within
the Swedish heavy duty road freight industry and how such demand can be met.
Sweden was considered an appropriate market to study as the country has a rela-
tively high adoption rate of electric HDTs and hence makes a mature environment
for exploring the demand for additional system support.

The issue motivating the aim is the need for a practical perspective on additional
software support needs in the transport management process and how those needs
can be met. Despite the need for additional system support previous research point
towards, it remains unclear how the transport actors themselves perceive their needs
and how such needs can be effectively met when existing systems seem to fall short.

To achieve the aim and address the issue raised, the following research questions
will be investigated:

RQ1: How do actors in the heavy duty road freight network plan their
electric transport today?

This research question focuses on mapping road freight actors’ additional planning
activities of electric HDTs including actors and systems (resources) involved and
how it impact the network and interdependencies with external actors. This map-
ping is a prerequisite for understanding and answering research questions two and
three.

RQ2a: What are the challenges faced today and in the future in the
transport planning of electric trucks?

This research question aims to identify, analyze, and categorize the challenges road
freight actors face today in the planning of electric HDTs and the perceived chal-

lenges in the future.

RQ2b: What are perceived additional software support needs for plan-
ning electric trucks compared to diesel?

4
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With the identified challenges in mind, this research question explores the under-
lying gaps between current software capabilities and the requirements of planning
electric heavy duty road freight. This analysis serves to clarify the specific demand
aspect of the study’s overall aim, pinpointing where existing systems fall short.

RQ3: How can software support needs be satisfied?

The last research question aims to understand how the emerging demand for system
support can be met. This involves investigating both the road freight actors’ and
TMS providers’ perspectives on opportunities to manage these challenges, either on
their own or through partnerships.

1.3 Scope and Delimitations

The scope of this study is delimited to the Swedish heavy-duty road freight indus-
try. Sweden provides a unique and mature environment for this research due to
its relatively high adoption rate of electric heavy-duty trucks (HDTs) compared to
the European average. By focusing on this specific geographical market, the study
explores the demand for additional system support within an advanced ecosystem
where practical operational experience with electric vehicles is already present. This
focus allows for a granular understanding of how mature networks respond to the
emerging needs of electrification.

Regarding technological and systemic boundaries, the research is confined to the
electrification of HDTs. The investigation is specifically limited to the transport
management process and the digital resources used with a primary focus on the
transport planning process. While the study acknowledges the broader sociotech-
nical transition and the need of many complementing resources such as enhanced
infrastructure accessibility and improved battery range, the focus remains on soft-
ware support needs and the organizational logic shifts in transport management
required for large-scale deployment.

From a network perspective, the study focuses on primary data collection from a
specific set of "key actors" within the heavy-duty electric freight ecosystem. These
include road freight actors, specifically carriers and shippers who manage their own
transport, and Swedish TMS providers. The study is delimited to mainly cover
carrier TMS providers with one exception of a shipper TMS focusing on the high-
intensity distribution segment. This delimitation is due to the difficulties in finding
a contact person within the shipper TMSs, which were generally large global play-
ers. While other stakeholders such as Original Equipment Manufacturers (OEMs),
Charge Point Operators (CPOs) and new start-ups developing supporting software
for electric transport planning play critical roles in the transition, their influence
is captured indirectly through the perspectives of the primary key actors. The
sampling was further delimited to organizations that have already initiated electri-
fication to ensure the findings are grounded in empirical operational experience.
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Finally, the study is designed as an exploratory, qualitative investigation. This
methodological choice prioritizes the depth of insight into actors’ perceptions and
challenges over statistical generalization. The research utilizes pattern matching to
systematically compare theoretical frameworks with empirical data. Consequently,
the research does not aim to provide quantitative benchmarks for when additional
system support is needed, but rather explore the general demand for it and investi-
gate how these needs can be effectively satisfied within a transitioning network.
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Frame of Reference

This chapter establishes the frame of reference, acting as both the guide of this
study and lens for interpreting and analyzing the situation and research questions.
The theoretical framework is structured into three main pillars. First, section 2.1
provides the systemic context by viewing road freight transport as an intercon-
nected network and the electrification as a sociotechnical transition. The Actors,
Resources and Activities (ARA) framework provides a network perspective while
the Multi-Level Perspective (MLP) on sociotechnical transitions can describe the
friction between legacy diesel operations and electric operations and why challenges
arise in technical transitions. Secondly, section 2.2 defines transport management
and planning including the role and functional scope of transport management sys-
tems. Based on the standard structure of transport management processes and the
ARA framework, a matrix was obtained and used to guide interviews and the anal-
ysis of current planning process and where challenges arise. The established electric
transport planning complexities (Table 1.1) are also part of section 2.2 and used to
analyze challenges and how they translate into software needs. Finally, section 2.3
cover platform ecosystems as a strategic lens to analyze actors’ openness and will-
ingness to collaborate to understand their positioning in meeting emerging software
needs. An overview of the theories and their purpose is visualized in Table 2.1.
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Table 2.1: Overview of Theories and Their Purpose

Section Selected Theory and Purpose Figure

2.1 MLP and ARA provide lenses for

Overarching the systgmlc cgntext of pe?tworks b O
Contert and sociotechnical transitions
2.2 Transport Management Process

RQ1: Planning

x ARA matrix to map current

........

nnnnnnnn

nnnnnnnn

process and where challenges arise
which are mapped to established
complexities in Table 1.1

Today

RQ2: Chal-
lenges € Needs

2.3 Platform theory to analyze Ac-
RQ3: Actors’ tors” openness and Wllllngness. to

e collaborate to understand their
Positioning

positioning in meeting emerging
software needs

2.1 Road Freight Transport as a Network in a So-
ciotechnical Transition

Section 2.1 presents two complementary theoretical lenses to analyze the electrifi-
cation of road freight at two different levels. The network lens and ARA model
can facilitate a micro-level analysis to understand changes in actors, resources and
activities due to the electrification. Conversely, the MLP framework provides a
macro-level perspective, situating these developments within a broader sociotechni-
cal transition where niche innovations challenge established industrial regimes.

2.1.1 Road Freight Transport as an Interconnected Network

Transport planning in road freight is rarely conducted by a single organization in
isolation. Instead, Stal (2026) argue it takes place within a network of actors, in-
cluding transport buyers, system providers, energy providers, and OEMs to name
a few. A central framework to analyze such networks and interdependencies is the
ARA framework (Hakansson & Snehota, 1997). The model describes networks as
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consisting of three dimensions: activities, resources, and actors. Activities refer to
the processes carried out by actors. Resources include both physical and digital
assets. Actors represent the organizations involved in a network (Hakansson & Sne-
hota, 1997).

Stal (2026) investigates the road freight network in the context of the electrification
using the ARA framework to understand how actors interact through coordinated
activities and shared resources. His network perspective shows how electrification
should not be understood as a simple replacement of diesel vehicles with electric
ones, but rather as a broader transformation of the actors, resources and activities
involved within the network. In terms of planning, this has resulted in a shift from
"flexible allocation toward predefined transport missions" (Stal, 2026). The author
explains that due to electric trucks being inflexible and costly, operations depend
on repeatability, predictability, and stable planning horizons.

Stal (2026) also explains that as "routes, loads, charging opportunities, and time
windows must be tightly aligned", the deployment of electric trucks depends on new
and deeper relations with key partners such as OEMs and transport buyers where
relations previously been more transactional. OEMs provide not only hardware to-
day, but also software services among other things. The deployment also depends
on the alignment of complementary resources such as charging infrastructure, grid
capacity, digital planning tools, and organizational capabilities. With this in mind,
Stal conclude that the challenges of electrification stem from “the need to align het-
erogeneous resources, such as vehicles, charging infrastructure, grid capacity, and
data systems across organizational boundaries” and that it “calls for stronger activ-
ity links, re-source ties, and actor bonds”. From a transport planning perspective,
he argues that optimization models must take these new conditions into account. As
demonstrated, there are technical, relational, and organizational constraints on elec-
tric truck utilization where optimization risks resulting in plans that are technically
feasible but in practice unrealistic.

2.1.2 Electrification as a Sociotechnical Transition

As established above, the transition from diesel-powered trucks to electric vehicles
represents more than a technological substitution. To understand such large-scale
transitions on a higher level, one can turn to the Multi-Level Perspective (MLP) de-
veloped by Geels (2002) where the road freight transport industry can be understood
as a sociotechnical system. The Multi-Level Perspective conceptualizes technologi-
cal transitions as interactions between three analytical levels: landscape, regime, and
niche innovations (Figure 2.1) (Geels, 2002). The landscape level represents broader
external pressures such as climate policy, environmental concerns, and regulatory
initiatives promoting electrification. The sociotechnical regime level refers to the
dominant structures, technologies, and practices that currently organize an indus-
try. Finally, the level of technological niches represent emerging technologies and
innovations that challenge the existing regime. Electric trucks, charging infrastruc-
ture, and new digital optimization tools can be understood as such niche innovations.



2. Frame of Reference

Sociotechnical regimes maintain stability through the continuous alignment of di-
verse actors and institutional structures (Geels, 2002). Within these established
structures, innovation is predominantly incremental, serving to reinforce existing
solutions rather than challenge them. Geels (2002) explains that while radical niche
alternatives are developed, they often struggle to scale because they lack compatibil-
ity with the current regime’s rigid configuration. Significant transformation occurs
when the regime encounters external pressures or internal tensions that cause its
structural linkages to "loosen," thereby creating an opportunity for niche innovations
to emerge and reconfigure the dominant order. Geels (2002) wants to characterize
these transitions as reconfiguration processes rather than a sudden disruption. Dur-
ing such reconfiguration process, mismatches often arise between existing systems
and the requirements of new technologies. "Mismatch" refers to the structural mis-
alignment between a radical innovation and the established socio-technical regime,
where existing regulations, infrastructures, and social norms remain optimized for
the incumbent technology rather than the newcomer. A full systemic transformation
is realized only when developments across all levels, the landscape, the regime, and
the niche innovations, align and mutually reinforce one another.

Landscape ,O\
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of regimes i
L}
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|
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(novelty)

Figure 2.1: Multi-Level Perspective on Sociotechnical Transitions (Geels, 2002)

2.2 Transport Management and Systems

The following section presents the definition of transport management and critical
steps in that process. Furthermore, supporting transport management systems are
defined including future trends. The purpose of section 2.2 is to provide context to

the subject matter.

2.2.1 Transport Management and Transport Planning

Transport management can be defined as the process of planning, executing, and
optimizing the movement of goods (Zijm et al., 2019). This involves managing in-
formation and material flows across the supply chain. The process differs depending
on the actor, but can in general be separated into the initial management of in-
coming orders from the customer that determines the demand which then has to

10
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be planned (SAP Learning, n.d.). The demand can be planned and agreed upon in
advance between the shipper and carrier or be requested with short notice either by
a contracted customer or without prior agreement. Once planned, the process moves
via dispatch to execution which encompasses physical transportation of the goods
and real-time monitoring for deviations. The final stage of follow-up includes report-
ing, analytics, and other administrative processes such as documentation and billing.

The transport planning performed before execution is crucial for the execution to
succeed. It is either done on a strategic level or on a tactical and operational level
(Mattsson & Jonsson, 2016). Strategic transport planning focuses on long-term net-
work design and resource investment to meet future demand, such as determining
the size and mix of the vehicle fleet (Goel, 2008). Operational transport planning
handles day-to-day execution such as which vehicle drives what to where includ-
ing load acceptance, routing, consolidation of goods, loading, monitoring and more.
This is often supplemented by a real-time level that handles the monitoring of trans-
portation processes and deviation management.

When the ARA model is combined with the general transport management process,
a better overview and tool can be obtained for analyzing the current process for
planning electric vehicles and where new activity links, re-source ties, and actor
bonds emerge (Figure 2.2). The analysis will contribute to confirm parts of Stal’s
(2026) research and complement it with a narrower focus on systems as resources
and activities related to the transport planning of electric vehicles specifically.

Order Transport Dispatch Execution & Follow-up
Income Planning Monitoring

Actions

Actors

Resources
(systems)

Figure 2.2: ARA x Transport Management Process Matrix

2.2.2 Transport Management Systems

Within the field of logistics, software systems serve as essential tools for the configu-
ration and control of goods and information flows, encompassing Enterprise Resource
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Planning (ERP), Warehouse Management Systems (WMS), Transport Management
Systems (TMS), and Supply Chain Management (SCM) systems (Nettstrater et al.,
2015). Within this broader framework of logistics software, the TMS acts as a crit-
ical functional link, facilitating the information flow between the broader resource
planning of an ERP and the localized inventory control of a WMS. A TMS is defined
as a specialized solution for the planning, control, monitoring, and optimization of
transport networks and logistic chains (Nettstrater et al., 2015). Specific function-
ality differ between systems, but according to Nettstrater et al., a comprehensive
TMS typically consists of several elementary functional fields such as order man-
agement, scheduling, load planning, strategic and operational transport planning
and optimization, tracking and tracing, and fleet and resource management. Route
planning and telematics links are mentioned as extended functions. Mattsson and
Jonsson (2016) explain some of these features more in detail:

o Transport Network Design (Strategic planning), a strategic process of deter-
mining the physical structure, location of nodes (like warehouses and termi-
nals), and transport modes of a logistics system to balance long-term costs
against required service levels

o Transport Optimization, plan optimal use of the transport network in terms
of matching resources to expected demand

e Route planning, plan optimal routes for a vehicle fleet

e Load planning, what goods are suitable for consolidation to reach full truck
load

o Tracking and tracing, support communication and monitoring during transport

A more updated source defines TMS as "a software solution that helps businesses to
plan, execute and analyses transport operations" where the communication between
shippers, carriers and customers can be streamlined (Viseo, 2026). There are two
types of TMSs according to Viseo, carrier focused and shipper focused. Shipper
focused systems can be used to manage carriers, costs and logistics flows across
multiple locations. Carrier focused systems are designed to help carriers manage
fleets and vehicle capacity, track drivers and improve customer service. IBM (n.d.)
argue that a key component of any TMS is the ability to integrate with external
software and systems through APIs where Viseo (2026) explain that there is a trend
towards even more collaborative and API-enabled TMS platforms. Based on an in-
terview, McCrea B (2026) quotes the VP of consumer products, retail and services at
Capgemini who said “The API-fication of TMS has evolved far beyond where it was
just a few years ago” where TMS vendors are including more prebuilt connections
which previously required custom development. Bluegistics (n.d.) also comment on
this trend, arguing that "by 2026, companies expect their TMS to receive direct and
continuous data from vehicles and drivers, without relying on complex integrations
or custom developments'. IBM (n.d.) however argue that integrations can be a
challenge where the complexity depends on several things such as the systems that
needs to integrate and the costs of the integration.

As established in subsection 1.1.2, new planning complexities and needs emerge due
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to electrification where existing TMS often fall short. The specific complexities
presented in Table 1.1 is thus also an important part of the frame of reference,
facilitating the analysis of challenges and within what category they fall.

2.3 Transport Management System as a Platform

As described in subsection 2.2.2 there is a trend towards more integrative TMS
platforms. To understand TMSs as platforms and how software needs can be met,
the following section presents the definition of software platform ecosystems and
different platform strategies.

2.3.1 Software Platform Ecosystems

A platform is a technological foundation with a modular architecture that enables
complementary innovations (Gawer & Cusumano, 2014). The authors distinguishes
between internal platforms for efficiency within firms and industry platforms for
enabling innovation across ecosystems. An industry platform ecosystem hence com-
prises of interdependent firms innovating complementary applications and services
around a core platform, coordinated by a platform leader or sponsor. If the core
platform is software based it can be defined as a software platform (Tiwana, 2014).
Modern industries have shifted from individual products to software platform ecosys-
tems driven by increasing specialization, digitization of activities, the embedding of
software into products and services, the growth of the Internet of Things, and better
connectivity.

Tiwana (2014) explains that a software platform ecosystem is constituted of five
core components:

e The Platform: The foundation and shared infrastructure that enables out-
side parties to build upon it.

o Apps: Software subsystems or services created by external actors that connect
to the platform to extend its functionality. Can be called plug-in, module etc.

o Interfaces: How the platform and apps communicate, interact, and exchange
information. For example through API (Application Programming Interface).

e Architecture: How the ecosystem is separated into a stable platform and a
variable set of complementary apps, governed by specific design rules.

o The Ecosystem: The collective system composed of the platform and all the
specific apps that interoperate with it.

2.3.2 Platform Ecosystem Openness and Strategies

Cenamor and Frishammar (2021) identifies a central dilemma for platform sponsors,
those who own the core platform. While they need third party innovation to build a
successful platform, they are also part of the complementary market, positioned as
competitors to those same third parties. As the success of platform ecosystems are
to a large extent determined by their complementary products, the author suggests
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that innovation openness is a key strategic decision platform sponsors must consider.

To understand possible platform strategies and their performance Cenamor and
Frishammar (2021) move beyond the traditional "open versus closed" option by cat-
egorizing innovation strategies based on two dimensions, who develops the product
and who commercializes it. This generates four different strategies (Figure 2.3).

Commercialization

sponsor
Platform A
Proprietary strategy Outbound strategy
Development
Inbound strategy Third-party strategy

Figure 2.3: Innovation strategies for complementary products (Cenamor & Fr-
ishammar, 2021)

o Proprietary: The platform sponsor handles both the development and the
commercialization of the complementary product.

e Outbound: The platform sponsor develops the product but allows a third
party to handle its commercialization.

e Inbound: A third party develops the product, but the platform sponsor takes
over the commercialization and marketing.

o Third-Party: Third party handles both the development and the commer-
cialization of the product (most open approach).

Cenamor’s and Frishammar’s (2021) study found that strategies involving the plat-
form sponsor (proprietary, inbound, and outbound) generally have higher perfor-
mance in terms of unit sales compared to the pure third-party strategy. The perfor-
mance is also influenced by the platform’s age. In the early stages, the proprietary
and outbound strategies have a competitive advantage as the sponsor can differen-
tiate with unique technological capabilities. As the platform matures, this differ-
entiation and advantage tend to diminish due to knowledge transfer. In contrast,
the commercialization advantage associated with the inbound strategy remains sta-
ble over time where platform sponsors can mitigate technological uncertainties and
leverage third-party development to satisfy increasingly heterogeneous and special-
ized user needs.

The theoretical benefits of an inbound strategy, and an open approach in general, are

however countered by significant transaction and coordination costs where transfer
of necessary knowledge requires mutual effort (Cenamor & Frishammar, 2021). It

14



2. Frame of Reference

furthermore implies a competitive risk for the platform sponsor where competitors
or new actors may attempt to exploit the sponsor’s competitive advantage. These
costs and risks often compel sponsors to adopt defensive approaches that can hinder
open innovation within the ecosystem. As benefits and costs exist for all strategies,
the author recommends managers to implement multiple strategies simultaneously
where platform sponsors may choose to compete with their own partners in certain
segments while collaborating in others.
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Methodology

Chapter 3 describes the research methodology employed in the study. This includes
research approach, sampling and data collection, data analysis, research quality and
ethical and sustainable considerations.

3.1 Research Approach

This study is designed as an exploratory study that focuses on current and future
demand of additional system support in the transport planning process of electric
vehicles within the Swedish heavy duty road freight industry and how such demand
can be met. Bell et al. (2019) explain that this research design is suitable for stud-
ies that aim to map out new themes in areas where empirical data are currently
limited. An abductive approach was used, which Bell et al. describe as an alter-
native way of reasoning that overcomes the limitations of deductive theory-testing
and inductive theory-building. Rooted in a pragmatist perspective, abduction tries
to explain a phenomena going back and forth between theory and empirical sources.
This approach was found effective as existing theory was necessary to frame the
issue initially, but where additional theory was needed as empirical data emerged.

The study iteratively followed six phases in accordance with Bell’s (2019) description
of the main steps of qualitative research. The study started with a literature review
on previous research and suitable theory to frame the issue and formulate research
questions. As a second step the study approach including sampling and interview
guides was structured and prepared. This also included a road freight electrification
expert interview to get a solid recommendation on actors to contact. The third
phase consisted of data collection and refinements of our approach, starting with
two initial interviews with road freight actors to test our assumptions and method.
After a few minor changes in the research aim and interview guide we continued
the interviews with road freight actors to investigate RQ1, RQ2a, RQ2b and part
of RQ3. The fourth phase included interviews with the TMS actors that the road
freight actors use to gather the last empirical data for RQ3. The data analysis
and discussion, phase five, was guided by the mentioned theoretical frameworks of
chapter 2. Lastly, phase six consisted of writing up the report.

3.2 Sampling and Data Collection

Section 3.2 covers how the sampling and data collection was done for the study.
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3.2.1 Sampling

A combination of methods was used in the sampling. A purposive sampling strategy
was initially employed which Bell et al. (2019) explains is when the selection is not
on a random basis so that the selected participants are relevant for the study. This
initial sampling was done based on experts’ recommendations on who to interview.
Furthermore, snowball sampling was used which is a type of convenience sampling
where an initial contact is initiated with people who are relevant to the research
topic and can in turn introduce other people to talk to. Complementing the initial
target group with snowball sampling was found suitable to explore interviewees’
recommendations on organizations to talk to while keeping the study within scope.
This combined approach is effective for qualitative research, as it prioritizes depth
of insight and access to specialized expertise.

The two different types of actors interviewed. Firstly, road freight actors, carriers
and shippers managing their own transport. Secondly, TMS providers used by in-
terviewed road freight actors. A set of road freight actors was sampled based on a
list from industry experts. The selection criteria were actors operating in Sweden
which are electrified to some extent with at least five electric vehicles. All actors
had at least five electric heavy duty trucks except one who only had two. Within
the companies we aimed to target a transport planner or someone with detailed
knowledge about the planning process and pain points. We asked explicitly for such
a person when first contacting the organizations. This generated interviews with dif-
ferent types of roles based on who was available and had the right knowledge. TMS
providers were targeted based on the system the road freight actors interviewed
was using. For those actors we explicitly asked for someone who had product and
customer knowledge and can answer to questions about customer needs, external
integrations and partnerships.

By targeting interconnected actors, the study could include different perspectives
within a single network, providing a more granular understanding of the dependen-
cies. Due to different types of road transport actors, two different types of ecosystems
or networks were investigated; carrier focused and shipper focused. Carrier focused
refers to single carriers or network of carriers that sell transport to shippers or third
party logistics providers such as DHL, DSV or Postnord. Shipper focused refers to
shippers who manage at least a part of their own transport instead of outsourcing it.
Only one TMS actor within the shipper network was interviewed due to difficulties
of reaching out as they tended to be large global actors. In these networks there
are also other impacting actors such as OEMs (the truck manufacturers), charging
operators (the ones owning charging stations) and politicians.

3.2.2 Data Collection

The primary data collection was conducted through semi-structured interviews. Bell
et al. (2019) state that semi-structured interviews are suitable in cases where a gen-
uine understanding of the situation is desirable while the focus and desired analysis
method is fairly clear. In this study the focus is on the transport planning issue
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of electrification and the aim is to understand specific challenges within that topic.
With that said, the interviews still needed to be open to some extent so that infor-
mation about unknown issues could emerge.

An interview guide is typically used in semi-structured interviews which also was
created for this study (Bell et al., 2019). Two different interview guides were cre-
ated for road freight actors and TMS providers based on the frame of reference,
research aim and questions. The guides were also iterated and adjusted based on
the first interviews. The three main parts covered for road freight actors were; An
introduction regarding transport activities and electrification status; Current trans-
port planning process of their mixed fleet including actions, systems used and actors
involved; Perceived challenges of planning electric vehicles, their view on what ad-
ditional system support is needed, and how such needs can be met. The three main
parts covered for TMS actors were; What solution they sell and how they currently
meet specific electrification needs; How they currently work with partnerships and
external integrations; Perceived challenges and opportunities to collaborate with ex-
ternal partners to meet specific electrification needs. The interviews covered follow-
up questions that emerge as needed, but still covered these parts in a structured way.

The conversations were recorded and transcribed. In some cases contact was es-
tablished after the interviews to clarify certain questions including emails and one
additional interview with Center. All interviews conducted, including their date and
duration, are presented below in Table 3.1.

Table 3.1: Interviews Conducted During the Study

Respondent Type of Actor Interview Date Duration
Expert Electric Freight Innovation Platform 19/02/2026 60 min
Center Carrier 04/03/2026 60 min
Center Carrier 23/03/2026 45 min
Charter Carrier 01/04,/2026 60 min
Circuit Carrier 11/03/2026 45 min
Cluster Carrier 18/03/2026 60 min
Colossus Carrier 10/03/2026 60 min

Continued on next page...
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Table 3.1 — continued from previous page

Respondent Type of Actor Interview Date Duration
Cooler Carrier 31/03/2026 60 min
Curb Carrier 13/03/2026 60 min
Salt Shipper 04,/03/2026 45 min
Sheet Shipper 12/03/2026 60 min
Skillet Shipper 17/03/2026 60 min
Solvent Shipper 18/03,/2026 60 min
Store Shipper 17/03/2026 60 min
Stream Shipper 16/03/2026 60 min
Table TMS provider 24/03/2026 60 min
Terminal TMS provider 24/03/2026 45 min
Ticket TMS provider 30/03/2026 60 min
Tile TMS provider 18/03/2026 60 min
Token TMS provider 08,/04,/2026 45 min
Transit TMS provider 17/03/2026 60 min

3.3 Data Analysis

The analytical foundation of this study is built upon the logic of pattern matching,
a technique used to compare observed data against predefined theoretical expecta-
tions. According to Yin and Campbell (2018), the core of this logic is the comparison
between an empirically based pattern, the findings actually discovered during the
study, and a predicted pattern (or several alternative predictions) established before
the data collection phase. To align with the exploratory nature of this research, flex-
ible pattern matching described by Vargas-Bianchi (2025) is used. This approach
is tailored for studies where the primary goal is to explain and analyze complex
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situation and then improving that theory rather than testing a theory to see if it is
"correct’. The central criterion in this analysis is "meaning overlap", which evaluates
the degree to which core concepts in the theoretical and empirical patterns share
common elements found in the empirical data (Vargas-Bianchi, 2025).

The application of pattern matching in this study is structured into four phases. Fol-
lowing the recommendations of Vargas-Bianchi (2025), the analysis of the different
phases has been iterative and is in the majority of cases based on visual matrices and
tables to facilitate both the analysis and the creation of a comprehensive final report.

The first, foundational, phase of the analysis involves the application of the Multi-
Level Perspective (MLP) framework to establish the macro-level context of the re-
search. Following the logic of flexible pattern matching, the study utilizes Geels’
(2002) sociotechnical transition theory as an overarching "predicted pattern' to ex-
plain the structural friction occurring within the industry. The purpose of this initial
matching phase is to situate the study within a broader technical transition, pro-
viding the necessary context for why specific planning challenges and system needs
emerge (or do not emerge).

In the second phase, pattern matching was used to map the current planning process
and identify where operational deviations and challenges occur today, addressing
RQ1, current process, and part of RQ2a, percieved challenges. The combined ma-
trix of the Activities-Resources-Actors (ARA) framework and a standard transport
management process (Figure 2.2) was used as a starting point in the interviews to
capture actions, actors and resources (systems used). A collaborative mapping ex-
ercise was conducted with the interviewee to document each procedural step, with a
specific focus on identifying operational variations unique to electric vehicles. Based
on all responses, the matrix was refined before being used as the theoretical tem-
plate where aggregated differences for electric transport planning could be mapped
against this baseline (Figure 5.1). The primary purpose of this matching process is
to confirm and complement the research of Stal (2026) regarding electric truck uti-
lization to provide a strong basis for understanding challenges and software needs.
While Stal provides a broad network perspective, this study applies the matching
logic to narrow the focus specifically onto the planning activities and the digital
resources (systems) involved.

As transport planning was perceived relatively pain free today, where operations are
similar between diesel and electric trucks, the third phase explores future challenges
more in depth. Pattern matching is in this step applied to compare, contrast and
connect actors’ view on future planning challenges and software needs with the pre-
dicted pattern of planning complexities found in Table 1.1. This addresses RQ?2a:
"What are the challenges faced today and in the future in the transport planning of
electric trucks?", and RQ2b: "What are perceived additional software support needs
for planning electric trucks compared to diesel?". Firstly, empirical insights regard-
ing planning hurdles are matched and contrasted with these theoretical categories to
determine their prevalence in the Swedish context. The analysis then further com-

20



3. Methodology

pares the road freight actors’ perception of software needs against these challenges
with a final analysis on possible reasons why previous research by Zackrisson et al.
(2026) call for new transport management software whilst few actors are expressing
a need for it.

Lastly, the analysis of how software needs can be satisfied, addressing RQ3: "How
can software support needs be satisfied?”, utilizes the lens of platform ecosystem
theory. This serves as a final application of pattern matching to understand how
software needs can be met by placing the road freight actors’ core system, TMSs, as
the core platform of a platform ecosystem where innovations within the transport
planning field are desired complementing actors. Using the theoretical "innovation
strategies" (proprietary, inbound, outbound, and third-party), the actual positioning
and collaborative behaviors of TMS providers, innovators and carriers can be under-
stood including their willingness to meet emerging demands. Using this framework
help determine the degree of overlap between theoretical strategic options and the
actual competitive or collaborative actions observed in the industry.

3.4 Research Quality

Although there are different ways of judging the quality of qualitative research, Bell
et al. (2019) explain that the most well-known criteria for trustworthiness in qual-
itative research are: credibility, transferability, dependability and confirmability. In
this framework, credibility ensures confidence in the truth of the findings, transfer-
ability demonstrates applicability across different contexts, dependability indicates
that findings are consistent and repeatable, and confirmability establishes a degree

of neutrality, ensuring the study is shaped by respondents rather than researcher
interest or bias (Lincoln & Guba, 1985).

3.4.1 Application of Research Quality Criterias

To ensure that the data collection resulted in source-critical and accurate findings,
a systematic validation of all data was performed. The study evaluated information
based on reliability, validity, and credibility by employing a triangulated approach.
This involved cross-referencing insights across a diverse range of actors, including
carriers, shippers, and TMS providers, to verify that different participants described
the same concepts and challenges consistently. For non peer-reviewed sources, qual-
ity and validity was ensured through triangulation and rigorous source criticism.
It should be noted that while the empirical data includes perspectives from both
shippers and carriers, the TMS perspective is mainly based on carrier TMSs and not
shipper TMSs. While this ensures high dependability within the carrier domain, the
specific shipper TMSs needs represent an area where findings should be transferred
with consideration.”

21



3. Methodology

3.4.2 Use of Artificial Intelligence

In this thesis, artificial intelligence (Al) was utilized as a supportive tool to stream-
line administrative and linguistic tasks. Overleaf’s Al feature provided language
enhancements and grammar refinements to ensure academic rigor. Additionally,
the study leveraged Al-driven transcription features within Google Meet and Mi-
crosoft Teams to convert audio recordings into text for analysis. These tools served
exclusively for processing and refinement. All thematic interpretations, strategic
discussions, and final conclusions are the original work of the authors.

3.5 Ethical and Sustainable Considerations

Throughout the study, ethical, societal and environmental aspects was considered
and acknowledged. Ethical integrity was a core priority, specifically addressing the
risks of participant harm, lack of informed consent, privacy invasion, and deception.
The authors implemented strict measures to protect sensitive commercial data that
could impact an organization’s reputation or its relationships with business partners.
Consequently, all actors were anonymized using pseudonyms and specific identify-
ing details or terminology was removed to ensure confidentiality. Participation was
entirely voluntary, and all interviews were recorded only after obtaining explicit con-
sent. To ensure informed consent, respondents received clear information regarding
the study’s purpose and scope prior to their participation.

From a sustainability perspective, this research directly addresses the environmental
imperative of the road freight industry. By identifying the system support needed
to manage the complexities of planning electric freight, the study contributes to the
sociotechnical transition toward zero-emission transport.
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Empirical Findings

This chapter presents the empirical findings gathered through interviews with actors
across the Swedish road freight network. The chapter begins with an overview of the
interviewed participants in section 4.1. The subsequent sections provide a detailed
deep dive into the insights from each organization, categorized into carriers, ship-
pers, and TMS providers. The sections for carriers and shippers primarily address
RQ1, RQ2a, and RQ2b. Specifically, the sections cover their electrification strate-
gies, current planning workflows, and perceived challenges and system needs. The
sections for TMS providers focus on evolving client needs related to electrification
and their positioning in response to changing needs, addressing RQ3.

4.1 Overview of Conducted Interviews

Table 4.1 and Table 4.2 show the interviews conducted during the study. Ta-
ble 4.1 contains interviwed carriers and shippers, and Table 4.2 contains interviewed
TMS providers. Each interviewee is anonymized using pseudonyms, where carrier
pseudonyms start with the letter C) shipper pseudonyms start with the letter S, and
TMS provider pseudonyms start with the letter 7. Each interview and its empirical
findings are further discussed in subsection 4.2.1 through subsection 4.4.6.

In Table 4.1, fleet size is categorized as Small, Medium, or Large based on the total
number of HDTs. Small represents a fleet of up to 100 HDTs, Medium indicates a
range between 100 and 250 vehicles, and Large signifies a fleet exceeding 250 trucks.
Furthermore, the degree of electrification is categorized as Low, Mid, or High and
indicates what share of the total HDT fleet is electric. Low represents an electrifi-
cation rate of 5% or below, Mid indicates a range between 5% and 20%, and High
signifies a rate exceeding 20%.

In Table 4.2, the system tenure of each TMS provider is categorized as Legacy, Mod-
ernized, or Emergent. Legacy represents systems launched before 2000, Modernized
indicates a launch date between 2000 and 2025, and FEmergent signifies systems
brought to market after 2025.
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Table 4.1: Overview of Interviewed Carriers and Shippers

Actor Cargo Range Size Electrification TMS used
Carriers
Center Broad Distribution, Medium Mid Terminal
focus regional, long-haul
Charter Broad  Distribution, Large Low Token
focus regional, long-haul
Circuit Parcels Distribution Medium High Ticket
Cluster Broad Distribution, Large Low Tile, Table
focus regional, long-haul
Colossus Broad  Distribution, Large Mid Table
focus regional, long-haul
Cooler FMCG Distribution, Small Mid Table
regional, long-haul
Curb FMCG Distribution Small Low Table
Shippers
Salt FMCG Distribution, Medium High Transit
regional, long-haul
Sheet Textiles Distribution, Small Mid None
regional, long-haul
Skillet FMCG  Distribution, Small High Shipper
regional, long-haul TMS
Solvent Bulk Distribution Small Mid Shipper
TMS
Store FMCG Distribution, Medium Mid Shipper
regional, long-haul TMS
Stream FMCG Distribution, Medium Mid Shipper
regional, long-haul TMS

Table 4.2: Overview of Interviewed TMS Providers

Provider TMS Type System Tenure Selected Users

Table Carrier Modernized Cluster, Colossus, Curb

Continued on next page...
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Table 4.2 — continued from previous page

Provider TMS Type System Tenure Selected Users
Terminal Carrier Legacy Center

Ticket Carrier Legacy Circuit

Tile Carrier Legacy Cluster

Token Carrier Emergent Charter
Transit Shipper Modernized Salt

4.2 Carriers

This section presents insights from the seven interviewed carriers. The findings
detail how these actors manage electric HDTs within their current workflows and
the specific planning hurdles they face.

4.2.1 Center

Center is a cooperative owned by multiple carriers, together managing over 200
HDTs. They offer a diverse array of transport services, resulting in diverse driving
patterns, from distribution to dynamic long-haul routes. Center has with their 20
electric HDTs reached an electrification rate of approximately 10%, with a goal of
reaching 50% by 2028. Their electric fleet covers various operations, including con-
struction site vehicles and dedicated customer distribution, enabled by customers
willing to pay a premium. While many peers focus on short-range distribution, Cen-
ter has intentionally chosen other transport assignments as well, such as long-haul
routes and heavy transports to prove the technology’s viability. They have been
engaged in unique high-capacity projects like a world-first 94-ton electric truck for
wood chips.

"Pendulum flows is easy to electrify, distribution is easy, but we have
chosen to go for what is not easy because we want to see if it works"

In terms of charging strategy, they mainly rely on private infrastructure at home
or customer sites and have also established their own charging company to address
infrastructure gaps.

Planning Today

The current planning is highly manual and organized around dedicated transport
managers responsible for specific geographic areas. After orders are placed via EDI,
email or in other formats, transport planning is manually done in their TMS Ter-
minal. Additional back-haul volumes are manually sourced through email and then
manually planned. The daily planning process for electric trucks is usually not dif-
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ferent as they mainly operate fixed routes. These routes are already pre-planned,
including charging, and have been manually calculated using established research-
models. If electric vehicles for some reason have to deviate from this plan, a lot of
manual planning needs to be done in the form of a back and forth dialog between
the transport planner and driver to make sure they can manage it.

"The heavy part of the electric specific planning is done when the electric
truck is initiated, after that it is relatively pain free. The only issue is
when the truck have to deviate from their fized plan, then the transport
planner and driver have to discuss back and forth to re-plan.”

Challenges and Emerging System Needs

The shift toward 50% electrification has exposed a critical "capability gap," as the
TMS they use today lacks parameters for electric-specific planning. This is especially
true for their free-running trucks, since these vehicles perform irregular, multi-day
routes. Moreover, an important issue is also to plan back-haul volumes more effec-
tively. Center expresses that they need a route planning optimization tool taking
electric parameters into account such as finding and booking chargers. Such a tool
can increase flexibility for more dynamic routes and to pick-up back-haul volumes
at varying locations. To address these needs, Center is building a proprietary TMS
using Al-tools and partnering with external actors for advanced optimization. Apart
from electric route optimization, the aim is also to automate the puzzling of over-
flow volumes and provide proactive route suggestions to minimize empty miles. One
barrier in building this internal TMS is fragmented data ownership. Fach individual
carrier in the cooperative needs to retrieve and provide their vehicle data which is
both a cost and integrity issue.

4.2.2 Charter

Charter is a major Swedish transport company structured as a collaborative entity
owned by multiple haulage companies, together managing a fleet of approximately
400 HDTs. Similar to Center, the organization oversees a diverse operational portfo-
lio, also resulting in diverse driving patterns. Charter’s current electric fleet consists
of eight HDTs, deployed where a specific customer is willing to finance the higher
cost. These eight vehicles primarily operate on local routes within the nearby region,
handling tasks such as construction material transport and waste collection. Ma-
jority of the trucks charge at home overnight with a few requiring charging during
lunch-break, either at home or at public spots. Management estimates that 75%
of their total volume could easily be electrified. The rest 25 % is more difficult.
Their long-term goal is to cease purchasing diesel vehicles within the next few years,
moving toward full electrification as battery technology and charging infrastructure
mature.

"We could easily electrify 75 % of our operations if we had customers
willing to pay for it. FElectrifying longer dynamic long-haul routes will
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require more planning and collaboration”
Planning Today

The planning process at Charter is characterized by a high degree of manual over-
sight. Orders are received through various channels and then manually planned in
their TMS. They do not use any route optimization tools and remain skeptic as they
find existing tools too rudimentary to handle the hundreds of real-world variables
processed better manually by transport planners. Planning for the current electric
fleet is essentially identical to diesel planning, as their local routes mainly utilize
overnight charging and hence do not require complex charge planning. Instead of
using FMSs from different OEMs, Charter has equipped their vehicles with extra
telematics technology connected to a third-party FMS. This enables unified usage
of their vehicle data and limits dependence on OEMs. The third-party FMS can
among several things provide real-time location data and accurate CO2 data. Other
system changes include a new TMS where Charter is currently building its own as
its old one will be discontinued and no system on the market could meet its needs.

Challenges and Emerging System Needs

The primary challenge for Charter’s transition lies in the remaining 25% of trans-
port, consisting of longer long-haul and dynamic assignments that require signifi-
cantly more planning and collaboration with customers. Management identifies a
lack of system support for finding and booking public charging stations as a major
hurdle, noting that while there is currently overcapacity, they will soon need the
ability to book charging spots to ensure operational reliability. Moreover, charg-
ing optimization is viewed as essential to assist drivers and planners by simulating
routes to determine where and when it is most optimal to charge and how much.

"There is no good, general system support for finding and booking public
charging. Today we rely on different maps and experience"

While Charter is building its own TMS to be open for future Al integration, the most
critical priority remains increasing the utilization and filling rate of the trucks. Fur-
thermore, Charter anticipates the future will imply a need for “fleet optimization,”
where differences between trucks, such as varying battery capacities and charging
speeds, must be considered when assigning specific vehicles to various assignments.
Finally, management identifies a lack of high-quality rest areas equipped with night-
time charging as a concern for long-haul routes.

4.2.3 Circuit

Circuit is a family-owned transport and logistics company. For over 65 years, the
company has maintained a partnership with a global 3PL provider. Today, approx-
imately 97% of Clircuit’s operations are dedicated to this customer. Today, roughly
70% of Clircuit’s fleet is electrified with 70 electric HDTs. The fleet’s operational
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profile is suited for electrification, as 90% of their work consists of local distribution,
with typical route lengths ranging from only 10 to 30 km. Their transport process
involves emptying the 3PL’s terminals by loading vehicles during the day and col-
lecting pickups in the afternoon to be sorted and sent out at night. To support
their electric operations, they own and manage their own charging infrastructure,
treating energy management as a core component of their business model.

"In the past, we were a pure carrier. Now, we are just as much an enerqy
company. We are trying to work with battery storage, solar enerqy, we
requlate frequency and try to manage the fleet.”

Planning Today

Circuit use Ticket to manage their transport, where the planning is mostly manual.
Because of the long-standing relationship with their main customer, the planning is
however well integrated into their operations. Routes are generally static, covering
the same areas daily with slight variations in the number of stops and volumes.
Since their routes are inherently well-suited for electrification, Circuit manages its
electric vehicles without any significant deviations from the diesel planning process.
Due to the size of their electric fleet, managing charging power and peak shaving
is become an increasingly important part of their planning process. They mitigate
these operational risks by trying out third-party solutions that integrate charging
hardware with software to steer and monitor the charging process.

Challenges and Emerging System Needs

Because the company has heavily electrified its fleet and operates its own charging
infrastructure, it has transitioned into a role that is as much about energy man-
agement as logistics. This extensive electrification has created a need for "shift
charging" to rotate vehicles through limited charging points, requiring precise coor-
dination to ensure every truck is ready for its route. Currently, this process relies on
manual monitoring to prevent charging failures, highlighting a need for a centralized
digital overview to provide real-time status and automated alerts. Furthermore, to
maximize the economic value of their energy assets, they require a system that can
steer charging away from expensive power peaks toward cheaper overnight windows
or periods of high solar production, ensuring that the fleet’s energy consumption
remains cost-effective and reliable.

"With electric vehicles, we will likely need a solution where we can mon-
itor and control shift-charging and power output to ensure everything is
100%. Can we get an alarm if a truck hasn’t charged more than 20%?
Managing those scenarios is going to be essential”

The third-party system used today to manage charging requires a a combination

of manual oversight and software that provides basic scheduling and power control.
Circuit describes that this process is currently requiring several hours of daily manual
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puzzling and monitoring. As their fleet scales, this process is becoming increasingly
labor-intensive. Consequently, Circuit identifies a need for a more integrated TMS
that can reliably orchestrate charging and provide real-time status alerts. However,
they face a "lock-in" effect because they must use systems approved by their 3PL
partner, making it hard to adopt more agile, third-party Al solutions. As a response
to this, Clircuit has begun building internal monitoring tools with partners, allowing
them to track real-time battery status and charging failures outside of their primary
administrative workflow.

4.2.4 Cluster

Cluster is a major Swedish transport provider, serving as an umbrella organization
for approximately 120 associated haulage companies with similar offer as the other
cooperatives, Center and Charter. Cluster operates a fleet of approximately 300
HDTs, including eight electric HDTs. Electric trucks have been deployed on long-
haul routes where specific clients are willing to pay for emission-free transport. Even
though distribution is "easy" to electrify, there have been no customers prepared to
pay within that segment. To ensure reliability, they select highly predictable corri-
dors with established charging infrastructure.

"We drive long-haul routes with our electric trucks. That is where we
found long-term customers willing to bear the costs. Construction, where
there are more local and regional flows, would in practice work great to
electrify, but it is difficult to find long-term customers”

Planning Today

The planning process at Cluster is split between two primary systems, Table and
Tile. Table is used for distribution to manage high-volume zip-code routing, while
Tile handles long-haul and construction logistics. For electric trucks, routes remain
static and predictable where an initial plan have been set. On a daily basis, the
electric trucks can therefore almost operate as the diesel trucks with the same plan-
ning process. Currently, charging coordination is handled manually by drivers using
existing tools like ChargeFinder.

"The planning is not so complicated really, apart from the driver being
aware of when to charge. We do not need additional software support to
calculate that. ... Of course we cannot go anywhere. We have chosen to
drive recurrent routes where we have checked charging opportunities in
advance. You just have to do this once and after that the electric tucks
can operate almost as diesel trucks.”

Challenges and Emerging System Needs

Cluster maintains a skeptical view toward over-complicating planning with advanced
software, believing that as electric vehicle ranges increase, the complexity of electric
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transport will decline. They view their current operations relatively pain free where
electric trucks should be able to operate as diesel trucks in the future, just swapping
diesel with electricity refueling. The barriers for further electrification are in their
view connected to economical and infrastructural issues rather than additional sys-
tem support.

"Within two years, range will increase. There will be access to fast mega-
watt charging at end-location, meaning the truck will be fully charged
within an hour and can then drive back. This development leads to a
different discussion.”

4.2.5 Colossus

Colossus is a logistics group offering diverse transport services across Sweden. Their
operations range from local deliveries to long-haul routes, utilizing partners’ or their
own fleet to meet tailored customer needs. Colossus currently has approximately
450 vehicles including 30 electric HDTs. The deployment of these electric vehicles
have been initiated by customers willing to pay and are primarily used for local and
shorter line-haul routes that operate predictably. For longer distances, Colossus
currently uses gas trucks for the long-haul portion and swaps to electric trucks for
the final local delivery to the customer. Because of their electric trucks’ current
battery range of about 210 kilometers, electric HD'Ts are mainly assigned on routes
close to the home bases so that slow AC charging can be done at night. External
DC fast charging is significantly more expensive, but is done in a few cases where
top-up charging is needed.

Planning Today

"The pre-planned routes run like a clockwork. It is of course some work
iniatially, but when the plan is set we do not have to work more with it"

Colossus use Table to manage their transport where they currently have a relatively
manual planning process. Day-to-day planning for electric trucks follows a simi-
lar manual process as diesel trucks, although it requires planners to select specific
assignments where factors like payload weight and time requirements align with
the vehicle’s technical limitations. According to Colossus, an electric truck has to
be in a "ready-to-run state" in the morning with preheated batteries and a warm
cabin. This allows high energy drain from the battery that usually occurs during
the startup phase when it is cold outside to be avoided. If everything is prepared
that way, the interviewee means they do not need to charge until later in the day.
Additionally, the company uses their OEM’s FMS to monitor real-time data such
as battery percentage, axle pressure, and driver behavior. Colossus’ TMS and the
OEM’s FMS are not integrated and they do not see any major issue working in two
systems. However, the interviewee mentioned that there are discussions on connect-
ing the systems.
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Colossus utilizes driver coaching led by a dedicated driver developer to analyze ve-
hicle and driver data for rule compliance and efficiency. The company also coaches
drivers of the electric fleet to optimize energy use, for example instructing them to
return to the home base with an appropriate battery level. This strategy aims to
ensure that the fleet can maximize inexpensive overnight AC charging.

Challenges and Emerging System Needs

One challenge for Colossus is that without the coaching previously mentioned,
drivers over-charge out of caution and returns with more capacity than needed.
This incurs higher costs for Colossus by missing out on cheap overnight AC charg-

ing.

"The issue arises when a driver stays at a DC charger longer than nec-
essary, perhaps charging to 40% instead of the required 20% just to be
on the safe side or to align with a break. This leads to a triple cost for
the company of unnecessary overtime pay, the high price of fast-charging
electricity compared to cheap overnight AC charging, and lost operational
time. This quickly scales into a significant economic leak."

Aspects such as suboptimal charging impact the company’s already narrow, industry-
standard margins. The interviewee did not mention any tools to assist in optimal
charging, but recognizes a general need for automated route optimization to keep
up with other industry actors. Such a tool would ideally be integrated with their
TMS. Route optimization was however not framed by Colossus as an enabler for
electrifying further. The primary challenge to electrify further is the time lost to
charging compared to diesel refueling which complicates scheduling and can lead to
expensive driver overtime where access to faster MW charging is needed.

4.2.6 Cooler

Cooler is a long-standing transport company. They operate a total fleet of almost
100 HDTs, with operations spanning across Sweden. The company specializes heav-
ily on the food industry, with 99.9% of its cargo consisting of temperature-controlled
fast-moving consumer goods (FMCG). Cooler operates seven electric HDTs, all from
the same OEM. These vehicles are primarily deployed on regional routes for spe-
cific customer assignments. Trucks charge almost exclusively on-site or at specific
locations where the company has established agreements to ensure cost-efficiency.
Future electrification goals are currently cautious and entirely dependent on eco-
nomic feasibility and customer demand, which has recently weakened due to a lack
of political incentives and low willingness to pay the necessary premium.

Planning Today

Transport planning at Cooler is characterized by high stability, as the majority of
their routes are static with fixed schedules. They utilize Table as their primary TMS
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where transport planners place orders onto routes. This is today done manually to
not only ensure that delivery windows are met, but also specific customer "soft
values' such as tailored service levels to ensure high customer satisfaction. Unlike
planning of diesel trucks where the vehicles typically last the entire day without
mid-route range concerns, planning of electric trucks necessitates initial route simu-
lation and a strategic approach to charging based on where the company has existing
charging agreements to ensure the price is right". For Cooler, this includes priori-
tizing a 20-80% battery range over a full 100% charge to maintain operational and
time efficiency. For their electric fleet, planning is supplemented with an OEM FMS,
which is used for such route simulation, battery level monitoring, and tracking eco-
driving behavior.

"The electric routes are very static, except for one truck where more
planning is needed. But really, it is not that complicated, you know how
much a diesel truck consumes and you know how much an electric truck
consumes, so it is not that difficult to convert’

Challenges and Emerging System Needs

Cooler finds that while static route planning for electric vehicles is currently rather
painless due to controlled conditions, dynamic routes remain a challenge due to
limited range and charging uncertainty. Another complexity impacting operational
efficiency is weather conditions. Cooler highlights that batteries require pre-heating
in winter, and that high air-conditioning usage in summer can significantly impact
energy consumption. In addition, driver behavior related to parameters such as
speed speed also impacts energy consumption.

"It also depends on the driver. You can’t go full throttle. Driving in 85
km/h instead of 80 might lead to 30 min extra charging per day. That
is a lot of money... Eco-driving and driver education is important which
we focus on a lot"

A significant administrative burden is CO2 reporting, which currently requires man-
ual data entry into Table since real values are not automatically aggregated across
the mixed fleet. Cooler experience their customers’ increasingly demanding full
CO2 reports, highlighting a need for automated, accurate emission data collection.
In addition to this, the company identifies a strong desire to see charging and vehicle
data integrated directly into their TMS to avoid working in parallel systems. For
future large-scale electrification, they emphasize the need for a functional booking
system for charging that guarantees the specific power output at the booked time
to avoid disruptions to driving and rest time rules. Cooler sees no immediate need
for new route optimization tools, as their current manual process for static routes
is considered effective.
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4.2.7 Curb

Clurd is a distribution specialist with a heavy focus on temperature-controlled trans-
port. They have a total heavy fleet of approximately 50 trucks of which two are
electric. One of the electric vehicles is used almost exclusively for temperature-
controlled transport, driven by a specific customer agreement. The deployment of
the second electric truck was driven by a combination of factors; Its urban dis-
tribution routes suit the vehicle’s range, the schedule allows for efficient two-shift
operations, and a separate customer pays to utilizes the truck as a marketing pil-
lar for their brand. Curb also have several electric light-weight vehicles and aims
to electrify further with investments in their own charging infrastructure as they
prioritize charging at their depot. These investments include semi-public charging
stations with battery storage and on-site solar panel installations. While electrifica-
tion is a core goal, Curb believes a mix of technologies including electricity, gas, and
HVO will be necessary for the foreseeable future due to the high investment costs
of electric trucks and current infrastructure limitations.

"Looking ahead, it is clear that we want to replace even more of the fleet,
but we don’t believe in electrifying everything. It will require a combi-
nation of everything from HVO to electricity, and then there are new
innovations emerging all the time."

Planning Today

The planning process is dynamic, with routes finalized the evening before or early the
morning of delivery. Curb utilizes Table as the primary TMS, though approximately
90% of the routing remains manual. This manual approach allows transport plan-
ners to account for "soft values," such as driver lunch locations or specific customer
needs. A third-party FMS is used for vehicle positioning, battery level monitoring
for electric vehicles, and for tracking temperature data for refrigerated loads. While
Table has GPS capabilities, the company finds the third-party FMS’s positioning
more reliable.

According to Curb, planning electric vehicles for their urban distribution is manage-
able and mirrors traditional diesel planning. When requests for additional assign-
ments arise outside of the planned routes, transport planners utilize open charge
platforms to validate if and where top-up charging is required. For electric trucks
running two-shift operations, they also evaluate whether the extra workload would
still allow sufficient time to charge for the following shift.

Challenges and Emerging System Needs

For Curb, challenges emerge with complex routes or double-shift operations. A
significant pain point remains charging speed, as current battery technology and in-
frastructure can be too slow to support full two-shift operations on longer routes. To
address this, the company identifies a need for system support capable of extracting
orders from the TMS, optimizing them based on electrification suitability, and auto-
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matically feeding the finalized plan back into the system. While they have tried an
external route optimization tool available on the market, they found it better suited
for long-haul transport with few stops. For Curb’s core distribution business, which
involves up to 20-50 stops per vehicle, the tool became too cluttered. Additionally,
while having vehicle positioning from the third-party FMS inside their TMS Table
is desirable, Curb believes that the lack of an industry-standard positioning system
makes it difficult for TMS providers to build a universal integration. In terms of
adding system support in general, Curb emphasizes that it must genuinely simplify
the workflow rather than adding complexity:.

4.3 Shippers

This section outlines findings from the six shippers. Similar to the previous section
it covers details on how these shippers manage electric HDTs within their current
workflows and the specific planning hurdles they face.

4.3.1 Salt

Salt is a specialized logistics provider focused on the distribution of temperature-
controlled goods to restaurant and catering industries across Sweden. They operate
a heavy-duty fleet of over 150 trucks, of which 35 are electric. Trucks are performing
local distribution during the day and transitioning to hub-to-hub "inter-transport'
routes during the night. Additionally, the company emphasizes maximizing ROI
of electric trucks by operating these vehicles in two-shift rotations, partly through
night-time distribution where diesel trucks are not allowed. Salt’s charging strategy
relies on utilizing internal infrastructure at their own terminals, where vehicles are
fully charged at departure and charged again while unloading at the destination hub.
Consequently, the routes selected for electrification are those with stable flows where
the range is guaranteed and charging facilities are available at both endpoints. Ad-
ditionally, Salt offers external freight services by utilizing spare capacity on existing
routes, specifically targeting return loads to minimize empty mileage with minimal
need of additional planning.

Planning Today

Transport planning is built upon a foundation of highly static and predictable routes,
where drivers typically handle fixed customer visit cycles. This high degree of pre-
dictability is a core enabler of their electrification success to date. While the imple-
mentation of electric vehicles has introduced an additional layer of range verifica-
tion in Salt’s strategic planning, it has not altered the company’s daily operational
planning. The company utilizes the TMS Transit, which is integrated with their
proprietary internal ERP system. While the general routes are fixed, Transit is
used daily to optimize stops based on delivery windows and specific time slots. For
strategic planning, the company relies on multiple OEM portals which allow them
to simulate fixed routes based on vehicle specifications. These portals also allow
Salt to run ad-hoc feasibility checks of planned routes, taking parameters such as
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payload weight and outdoor temperature into account, but this is not used on a
daily basis.

Challenges and Emerging System Needs

The most significant operational headache identified is the fragmentation of the pub-
lic charging landscape, which forces drivers to manage a large number of different
payment cards and mobile apps for various charging operators. They perceive a
need for a unified digital wallet or interface that works across all charging networks
to simplify the driver’s workflow. Furthermore, while current planning is static, the
company sees a future requirement to integrate real-time battery status and charg-
ing station availability directly into their TMS.

"I think our TMS is fully sufficient today. But in the long term, it would
be optimal to get the charging stops into the TMS."

4.3.2 Sheet

Sheet is a textile service provider, offering comprehensive solutions including laun-
dry, quality control, and repair. Despite being a service-oriented company, man-
agement views the organization primarily as a logistics firm due to the scale of its
distribution operations. Sheet operates almost 100 HDTs, of which 14 are electric.
The company has deployed those electric trucks on local distribution routes where
vehicles remain stationary overnight at Sheet’s own facilities. This allows the com-
pany to mainly utilize cost-effective AC charging rather than more expensive DC
fast-charging. While the operational costs for electric trucks have proved lower and
more stable than diesel, the high upfront investment poses a challenge.

Planning Today

The transport planning process at Sheet is characterized by highly static and pre-
dictable routes derived from long-term customer contracts. Drivers operate on fixed
weekly or bi-weekly visit cycles, essentially visiting the same customers on the same
days. This predictability simplifies electrification, as energy needs are consistent
and well-understood. Sheet maintains a high level of confidence in the expertise of
its drivers, believing they are knowledgeable enough to optimize their own charging
schedules without necessitating changes to the core daily planning processes.

"Planning top-up charging isn’t actually that complicated. Drivers learn
where to charge on their own, it isn’t something we feel the need to man-
age centrally. There is no need to make it more complicated than what
it is"
Information is managed through a proprietary ERP system developed in-house.

While daily adjustments are handled locally by distribution managers, major strate-
gic planning such as evaluating the battery requirements for new electric routes is
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supported by historical data provided by truck OEMs.
Challenges and Emerging System Needs

A primary technical challenge for Sheet is the complexity of integrating new digital
tools into their legacy in-house ecosystem. For example, the company is currently
struggling to effectively integrate a third-party startup’s FMS due to data connec-
tivity issues.

"Making them [new tools] work is the toughest part. Almost no matter
which new system you bring in today, there are extremely many new con-
nections and so much more data needing to be brought in to so many new
places.”

For an almost full electric fleet, Sheet anticipates a need for automated grid man-
agement and peak-shaving functionality to avoid expensive electricity tariffs. There
is also a perception of a future operational need for a centralized monitoring sys-
tem that provides real-time alerts if a vehicle fails to initiate a charge overnight, as
morning operational failures are a significant vulnerability. Additionally, environ-
mental conditions remain a barrier. In northern regions winter temperatures can
reduce battery range by up to 50%, making fixed plans unsustainable. In such cases
a system which ad-hoc can identify where fast charging is available would be good.
This is, however, nothing Sheet are exploring right now.

4.3.3 Skillet

Skillet is a major Swedish food wholesaler and distributor, providing products and
logistics services to restaurants, industrial kitchens, and retail outlets. They primar-
ily manage the final distribution of food products from their regional warehouses
directly to thousands of individual customer sites. Skillet operates a distribution
fleet of approximately 200 HDTs of which 16 are electric. The majority of their
vehicles are managed through partnerships with external carriers where approxi-
mately 50 HDTs are owned internally. Their electrification strategy is focused on
urban distribution, where routes are shorter and the environmental benefits such
as noise reduction and zero tailpipe emissions are most valued. To support these
vehicles, Skillet has invested in private charging infrastructure at their depots, allow-
ing trucks to charge during downtime between shifts. They currently only electrify
routes where internal charging is enough to power the trucks and where expensive
public charging can be avoided.

"It is simpler to implement electric trucks within a last-mile structure
than in long-haul or medium-haul structures. In a last-mile framework,
you can rely almost entirely on your own charging infrastructure and

only rarely need to depend on external charging"

Planning Today
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Skillet does not use a traditional TMS. Instead, they rely on their core business
system and a specialized transport program that functions as an extension of their
driver app. Planning is largely manual within the business system and is based
on highly static and predictable routes. For electric trucks, Skillet planners must
account for range variances caused by winter weather or seasonal route expansions.
If a route length becomes too demanding due to these variances and no specific
customer contract mandates an electrified delivery, the planner swaps the vehicle
for an alternative and reassigns the electric truck to a shorter route. This is today
manually planned. For finding and coordinating charging, they rely on external
tools such as individual CPO systems and Google Maps.

Challenges and Emerging System Needs

While Skillet rather see a case for continuous dynamic route planning software in
last-mile industry than in the long-haul segment, they do not feel a need for it due
to their delivery cycles being fixed.

"When it comes to long-haul trucking, most of that is line-haul, meaning
it’s just fized trips from point A to point B. You don’t need a system
to ‘plan’ that route every day. You just need to find the right charging
spots once, and then you’re done. I don’t see much of a need for dy-
namic optimization there. It’s really in the dynamic world of ‘last mile’
where that becomes essential. Maybe not in our specific case, but where
customer behavior and online orders change daily and you have to adapt
to a constantly shifting reality."

One frustration for Skillet is the significant lack of physical data regarding public
charging infrastructure. They express a critical need for information on whether
a charging station can physically accommodate a HDT in terms of space and ac-
cessibility, noting that it is currently difficult to know if a station can handle the
dimensions of their vehicles. Moreover, another issue with public charging is co-
ordinating different CPOs to get a reliable charging network within the area of
operations.

"The fact that you’re forced to deal with so many different charging
providers just to have a reliable network you can actually count on is
a major challenge across the whole industry right now"

4.3.4 Solvent

Solvent is a vertically integrated chemical distributor and logistics specialist that
manages the entire value chain for liquid bulk products. They purchase chemicals
globally and perform final distribution of up to 300 km to industrial clients. Sol-
vent utilizes loggers in customer tanks to monitor levels and trigger replenishment.
In addition to selling liquid products together with transport, they provide carrier
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services to manage return loads of other liquids directly from their clients’ tanks.

Solvent operates approximately 50 HDTs, with six currently fully electric. Their
initial electrification approach prioritized short, high-volume, and repetitive routes.
Solvent is now aiming to double its electric fleet every year to reach 100% electrifica-
tion by 2030. This implies that route electrification now evolve from simple vehicle
replacement toward optimizing the entire logistics chain as advancing technology
allows for greater flexibility and longer distances. Solvent aims to achieve energy
balance by producing their own energy to power the fleet. Charging is planned man-
ually, supported by private depots at their own sites and customer locations. By
leveraging the high predictability of their static routes, Solvent can utilize smaller,
cost-effective chargers during the 45-60 minute loading and unloading windows in-
herent to the liquid bulk industry.

Planning Today

The current planning process is characterized by predictable, static routes and re-
plenishment triggered by client tank loggers. The transition from a logger alert to an
actual transport order is currently handled manually by planners. To automate this,
the company has initiated a project to build a custom internal connection between
the client tank loggers and Solvent’s TMS. While this applies for both diesel and
electric trucks, this optimization is an important piece of Solvent’s electrification
strategy, as higher utilization is necessary to make the investment in electric trucks
financially viable.

Challenges and Emerging System Needs

As Solvent sees a future need of optimized charging, they are participating in a
project with a start-up, focused on automated charging orchestration.

"In the future we will need to optimize charging. This does not only in-
clude charging levels, but also the fact that we will pay different rates
depending on if we charge at home, at other transport actors, or public
charging stations."

This is part of a larger digitalization project, where Solvent intend to move away
from standard market TMS solutions. They believe those systems are primarily
designed for larger transport actors where drivers are managed by subcontractors
and are not treated as a central resource to be optimized. As Solvent employs its
own drivers and owns its fleet, it requires a specialized approach to ensure driver
hours are optimized as precisely as the vehicle assets themselves.

4.3.5 Store

Store is a logistics and purchasing company, managing the supply chain for major
Swedish retail chains. They operate a large logistics network that includes several
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large distribution centers and a fleet of approximately 200 HDTs. Of those, 35
trucks are electric. Store operates their vehicles in two-shift rotations, performing
local distribution by day and regional transport by night. Electric trucks are cur-
rently confined to "safe" static routes where range and charging requirements are
predictable.

"Our routes are approximately 400-500 kilometers. We've specifically
chosen to electrify the ones where we know the trucks have the range and
we can handle the charging back at the home base."

To enable electric trucks to operate within Store’s standard two-shift rotations, they
have invested in private charging infrastructure at their terminals. This is used for
both high-speed DC charging during loading between shifts, as well as for slower
AC charging over night. They are also exploring collaborations with third-parties
for charging management solutions to support their aim of a 50% electrified fleet by
2030.

Planning Today

Transport planning at Store is highly centralized and digital. It is categorized by
a combination of fixed master routes tied to long client relationships and dynamic
daily adjustments based on fluctuating store volumes. They utilize a shipper TMS
for route optimization and daily operational execution. While the current TMS is
sufficient to optimize routes for diesel and HVO vehicles, it lacks specialized electric
logic such as battery range and charging requirements. For real-time monitoring of
vehicle battery status, Store currently rely on separate OEM portals which are not
integrated with their TMS.

Challenges and Emerging System Needs

A primary challenge for Store is the lack of integration between transport planning
and charging management. As fleets scale, they believe the manual coordination of
vehicle availability and energy requirements will become a significant bottleneck.

"Our electric HDTs are spread out across several warehouses now. It’s
reaching the point where our transport planners need a CMS that talks
to our TMS"

In a similar fashion, a peer to Store with a fleet of roughly 200 electric HDTs pro-
vided insights based on their electrification progress. They noted that while smaller
pilots are manageable, once a fleet reaches a threshold of approximately 30 HDTs,
the transition from manual oversight to an automated Charge Management System
(CMS) becomes a functional necessity. To solve this, Store is currently involved in a
joint-project with their TMS and multiple third-parties to develop a CMS solution
that can integrate real-time battery data and charging schedules directly into their
shipper TMS. In addition to helping transport planners with dynamically optimized
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charging, this project also includes set-up of charging infrastructure.

"In the future we will need to charge outside our own depots where the
system should tell us how much to charge to avoid unnecessary costs.
When a truck returns to the home base, the system should also plan the
charging so that the truck can be ready for the next shift. By 2030, 50%
of our 200 HDTs should be electric. But honestly, we’re not going to get
there if we’re still relying on people to manage the charging optimization

by hand"

They have also engaged in external projects on charge reservations, noting that while
this is not a major issue today, there will come a time where the demand of chargers
will enforce a need to secure charging availability.

"It has to happen. You can’t have a situation where you show up and
have to wait first 45 minutes for the guy ahead of you to finish, and
then another 45 for your own charge. It just throws the whole route off
schedule. "

4.3.6 Stream

Stream is a major dairy cooperative, handling both inbound milk collection from
farms and outbound distribution of finished products to retailers and wholesalers.
The company approximately 170 HDTs, about half of which are owned internally and
half are contracted through external carriers. Currently, the fleet includes 23 electric
HDTs. Stream’s strategy focuses on maximizing the utilization rate of these more
expensive vehicles within internal charging range, aiming to incorporating them in
their standard two-shift rotations. While they have successfully electrified local and
regional distribution, they are now testing electric vehicles for long-distance trans-
port. Stream has established its own charging infrastructure at its depots, utilizing
a mix of slow AC chargers for overnight stays and high-power fast DC chargers to
support quick turnarounds between shifts.

Planning Today

Transport planning revolves around a "master plan" that is reviewed and optimized
on a regional basis approximately once per year. Daily operations are largely static
since the company serves a consistent base of milk farms, grocery stores, and in-
dustrial kitchens with predictable volumes. Stream uses a shipper TMS to manage
daily transport planning. For its annual strategic master planning, the company
utilizes a separate third-party optimization software. When plans are finalized and
set, they are fed back into the TMS.

It’s all about maximizing utilization on our current routes. It’s essential

that they [electric HDTSs] cover as much distance as possible. If we as-
sign a truck to a route and see that 20% of the battery remains, we’ll try

40



4. Empirical Findings

a slightly longer route next time. From a daily planning perspective, we
don’t make any distinction between electric trucks and non-electric ones.”

Challenges and Emerging System Needs

While Stream currently manages its electric fleet without separate planning pro-
cesses from its other fleet, they anticipate that a 100% electric fleet will require
more advanced system integration. A primary future need is the consolidation of
fragmented tools into a single interface where range analysis and battery status are
currently monitored through separate OEM portals. There is a desire for these
electric-specific parameters to be integrated directly into the TMS environment to
avoid the inefficiency of working across multiple systems. Additionally, as the fleet
scales, they see a need for smarter charge management to prioritize which vehicles
are charged first based on their next scheduled departure and energy requirements.

"Today, we only have 23 trucks spread out across four locations. We
have four fast chargers and the rest are slow. As the electric fleet grows,
it will be important to be able to prioritize charging and charge speed
among the trucks, but today we don’t have that need. So far, it can be
handled manually. "

Operational discipline is also a challenge, as charging errors or a failure to initiate
an overnight charge have much larger disruptive effects on the next day’s schedule
compared to forgetting to refuel a diesel truck.

4.4 'TMS Providers

This section covers perspectives from the six interviewed TMS providers. The focus
is on their perception of changing customer needs related to the electrification and
their positioning in meeting those needs.

4.4.1 Table

Table is a Nordic TMS provider focusing on small to medium-sized transport compa-
nies (typically between 5 and 500 vehicles). Table offers a highly flexible cloud-based
TMS that allows users to customize the system to fit their specific operational needs.

Changing Client Needs Related to Electrification

Table observes that due to their clients” differing electrification rate, needs also dif-
fer. This has, however, not translated in any requirements on changes in Table’s
system. They believe this is due to many clients currently treating electric trucks
like diesel trucks. Table recognizes that integrating charging stops into route opti-
mization could be interesting, but that this is not a request from customer, rather
ideas communicated by entrepreneurs and start-ups. For Tuable, there must be a
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customer demand if they are going to find it interesting to invest time.

"There must be a customer demand for electric-specific features if we are
going to find it interesting to invest time in new system integrations. We
do not see such demand today."

Furthermore, they also argue that such solutions will probably come through their
already deeply integrated external route optimization partner. A barrier to meet-
ing future advanced electrification needs is the requirement for 100% accurate or-
der data (addresses, time windows, etc). Without high-quality input, automated
electric-specific planning remains ineffective.

Positioning in Response to Changing Client Needs

Table is open to integrate with specialized third-party solutions. To motivate other
deeper integrations similar to PTV, they explain that there has to be a broad cus-
tomer demand. If only a few customers requested it, they would rather do a specific
project for it which the customer would pay for. Currently, Table does not ingest
real-time vehicle data such as battery levels, leaving vehicle-specific monitoring to
FMSs.

4.4.2 Terminal

Terminal is a TMS provider with a customer base ranging from haulier cooperatives
to more specialized carriers. Terminal provides an "on-premise" solution where cus-
tomers host the software themselves.

Changing Client Needs Related to Electrification

Terminal notes a significant shift in how electrification is prioritized by their client
base. Electrification was a high-priority topic three years ago, but has since dropped
down the agenda in favor of immediate concerns like I'T security and global geopo-
litical instability.

"Needs connected to the electrification was a more current discussion
three years ago. Today there are other needs that have higher priority"

Terminal’s perception is that actors with existing electric vehicles view system-
supported electric planning and route optimization as a "nice-to-have" rather than a
"must-have'. For easier transport assignment such as classic line-haul between two
terminals, Terminal argue that there should not be any additional requirements on
their system. A more current customer demand is CO2 reporting and compliance
with regulations.

Positioning in Response to Changing Client Needs
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Terminal positions its products to be technically prepared for future demand of
electric features, but are not actively incorporating it today due to the low demand.
To be prepared for future demand, Terminal has built its tools with the architec-
tural flexibility to include charging depots and battery parameters as soon as clients
request them. The company maintains an asset-agnostic approach, meaning their
routing logic is designed to handle different fuel types simply as added parameters
rather than as separate systems. However, translating this architectural readiness
into real-time capability remains difficult. Terminal identifies the lack of standard
data formats from vehicle OEMs as a major barrier to integrating real-time vehicle
data into TMS platforms. Solving that would either require carriers to implement
their own telematics or individual agreements with every OEM.

4.4.3 Ticket

Ticket is an established legacy TMS provider. The company is currently in a transi-
tional phase, moving from several older, on-premise platforms to a new cloud-based
platform. While they provide tools for transport planning, their primary special-
ization lies in the economic flow of transport operations. This specifically means
managing how transporters are paid through automated invoicing, self-billing, and
settlement processes. Ticket’s primary customer segment is haulier cooperatives.

Changing Client Needs Related to Electrification

Ticket explains that while they do serve customers with electric fleets, they have
not yet experienced a push for electric-specific features.

"As there are not too many electric trucks on the market yet, we have
not noticed any additional electric-specific demands on our system'

Instead, the most central shift in client needs is the increasing demand for envi-
ronmental reporting. Currently, the industry largely relies on standard emission
calculations based on hours worked or kilometers driven which satisfies approxi-
mately 95% of current client requirements. However, Ticket anticipates that these
requirements will sharpen, necessitating the integration of actual vehicle data. With
that, they argue that a significant challenge will be accessing and consolidating real-
time emission data from various subcontracted hauliers.

Positioning in Response to Changing Client Needs

Ticket positions itself as a provider of a unified system that supports mixed fleets,
emphasizing that clients prefer a single workflow regardless of whether they operate
electric or diesel vehicles. Rather than building specialized planning or optimiza-
tion tools for electric trucks in-house, Ticket intend to meet niche planning needs, if
they emerge, by integrating with external providers. "We can’t be best at everything”,
they argue. Going forward, they prioritize system openness so that clients can "plug
in" tools for specific needs as they emerge. Ticket identifies the maintenance and
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ownership of integrations as a major challenge in this open approach, and stress the
necessity of detailed agreements. Furthermore, as they manage hundreds of unique
integrations, they highlight the need for rigorous documentation so that support
teams can resolve issues without relying on individual developers.

To address data security concerns, Ticket builds separate APIs for different informa-
tion types, allowing them to control exactly what data is shared with partners and
potential competitors. These integrations imply transaction and coordination costs.
Hence, Ticket explains that it is easier to motivate an integration if it is initiated
by a customer rather than by a third party, where Ticket would need to "sell" the
solution to a customer.

4.4.4 Tile

Tile is a software provider, offering a broad suite of systems including a TMS and
a FMS. Their core TMS manages everything from order registration and driver
applications to customer contracts, pricing, and environmental data where haulier
cooperatives is a large customer segment.

Changing Client Needs Related to Electrification

Tile recognize that if the electric transition increases, additional requirements will
be placed on TMSs. Today, there are indications of changing client needs where cus-
tomers have started to talk about planning tools taking electric-specific parameters
into account, but there is no "real" demand yet.

"Our customers are still electrified to a small degree with electric trucks
mainly deployed on fixed routes. On these routes customers do not have
a need for complex planning’

Positioning in Response to Changing Client Needs

Tile positions its products as integrable platforms capable of incorporating special-
ized electrification parameters as market demand matures. While 7T%/e maintains its
own routing engine and national road network data, they are open to integration
with niche third-party specialists for advanced electric-specific route optimization if
there is a broad customer demand and a clear business case.

4.4.5 Token

Token is a recently commercialized TMS that originated from the internal devel-
opment efforts of a haulier cooperative. It was born out of a perceived absence of
sufficient TMS solutions on the market.

Changing Client Needs Related to Electrification
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Because Token has only recently been commercialized, the company has not yet
established the same depth of client relationships as its competitors. As a result,
they lack the same direct insight into changing client needs regarding electrification.
However, being developed by haulier cooperatives, they are uniquely positioned to
relate to emerging requirements where they have identified that traditional TMS
providers are failing to keep up with the technical demands. Specifically, Token
explains that integrations with necessary systems come with high costs where cus-
tomers might have to pay for both the development of the integration and then
the license to use it if there is no standard integration available. Token argue that
such friction should not be part of modern digital solutions where they are building
a TMS where cost effective integrations should be possible to do yourself. Token
also perceives an unmet need among haulier cooperatives for fleet optimization com-
pared to simple route planning. This involves managing hundreds of separate orders
across hundreds of vehicles while balancing "Robin Hood planning’, where work is
distributed fairly to ensure all cooperative members remain profitable. Furthermore,
Token mentions that a significant barrier in the industry is the lack of standardized
vehicle data. OEMs often treat data as proprietary or charge high fees for access,
which hinders streamlined planning. Token actively lobbies at a political level to
address these data access issues.

Positioning in Response to Changing Client Needs

"We do not only want to solve today’s problems, but also future problems
such as digitization, electrification and new fuel types. We have not seen
any TMS provider on the market today with that mindset”

Token aims to be a more proactive actor than existing TMS providers. In terms of
planning electric vehicles compared to diesel, they believe that the main influential
element is the need to feed more granular data points such as battery status and
infrastructure locations, rather than a separate system. Token’s system architecture
is designed to break down input data into its smallest components, enabling modular
aggregation suitable for both diesel and electric planning. Strategically, Token favors
a partnership-first approach, where integrating specialized third-party tools should
be easy and affordable for their customers.

4.4.6 Transit

Transit is a cloud-based TMS provider focused on last-mile distribution. The plat-
form was born out of a desire to provide more precise delivery windows and focus
on high-intensity distribution, characterized by high-volume stops within small ge-
ographical areas.

Changing Client Needs Related to Electrification

Transit identifies that for their core segment of high-intensity city distribution, the
shift toward electrification has so far resulted in minimal changes to functional re-
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quirements. Most clients currently manage electric vehicles by maximizing battery
usage during the day and returning to the terminal for overnight charging, avoiding
the economic cost of mid-route charging. Consequently, Transit identifies added
kilometer-based capacity constraints as the only significant emerging client need to
ensure routes do not exceed a vehicle’s specific range. Apart from this capacity
adjustment, Transit has considered integrating charging data and OEM telematics
data, but customers have not shown any interest.

"We thought we needed to connect charging infrastructure with our sys-
tem, but there was no demand from our customers to do so as they aim
to charge at home within the segment we serve"

Positioning in Response to Changing Client Needs

Strategically, Transit positions itself as a central, open platform that prioritizes easy
integration over building all features in-house. The platform integrates specialized
third-party services for critical functions like route optimization. To provide detailed
monitoring, they offer proprietary telematics hardware that track GPS and temper-
ature data, bypassing the need for complex OEM integrations. A major partnership
challenge identified by Transit is the protectionist behavior of large market actors
who are often unwilling to share data or allow external communication with their
end-customers. This lack of data transparency forces transporters to use multiple
siloed apps, creating operational friction for drivers. Transit aims to overcome these
industry silos by allowing two-way data flows between their platform and various
systems to ensure a data-driven, digitized workflow.

46



O

Analysis & Discussion

In this chapter, the empirical findings from chapter 4 are analyzed and discussed
in the context of the study’s aim to understand the demand of additional software
support in transport planning and how it can be met. The chapter will specifically
cover RQ1 and RQ2, the current planning process of electric HDTs in relation to
conventional diesel HDTs and where operational challenges and software needs arise.
Lastly, the analysis evaluates the perspectives of both road freight actors and TMS
providers to determine how these emerging needs can be satisfied, addressing RQ)4.
The chapter begins with a macro analysis based on the MLP of sociotechnical tran-
sitions by Geels (2002) to establish the broader context for why these challenges and
software needs emerge.

5.1 Electrification as a Sociotechnical Transition

Geels (2002) explains that transitions occur when niche innovations gradually chal-
lenge and transform the established regime, often triggered by pressures at the
landscape level. The Swedish road freight industry is currently a primary site for
observing the friction between a dominant "diesel-oriented" regime, emerging "elec-
tric" niches of new trucks and software solutions, and external landscape pressures
like the European Union’s target for a 45% CO2 reduction by 2030. While the
landscape and new innovations drive the deployment of new electric HD'TSs, existing
transport management systems is still built on the assumption of how diesel HDTs
operate. The disparity in transport management methods are from a sociotechnical
lens natural where Geels (2002) explains that mismatches often arise in terms of mis-
alignment between a radical innovation (niche) and the established socio-technical
regime, where existing structures remain optimized for the incumbent technology
rather than the newcomer. The empirical data showcased how several start-ups,
OEMs and other actors are working to develop new software adapted for electric
technology to address the transport management mismatch. Software and tools
aiming to satisfy additional software needs can together with electric trucks be un-
derstood as what Geels (2002) describes as niches and the technology that challenge
the current regime in sociotechnical transitions.

While this research point towards a mismatch in transport management methods,
this has not yet led to major challenges in the daily planning for the interviewed road
freight actor which is discussed further in section 5.2. Some however foresee that
additional challenges and software needs will emerge as the transition proceeds and
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their electric fleets grow. Others downplay the importance of additional software
needs and argue that additional landscape pressures in terms of political decisions
and incentives are needed. Geels (2002) emphasize the need of all levels being
aligned, reinforcing each other, for a full technological transition to be possible as
existing structures in a regime tend to be rigid. From an sociotechnical transition
perspective this points toward a regime in the early stages of its reconfiguration
where structural linkages are beginning to feel pressure, misalignment have started
to emerge in terms of challenges and software needs, but where further mismatches
can be expected as the transition continues.

5.2 Electric Transport Planning Process and Where
Challenges Arise

The following section will cover the analysis and discussion of current transport
planning process of HDTs and where challenges arise, addressing RQ1: How do
actors in the heavy duty road freight network plan their electric transport today?
and RQ2a: What are the challenges faced today and in the future in the transport
planning of electric trucks?. The ARA framework is used to identify how the tran-
sition to electric HDTs has modified existing planning process in terms of changed
activities, resources (systems), and links to external actors. These findings are con-
trasted and compared to Stal (2026) research and ARA analysis on electric HDT
utilization. The ARA framework facilitates an analysis from a network perspective
which is highly relevant in the case of sociotechnical transitions where reconfigu-
ration of links and structures is a critical process. The changes and challenges in
current transport management are further brought into the discussion regarding
where planning challenges will arise in the future. Lastly, challenges are synthesized
in a table where they are compared, contrasted and connected to the established
planning complexities mentioned in subsection 1.1.2.

5.2.1 Current Electric Transport Planning and Challenges

The following section will analyze and discuss how actors’ planning process differ
between their electric and diesel fleet and where challenges arise today. The focus
will specifically be on the items where the traditional planning deviate due to elec-
tric needs. Findings suggest that the transition to electric transport has not yet
forced a total overhaul of the daily transport planning as current operations are
primarily characterized by a "one-to-one" vehicle replacement strategy, where actors
have selectively electrifying predictable "safe" routes that maintain traditional daily
planning logic. Differences rather occur in the initial strategic deployment of electric
trucks and in the support operations before and after transport assignments. These
insights led to a few adjustments in the ARA = Process matriz in Figure 2.2 with
Electric Transport Initiation, Strategic Electric Transport Planning and Follow-up &
Supporting Operations implemented as new columns resulting in the ARA z Process
matriz in Figure 5.1. Figure 5.1 further presents the aggregated deviations from
diesel planning due to electric needs in terms of additional activities performed to
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manage electric transport, and the actors and systems which are connected to those
activities. The items presented in the matrix will be discussed further to understand
the current planning process and where challenges arise.

Electric Strategic Daily Execute & Follow-up &
Transport Electric Planning & Monitor Plan Supporting
Initiation Transport Dispatch Operations
Planning
# Customer willing » Initial route * Manage any e Charging e Charge mgmt
to pay for electric simulation deviation in fixed e Charging access * CO2 reporting
Actions transport » Calibration of plan if needed checks e Charging/Shift
routes synchronization

s Eco-driving

® Customer e Customer e Carrier/Shipper o CPOs e CMS/FMS
e Carrier/Shipper o OEMs e Customers providers
Actors e CPOs + CEMs o OEMs
» Carrier/Shipper e Carrier/Shipper e Customers

e Carrier/Shipper

« Simulation # CPO Apps/Cards e FMS (OEM or
systems or # Charge finders other)
Resources models (e.g., * Google maps * CMS
(systems) OEM portals)
» Charge finder
portals

Figure 5.1: Aggregated Deviations from Diesel Planning due to Electric Needs

FElectric Transport Initiation

Given the restricted range of electric HDTs, a primary challenge identified among
various road freight actors is the inherent operational inflexibility. The ability to
adapt to changing demands, spontaneous routing, or unforeseen deviations is re-
stricted by uncertainty about the availability and timing of charging. Consequently,
carriers characterized by varied transport assignments have prioritized the electri-
fication of static, predictable routes. To date, carriers that manage dynamic long-
distance operations, such as Center, Charter, and Cluster, have refrained from elec-
trifying these specific flows due to the concerns mentioned.

The majority of shippers’ routes are naturally fixed such as Sheet, Salt, and Skil-
let. Those companies have business models which rely on fixed delivery schedules
to established clients. Fixed delivery schedules are also true for the carrier Circuit
who primarily serves one customer. The fact that these actors are characterized by
stable clients and simpler routes for electrification is an explanatory factor of why
they have been able to electrify to a greater degree than other carriers. However,
even within these structured schedules, infrastructure limitations persist. Actors
like Store and Skillet explicitly state that they confine their electric HDTs to "safe'
corridors, where both required range and charging availability are highly predictable
and guaranteed. Ultimately, there is a general shift from flexible route allocation
to predefined "safe" transport missions among all actors, which aligns with Stal’s
(2026) findings

The rationale for electrifying specific routes is also determined by the relationship
with the customer. For carriers, electrification is almost exclusively tied to specific
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clients who are willing to pay a price premium. Depending on the customer’s trans-
port needs, different types of routes have been electrified. Cluster has, for example,
only electrified static long-haul routes because that is where they have found pay-
ing customers. Center, on the other hand, have found customers willing to pay
within different segments and have thus electrified a diverse array of routes, from
distribution and "pendulum flows" to static long-haul. For shippers, the decision
of which route to electrify depends mainly on operational and economic feasibility
rather than a specific customer willing to pay for a specific transport assignment.
An exception is Skillet who mentioned that they had a few customer specific agree-
ments for electric transport.

Applying the ARA perspective to the initiation of electric transportation shows a
significant strengthening of actor bonds between carriers and strategic customers.
In diesel-based processes, relationships are often transactional, as described by Stal
(2026), allowing carriers to move vehicles between contracted assignments and spot-
market opportunities. However, the high initial investment and total cost of owner-
ship (TCO) for electric HDTs necessitates closer coordination and shared financial
risk. These requirements for deeper cooperation and shared commitment are further
confirmed by the findings of Stél (2026).

Strategic Electric Transport Planning

A primary difference for deploying electric HDTs compared to diesel is the require-
ment of an initial feasibility check. Both shippers and carriers have introduced some
type of activities to check required range, possible charging stops and other aspects
to ensure operational feasibility of a new route assignment, either manually or using
specific software. Salt, Colossus and Cooler mention that they are utilizing OEM
portals to simulate routes based on parameters such as vehicle specifications, pay-
load weight, and access to charging infrastructure. Less complex assignments may
only require a manual range check in advance. Stream mention that they rather
take a 'learning by doing" approach, which means first testing and then refining
fixed plans to increase utilization of truck load and battery capacity while managing
range constraints.

In accordance with Stal (2026) ARA analysis, the empirical data indicate tighter
bonds with OEMs. In the traditional diesel regime, the relationship between a ship-
per and an OEM is largely transactional, mainly focused on hardware procurement
and maintenance. However, the reliance on OEM Portals where you can access ve-
hicle data, charging spots and simulation tools for range calculation among other
things marks a shift toward a new resource-based interdependency where the road
freight actors’ planning activity is now digitally coupled with the OEM’s software.
In addition, actors such as Stream are using several OEM portals depending on
the brand of the vehicle in question. Other actors such as Colossus have instead
purchased HDTs from a single brand for simplicity. The new fragmented resource
dependence on OEMSs seems to have increased the strategic importance of fleet com-
position in terms of brand.
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Depending on what type of route is electrified, the need of charging during the
transport assignment varies. Shorter distribution routes imply less planning as the
vehicles can charge at home which is preferred as it is cheaper than public charg-
ing. Most interviewed actors explicitly state that they aim to mainly charge at
home with Skillet even avoiding routes where public charging is needed. Longer
distribution, regional and long-haul routes may require public charging or charging
at customer site. Public charging introduce the Charging Point Operator (CPO)
as a vital new external Actor in the transport network. However, these actors are
fragmented resulting in several CPO apps, cards and negotiations as some actors
such as Cooler aims to charge where the company has existing charging agreements.
If public charging is needed as part of the strategic plan, the actors typically use
OEM platforms or separate charge finder portals. Different systems cover different
charging spots and there is a lack of a unified platform covering all charging oppor-
tunities for HDTs in Sweden.

Daily Transport Planning and Dispatch

By focusing on fixed routes which are pre-planned, most road freight actors can use
the same logic in daily planning and dispatch as for diesel operations. Hence, they
are using the same resources in terms of TMS systems and driver apps to plan and
trace the transport. This showcases how road freight actors are primarily employ-
ing a "one-to-one" vehicle replacement where maintaining diesel operation logic is
possible rather than holistically "re-optimizing" the whole logistics plan suggested
by previous research explained in subsection 1.1.3. Center argue that such logic
will not be possible in the case of electrifying more dynamic long-haul routes where
additional system support in the daily transport planning will be needed.

Center points out that when the HDTs for some reason have to deviate from the
fixed plan, more ad-hoc re-planning is needed for an electric vehicle than a diesel
vehicle where range and charging possibilities might need to be considered. Such
deviations could be weather and traffic conditions or picking up back-haul volumes
to avoid empty transport which Center, Salt, Solvent and several other actors are ac-
tively working with. For Center the re-planning is today manually handled through
conversations between the transport planner and the driver. Another important fac-
tor is to include range buffers in the fixed plan so that deviations can be managed
without re-planning. Apart from Center’s input on manual re-planning, no other
actor has raised managing deviations as a burdening activity. This is probably be-
cause they currently operate small-scale fleets where manual occasional re-planning
is no issue or where their fixed routes have enough range margins with no need of
public charging. However, if more flexibility is desired, public charging required and
deviations increase with a larger fleet, additional system support might be needed
as Center implies.

Execute € Monitor
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Charging is a new activity for the driver in the execution. Salt and Skillet highlight
the burden for the drivers of managing several different CPO apps and cards for
different CPO actors and emphasizes today’s need of checking if a public charg-
ing station can physically accommodate a heavy-duty vehicle in terms of space and
maneuverability through google maps satellite function. In some cases the drivers
also plan where to charge, but the view on charging autonomy differ among ac-
tors. Charter believes charging should be centrally planned to make it easier for
drivers. Skillet and Cluster rather view it as no different than diesel fueling and are
hence giving the drivers more autonomy in deciding where to charge. On the one
hand, charging might become more similar to diesel refueling as more infrastructure
is built including faster chargers. On the other hand, Colossus work in coaching
drivers to charge only as much as they need and various agreements with different
CPOs indicate that there are more parameters in the charging process that can be
optimized than in the diesel refueling suggesting that central planning tools could
be useful.

Follow-up € Supporting Operations

Managing the trucks after an assignment to be ready for the next day or the next
shift also implies new activities, resources, and actors. Salt, Store, and Stream all
operate their electric fleets in two-shift rotations. This adds further complexity and
requires planners to perform synchronization of the truck’s downtime with its charg-
ing needs while managing stricter time constraints. Stream and Sheet furthermore
emphasize that a failure to initiate an overnight charge results in an operational
failure the following day. This is a much higher stakes deviation than forgetting to
refuel a diesel truck. While a diesel vehicle can be refueled in minutes, an electric
HDT typically requires approximately 60 minutes according to Solvent. In a tight
schedule, even the availability of fast-charging may not suffice to recover the sched-
ule, as a one-hour delay can lead to missed delivery windows and the subsequent
loss of assigned customer time slots. Consequently, what was previously a minor
hurdle in a diesel fleet becomes a critical point of failure that can jeopardize an
entire day of operations for electric HDTs. Currently, the monitoring of charging
relies on a fragmented set of Resources. Because real-time State of Charge (SOC)
is rarely integrated into the primary TMS, actors must use separate FMSs, CMSs
or manual physical audits to keep track of charging status.

Follow-up activities such as CO2 reporting has traditionally been done using stan-
dard values. According to some actor, such as Charter, it becomes more important
to report actual values when driving electric as that is the very reason why customers
pay a premium. They explain that customers expectations on CO2 reporting and
more correct value are increasing which is confirmed by other actors as well. How-
ever, to retrieve data from the vehicles the actors often need to pay the OEMs.
Furthermore, some actors have different OEM suppliers where the data do not have
a standard format causing further work in compiling and formatting the data. Char-
ter has implemented their own hardware and FMS to cut the dependency to OEMs.
Other actors have strategically only deployed electric HDTs from a single OEM as
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mentioned earlier to avoid fragmented platforms and data.

The mentioned data fragmentation creates inefficiencies and additional costs. As a
direct response to the limitations of fragmented systems, proactive actors have initi-
ated discussions and projects, some with OEMs other without them to create more
effective processes. Challenges such as system inefficiencies and actors’ responses to
this will be discussed further in subsection 5.2.2 and section 5.4.

5.2.2 Perceived Future Transport Planning Challenges

In this section, the focus shifts from current operational practices and challenges to
the perceived emerging frictions and long-term transport planning challenges iden-
tified by the interviewed actors. While the current stabilized approach of mainly
electrifying static routes has allowed for a relatively smooth initial deployment, the
analysis reveals that this stability is somewhat temporary and contingent on the
small scale of current electric operations. In a future where organizations aim to
scale their electric fleet and become more flexible in their electric HDT utilization,
predefined routes become obsolete and challenges connected to dynamic routing and
mixed fleet operability will become more prominent. This section presents and con-
nects those challenges to established planning complexities from previous research
(Table 1.1).

Vehicle and Truck Load Utilization

As identified earlier, initial capital expenditure remains a primary electrification bar-
rier, particularly for smaller carriers with limited access to funding. Additionally,
the broader economic landscape presents challenges in the form of fluctuating elec-
tricity fees and a lack of political incentives, which leads some actors like Cluster to
note that electric trucks can with higher electric rates currently be more expensive
to operate than diesel despite the potential for lower long-term costs. On the other
hand, Sheet highlight that operational costs for electric trucks have proved lower and
more stable than for diesel. Hence, to offset the high initial investments and achiev-
ing lower operational costs, maintaining high utilization of the trucks and their load
is important. In some cases, this can introduce new planning challenges for electric
trucks. Shippers such as Store, Salt, and Stream utilize two-shift rotations to keep
the expensive assets in near-constant motion. Such two-shift operations, however,
create narrow charging windows that require more planning for fast turnarounds
compared to diesel trucks. An example of this is Stream’s investments in their own
fast DC chargers planned to be used for trucks assigned on a second shift.

Furthermore, several actors such as Center, Salt and Solvent actively work to mini-
mize empty miles through return pickups. These back-haul trips become more com-
plex with electric trucks according to Center as deviations from the fixed plan and
charging stops may need re-planning where they are developing proprietary Al tools
to suggest routes that minimize empty miles. Stal (2026) is interestingly arguing in
his research that an important secondary effect to the "increased planning intensity"
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required by electric trucks is that it may contribute to a reduction in unplanned,
underutilized transport, where he refers to the benefits of tighter coordination and
predefined transport missions. This might be true for outbound volumes, but in the
case of back-haul volumes, the inflexibility of electric trucks might instead make it
more difficult, as described by Center. Moreover, as the transition continues, the
scope of electric truck transport may not remain within fixed missions, which makes
his statement only true for the current situation.

While Karlsson and Grauers (2023) points out that high vehicle utilization is a key
driver of cost-effectiveness of electric HD'Ts, Charter argue that high utilization is
something they will always strive for no matter type of HDT. Karlsson and Grauers
(2023) explains that by operating trucks in two-shift rotations and using manda-
tory driver breaks as the primary windows for high-power charging, companies can
achieve a high battery and vehicle utilization which effectively lowers the cost of the
vehicle over its service life. While charge management is an electric-specific action,
one could argue that operating in two-shift rotations would be done for any vehicle
if possible. In Salt’s case, two-shift rotation has primarily been enabled through
their electrification which allows them to operate in urban areas during night. This
exemplifies a situation in which such two-shift operations would not be achievable
with diesel vehicles.

Route and Charge Planning

Optimizing routes while integrating charging stops into a transport schedule requires
balancing battery range, charging station locations, and charging times with driver
rest requirements and operational costs. This has not been expressed as an issue for
actors driving local routes within range limits where charging is possible at "home".
For actors operating on routes where public charging is necessary charge planning is
required. A large part of the charge planning today is manual and involves reliance
on OEM simulation portals for feasibility checks and diverse charge finding platforms
which are not integrated with actors’ TMSs. Hence, transport planner’s are forced
to work across fragmented systems. Some find this doable whereas others such as
Center and Charter express a need for integration of comprehensive charging opti-
mization into their TMS and planning process so that charge plans can dynamically
be updated taking range, charging locations, time, driver rest times, environmen-
tal factors and other parameters into account. Even though their current planning
works, Center and Charter see optimized charge planning as a necessary step to
continue scaling their electric fleet and becoming more flexible in their utilization of
electric HDTs.

Behavioral friction also leads to operational and economical inefficiencies through
driver-mandated over-charging. Colossus exemplifies an issue where drivers, acting
out of caution or range anxiety, stay at DC fast-chargers until reaching 40% SOC
instead of the optimized 20% required to reach the depot. This driver-mandated
buffer leads to a double cost of unnecessary driver overtime pay and the high price
of fast-charging electricity compared to cheaper overnight AC charging. Colossus do
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driver coaching "manually" to overcome this challenge, while Chartermention how
comprehensive charging optimization would take such aspects into account so that
drivers can be relieved of the need to plan where and how much to charge.

A future challenge mentioned is the risk of charging queues where several actors
mention the need of charging reservations. Store emphasizes that as electric fleets
grow, unpredictable queues at public chargers become a primary operational risk
that can throw fixed delivery schedules into total failure. Charter also mention
this as a future issue where there is a lack of comprehensive systems today where
charging can be found and booked. Recent research by Eriksson and Pernestal
(2025) quantifies this challenge, noting a trade-off between CPO profitability which
requires high charger utilization and haulier reliability, which requires low queuing
times. However, their simulations reveal a potential middle ground. By scheduling
arrivals to even out the arrival of trucks, peak power demand on the grid can be
reduced by up to two-thirds without significantly increasing waiting times. Solving
this requires high digital coupling between the carrier’s internal planning and the
CPO’s booking systems. This is a level of platform openness that does not yet exist
as a standard.

Ezxternal Conditions

Environmental variables such as weather and topography, and individual behavioral
patterns introduce a level of uncertainty into electric transport planning that is more
impactful than in the traditional diesel-oriented regime. Actors such as Sheet and
Colossus highlight that winter conditions, particularly in northern regions, can re-
duce battery range by up to 50%. Similarly, Cooler notes that summer heat presents
its own challenges, where high air conditioning usage significantly impacts energy
consumption. This sensitivity elevates seasonality and driver behavior from a sec-
ondary operational detail to a critical parameter in managing range constraints.
Proactive eco-driving can serve as a vital resource for extending range, yet it in-
troduces a new dependency where the success of a plan is not only contingent on
supporting software, but also on the individual driver’s behavior. Consequently,
planners often compensate for this variability by introducing larger energy buffers
to ensure year-round feasibility, which increases operational costs and underscores
the need for more dynamic planning tools.

Fleet Operability

As organizations mature in their electrification, they tend to transition from being
simple transport providers to active energy managers. This shift forces actors to
treat electricity not just as fuel, but as a resource that must be balanced against
grid limits, variable spot prices, and the physical availability of charging points.
This evolution result in moving from one-to-one vehicle replacement toward the
holistic fleet re-optimization suggested by Zackrisson et al. (2026). In practice, this
means shifting the focus from simply replacing diesel trucks with electric ones to
redesigning entire processes around charging windows and grid capacity. Shippers
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like Stream and Store emphasize that manual charge prioritization is not scalable.
They claim that a 100% electric fleet requires an automated link between the trans-
port plan and a CMS to decide which vehicle gets power first based on parameters
such as scheduled departures and energy prices.

Furthermore, pioneers like Clircuit identify a future requirement for automated grid
management and peak-shaving functionality to navigate volatile electricity tariffs
and optimize self-produced solar power. The stakes of this energy management are
far higher than in the diesel regime, as a failure to initiate an overnight charge leads
to operational failure the following day. This creates a critical data dependency
where planners currently must manually bridge the gap between fragmented OEM
monitoring portals and their primary TMS to prevent morning operational collapses.

Integrating electric assets introduces vehicle-specific complexities that the legacy
diesel regime could ignore. Charter identifies an emerging need for optimization
on a fleet level. Unlike a fleet composed of only diesel assets, which are largely
interchangeable, a mixed fleet with electric assets require precise resource match-
ing, where planners must tailor specific trucks to specific routes based on battery
capacity, charging speed, and payload constraints. Furthermore, electric truck char-
acteristics change with age, as battery degradation gradually reduces range and
alters charging behavior.

Vehicle Data Fragmentation and Accessibility

This complexity of managing route and charge planning, external conditions and
fleet operability is further heightened by vehicle data fragmentation. Carriers and
TMS providers like Terminal and Token express frustration that vehicle manufac-
turers often treat vehicle data as proprietary or charge high fees for access, creating
data silos that prevent real-time battery status from being integrated into a uni-
fied TMS environment. This lack of standardization is particularly problematic
for multi-brand fleets, where planners must juggle different OEM portals for range
simulation and monitoring. Furthermore, the regulatory pressure of the Corporate
Sustainability Reporting Directive (CSRD) presented in subsection 5.2.1 is shifting
follow-up from simple bulk fuel tracking to granular reporting based on kilowatt-
hours. As Ticket points out, consolidating this actual vehicle data across mixed
fleets and subcontractors is a hurdle that current systems are ill-equipped to handle
automatically.

5.2.3 Synthesis of Current and Future Planning Challenges

The perceived current and future planning challenges identified in subsection 5.2.1
and subsection 5.2.2 show how the complexities of electrification mentioned in previ-
ous research translate into concrete hurdles for the interviewed actors. Overall, the
findings indicate that today’s relatively smooth electrification is partly enabled by
selective deployment on “safe” routes where planning is not too complicated. Future
challenges emerge when actors seek to electrify less predictable transport flows, scale
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fleet size, and integrate electric operations into mainstream planning rather than
isolated pilot structures. These empirical findings can be mapped against the core
electric planning complexities originally identified in subsection 1.1.2. Specifically,
these challenges align with the framework adapted from (Linképings Universitet,
2026), (Ragon & Rodriguez, 2022), and (Perger & Auer, 2020) as presented in Ta-
ble 1.1. An expanded mapping built on this is presented in Table 5.1, where a fourth
category, 'Fleet Operability’, has been added in addition to the three originally pre-
sented in Table 1.1. This fourth category was added to encompass the organizational
hurdles regarding the operability of electric HDTs. Unlike the legacy diesel regime,
where vehicle readiness is largely assumed, electric operations require a far tighter
coupling between charging management and transport planning to ensure trucks are
sufficiently charged and ready for their specific assignments.

Table 5.1: Electric Heavy Duty Freight Planning Complexities and Challenges

Complexity Planning Challenges

Vehicle and M _ Lift rotati e oo £
Truck Load o Managing two-shift rotations under tighter time con-

straints

« Difficulty securing and planning return loads while bal-
ancing limited range and charging stops

o Vehicle data fragmentation and accessibility

Utilization

Route and
Charge Plan-
ning

» Managing fragmented systems for charge planning not
integrated with TMS

o Lack of data on whether charging stations can physi-
cally accommodate HDTs

o Driver "safe-side" over-charging leads to lost operational
time and missed cheap overnight charging

o Charging queues that disrupt fixed delivery schedules

o Vehicle data fragmentation and accessibility

External Con-

‘s » Seasonal range reduction due to cold or air condition
ditions

usage
e Individual driver behavior
« Vehicle data fragmentation and accessibility

Continued on next page
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Table 5.1, continued

Complexity Planning Challenges

Fleet Oper-

o1s o Matching mixed fleet specific truck characteristics to
ability

specific route assignments

« High stakes of charging failure, forgetting to initiate an
overnight charge leads to total operational failure

« Vehicle data fragmentation and accessibility

5.3 How Challenges Translate Into Software Needs

The planning challenges identified in section 5.2 translate into new software needs
among actors. With that being said, those identified challenges do not automatically
create demand for the same software across all actors. Instead, software needs vary
with electrification maturity, transport complexity, existing system architecture, and
general perception of the ability of digital tools to address these challenges. The
following analysis bridges these identified challenges with specific software solutions,
categorized into subsection 5.3.1 Dynamic Route and Charge Planning Software and
subsection 5.3.2 Fleet and Charge Management Software. This mapping, synthe-
sized in Table 5.2, clarifies how the identified complexities and connected challenges
translate into specific software needs. This analysis addresses the perceived software
support needs central to RQ2b.

Table 5.2: Software Needs Derived from Mentioned Challenges

Complexity Planning Challenge Software

Vehicle and

Truck Load o Managing two-shift rotations e Dynamic Route
R e Return loads and Charge Plan-
Utilization ) )
» Vehicle data ning Software

Continued on next page
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Table 5.2, continued

Complexity Planning Challenge Software

Route and

Charge Plan- o Fragmented charge planning e Dynamic Route
ning systems and Charge Plan-
» Lack of CPO data ning Software

» Drivers over-charging
o Charging queues
« Vehicle data

External Con-

ditions » Seasonal range reduction o Charge and Fleet
o Individual driver behavior Management Soft-
o Vehicle data ware
e Dynamic Route
and Charge Plan-
ning Software
Fl(?e.t Oper- o Mixed fleet truck characteris- o Charge and Fleet
ability )
tics Management Soft-
« High stakes of charging fail- ware
ure

e Vehicle data

5.3.1 Route and Charge Planning Software

The challenges identified above translate to operational inflexibility and infrastruc-
ture unpredictability. While most actors manage this friction by confining electric
HDTs to static "safe" corridors where range and charging are predictable, actors such
as Center argue that such logic will not be possible in the case of electrifying more
dynamic long-haul routes where additional system support in the daily transport
planning will be needed. Conversely, actors such as Cluster question the necessity
of specialized software for route and charge optimization, asserting that charging
should remain a driver-led task. They argue that as infrastructure matures and
charging speeds increase, the process will mirror the simplicity of traditional diesel
refueling.

Charging Infrastructure Visibility and Reservation

A common software need derived from the empirical findings is the consolidation
of fragmented charger data into a unified digital interface. Currently, road freight
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actors typically use OEM platforms or separate public charge finder portals to plan
charging. Different systems cover different charging spots and there is a lack of a
unified platform covering all charging opportunities for HDTs. Charter emphasize
the need of such a system where charge reservation should be possible. Store identi-
fies unpredictable queues at public chargers as a primary challenge that can throw
fixed delivery schedules into total failure. To mitigate this risk, they also express a
demand for software that enables digital charge reservations. As Cooler highlights,
such a system should guarantee specific power output at the booked time to prevent
disruptions to driving and rest-time regulations. For a unified charge visibility and
booking software to be effective, it also needs to include physical access parameters.
Both Skillet and Salt emphasize that knowing a charger is functional is insufficient
if the software lacks data on whether a station can physically accommodate the
dimensions and maneuverability of a large trailer setup.

TMS Integration

Rather than working in parallel systems, both Colossus and Cooler express a desire
to have vehicle and charging data integrated directly into their TMS to streamline
the workflow. Clooler wants to avoid working in parallel systems to for example
enable integrated customer bookings to act as the trigger for automated charge
booking. Salt echoes this, arguing that getting charging stops into the TMS would
be preferable. Curb identifies a slightly different type of TMS integration where a
tool should be able to extract orders from the TMS, optimize them based on electri-
fication suitability, and feed the finalized plan back into the system automatically.
This preference for a not fully integrated tool working in parallel with the TMS may
stem from the fact that Curb currently only operates two electric HDTs, represent-
ing a low degree of electrification compared to actors with larger fleets who perceive
full system integration as a functional necessity.

Dynamic Charge and Route Optimization

Center, Charter, Store and Solvent take charge planning one step further by arguing
that to scale electrification beyond fixed predictable routes, planning software must
be able to dynamically plan routes based on new parameters and optimize charging.
Charge Optimization is the process of determining the ideal timing, location, and
duration of charging sessions during a route assignment to maximize operational
efficiency while minimizing costs. For such functionality, the integration of vehicle
and charging data into the TMS becomes essential rather than a "nice to have".

Charter argues that charge optimization is necessary to relieve drivers from the
stress of planning where and how much to charge. Interestingly, C'olossus do driver
coaching "manually" to overcome the challenge of overcharging at DC fast-chargers,
but do not mention the need of such tools. Store on the other hand believes charge
optimization would take such aspects into account where they argue that the man-
ual work of planning where and how much to charge on road and at home will be
unsustainable for a larger fleet. Solvent also see the size of the fleet as an important
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factor where they see a need for more advanced planning software including charge
optimization as they aim to scale their electric fleet.

In Center’s case, their future system is intended to create a continuous digital dia-
logue between the vehicle and the planning. This allows for automated handling of
deviations, such as charging delays or route changes, which currently represent the
most significant operational bottleneck to become more flexible in their electric HDT
utilization. Dynamic optimized planning that takes charging into account can both
facilitate the electrification of dynamic long-haul routes and increased utilization ef-
forts of back-haul volumes. Center is building a proprietary, Al-driven tool designed
to automate the puzzling of these volumes and provide proactive route suggestions
to minimize empty miles where dynamic planning is a necessary complement.

Charter also anticipates that the future will require software to strategically match
vehicles to routes based on specific technical characteristics, such as battery capacity
and charging speed. As an example, Charter foresees that older HDTs with smaller
batteries and slower charging may be relegated to simpler, local assignments, while
newer models with megawatt charging capabilities are reserved for more demand-
ing long-haul missions. Store emphasize the planning systems’ role in coordinating
dynamic charge planning on routes with charge planning at home based on current
SoC and planned departures. This implies a tighter connection between the fleet
management, charge management and the daily transport planning. Even though
Charter argues charge optimization and route planning based on fleet characteris-
tics is necessary, they also emphasize that it is a small requirement in the context of
their whole business. Their most critical priority remains increasing the utilization
and filling rate of the trucks irrespective of being an electric or a diesel HDT.

Ultimately, although previous research by Zackrisson et al. (2026) points towards a
need for new planning tools and algorithms as enablers to large-scale electrification,
only a few of the interviewed road freight actors have expressed an urgent need for
such tools. A few "nice to have" and "maybe in the future' needs have emerged, but
Center, Charter, Store and Solvent stand out as proactive actors who are already try-
ing to incorporate dynamic route and charge planning tools. The lack of perceived
needs could be explained by some actors not operating routes where dynamic plan-
ning is required and/or where charging is mainly done at home, for example Skillet’s,
Sheet’s and Stream’s naturally highly static and predictable routes. It could also be
unawareness of how software could improve actors’ current flows enabling further
cost savings or unawareness of what software needs will emerge as they continue
scaling their fleet. Current operations are financially viable as customers pay more
and the planning is feasible, but the question whether it is as efficient as it could be
remains.

Other reasons could be the absence of plans to scale the fleet and scope of operations,
or a belief that these tools would not bring any value in practice. Cluster and
Colossus also operate more dynamic long-haul routes similar to Center and Charter,
but argue that these will be difficult to electrify, not because of missing software, but

61



5. Analysis & Discussion

because of a lack of infrastructure, faster mega-watt chargers, economic incentives
and current battery ranges. Center and Charter certainly agree that those factors
are important. However, they also view additional software as an additional piece
that is needed to unlock the possibility to operate more dynamic long-haul routes.
The differences in mindset could be due to different ambitions to electrify in the
future where Center expresses a mindset to "not go for what is easy”. Lastly, the
lack of perceived needs could also be due to the skepticism some actors have shown
regarding the ability of digital tools to outperform real-world variables processed
better by experienced transport planners and drivers. Even though Charter argues
charge optimization is needed, they remain skeptical to route optimization and other
start-up ideas such as automated return-load planning. They argue that while such
solutions may seem good in theory, they rarely work in practice today.

5.3.2 Charge and Fleet Management Software

As actors’ electrification mature, their roles shift from a pure logistics provider to
an active energy manager. This means the firm no longer just manages the move-
ment of goods, but also the timing and intensity of electricity draw. They must now
balance delivery deadlines against grid constraints, peak-shaving needs, and fluctu-
ating energy spot prices. This evolution of activities necessitates a new category of
software support focused on depot-based energy orchestration, often referred to as
a CMS.

Stream, currently operating 23 electric HD'Ts, manages its charging processes man-
ually and does not yet perceive an immediate need for advanced utility manage-
ment. By concentrating these vehicles on two-shift regional rotations and controlled
long-distance trials, the company currently maintains high utilization through fixed
depot-based charging. However, they anticipate that reaching a 100% electric fleet
will require smarter prioritization to handle energy requirements. In contrast, Store,
which operates 35 electric HDTs, has already reached a threshold where manual over-
sight has become a bottleneck. Their experience suggests that once a fleet exceeds
approximately 30 vehicles, a CMS shifts from a nice-to-have to a necessity. This
observation is supported by Store’s peer, a large-scale electric operator, who noted
that while small pilots are manageable, a fleet of approximately 30 HD'Ts marks the
point where automated charging management becomes a necessity. The empirical
data reveal a pattern regarding when these challenges translate into a software re-
quirement, suggesting a tipping point based on the combination of fleet scale and
operational intensity. This indicates that as the electric HDT fleet scale within
organizations, manual processes become unsustainable. Consequently, a software
need for larger fleets is a link between the TMS and the charging infrastructure to
prioritize power delivery based on scheduled departures.

Charge Prioritization and Monitoring

The high stakes of charging failure introduce a need for real-time monitoring and
alert systems. Sheet and Circuit both highlight that a failure to initiate an overnight
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charge leads to a high-impact operational failure the following day. Such failure could
include breaches to contractual customer agreements and stranding of trucks for the
duration of a charging cycle. The identified software need here is a centralized dig-
ital overview that provides automated alerts if a vehicle fails to charge. For actors
like Circuit, who are mature in their electrification and operates its own charging in-
frastructure, this need extends to "shift charging" orchestration. The software must
ensure that vehicles are rotated through limited charging points with precision, i.e.
minimizing plug-in time through tight sequential scheduling while ensuring sufficient
charge. This precision rotation is a task that currently relies on manual monitoring
but requires digital integration to ensure 100% readiness.

Energy Optimization

As transport actors integrate more deeply with the energy grid, software needs
evolve to include economic energy management. Actors like Circuit, Solvent, and
Sheet identify a future requirement for automated grid management to steer charg-
ing away from expensive power peaks toward cheaper windows. For pioneers like
Circuit, who produce their own solar power and use battery storage , there is a
need for CMSs that can optimize the consumption of self-produced energy to max-
imize the economic value of these assets. However, Circuit’s approach highlights
the organizational hurdle of requirements to use a specific, approved TMS due to
their deep client partnership. While they see a need for a sophisticated CMS, they
did not perceive any value in integrating it to their current TMS that they find
outdated. Clircuit therefore seek this as a separate solution through projects with
external partners focused on monitoring of real-time battery status and charging
failures. This contrasts Store’s approach who are instead actively participating in
CMS projects that aim to integrate directly into their TMS.

5.3.3 TMS Providers’ Perspective

The interviewed TMS providers indicate that while electrification introduces com-
plex planning requirements, current demand from carriers for specialized electric
features remains relatively low. The consensus among several TMS providers is that
electric operations probably will necessitate advanced planning tools that account
for battery capacity, charging, weather, and such. One plausible reason for these
needs not being expressed despite the common understanding of additional com-
plexity is the relatively low electrification rate and that this low rate is furthermore
within easier application areas such as static distribution routes. This reason was
mentioned by Tile, but also confirmed in the interviews with carriers and shippers.
Currently, the only adjustments have been distance-limit settings in route planning
tools to account for range and increased requirements for environmental report-
ing to track CO2 impact. Consequently, most providers focus on other parts of
their product and more urgent customer requests instead of proactively developing
future-ready electric capabilities.
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5.4 How Software Needs can be Satisfied

The following section analyzes and discusses how certain software needs can be sat-
isfied within road freight actors’ current TMS from a platform ecosystem perspective
including challenges in accomplishing that. Gawer and Cusumano (2014) define a
platform as a technological foundation with a modular architecture that enables
complementary innovations where the ecosystem constitutes of the interdependent
firms involved. In this analysis, the TMSs are identified as the core platform for
road freight actors and new niche innovations that Geels (2002) explains challenge
the existing regime are identified as potential complements. From the platform
strategy lens of Cenamor and Frishammar (2021) TMS actors and complementing
actors openness to collaborate is discussed to understand the potential for needs to
be satisfied within the same core platform. Furthermore, the discussion will cover
alternative paths like building in-house solutions instead and how technological ad-
vances are changing the playing field.

5.4.1 TMS as the Core Platform

According to Tiwana (2014), the architecture of a software platform ecosystem con-
sists of a stable core (the platform), a variable set of complementary applications and
interfaces through which the core platform and applications are exchanging infor-
mation (e.g., APIs). As established above, existing TMS solutions today can be cat-
egorized as core platforms, providing the foundational administrative infrastructure
where integration to external systems is possible to extend the core functionality.
As described in subsection 5.3.3, the established TMS providers do not express an
ambition to build electric specific software functionality themselves. Instead, they
point towards the possibility of integrating external systems using APIs when such
need emerge.

Drawing upon the platform strategy framework established by Cenamor and Fr-
ishammar (2021), innovation strategies within platform ecosystems are categorized
by the distinct roles platform sponsors and third parties play in the development
and commercialization of complementary products. In the context of TMSs, an out-
bound strategy is exemplified when the platform sponsor (the TMS actor) performs
the technical development of integrations on request, allowing external road freight
actors to utilize this internal expertise to meet specific operational requirements
without the sponsor necessarily marketing the integration as a core product feature.
While the sponsor does not develop the external feature being connected, the cre-
ation of the integration bridge is recognized as the development of a complementary
product that enables ecosystem participation. All TMS providers mentioned that
they have multiple integrations of this sort, customized to specific road freight ac-
tors’ needs. Conversely, an inbound strategy refers to a TMS actor commercializing
external innovations by incorporating them into the official product description to
enhance the platform’s value proposition. A clear example of such a strategy is
Table’s and Transit’s deeper integration of a third-party route optimization tool
which work as a plug and play feature for customers. The proprietary strategy in
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this context implies both developing and commercializing electric features which, as
previously said, no one is expressing an ambition to do apart from making smaller
changes to range configurations and similar. Lastly, Token’s strategy of letting cus-
tomers and third-party actors manage both the development of new features and
the integration to their platform could be identified as third-party strategy.

The adoption of strategies involving the platform sponsor (proprietary, inbound,
and outbound) can according to Cenamor and Frishammar (2021) generally have
higher performance than the third-party strategy where the actors in question out-
source both development and commercialization. Therefore, it can be strategically
motivated to through an inbound or outbound strategy allow for a broader customer
offer without requiring a complete redesign of the core TMS. It can also minimize
internal development risks and keep options open, which is necessary to navigate
the high technological uncertainty currently surrounding heavy-duty electrification.
However, the empirical data reveal that this openness is strictly conditional. Table,
Ticket, and Tile explicitly state that standard integrations for electric specific fea-
tures would be pursued under "broad customer demand'. If only a few customers
would be interested, Table would probably create a project around it which the cus-
tomer in the end would have to pay for. This can be viewed as a rather reactive
approach, probably explained by the fact that electrification has slipped down the
agenda in favor of other more immediate concerns noted by Terminal.

Moreover, the actual integration openness of the TMS platforms further dissolves
due to high transaction and coordination costs of individual integrations which is
transitioned to the customer. Token explains that even though established TMS
providers are open to integrations in theory, it comes with high costs where the cus-
tomers have to pay for both the development of the integration and then the license
to use it. Token argues that such friction should not be part of modern digital solu-
tions and are hence building a TMS that apart from including standard integrations
also include the possibility to cost effectively build individual integrations yourself.
Even though Cenamor and Frishammar (2021) study showed that the third-party
strategy generally had lower performance, they also acknowledge that different plat-
form strategies should be used depending on the situation. In Token’s case one could
argue that it is motivated to let third-party actors manage both the development
and commercialization of integrations as it is a critical value-adding feature for the
customer while core functionality is still kept within the TMS provider’s scope.

The mentioned integration costs and TMS providers’ general reactivity create a
"chicken-and-egg" dilemma where road freight actors need integrated system sup-
port to electrify more complex routes, but where TMS providers might not offer
such tools in an affordable way until there is a broader demand on the market.
Naturally, this demand will not emerge over a night indicating a need for more in-
tegrable TMS platforms. Increased integrability could either be reached through
more commercially proactive TMS providers, proposing new standardized plug and
play integrations in accordance with the inbound strategy or pursuing a third-party
strategy like Token, letting customers and third-party actors manage both the devel-
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opment of new features and the integration to their platform. Being more proactive
as a TMS provider might however be difficult if they cannot economically or strategi-
cally motivate cheaper individual integrations or deeper standard integrations where
a customer demand has not yet emerged. The discussed dilemma calls for alterna-
tive solutions for early electric HDT adopters where Center and Charter are two
examples of actors building in-house solutions instead to meet their current and
future needs which is discussed further in subsection 5.4.3.

5.4.2 Complementing Niche Innovations and Vehicle Data

As established above, TMS providers are to some extent open to integrations with
third-party solutions. One remaining question is if these external actors exist, in
this discussion categorized as niche innovations in accordance with Geels (2002)
transition theory. A second question is if these niche innovations can satisfy road
freight actors’ different software needs where Stal (2026) argue that optimization of
different sorts risks resulting in plans that are technically feasible but in practice
unrealistic as there are new technical, relational, and organizational constraints on
electric truck utilization.

The interviews revealed how there are several innovative actors out there who are
prepared to satisfy additional needs connected to the electrification. The name of
these specific actors are anonymized in Chapter 4, but described here where con-
nection to different road freight actors can be kept out. Firstly, for electric route
planning and optimization, apart from the simulation capability the OEM plat-
forms have, road freight actors and TMS providers have mentioned start-ups such
as BEV_R, Lots pathfinder and more established route planning actors such as
PTV who take electric parameters into account in their route optimization. Sec-
ondly, for finding public charging, road freight actors have used a diverse array of
platforms such as different OEM platforms, ChargeFinder, Lastbilsladdkartan, de-
veloped within Project TREE (Danebergs, 2025), and Google Maps. While Charter
argue that there is currently no comprehensive, functioning platform for finding
booking public charging, BEV_ R is actively working to bridge this gap. Their on-
going work focuses on a platform that allows for the sharing and booking of depot,
public, and semi-public infrastructure (BEV__R, n.d.). Thirdly, for charge manage-
ment systems, road freight actors have mentioned Erinion and ChargeFEye where it
is possible to monitor chargers remotely and balance power distribution to ensure
vehicles are charged efficiently without overloading the electrical grid. Few actors
have however reached the state where charge management is found necessary.

Another important complementing actor are OEMs or third-party FMSs where im-
portant vehicle data can be retrieved, but where most actors today work separately
with their TMS and FMS. Most actors use OEM platforms as their FMS, but a
few have adopted or are discussing external third-party solutions. Road freight ac-
tors such as Cooler and Colossus have had dialogs about integrating their vehicle
data into their TMS from the OEMs. However, both road freight actors and TMS
providers have commented the issue of getting OEMs to share data as they want to

66



5. Analysis & Discussion

monetize on their platform and data retrievals. Operating a multi-brand fleet adds
complexity by requiring communications with multiple actors and the reconciliation
of diverse data formats. As a consequence, Charter bought and implemented their
own telematics and a unified fleet management system which they now can easily
integrate with their TMS to satisfy their needs.

Some road freight actors are already in active discussions with these companies,
but it remains to be seen how the success of solutions and current fragmentation
of the ecosystem will play out. One important issue for the route planning and
optimization tools is the quality of input order data. The TMS provider Table find
their bargaining power towards customers weak where it is difficult to force them to
follow a standardized order format. This highlights the need for freight buyers to
also adapt their processes so that new innovations can reach their full potential and
facilitate the electrification. Another issue is making optimized plans realistic in
practice which Stal (2026) emphasizes. Road freight actors such as Curb have tried
new solutions for electric transport planning provided by emerging start-ups, but
found it unsuitable in practice for their distribution-focused business. Charter gave
the same platform and route optimization tools in general critique for not working in
practice as they are too rudimentary to handle the hundreds of real-world variables
processed better manually by transport planners, arguing that many of these tools
do not bring any value at the moment.

The interview findings also demonstrate the central dilemma Cenamor and Frisham-
mar (2021) discuss where actors complementing each others platforms collaborate
in some contexts, but also compete in others. For software solutions such as electric
route planning and optimization, vehicle data is an important aspect. The propri-
etary nature of data however make it a strategic asset for OEMs which they rather
keep to themselves to monetize on data retrievals and their own platforms. Con-
sequently, satisfying software needs for electrification requires not only a platform
open to integrations, but also actors willing to share data and complement the core
platform, preferably in a standardized format. Tile argue more standardized data
should be legislated where Charter are actively pushing this question on a political
level. This underscores the systemic scale of the challenge, as stakeholders across the
entire transport hierarchy acknowledge that these data silos represent a bottleneck.
It also suggests that Geels’ (2002) concept of landscape pressures should not only
be placed on the direct procurement of electric HDTs, but also on the surrounding
ecosystem. This includes addressing operational concerns such as data availability
to accelerate the transition.

5.4.3 In-House Solutions

Carriers and shippers have increasingly adopted build instead of buying strategies
to address the perceived capability gap within the current transport management
market. By internalizing the development of the core platform and partner up with
actors for niche applications such as electric route planning and optimization, firms
such as Charter, Center, and Solvent ensure that their system aligns precisely with
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their specific operational requirements. Furthermore, the lack of integration be-
tween transport planning and energy management has led some shippers to initiate
their own partnerships where Store is currently engaged in a project to develop a
CMS that can push real-time battery data directly into their shipper TMS. These
efforts suggests that standard market solutions today fail to integrate the complex
parameters necessary for these early adopters to continue scaling their electric fleet.

5.4.4 Future AI Capabilities and Technology

Even though Charter expressed skepticism towards existing optimization tools, they
acknowledges that the ideas are valid and remain open to integrate them in the
future as performance increase. Charter argues that Al is the "joker" in this where
technological progress might improve these tools significantly in the future. Apart
from Charter’s input, the empirical data cannot yet confirm any success cases when
it comes to these new software for planning electric transport as they are still in
their infancy. One hypothesis is that some of the more advanced software needs will
be difficult to satisfy today, but future Al capabilities will be able to address it.

Future technology might also lead to more actors satisfying software needs in-house.
Center mentioned how transport planners have been able to leverage Al tools to
automate processes. This possibility for non-coders to build solutions through "vibe
coding" have been unlocked by Al and will most likely become even more accessible
in the future as the technology advances.

It is not only AI technology that is getting better and unlock new opportunities.
Several actors such as Cluster have mentioned the development of better hardware
in terms of larger batteries and faster chargers so that range is increased and time
for charging decreased. Cluster argues that as these batteries and chargers become
more accessible, there will be a different discussion. Hardware advancements could
for example transform the distribution segment by enabling even the longest routes
to be managed solely with depot-based or ’home’ charging. The software needs
identified in this report will likely remain relevant, but technological change might
alter the specific parameters that these software solutions must address.
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Conclusion and Future Research

This chapter returns to the aim and purpose of the study to conclude what the
demand for additional system support in transport planning of electric HDTs looks
like and how such demand can be met. Furthermore, suggested future research is
presented.

6.1 Conclusion

The overall aim of this study is to explore the demand for additional system support
in the transport planning process of electric vehicles within the Swedish heavy-duty
road freight industry and to investigate how such demand can be met. The research
concludes that while actors’ current planning processes remains sufficient for small-
scale operations on static routes, two distinct categories of system support become
critical as fleets scale and operational complexity increases. Firstly, route and charge
planning software is required to become more flexible and cost- and time-effective
in operations. Such planning software includes a unified interface for finding and
reserving chargers, and dynamic charge optimization to plan optimal charging stops
for a route based on parameters such as cost, battery range, and driver rest require-
ments. Secondly, charge management systems (CMS) serves as a specialized energy
orchestration tool for depot-based prioritization, ensuring vehicles are charged effi-
ciently based on scheduled departures and grid constraints.

The current or future need of CMSs was expressed among actors with fleets of over
20 electric HDTs. This indicates that such a need emerges as an electric fleet grows
where planning becomes more complex and suboptimal charge management implies
higher costs. The same distinct pattern could not be seen when it comes to route
and charge planning software. Despite previous research indicating a need to opti-
mize planning and charging to enable large-scale electrification, empirical findings
reveal a fragmented landscape of perceived needs. Only a small group of proactive
actors seeking to move beyond fixed corridors currently express a clear demand for
dynamic route and charge planning tools. For many others, the perceived need re-
mains low, either because they mainly operate highly static and predictable routes
where existing manual processes works or because there is an absence of immediate
scaling plans, both in terms of size and scope of operations. The research could
also identify a general skepticism regarding the ability of digital tools to outperform
the real-world variables processed by experienced transport planners and drivers.
Whether this is true or if road freight actors are missing out an opportunity to cut
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costs due to unawareness about the potential to enhance current planning remains
a question for future research.

Regarding how these needs can be satisfied, the study highlights a significant gap
between actor preferences and current market offerings. Most road freight actors
prefer to manage all operations within a single TMS to maintain a unified work-
flow. However, established TMS providers do not currently prioritize the in-house
development of electric-specific features or establishment of any standard integra-
tions to third-party tools as they do not perceive a demand from their customers.
Consequently, the early adopters’ system needs can primarily be met through indi-
vidual integrations of third-party solutions which are costly. Due to these systemic
frictions, several early adopters have begun to internalize development by building
in-house solutions to ensure their systems align precisely with their complex opera-
tional requirements. Not all actors will however have the resources to build in-house
solutions, indicating a need of more integrable TMS platforms.

Reflecting on the broader context of electrification, these findings indicate that the
industry is in an early reconfiguration phase of a sociotechnical transition. While
a fundamental mismatch exists between the dominant diesel-oriented regime and
the requirements of emerging electric niche innovations, this has not yet led to
major operational struggles because current deployment is largely confined to "safe",
predictable routes. However, dynamic long-haul routes represent the primary case
where electrification remains difficult, indicating that as the transition continues,
more systems currently built for the diesel regime must be adapted. This transition
is currently hindered by a "chicken-and-egg" dilemma: while advanced software is
a prerequisite for making dynamic long-haul routes feel feasible according to some
actors, such tools may not be broadly available within TMSs before a market demand
exists, yet that demand will not materialize until those complex routes are electrified.
This calls for proactive coordination and collaboration between actors in the road
freight ecosystem so that steps in the right direction can be taken together.

6.2 Future Research

Based on the results, further research should be conducted to engage with other crit-
ical ecosystem actors, including original equipment manufacturers (OEMs), charge
point operators (CPOs), and innovative software start-ups, to incorporate their per-
spectives on barriers to electrification and where additional software can support.
Additionally, further inquiry is needed for transport actors who have invested in
their own charging infrastructure, as the shifting role of these actors toward energy
management necessitates a re-evaluation of their specific software support needs
and the potential synergies between infrastructure ownership and logistics planning.
The most immediate synergy discussed is the ability to align charging speeds at
home depots, taking route assignments including departure urgency into account.
Looking ahead, the research scope of this paper should be reassessed as the transi-
tion continues. With time, remaining questions will be answered such as reasons for
some actors not perceiving a need of additional software and if innovative solutions

70



6. Conclusion and Future Research

will fully satisfy identified needs.

Finally, the scope of investigation should be expanded to other types of road freight
actors and geographical areas beyond the Swedish market to assess the generaliz-
ability of these findings to other types of transport flow and international transport
networks. This research covers actors already electrified and many of those within
the fast moving consumer goods segment. Actors within other segments that have
not been able to electrify are also of interest for future research as more difficult dy-
namic planning and lack of supporting software could be a reason for this. In terms
of other geographical markets, Stal’s (2026) research points out the significant dif-
ference in electric HDT utilization between Sweden and China, and argue that the
ability to generalize across markets is limited. Therefore, more research is needed
to understand how geography and infrastructure density impact perceived planning
complexity. Additionally, studies should investigate how industry dynamics, such as
carrier consolidation and available TMS solutions, differ across markets.
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A

Interview Guides

This appendix presents the interview guides utilized for the primary data collection
phase of this study. The questions provided in the following sections were tailored to
each specific actor category to capture their unique operational perspective, and are
hence divided into section A.1 Road Freight Actors and section A.2 TMS Providers.



A. Interview Guides

A.1 Road Freight Actors

1. Introduction

Who are you and what is your role?

What types of transport services do you sell /operate?

How large is your total HDT fleet?

What proportion and which of the transport activities are managed in-
house versus outsourced?

2. Degree of Electrification

How many electric HDTs do you operate today?

Are there any outspoken future goals in terms of electrification?

What types of routes are today operated by your electric trucks?
— Why were these specific routes chosen?

Do you charge at your own depots or terminals?

3. Transport Planning Process

Based on the presented matrix, please walk us through your current trans-
port planning process for diesel vs electric HDTs.

Order T

r port Dispatch Execution & Follow-up
Income

rans)
Planning Monitoring

Actions

Actors

esources
(systems)

4. Challenges and Opportunities

What do you see as the greatest challenges with transport planning for
electric vehicles today and in the future?
What aspects of your current systems and planning processes work less
effectively when handling electric vehicles?
How do you foresee your planning process needing to change if the ma-
jority of your fleet (and routes) becomes electric?
Do you see a need for new tools or new functionality to manage these
challenges?

— What type of tools/functionality?

— How do you believe these should be integrated with the remaining

systems you use?

What challenges do you foresee in implementing new tools and function-
ality?
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A. Interview Guides

A.2 TMS Providers

1. Introduction

« Who are you and what is your role?
o What types of transport management systems do you sell?

2. Emerging Customer Needs

« Do you experience any emerging customer needs related to electrification?
— What needs?

e How do you meet or plan to meet these emerging needs?

3. Partnerships and External Integrations

o How do you currently work with partnerships and external integrations?
« What external systems are you integrated with?
e How are these integrated?

4. Challenges and Opportunities

o What are challenges and opportunities to collaborate with external part-
ners to meet specific planning needs for electric fleets?
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