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Abstract
The European Union has set a target to be climate neutral with net zero greenhouse
gas emissions by 2050. This target has accelerated the demand for electric vehicles,
with a corresponding increase for battery cells. Today, electric vehicle producers in
Europe are relying on Asian battery suppliers, which impacts costs, resilience, and
environmental sustainability. The European Union is making significant investments
to expand their own battery production capacity. This study investigates how in-
bound logistics design can support both environmental sustainability and resilience,
focusing on material supply to a European battery cell production facility.

A structured risk identification and assessment method was used to determine risks
for three different transportation modes: road, rail, and sea. The analysis shows
that long-sea transportation presents the highest risk values, followed by rail. The
mode-specific risks were then translated into flow-specific risks, where three Euro-
pean flows and one Asian flow were analyzed. The Asian flow presents the highest
risks. In addition, European sourcing reduces transportation costs on average with
43%. However, there are exceptions where certain materials result in comparable
or even slightly higher costs compared to Asian suppliers. Overall, when selecting
an European supplier, the logistics costs are lower. However, in the context of bat-
tery cell production, there is a high reliance on Asian suppliers, making it difficult
to create a supply chain based only on Europe. A Delphi study was conducted to
investigate the views of transportation providers on the future of environmentally
sustainable transportation. This study included participants from European, Asian,
and global transportation providers. The findings show that achieving zero emis-
sion transportation is a complex task that requires collaboration of stakeholders.
Barriers such as infrastructure limitations, fuel availability, customer demand, and
the lack of a strong regulatory framework hinder widespread adoption. In addition,
many differences were identified in the current state of transportation providers
within Europe and between Europe and Asia. Furthermore, discussions regarding
which transportation solutions will be part of 2050 are discussed, and a clear split
in opinions emerged regarding the role of fossil fuels in 2050.

Keywords: environmentally sustainable logistics, resilient supply chains, risk man-
agement, decarbonization strategies
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1
Introduction

The transportation sector is a major contributor to European Unions’ (EUs) total
greenhouse gas emissions, accounting for 25% of the total emissions [46]. The Eu-
ropean Commission has established a goal of reducing transport-related greenhouse
gas emissions by 90% by 2050 [46]. Electric vehicle (EV) is one of the key technolo-
gies used to decarbonize the transportation sector [62]. Therefore, the EV market
is growing rapidly and is expected to continue to increase in the coming years [33].
With the increased demand for EVs there is a corresponding increase in the demand
for batteries. The demand for the most widely used battery, the lithium-ion bat-
tery, increased by 65% between 2021 and 2022 [68]. This highlights the critical role
batteries play in supporting the emission reduction goals.

Numerous European EV producers are highly dependent on battery makers in Asia.
Today, Asia, particularly China, leads and dominates the global production and
sales of electric trucks [68]. The EU is making significant investments in expanding
their battery production capacity to reduce its reliance on Asian suppliers. Europe
is predicted to account for approximately 25-30% of global battery cell production
in the future [33].

An important aspect of establishing new battery production in Europe is the de-
sign of logistics processes. The process of acquiring and transporting raw materials,
components, or products to the manufacturing plant are key activities in the first
stage of logistics, known as inbound logistics operations [82]. Currently, Asia, par-
ticularly China, dominates both cell components and material processing used for
battery cell production [41]. This heavy reliance on Asian suppliers not only impacts
costs and supply chain resilience but also raises concerns about environmental sus-
tainability, as long-distance transportation contributes significantly to greenhouse
gas emissions. Green logistics aims to minimize the environmental externalities of
logistics, including transportation, warehousing and inventories [34].

With growing uncertainties and increasing supply chain disruptions, resilience is a
topic that has received more attention [114]. According to Kasilingam [80], tradi-
tional logistics management has primary focused on achieving high levels of customer
service at the lowest possible total cost. However, the evolving global landscape
characterized by geopolitical tensions, environmental risks, and instability in trans-
portation requires a re-evaluation of the design of inbound logistics.
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1. Introduction

1.1 Purpose
The purpose of this research is to investigate the interplay between the design pa-
rameters of sustainable and resilient inbound logistics flows. The phenomenon will
be investigated within the context of a European battery cell production facility.

1.2 Research Questions
The purpose is addressed through two research questions:

1. How do transportation risks and costs impact the inbound logistics design
when sourcing EV battery components from Asian versus European suppliers?

2. What are the joint perspectives of European and Asian transportation providers
on the potential of a fossil-free long-haul transportation solution for European
supply chains?

1.3 Limitations
This research is time constrained due to restricted duration of this study and will
therefore be limited to investigate specific parts of the supply chain. This research
will only consider the inbound logistics. Therefore the outbound logistics will not
be investigated. Additionally, this research is limited to a single case analysis with
the focus on battery cell inbound materials.
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2
Frame of Reference

This chapter presents the fundamental concepts that frame this research. The main
concepts covered within the frame of reference are logistics management and in-
bound logistics, risk management in logistics, and environmentally sustainable lo-
gistics design. The frame of reference is structured into three main sections. The
first section provides a comprehensive overview of inbound logistics design to build
a foundational understanding of how logistics systems can be structured for im-
proved efficiency. The second section focuses on risk management, outlining how
various risks can be identified, categorized and managed using established theo-
retical strategies. The final section discusses environmentally sustainable logistics
and explores different decarbonization strategies, highlighting the key drivers and
challenges associated with the transformation towards fossil-free transportation.

2.1 Logistics Management & Inbound Logistics
Logistics management is one part of the supply chain that includes managing the
transportation and storage of material from the supplier to the point of consumption
[144]. Further, Kasilingam [80] provides another explanation of logistic management
as the bridge between production, markets, and suppliers. Logistic management in-
cludes a variety of important functions, such as inventory control, storage, selection
of the warehouse and plant location, facility layout, and transportation [80]. Pro-
viding high customer service at a low total cost is the primary objective of logistics
management [80].

Logistics management can according to Kasilingam [80] be divided into three dis-
tinct parts: inbound logistics, intra-facility logistics, and outbound logistics. The
relationship between these three parts is presented in Figure 1. Inbound logistics
is defined as, “material handling, transportation, receipt, and warehousing of raw
materials, parts, and supplies, and their distribution to manufacturing as they are
needed in the production process”, [101]. Inbound logistics include all activities
needed to secure a stable and timely flow of materials to manufacturing, assembly
or point of sale [144].

3



2. Frame of Reference

Figure 1: Functions within logistics supply chain [80]

2.1.1 Inbound Logistics Design
According to Kasilingam [80] purchasing, inventory control, facility location and lay-
out, and transportation are the key logistics functions and activities. Furthermore,
according to Zijm et al. [144], transportation costs, handling costs, inventory costs,
and service level agreements are the main factors that affect the design of inbound
logistics systems.

Zijm et al. [144] distinguish between two different delivery concepts: Direct delivery
and consolidation hub. The concept of direct delivery is delivery directly from the
supplier to the point of consumption. Eliminating the intermediate step, such as
warehousing, shown in Figure 1. The widely used approaches in direct delivery are
just-in-time (JIT) and just-in-sequence (JIS), which are strategies aiming to reduce
inventory by having deliveries very close in time to the point of consumption. JIT
and JIS thus require good organization, coordination, and a reliable inbound logis-
tic. The concept of using a consolidation hub implies delivery to a storage facility,
before further transportation to the manufacturing plant. Furthermore, Kasilingam
[80] stated that transportation decisions are closely related to inventory. In order
to maintain a low inventory effectively, faster transport modes must be used.

Other closely interrelated logistics concepts include facility location, mode of trans-
portation, and carrier selection [80]. Although some locations offer lower acquisition
costs, they often come with higher transportation costs. A common example is
the production of goods in developing countries, where raw materials and labor are
cheaper, but the products must then be shipped to consumers in developed coun-
tries. This scenario highlights a trade-off between cost-effective manufacturing and
increased expenses related to transportation and storage [80]. To effectively evaluate
such trade-offs, firms often use the concept of Total Cost of Ownership (TCO) [130].
TCO encompasses all costs related to a purchase from a specific supplier. TCO
includes not only the purchase price, but also costs related to ordering, receiving,
storing, transportation, quality issues, and warranties [130]. By adopting a TCO
perspective, companies can make more informed logistics and sourcing decisions.
Transportation represent the largest portion of total logistics costs, accounting for
approximately 40% of overall logistics costs and 2.88% of total sales [80].
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2. Frame of Reference

2.1.2 Inventory Strategies
Balancing the demand and supply of material flows is a highly complex task. Several
uncertainties in the supply chain make this task difficult, particularly the uncertainty
of quantity and time [78]. Jonsson and Mattson [78] mention that these uncertainties
can be avoided and managed by buffer strategies, primarily through safety stocks
and safety lead times. Safety stock refers to maintaining inventory levels above ex-
pected demand to manage variability. Similarly, safety lead time involves scheduling
material deliveries earlier than required to mitigate delays. Both buffering mecha-
nisms lead to larger inventory levels, commonly referred to as safety stocks. These
safety stocks are used to ensure the continuous flow of material and operations. [78].

Sodhi and Tang [128] explain that the value of the product has an important impact
on the positioning of capacity and inventory. An example demonstrates that lower
value products can be imported from overseas, thereby aligning the strategy with
the value of the product [128]. However, when high-value products were shipped
oversea, it was seen to be more appropriate to use fast air transportation to delay
related risks and limit inventory costs [128].

In addition, Sodhi and Tang [128] stated that there are three main factors that
influence inventory decisions: 1. The value of the product, 2. Its rate of obso-
lescence, and 3. Uncertainty of demand or supply. Additionally, Chung et al.[28]
states that lead-time uncertainty, supply or demand uncertainty, forecast errors, lot
sizing, replenishment frequency, commonality and resource utilization are factors
affecting the size of the safety stock. Additionally, Chung et al. [28] noted that in-
creasing buffer stocks is a common strategy used by companies to mitigate delivery
uncertainty. When a company reduces its delivery uncertainty, they can enhance
flexibility, reduction of buffer stocks, all resulting in cost savings. Lead time plays a
crucial role in this context, as it has a significant impact on delivery uncertainty [28].

2.2 Supply Chain Risk Management
In recent years, the topic of logistics and supply chain risk management has gained
increasing popularity, with numerous studies dedicated to providing critical reviews
on the subject [27]. Supply chain risk management (SCRM) aims to strengthen
the resilience of the supply chain [113]. Ho et al. [61] defines SCRM as, “an
inter-organisational collaborative endeavor utilising quantitative and qualitative risk
management methodologies to identify, evaluate, mitigate and monitor unexpected
macro and micro level events or conditions, which might adversely impact any part
of a supply chain”. The European Central Bank [9] stated that companies are in-
creasingly shifting their focus towards building a resilient supply chain, prioritizing
this over the traditional emphasis on cost reduction. SCRM includes the interaction

5



2. Frame of Reference

of two key concepts, supply chain management and risk management.

De Oliviera et al. [113] presents a generic SCRM model that provides a structured
four-step approach to managing risks across the supply chain. The four core stages
are: 1. Risk identification, 2. Risk evaluation, 3. Risk mitigation, and 4. Risk
monitoring. Identifying risks is an important step to increase the efficiency of the
following risk management steps [113]. In addition, at this stage, supply chain risks
are typically categorized to help clarify who should be responsible for managing
them and how each category should be addressed. In addition, details on risk
categorization are provided in section 2.2.1. In the second step, risk evaluation, the
main objective is to establish a shared understanding of the relative importance and
prioritization of identified risks [128]. Probability, frequency, and potential impact of
the risk are common factors used to determine the importance of a risk. In this step
risk assessment methods such as a Failure Mode Effect Analysis can be used [113].
The third step, risk mitigation, aims to adapt appropriate strategies for each risk
category to decrease the impact of the risk incident [128]. Risk mitigation strategies
will be further discussed in Section 2.2.4. The last step, risk monitoring, involves
assessing how effectively the implemented risk mitigation strategies are performing.
Also, making necessary adjustments or enhancements if they fail to achieve the
intended supply chain outcomes [132].

2.2.1 Risk definition and risk categorization
Defining and categorizing risks is a critical component of SCRM. March and Shapira
[90] present one of the first definitions of supply chain risks, describing them as,
“variation in the distribution of possible supply chain outcomes, their likelihood,
and their subjective values”.

Categorizing risks is complex, as there is no standardized approach, and each organi-
zation has its own unique methods for categorizing risks based on the specific context
[128]. Furthermore, supply chain risks are difficult to categorize, as a disruption in
one area can have significant effects on other parts of the supply chain [128]. There-
fore, this chapter provides an overview of various approaches to categorizing risks.
Min et al. [99] categorized supply chain risks into three parts, demand-side, supply-
side, and catastrophic. Yang et al. [143] categorized supply chain risks as supply
disruptions, demand ruptures/surges, and transportation ruptures. Sodhi and Tang
[128] explained that supply chain risks can also be categorized into two fundamental
parts: normal risks and abnormal risks. Normal risks are routine and predictable
risks that can frequently occur in everyday operations, such as transportation de-
lays due to weather conditions [128]. Abnormal risks are rare and unpredictable,
making them more difficult to plan for. Examples of abnormal risks are natural
disasters and geopolitical risks [128]. Kaewfak et al. [79] further categorized risks
within intermodal transportation into 5 parts: freight-damage risk, infrastructure
risk, operational risk, security risk, and environmental risk.
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2. Frame of Reference

2.2.2 Transportation Disruptions
Wilson [138] defined disruptions as, “an event that interrupts the material flows
in the supply chain, resulting in an abrupt cessation of the movement of goods”.
Transportation disruptions occur when the flow of goods is temporarily stopped.
Albertzeth et al. [6] defined transportation disruptions as, “a delay or unavailability
of the transportation infrastructure which makes it impossible to move goods either
inbound or outbound”. Transportation disruption is just one aspect of the broader
concept of supply chain disruptions, which also includes issues related to supply,
demand, facilities, freight breaches, and communication failures [6]. In addition,
transportation disruptions are the result of several sources such as: natural disasters,
labor disputes, terrorist activities, and infrastructure failures [138]. Transportation
disruptions usually lead to goods not arriving on time and therefore have an big
affect on the service level [6]. Furthermore, according to Giunipero and Eltantawy
[52], transportation disruptions can negatively impact the entire supply chain by
leading to late deliveries and thus delay production.

2.2.3 Risks in Global Supply Chains
Global supply chains are part of a complex network, involving numerous actors
working together [133]. This complexity leads to a higher exposure to various risks.
An increase in complexity in the transportation of goods in global supply chains
usually requires multimodal transportation, as relying on a single mode is inefficient
for such long distances [67]. Li and Yang [115] explain that such multimodal trans-
portation networks include numerous transportation links and transshipment nodes
which may increase the risk of delays. Furthermore, the transhipment nodes involve
handling processes that can lead to node transhipment delays [115].

When it comes to supply chain risk management within global supply chains it is
especially important to investigate sea transportation as it accounts for over 80%
of global trade [85] and is constrained by strategic passages [107]. Wen et al. [137]
state that the Asia-Europe maritime logistics network is the world’s busiest and
most crucial shipping routes. With the network consisting of 54 seaports in total
[137]. The Suez canal is one main corridor that connects Asia and Europe [107],
with approximately 50 ships passing through each day [134]. This transportation
corridor has historically been the source of major supply chain disruptions. The
blockage in the Suez canal in March 2021 is one example, additional logistical chal-
lenges associated with this corridor is its limited capacity [120]. Thus, the Suez
Canal has become a bottleneck, causing congestion and delays [120]. Liang et al.
[85] identify additional risks such as heavy maritime traffic, frequent accidents, and
extreme weather conditions, particularly typhoons in regions like Japan and South
Korea. In addition, increasing geopolitical tensions and attacks on vessels have fur-
ther heightened maritime risks.

Globalization of companies results in a more geographically extended supply chain
with increased vulnerability and potential supply chain risks [99]. Min et al. [99]
stated that offshoring from low-cost countries (LCCs) increases hidden costs such
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as traffic congestion, communication difficulties, and a high rate of damage or loss
during transit. Furthermore, Ferreira and Prokopets [50] reinforce this claim, stat-
ing that “the perceived cost savings from offshoring from LCCs such as China were
not as large as we often thought when all costs were considered”. Despite European
companies offering lower political risks, higher logistics efficiency, and a business-
friendly environment, these advantages are often overlooked in offshoring decisions
[99]. Min et al.’s findings indicate that offshoring to high-income countries (HICs)
becomes more attractive compared to LCCs when supply chain risks are included
in the decision making process. The European Central Bank [9] observes a trend
where companies are increasingly opting to source from within the EU. However,
they note that this shift is likely to result in higher prices, although these are ex-
pected decrease slightly in the next five years.

European Central Bank [9] state that geopolitical risks is the main factor that in-
fluences the decision of companies to relocate production to the EU. Jawadi et al.
[73] defines geopolitical risks as, “potential political, economic, military, and social
hazards that arise from wars, terrorist actions, and tensions between states that dis-
rupt the usual, peaceful conduct of international relations”. Wan et al. [134] state
that the shipping supply chain is exposed to many external risks, such as terror-
ist attacks, extreme weather, natural disasters, exchange rate fluctuations, political
risks, and accidents.

2.2.4 Risk mitigating strategies
Resilience is the ability of a company to withstand and recover from challenges [114].
The goal of a supply chain design is usually to reach resilience [6]. Ho et al. [61]
explained that risk mitigating strategies are used to minimize the probability of risks
accruing and reduce their negative impact.

Sodhi et al. [128] distinguished between two key terms related to supply chain risks:
prevention and response. Prevention involves proactive measures taken before a
risk event occurs, while response refers to the actions implemented after the event
to mitigate its impact. In correlation with this Yang et al. [143] states two differ-
ent supply chain risk mitigation strategies: proactive and reactive. This research
is limited to prevention efforts and proactive strategies. According to Sodhi [128]
increasing inventory and building a redundant supply base are the two primary
proactive strategies.

Enhancing the resilience of a supply chain involves strengthening its structure through
redundancy, capacity expansion, and strategic inventory management to mitigate
disruptions and ensure stability [143]. However, these types of strategies have been
shown to be costly. Holding inventory that may become obsolete for rare disruption
events, that may not occur, is not efficient. [128]. Despite this inventory being
necessary, however, different aspects need to be taken into consideration.
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2.3 Environmentally Sustainable Logistics Design
Environmentally sustainable logistics design is a strategic approach that aims to
reduce the environmental impact of logistics operations while optimizing resource
efficiency [12, 92]. According to Blanco and Sheffi [12], this reduction in environmen-
tal impact includes minimizing the consumption of non-renewable energy sources,
air emissions and greenhouse gas emissions. Seroka-Stolka et al. [126] means that
environmentally sustainable logistics is defined as "a set of supply chain manage-
ment practices and strategies that reduce the ecological and energy footprints of the
distribution of goods". There are a wide range of operations that contribute to mak-
ing logistics processes more environmentally friendly while ensuring an efficient and
effective flow of goods. These operations traditionally include transportation, stor-
age, handling, waste management, loading, and unloading operations [12, 126, 140].
By optimizing and developing these logistics operations, it is possible to reduce the
environmental impact of logistics operations and work toward an environmentally
sustainable logistics design.

The transportation sector has an significant contribution to CO2 emissions [12].
Blanco and Sheffi [12] state that the transportation is responsible for about 90% of
freight and logistics activities emissions, and the transportation sector account for
23% of total emissions worldwide [140]. This research will primarily focus on en-
vironmentally sustainable logistics in relation to transportation activities and their
role in achieving fossil-free operations while minimizing environmental impact.

According to a research by Vyacheslavovna Larina et al. [84], various perspectives
on environmentally sustainable transportation are presented by multiple authors.
Despite the different viewpoints, the authors share a common understanding of en-
vironmentally sustainable transportation as a system that is energy efficient, has
low emissions, is socially responsible and economically supportive. Vyacheslavovna
Larina et al. also emphasize that it is not easy to reach such system, as it requires
coordinated changes across multiple sectors.

Vyacheslavovna Larina et al. [84] describe how investments by various transport car-
riers’ are driving the shift to green transportation. To support this transformation,
a range of decarbonization strategies can be implemented to reduce emissions within
the transport sector. However, this shift also presents significant challenges, that
have arisen from underlying drivers. In this section, the decarbonization strate-
gies, key drivers and challenges related to achieving fossil-free transportation are
discussed.

2.3.1 Decarbonization strategies
The International Transport Forum (ITF) has developed a Transport Climate Ac-
tion Directory with five decarbonization measurements to help decision makers turn
their decarbonization ambitions into action [69]. The five measurements serve as a
set of options for companies to reduce their transportation emissions within their
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specific context [70] that includes: 1. Improved design, operations and planning of
transport systems, 2. Low-carbon fuels and energy vectors, 3. Electrification, 4.
Mode shift and demand management and 5. Innovation and up-scaling. In this
research, the decarbonization measurements will be referred to as decarbonization
strategies.

2.3.1.1 Improved design, operations and planning of transport systems

The first strategy that can be used to reduce transportation emissions is to im-
prove the design, operations and planning of transportation systems. By allocating
resources to route planning and optimization, it is possible to reduce fuel consump-
tion and increase vehicle utilization [74]. Optimization of routes will minimize the
distance traveled and thus reduce fuel consumption [74]. Ahmad et al. [5] also
agree that planning of transportation will reduce emissions. Ahmad et al. mention
that the fill rate of the vehicle is an important factor for decarbonization. The
authors [5] explain that optimizing vehicle loading by matching shipment size to ve-
hicle capacity enables high volume utilization, resulting in fewer trips and reduced
emissions.

2.3.1.2 Low-carbon fuels and energy vectors

The use of alternative energy sources such as biofuels, hydrogen and liquid natural
gas (LNG) has grown significantly over the past decades [135]. According to The In-
ternational Energy Agency (IEA) [66] there are different alternative fuels for heavy
trucks in the future, the shares of those are shown in figure 2. Continuously, the
IEA [64] expect bioenergy, hydrogen, and hydrogen-based fuels to increase signifi-
cantly in maritime shipping and aviation, rising from less than 1% of current energy
consumption to nearly 15% by 2030 and 80% by 2050. The IEA [64] also believe
that ammonia will become the primary fuel for maritime shipping, supplemented by
biofuels, hydrogen, methanol, elerctricity and fossil fuels.

One biofuel that is frequently discussed in many articles is Hydrotreated Vegetable
Oil (HVO). HVO are compatible with most diesel engines [13, 32, 121, 139], allow-
ing diesel vehicles to operate with a fuel blend containing up to 30% HVO without
requiring any technical adjustments of the vehicle [13]. Other studies mention that
pure 100% HVO (HVO100) can be used in modern diesel engines without the need
for modifications [32, 108]. Bohl, d’Ambrosio et al., and Roque [13, 32, 121] there-
fore describe that HVO is a biofuel that significantly has reduced transportation
emissions. Boonrod et al. and Hor et al. [16, 63] state that fossil CO2 emissions
can be reduced by 90% by using HVO.

Hydrogen (H2) is an environmentally sustainable fuel option that can reduce trans-
portation emissions near 100% [2, 112]. The alternative fuel H2 can be used in
vehicles that are supported with a fuel cell, instead of traditional combustion en-
gines, to generate electricity for propulsion [97], or in internal combustion engines
(ICE) [21]. Another discussed low-carbon fuel is LNG that can be used to decar-
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Figure 2: The fuel shares of heavy trucks energy consumption between year 2010
and 2050 [66].

bonize transportation, particularly in sea and road transportation [23]. LNG can
decrease CO2 emissions with 20-30 %. However, bio LNG presents an even more
sustainable solution that can decrease GHG emissions with 93% or even close to
net-zero depending on the origin [31, 136].

Due to alternative fuels, the type of energy vectors also have to be considered in
relation to decarbonization. There are different options for energy sourcing such
as small hydro power, wind power, ocean energy, solar technology and bio energy
[117]. By sourcing energy from sources such as these examples it is possible to reduce
emissions and work towards decarbonized transportation solutions [117]. A report
by the International Renewable Energy Agency (IRENA) [72] states that sourcing
energy from renewable sources can decarbonize carbon emissions with 90%.

2.3.1.3 Electrification

The electrification of transportation modes is growing rapidly and is a key option
that is expected to reduce emissions in the transportation sector [55]. Today, elec-
trification is mostly adapted for land transportation. Due to the weight of batteries,
it is challenging implementing this solution to other transport modes such as ships
[109]. Guno et al. [55] state that EVs present an opportunity for the transporta-
tion sector to transition to zero emissions. Both battery electric vehicles (BEV)
and plug-in hybrid electric vehicles (PHEV) are viable solutions, contributing to
decarbonization [35]. BEVs offer zero tailpipe emissions, making them a significant
option for reduce transportation-relates GHG emissions [4]. However, the environ-
mental benefits of BEVs are highly dependent on the source of electricity used for
charging. Renewable energy sources can significantly reduce GHG emissions, but
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electricity sourced from fossil fuels significantly decrease the environmental benefits
of BEVS [4, 94]. PHEV can also reduce GHG emissions, but the extent depends on
the electricity and fuel use [11].

2.3.1.4 Mode shift and Demand mangemnet

The fourth strategy suggested by ITF [69] is mode shift and demand management.
Modal shift is known as a fundamental approach to lower transportation emissions
[7]. This strategy should be used to shift from high-emission transport modes, such
as road transportation, to more sustainable options like rail that can significantly
reduce emissions. According to Anagnostopoulos [7], rail transportation is one of
the most environmentally friendly transportation modes and pollutes significantly
less emissions compared to road and air transportation. In addition to mode shift,
demand management also plays a crucial role in reducing transportation emissions.
This could be done by implementing shared mobility solutions. This makes it pos-
sible to carry out transportation with the latest technologies and the opportunity
to combine different modes of sustainable transportation [26].

2.3.1.5 Innovation

Innovation and up-scaling is the last strategy proposed by ITF [69]. Companies
can invest in research and development (R&D) to drive technological advancements
towards sustainable transportation. Nilsson et al. [106] state that it is important to
have a long-term perspective on benefits of innovations and look beyond financial
benefits and understand the innovations value in a broader sense. Therefore R&D
support emerging technologies towards more sustainable transportation alternatives
[59]. Another strategy towards decarbonization is to scale up projects of cutting-
edge solutions that can accelerate decarbonization of transportation. The up-scaling
will drive the transformation forwards, some of those drivers of the decarbonization
are mentioned in next section.

2.3.2 Drivers for environmentally sustainable transporta-
tion

The transformation to fossil-free alternatives is driven by several key factors that
are presented in this section. According to a study developed by BCG and the
Europeans Federation for transport and environment (T&E) [18], the main fac-
tors driving the decarbonization of especially trucks include regulations, infrastruc-
ture development, total cost of ownership and Original Equipment Manufacturers
(OEMs) commitments.

Different studies [51, 92, 119] highlight the transportation sector’s significant en-
vironmental impact, which in turn pushes companies to adopt more sustainable
solutions. Similarly, Farla et al. and Enerdata [49, 95] emphasize that regulations
and government policies shape industry standards and their way of thinking in de-
cision making processes, towards the shift of sustainability. Regions and countries
across Asia and Europe have established diverse sustainability policies and targets,
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shaping the incentives for carriers to adopt to green transportation. The following
are some key policies and regulations driving this shift forward.

Europe has been at the forefront of environmentally sustainable transportation, im-
plementing policies and regulations aimed to becoming the first continent to achieve
climate neutrality by 2050 [42]. Central to this ambition is the European Green Deal
that is a legally binding target of net-zero greenhouse gas emissions by 2050 [42].
The European Commission, through its Fit for 55 package, has introduced policy
proposals to reduce net greenhouse gas emissions by at least 55% by 2030, compared
to 1990 levels [45]. These targets demonstrate the EU’s commitment to leading the
environmentally sustainable transition, shaping policies that drive the sustainable
progress and global environmental benefits [44]. EU do also have several financial
initiatives to support the environmentally sustainable transition in transportation.
The connecting Europe facility is an EU funding that supports the development of
high performing and sustainable networks in transportation to enhance infrastruc-
ture development of different transportation modes and energy sources [43].

While Europe has taken a regulatory-driven approach to achieving climate neutral-
ity, Asia’s environmentally sustainable transportation transformation is character-
ized by a combination of government incentives for regional emission standards.
Several key policies and regulations that are driving this shift in countries such as
China, Japan, India and South Korea, each setting their goals within different time
frames. China has implemented a comprehensive set of regulations, policies and
financial support to promote sustainable transportation. The Chinese government
has outlined its commitment to achieve carbon neutrality 2060 [141] and a peak in
its carbon dioxide before 2030 [71]. Japan is also a country in Asia that aims to
achieve net-zero greenhouse gas emissions from international shipping by 2050 [100].
Ministry of Land, Infrastructure, Transport and Tourism (MLIT) states that Japan,
alongside a group of other countries, will jointly propose to the International Mar-
itime Organization (IMO) that this target should be established as a common level
of ambition for the global shipping sector [100]. Similar to Japan and Europe, the
European Parlimentary Research Service [47] mentions that the president of South
Korea declared that the country aims to reach carbon neutrality by 2050.

Technological advancements also play a crucial role in the transformation toward
fossil-free transportation [59, 102]. New transport solutions not only reduce emis-
sions, but also serve as innovative alternatives for the transport sector [68]. As these
technologies get attention among consumers and industry stakeholders, it creates a
strategic advantage for companies to adopt them. Adapting to innovations enable
companies to remain competitive, meet evolving consumer expectations and be seen
as leaders in sustainability and innovation [93].

At the same time, increasing social awareness is driving the change in this transfor-
mation. According to McKinnon [92], the evolution of regulations and technologies
contributes to a growing public demand for sustainable solutions. McKinnon [92]
further explains that minimizing environmental impact strengthens a company’s
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brand image and helps meet customer requirements. These factors such as tech-
nologial advancement, customer expectations, regulatory shifts and other benefits
are key drivers for companies to move towards lower emissions in the transportation
sector.

2.3.3 Barriers for environmentally sustainable transporta-
tion

Despite these drivers, some challenges will remain when carriers develop their strate-
gies for environmentally sustainable transportation solutions. Some of the main
challenges that are discussed in certain researches are the costs, regulatory uncer-
tainties, infrastructure and technological advancements.

Cost is a significant challenge across all mentioned decarbonization strategies. Sev-
eral studies [1, 48, 88] highlight that the investment and operational cost of zero-
emission vehicles (ZEVs) and more environmentally friendly solutions are signifi-
cantly higher compared to conventional diesel modes. This poses a major challenge
for hauliers seeking to transform to more sustainable alternatives. Therefore, there
is uncertainty from the carriers’ perspective on when or if an investment will result
in a return [122].

Regulatory uncertainties are also key challenges that must be addressed in all five
decarbonization strategies. Regulatory uncertainties lower the pace of decarboniza-
tion [76, 56]. The most sustainable alternative to transportation varies significantly
depending on location, technological advancements and social acceptance [53, 96].
Bonin Roca et al. and Habermacher et al. [14, 58] argue that unclear or frequently
changing policies make investments in sustainable technologies riskier due to unpre-
dictability of future regulations.

2.3.3.1 Electrification

Electrification is an essential strategy to achieve net zero emissions. Sikandar et
al. [1] state that electrification presents challenges beyond cost including infrastruc-
ture, adoption, energy transition, awareness, and market related challenges. Gruno
et al. [55] highlights that a transformation to 100% electric transport is not a cost
optimal solution in accordance to high investment costs on infrastructure. Today’s
infrastructure is not balanced to handle a large amount of EV for the transporta-
tion sector, one of the challenge is therefore to optimize innovative energy storage
systems [55, 123]. As a result, the current infrastructure slow down the transforma-
tion towards electrified transportation and is a difficult challenge to overcome [1].
The charging infrastructure in Europe has grown significantly the recent years [103].
However, most of the current public chargers are designed for smaller vehicles and
the challenge therefore lies in expanding the large-capacity charging infrastructure.
Monteforte et al. [103] state that the current chargers require longer charging time
compared to other fuels.
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Another technological challenge associated with electrification is the capacity of bat-
teries [1]. The capacity affects range, charging time and overall vehicle performance
[57]. The limited range remains a challenge, particularly for long-haul transporta-
tion, as current technologies do not meet these demands [83, 98]. This requires
more frequent charging stops, which can significantly increase overall travel time
and reduce convenience for users.

2.3.3.2 Low carbon fuels or energy vectors

The shift towards low carbon fuels or energy vectors makes infrastructure a crucial
challenge to overcome. Using low carbon fuels requires development of refueling
stations for alternative fuels such as hydrogen and bio fuels [142]. Similar challenges
exist for energy vectors, as the infrastructure of charging stations must provide en-
ergy from environmentally sustainable resources [110, 142]. Additionally, ensuring
the availability of such fuels and energy at the required time and location is a critical
challenge [110, 142]. Advancements in technology according using low carbon fuels
present another challenge, as improving efficiency and production costs are essential
for feasibility [60].

Qian et al. [118] state that electrification is the most promising technology to decar-
bonize land transportation in China. The development of electrified transportation
solutions is in the forefront in China. However, coal remains the primary source
of energy in China [71], which is a significant challenge to the environmental sus-
tainability of electrification. Similar concerns exist in other Asian regions and parts
of mainly eastern Europe, where electricity can still depend on fossil fuel sources
[39, 124]. However, Samar [124] also mentions that the EU member has steadily
increased the use of renewable energy over the past two decades.

2.3.3.3 Mode Shift

Transitioning to sustainable modes like rail contains of significant political decisions
and costs of upgraded infrastructure [30]. Today, rail transportation can only be
used for some specific routes, since the rail infrastructure is limited [30]. Cruz et al.
[30] state that this situation leads to congestion on operations and safety problems,
further complicating the transformation to low-carbon fuel solutions. Nelldal and
Andersson [105] argue that technological solutions alone are insufficient to reduce
total greenhouse gas emissions from transportation. Instead, they emphasize that
significant emission reduction requires a shift in transportation modes, particularly
mode shift towards rail, which is more energy efficient [105].

2.3.3.4 R&D investements and Improved design, operations and plan-
ning of transport systems

Aside from the high initial costs associated to investments of R&D and upscaling
projects, technological challenges will remain. It is a challenge to upscale environ-
mental sustainable transportation projects, since many of them still are in early
stages of development and therefore require advancements in performance [8]
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A challenge associated with improving the design, operations, and planning of trans-
port systems towards decarbonization, stated by Faissal et al. [75], is to balance
efficiency and environmental sustainability. This requires coordination of lead times,
fill rates, trip minimization and other operational priorities, making it a complex
and challenging task [24]. The infrastructure is also limited to certain possible routes
that can hinder possible optimization efforts [20].

2.3.4 Fossil-free transportation
Previous studies on fossil-free transportation in the near future generally fall into
two perspectives: those who believe it is achievable and those who are skeptical.
Critics who argue that full transformation is unrealistic believe that current chal-
lenges are too large, without significant changes, achieving fossil-free transportation
will not be possible in the near future [38, 104]. Many companies are not inter-
ested or have the capacity to invest in the transition to fossil-free transportation
[81, 129]. As a result, the lack of engagement from key industry stakeholders slows
down the progress, which makes full transformation unrealistic. To overcome sus-
tainable transportation adoption barriers, the challenges described in section 2.3.3
have to be effectively addressed in a large scale.

Despite critics of the transformation, there are several optimistic perspectives that
are actively driving the change toward decarbonization and net-zero emission targets
in the transportation sector. Enerdata [40] state that it is not a matter of "if", but
"when" the transition toward electric trucks will be done. Similarly, another study
by the International Energy Agency (IEA) [66] also supports the transformation of
road transportation, predicting a major shift to electricity, hydrogen and biofuels as
primary fuel sources, while significantly reducing emissions in the process. The IEA
[64] also notes that decarbonization is feasible beyond land-based transportation.
Emissions from shipping will be significantly reduced by using fuels such as ammonia,
hydrogen and biofuels. Moreover, the IEA [65] expect that nearly 90% of the global
electricity will be produced by renewable energy sources such as solar, wind, hydro
and bioenergy.
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Methodology

This chapter outlines the methods used to address the research objectives of the
study. It begins by presenting the research design and the contextual background
of the case. This is followed by a detailed explanation of the data collection and
analysis methods. The chapter concludes with a discussion on the quality of the
method and the ethical considerations used.

3.1 Research Design
For this research, a single case study has been selected as the research design. Bell et
al. [10] describe that a case study analyzes a single case in detail within a real-world
context. The authors [10] describe a case to most commonly be an organization.
Therefore, the single case study is widely used in business research since it allows
deeper knowledge for the specific case. Compared to other research designs, a single
case study focuses on a specific and limited situation. Mariotto et al. [91] explain
that a critique of a single case study is that the research findings may lack the ability
to be applicable to other situations and cases. Another criticism is that the validity
and reliability of this kind of study can be difficult to ensure because the research
is based on one case. However, Dubois et al. and Mariotto et al. [37, 91] explained
that this type of study does not necessarily imply that the findings are limited in
value. They state that when analyzing a complex structure it is better suited to
do a deeper examination of a single case rather than attempting to investigating
multiple ones. Mariotto et al. [91] continued to argue that investigation of a single
case offers new perspectives to a challenge compared to existing theories and can
therefore be useful for future studies. The single case study also allows for the use
of various data collection methods, making the design flexible and more suitable for
the single case.

3.1.1 Case Selection and context
The case company in this research is a European automotive company that is cur-
rently building a new battery cell production plant in Northern Europe. This case
study focuses on the design of the inbound logistics system for the new facility. This
case analyzes the potential setup of inbound logistics, based on a limited sample of
potential suppliers, as the factory is not built or operating. This study investigates
two alternative inbound logistics systems for the flow of 15 inbound materials to
this plant, one potential supplier in Asia and one in Europe. Table 1 provides an
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overview of the inbound materials and the potential supplier locations. Some of
the potential suppliers are considered as ’dummy suppliers’, meaning they do not
currently exist in the specified European country, but are expected to be viable op-
tions in the future. This setup provides the foundation for addressing the research
questions.

Table 1: 15 inbound materials to the battery cell production, and their supplier
location in Europe and Asia

Material nr Location Country Material nr Location Country
Europe Finland Europe HungaryM1 Asia South Korea M9 Asia South Korea
Europe Netherlands Europe HungaryM2 Asia South Korea M10 Asia China
Europe Belgium Europe SwedenM3 Asia Japan M11 Asia China
Europe Sweden Europe GermanyM4 Asia South Korea M12 Asia South Korea
Europe Germany Europe SwedenM5 Asia Japan M13 Asia China
Europe Germany Europe SwedenM6 Asia South Korea M14 Asia China
Europe Sweden Europe PolandM7 Asia China M15 Asia China
Europe HungaryM8 Asia South Korea

Figure 3 illustrates the entire value chain for battery production, from raw material
extraction to the final assembly of the battery pack. This thesis investigates inbound
materials for battery cell manufacturing.

Figure 3: Value chain for battery production [87]

Battery production relies on several critical minerals and raw materials [116]. With
increased demand for batteries, there is a corresponding increase of materials. Among
the key inputs for battery cell production are cathode and anode active materials
[116]. According to the European Commission [87] China is and will remain the ma-
jor supplier of battery grade raw materials through 2030, despite increasing diversi-
fication in the global supply landscape. The supply of battery grade raw materials
is currently highly concentrated, with China dominating global processing capacity
in most critical inputs [87]. Figure 4 presents the current share of the top three
countries for processing materials for battery production.
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Figure 4: Processing material market share of the top three countries in 2022 [116]

Due to this, minerals and critical materials used for battery production travel long
distances before reaching the end product [116]. However, the European Commission
stated, “The EU is expected to expand its production base for battery raw materials
and components over 2022-2030, and improve its current position and global share.
However, dependencies and bottlenecks in the supply chain will remain creating
vulnerabilities” [87]. Figure 5 shows a prediction made by the European Commission
regarding processed raw materials and battery cells year 2030, for China and the
European Union.

Figure 5: 2030 projection on battery grade processed raw materials and battery
cells [87]

3.2 Data Collection
This research is based on two data categories, primary and secondary data. The
difference between the two lies in the source and collection method. Primary data
is collected by the researcher, usually through interviews, and specific to the re-
search being conducted [10]. Secondary data are existing information conducted by
other organizations or researchers [10]. This chapter will further explain primary
and secondary data collection methods used in this research. Data collection for
each research question is done in parallel, presented in Figure 6 and will be further
discussed in this chapter.
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Figure 6: Data Collection Methodology

3.2.1 Primary Data & Sampling
Primary data are defined as the data collected by the researcher to carry out the
analysis [10, 3]. Primary data is often collected through various methods, such as
interviews, observations, and experiments. Since primary data are collected in real
time directly from the researcher, the data are typically more accurate and relevant
compared to secondary data [10]. Figure 6 summarizes the data collection performed
in this thesis. In this research, multiple data collection sessions were carried out to
fulfill the data needs of different studies that helped to answer the research ques-
tions. First, regardless of the RQ or the different studies, unstructured interviews
led the way through the whole data analysis process. Unstructured interviews were
used to elaborate on the research problem, understand the context, gather informa-
tion about the potential data sources, elaborate on the secondary data sources and
iterate between preliminary results and the forthcoming research steps. In parallel
to these unstructured interviews, two parallel studies were conducted with separate
samples and data collection episodes. The first study was an FMEA where semi-
structured and structured interviews were used to collect data. The second study
was a Delphi study where semi-structured interviews as well as a structured ques-
tionnaire were used to collect data. The purpose, the data collection processes and
the samples of these studies are elaborated further below.

Through various interviews and questionnaires, several respondents have provided
valuable data to answer the research questions in this thesis. Bell et al. [10] argue
that due to research time constraints, it is generally not possible to collect data from
an entire population. Sapra [125], state that a sample size too small than required
can lead to faulty conclusions. On the contrary, a sample size too large than required
can consume unnecessary and expensive resources. To ensure that the findings are
relevant and representative of a larger population, it is crucial to carefully select
the respondents and the sample size [125]. Therefore, a properly selected sample
strengthens the reliability and accuracy of the study, which in turn makes it possible
for the results to be applicable beyond just the selected respondents [10]. A purpo-
sive sampling method was used to collect the primary data for this study. Bell et al.
[10] state that purposive sampling is used to gather respondents in a strategic way
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so that they are relevant to the research question being posed. The respondents for
the primary data are presented in Tables 2, 3, 4, and 5 are further described below.

Unstructured interviews were used to gain a primary understanding of the topics
covered in this research and to further discuss and clarify the secondary data. This
approach enabled discussion to gain a deeper understanding of the case company’s
view on the research topics and the secondary data. An unstructured interview is
described, according to Bell et al. [10], as a methodology used when the interviewer
only asks a single amount of questions and after that the interviewee is allowed
to respond freely. The interviewer in turn responds to parts that seem to be worth
following up on. Both Bell et al. and Chauhan [10, 25] state that unstructured inter-
views are similar to a conversation between the interviewer and the interviewee and
therefore can cover parts that a structured interview might miss. Therefore, it was
appropriate to take advantage of unstructured interviews by having interviews sim-
ilar to discussions with the company’s employees who were involved in the research
and part of creating and maintaining the collected secondary data. A purposive
sampling method was used for the unstructured interviews, where two company em-
ployees with key knowledge in the studied area were part of these interviews. All
unstructured interviews are presented in Table 2.

Table 2: Unstructured interviews with employees at the case company with
knowledge about the secondary database

Date Time Duration
(min) Contribution to Research Problem

20-Jan 90
Identified key data structures and variables in the
secondary database relevant to transportation flow
analysis

22-Jan 30 Clarified limitations and assumptions of the
database that affect data interpretation

23-Jan 60 Defined scope of data analysis in alignment with
company and academic expectations

13-Feb 60 Gained an explanation of the sustainability
assessment applied in the case company

14-Feb 30 Discussed the overall purpose and scope of the
study in accordance to the research objectives

17-Feb 45

Explored the structure and components of
transportation cost calculations, contributing to
the understanding of cost variability in inbound
logistics

21-Feb 60
Facilitated access to external carrier data, enabling
further investigation into lead time variability and
cost differences
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24-Mar 30 Identified and validated key inbound transportation
routes to be included in the discussion

27-Mar 30
Clarified constraints and characteristics specific
to sea transportation, supporting lead time
variability estimation and risk assessment

9-Apr 30
Outlined the data and qualitative input required for
the second Delphi round, refining the criteria for
expert judgment on transportation risks

24-Apr 45 Provided insight into cost elements in transport
scenarios

25-Apr 30 Validated assumptions used in transportation cost
modeling based on internal company practices

5-May 10
__________

Brief follow-up to confirm assumptions and
details related to transportation cost inputs used
in the analysis

3.2.1.1 Primary Data Collection for the FMEA

FMEA is a structured approach used to identify potential failures in products and
processes and to address these failures before they lead to actual problems [15].
According to Dev et al. [36] a successful FMEA enables one to identify potential
failures based on experiences of similar processes and identify system, product, or
process problems before they occur. The authors [36] further explained that identi-
fication of such failures makes it possible to design processes in a different way and
minimize risks. Therefore, the use of FMEA can reduce the costs and time needed to
improve the quality of a project [36]. The objective of using FMEA in this study is
to understand the potential risks within transportation to derive insights regarding
the appropriate buffer levels needed to mitigate disruptions during manufacturing.
In this study, Process FMEA (PFMEA) was used. Carlsson [22] states that PFMEA
is commonly used for shipping, incoming parts and the transportation of materials.
PFMEA are performed in order to make sure that assembly operations are reliable,
and to decrease the risks from potential disruptions that could impact quality, safety,
or productivity.

The two main data collection parts of the FMEA were: 1. Identification of po-
tential failure modes and 2. Evaluation of the failure modes. In order to identify
potential failure modes, brainstorming meetings were held, along with meetings to
benchmark risks based on experiences of an existing manufacturing plant in North-
ern Europe. Brainstorming is used to generate ideas, and increase the quality of
the results [22]. Generating a great amount of ideas is the main objective of brain-
storming [15]. When conducting a brainstorming session ”yes” and ”no” questions
should be avoided, instead probing questions were used [22]. Carlson [22] provides
the following examples on probing questions that were used for the brainstorming:

1. How would you describe the current situation regarding...?
2. What has been done in the past regarding...?
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3. What has worked/not worked regarding...?

Benchmarking is defined as ”A method of measuring and improving our organiza-
tional performance by comparing ourselves with the best” [131]. In this research,
benchmarking was used to gather data on delays experienced by a factory near
the one being investigated in this research. The data collected consisted of weekly
explanations for their transportation delays. This data was collected through semi-
structured interviews. Bell et al. [10] stated that semi-structured interviews offer
flexibility, allowing the researcher to remain open to various types of relevant infor-
mation while still following a general predefined frame.

For the Asian flow, the focus was on identifying risks related to road transporta-
tion in Asia, port handling and sea transportation, and rail transportation to the
warehouse located in Northern Europe. Figure 7 illustrates the Asian flow.

Figure 7: Overview of the Asian flow

For Europe, three different transport flows were identified:(1) road only (2) combina-
tion of road and rail (3) multimodal flow involving road, rail, and short sea shipping.
Figure 8 presents an overview of the Asian and European flows considered in this
research. The choice of transport flow was determined by the geographical location
of the supplier and the optimal logistics route to the warehouse. However, based on
the case company’s preferences, European Flows 2 and 3 were used to the greatest
extent, as the company aims to maximize the use of rail transportation.

Figure 8: Overview of the European flows

Table 3 presents an overview of the brainstorming and benchmarking meetings con-
ducted. Data collection for each part of the transportation flows was collected
separately. That is, separate meetings were held to identify and classify road, rail
and short-term risks within Europe, as well as road and sea transport risks from
Asia.
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Table 3: Brainstorming and Benchmarking of potential risk failures, with
employees at the case company

Day Time (min) Role
Sourcing & Commodity Leader27-Mar 60 Sr. Supply Chain Developer

1-Apr 60 VP Logistics International
Sr. Supply Chain Developer2-Apr 60 Supply Chain Developer

7-Apr 15 Head of Transport Operations Korea
Supplier Manager7-Apr 50 Supplier Manager

7-Apr 60 Director Transport Operations China
7-Apr 60 Transport Coordinator
8-Apr 45 Director Transport Material

The following step of the FMEA was to evaluate the risk of failures. Structured
interviews were used to gather expert opinions on transportation failures identified
within inbound logistics. A structured interview is described as a type of interview
in which the interviewer asks a set of predetermined questions that are asked in a
specific order. The predetermined questions follow a strict structure and are usually
used when objective data collection is important [10]. A structured interview in-
cludes closed or open questions, or both types depending on the goal. Bell et al. [10]
mention that closed questions limit the possible way of answer. In contrast, open
questions gives an opportunity for the respondent to answer without constraints.
The questions used in the structured interviews, for this study, include both closed
and open types. Closed questions were used to gain a clear understanding of the risk
assessment. The risks were evaluated based on three criteria: (1) Severity - the con-
sequence of the failure should it occur (2) Occurrence - the probability or frequency
of the failure occurring (3) Detection - the probability of the failure being detected
before the impact of the effect is realized [15]. In combination, open questions were
used to understand the reasoning behind how the risks were evaluated. Different
people were interviewed based on their specific areas of expertise related to the var-
ious transportation modes. To ensure consistency in the risk assessment process, all
interviewed experts were provided with a standardized ranking scales (ranging from
1 to 10) to assess severity, occurrence, and detection. These ranking scales were
used to reduce subjectivity and improve consistency in the FMEA process, and are
presented in Appendix D.

In addition, selecting the right participants for the interviews is crucial to ensure the
collection of high-quality data [22]. Carlsson [22] states that "only a team composed
of the right disciplines can provide the necessary input and discussion to ensure all
concerns are surfaced and addressed". The respondents selected for these interviews
were the same individuals who participated in the brainstorming sessions as well as
additional participants, chosen based on their in-depth knowledge of the topic. All
structured interviews performed for the risk evaluation are presented in Table 4.

24



3. Methodology

Table 4: Structured interviews: Ranking of the identified risks with employees at
the case company

Day Time (min) Ranked fields Role
Head of Transport
Operations Korea15-Apr 60 Truck Risks in

Asia Director Transport
Operations China
VP Logistics
International15-Apr 60

Sea Risks for flows
Asia-Europe and
shortsea in Europe Sourcing &

Commodity Leader
Global Logistic
Developer17-Apr 60 Truck Risks in

Europe Sr Supply Chain
Developer
Supply Chain
Developer22-Apr 60 Rail Risks in Europe
Regional Buyer

3.2.1.2 Delphi Study

The Delphi method is a technique used to gather experts’ opinions on a complex
problem [86]. The Delphi method helps the researcher in developing interview guides
by having different rounds of semi-structured interviews or questionnaires and iter-
atively refine questions and collect consensus [19]. In addition, Brady [19] stated
that the purpose of a Delphi study is to explore whether there is a consensus among
the respondents within a specific question. The Delphi method was therefore used
to gather expert insights on the future of the transportation sector to answer RQ2.
This research used the Delphi method for two rounds, to refine the questions and
receive relevant, consensus based answers from experts in the industry. The first
round of Delphi was done using semi structured interviews, aimed at exploring key
themes and perspectives. Based on the insights gathered in this first round, a self-
completion questionnaire was developed and distributed to the same respondents.
In line with Bell et al. [10], a self-completion questionnaire is a method in which
respondents answer questions individually, without interaction with researchers.

A purposive sampling method was used with the aim of collecting different views on
the future of transportation. Transportation providers were strategically selected to
to represent a range of viewpoints and operational context. Specifically, carriers in
both Asia and Europe were selected, given their relevance as potential suppliers of
inbound materials for future battery cell production. Furthermore, carriers of differ-
ent sizes and with operations in various geographic regions were chosen to provide
various perspectives on sustainable transportation.

The first round of the Delphi method was using semi-structured interviews with 20
different transportation providers. The number of participants varied in each inter-
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view, which is shown in Table 5. 17 of the interviews were conducted via Microsoft
Teams, and 3 interviews were answered by the respondent in written text. Written
interviews were used due to the complexity of communication and language barri-
ers with some Asian transport providers. Semi-structured interviews were used to
gather information from transportation companies about the kind of transportation
they are aiming for in the future and their thoughts on how environmental sustain-
ability will develop within the sector. Different kind of transportation providers were
interviewed, some of them are larger global transportation providers, and some pro-
vide transportation only in smaller geographical parts. The sampled transportation
providers were also chosen to provide their insights into inland or sea transportation.
Therefore, this round provided a deeper understanding of the experts’ perspectives
and helped lay the foundation for refining the questions for the final round of Del-
phi. The semi-structured interview guide for the first round of Delphi is presented
in Appendix A.

Table 5: First round of Delphi: Semi-structured interview and written answers by
transportation providers

Company Date Time (min) Geographical
Location

Primarily
Discussed Mode Role of Respondents

C1 6-Mar 60 Europe Inland Operations Manager
C2 10-Mar 60 Global Inland Account Manager
C3 10-Mar 60 Europe Inland Sustainability Manager

Business DirectorC4 12-Mar 60 Global Inland Global Coordinator
Bussiness DeveloperC5 19-Mar 60 Europe Inland Project Manager
Sustainability ManagerC6 19-Mar 60 Europe Inland Account Manager

C7 20-Mar 60 Europe Inland Sustainability Manager
C8 21-Mar 60 Europe Inland Bussiness Developer

Sustainability ManagerC9 24-Mar 60 Asia Inland President
Account Manager
Sustainability ManagerC10 24-Mar 60 Europe Inland
Fleet Manager
Account ManagerC11 24-Mar 60 Global Sea Sustainability Manager

C12 25-Mar 30 Asia Inland Business Director
C13 25-Mar 30 Global Inland Sustainability Manager
C14 25-Mar 60 Global Sea Sustainability Manager

Account Manager
Global Trade DirectorC15 26-Mar 60 Europe Sea
Bussiness Developer
Account ManagerC16 26-Mar 60 Global Sea Sustainability Manager

C17 28-Mar 60 Global Sea Global Coordinator
C18 24-Mar - Asia Inland Account Manager
C19 25-Mar - Asia Inland Account Manager
C20 31-Mar - Asia Inland Account Manager

For the second round of Delphi, a questionnaire was used. The respondents were
asked to complete the questionnaire online using Microsoft Forms, and submit the
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answers through the same platform. Each transportation company was allowed
to submit multiple responses from different individuals, and the questionnaire was
completely anonymous. In total, 33 responses were collected from the questionnaire.
The questionnaire consisted of yes or no questions followed by open-ended ”why”
questions to provide context and better understand the reasoning behind the an-
swers. This allowed respondents to respond freely without constraints while also
capturing collective opinions. An additional response option, ”I don’t know” was
included to allow respondents to skip questions where they felt they lacked suffi-
cient knowledge. In total 12 statements were used in the questionary, presented in
Appendix C.

3.2.2 Secondary Data
Johnstron [77] defines secondary data as information collected originally for an-
other purpose collected by someone other than the researcher. The secondary data
collected mainly consist of company reports and previous company findings. The
reason for using secondary data analysis is that it provides high-quality information
while significantly reducing the time required for data collection [10].

The secondary data collection included previous company findings, documents, and
reports that were found to be relevant for this thesis. To build on existing findings
and avoid redundant work, this was an important step. The secondary data were
used to gain knowledge on the current structure of the inbound supply chain, to
identify the location of the inbound material supplier, and calculate transportation
costs. Transportation costs for different carriers in different countries were collected
to evaluate cost variations between Asian and European suppliers. Transportation
costs are determined by specific negotiated agreements between the shipper and the
carrier. Therefore, to ensure that cost calculations are relevant and as accurate
as possible, company-specific data was used to the greatest extent possible. As a
result, a significant amount of secondary data regarding contracts between the case
company and its carriers needed to be collected. When data were not available at
the case company, assumptions were made, which will be further explained in the
Data Analysis, Section 3.3.

3.3 Data Analysis
This chapter includes both qualitative and quantitative approaches to analyzing the
collected data. The data analysis has three main focus areas: (1) Evaluation of
risks and risk implications on lead time variations (2) Calculation of transporta-
tion costs (3) Delphi method. These combined techniques support a comprehensive
understanding of resilience and environmental sustainability.

3.3.1 Risk & Safety Stock Analysis
Once data collection was completed for brainstorming and risk classification, the
analysis began with the aim of translating the identified risks into quantifiable terms.
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This was done by first calculating the risk priority number (RPN) for each failure
mode [15], using Equation 1. The RPN value quantifies the priority of the risk,
enabling further analysis.

RPN = Severity (S) · Occurrence (O) · Detection (D) (1)

The RPN values were then classified into three categories using a percentile-based
approach: (1) low (2) medium (3) high. Bornmann et al. [17] described a percentile
as “a value below which a certain proportion of the observations fall”. The use of
percentiles is an alternative to the use of mean-based quotients. The advantages
of using percentiles are that the effect of extreme values is lower, does not require
normal distributed data, works well for uneven data, and is a great tool for grouping
data [17]. In this case, 25th and 75th percentile were used as thresholds for the cat-
egorization. Resulting in a distribution where risks with RPN values lower than the
25th percentile were classified as low risk, RPN values between the 25th and 75th
percentiles were classified as medium risk, and RPN values above the 75th percentile
were considered as high risks. The percentiles were calculated using all identified
risks collectively, meaning rail, truck, sea, and general risks were used together to
find the classification limits.

Additionally, to enable a comparison between the different transportation modes,
the total RPN value for each mode was normalized to the maximum possible RPN
score. This maximum RPN represents the highest theoretical risk score based on the
FMEA scale, see Equation 2. The maximum RPN value was then used to obtain a
normalized risk value for each transport mode, see Equation 3. This value was then
used as the foundation for understanding the risks of the different inbound flows,
particularly in terms of how these risks may lead to lead time variation.

Sum Max RPN = 10 · 10 · 10 · #risks identified for each transportation mode (2)

Normalized Risk = Sum RPN
Sum Max RPN (3)

3.3.1.1 Safety Stock Analysis

One widely used method to determine safety stocks is based on cycle service. This
approach is based on the total standard deviation of the demand during the lead
time, with lead time variability being a critical influencing factor. However, due to
the case company’s lack of historical data on the standard deviation of demand and
lead time, this study adopts an alternative approach. Specifically, supply and de-
mand are assumed to be stable and excluded from the study, as their variability lies
outside the scope of this thesis. Instead, the analysis focuses solely on uncertainties
in the inbound logistics flow and how they affect lead time variability. Finally, this
study discusses the implications the calculated lead time variability has on safety
stock.
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Firstly, the normalized risk values for each mode were used to obtain a risk value for
each flow, according to Figure 7 and Figure 8, and presented below. This enables
better comparison of flows instead of specific transportation modes.

1. Truck in Europe
2. Truck and Rail in Europe
3. Truck, Rail, and Short Sea in Europe
4. Truck in Asia, Sea, and Rail in Europe

For flow 1,2, and 3 each transportation mode was given an equal weight. This means
that if two modes were used in a flow, each was assigned 50% of the normalized risk
value. For flow 4, the sea transport mode was assigned a greater weight, reflecting
its proportionally longer lead time compared to the other modes. The calculated
risk values for the flows were multiplied by the corresponding lead time for each flow
to obtain the effect the risks have on lead time deviation.

3.3.2 Transportation Costs Calculations
The secondary data collected from the case company provided contracts with dif-
ferent carriers that were used to calculate the total transportation costs for each
inbound material from suppliers in Europe and Asia. The secondary data collected
contained current contracted transportation costs for full truckload (FTL) in Eu-
rope, less than truckload (LTL) in Europe and Asia and full container load (FCL)
for sea transportation from Asia to Europe. FTL contracts included information
on whether intermodal transportation was used or not, such as combinations of sea
and truck, truck and rail, or just truck. The current contracts did not include the
exact same routes that are used for inbound materials in this study. Consequently,
comparable routes were identified that were comparatively close to the supplier and
the warehouse location. The comparable routes could vary by 0-100 km from the
actual route, which in this case was considered negligible to the total cost. The
contracts were compiled into multiple Microsoft Excel sheets, to obtain the total
transportation costs. As the data collected were not a perfect fit for this case study,
the following assumptions were made for all calculations:

• All trucks and containers are fully loaded.
• FTL contracts were used to the greatest extent possible. If data were lacking,

LTL contracts were used. In that case, the maximum load capacity was applied
to estimate costs equivalent to an FTL. The maximum load capacity was
assumed to be 25 tons.

• If more than one comparable route was available, intermodal routes were pri-
oritized.

• Transportation cost was assumed to be zero for materials supplied from the
same city as the warehouse.

For the routes from Asia the following assumptions were made:
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• Three transportation modes were used: Truck, sea, and rail.
• Truck was used for inland transportation in Asia to the port. For certain

routes where data was lacking, the average cost per kilometer for a specific
country in Asia was used to estimate the transportation cost for the specific
route.

• Sea freight covers the journey from Asia to Europe and then it is considered
to use rail directly from the port to the warehouse in Northern Europe.

All transportation costs were calculated and consolidated in Microsoft Excel, with
two supplier options per material, one in Europe and one in Asia. To maintain
confidentiality, the exact cost calculations were not disclosed. Instead, the total
transportation cost for each material on the Asian route was used as a reference
point. By dividing the total cost for both the Asian and European routes by the
Asian route cost, for each material, it is possible to quantify how much more or less
expensive it is to ship from Europe compared to Asia. For the European routes where
the cost was assumed to be zero, a comparison could not be made, these are marked
with a ’-’ in the calculations. This enables a comparative analysis of transportation
costs on the European route, helping to identify cost differences between shipments
from either region.

3.3.3 Policy Delphi
The data analysis for Research Question 2 followed a two-round Policy Delphi ap-
proach aimed achieving expert consensus on sustainable transportation solutions for
the future. A qualitative analysis developed by Malterud [89] called Systematic Text
Condensation (STC) was used to identify key patterns and concepts gathered from
the first round of semi-structured Delphi interviews. The analysis consists of the
following four steps: 1. Total impression – from chaos to themes, 2. Identifying and
sorting meaning units, 3. Condensation, 4. Synthesizing. To get a total impression,
all semi-structured interviews were summarized in Microsoft Excel where the an-
swers were connected to the interview questions. The data were then analyzed and
a corresponding category was developed for each theme, including the percentage
of respondents who mentioned each category. Thereafter, the condensation process
was carried out and all information deemed irrelevant to the study was systemati-
cally excluded. Afterward, the most relevant and important topics were identified
from the semi-structured interviews and could be further developed into statements
for the final round of the Delphi study.

For the final round of the Delphi study, the questionnaire responses were analyzed
according to the Average Percent of Majority Opinion (APMO) to reach consensus
among the respondents. A majority is reached when more than 50% of the respon-
dents have the same opinion about a specific statement, also described as consensus
rate [54]. The consensus rate just considers the answers with "Yes" (Agreement)
and "No" (Disagreement), which means that the responses answered "I don’t know"
is not considered when calculating the consensus rate. APMO is used to calculate
the cut off rate and is shown in Equation 4, [54].
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APMO = Majority Agreements + Majority Disagreements
Total Opinions Expressed · 100 % (4)

The APMO cut off rate is used to determine whether consensus has been reached on
the various statements in the questionnaire. Equation 5 describes that, if a state-
ment’s consensus rate is equal to or higher than the APMO cut off rate, consensus
is reached. Conversely, if the consensus rate falls below the cut off rate, consen-
sus is not achieved, indicating that carriers hold differing views on that particular
statement.

Consensus is achieved if: Consensus Rate ≥ APMO cut off rate (5)

Once consensus was evaluated, whether it was reached or not, the focus shifted to
understanding the reasons behind the respondents’ answers. At this stage, the "why"
questions were analyzed for each statement. For this analysis, the STC model by
Malterud [89] was also used to help structure and condense the data.

3.4 Research Quality
To evaluate the quality of a research study, Bell et al. [10] mention that reliability
and validity are important factors to ensure trustworthiness of the results. Relia-
bility refers to the ability to repeat the results of a study, compared to the validity
that ensures that the results of a study represent the reality [10]. The authors [10]
note that, to increase the quality of a research study, it is beneficial to take use of
various sources during data collection. In this study, both primary and secondary
data such as information from the case company, and various interviews with both
internal and external stakeholders were included to gain information from different
sources, and increase the reliability and validity.

To further strengthen validity, data was collected through interviews with a diverse
group of transportation providers operating across different regions in Europe and
Asia. The sample included seven companies providing transportation globally, six
operating across Europe, and five operating within Asia. Similarly, 15 companies
mainly focused on inland transportation during the interviews, while 5 mainly dis-
cussed sea transportation. As a result, the data reflect a broader perspective on
transportation. This with a stronger perspective on inland transport, and a more
limited input on maritime transport. Accordingly, reliability could also be enhanced
due to the Delphi study, as the same experts could answer statements that were built
on the first round of interviews which made it possible for the respondents to repeat
their insights.

For the FMEA, separate brainstorming sessions and risk assessments were conducted
with experts in rail, road, and sea in Europe or Asia. These sessions were held sepa-
rately due to difficulties in scheduling a common session with all participants. This
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separation allowed for more focused discussions on each mode of transport and re-
gional expertise. However, it may have influenced the consistency of the risk ranking,
as different participants were part of each meeting. Thus, creating a risk of bias in
the risk assessment. To mitigate the risk of bias and improve validity, a standardized
ranking scale was used in all sessions, followed by a consistent explanation of how
to apply these, see Appendix D.

When working with sensitive company information, it is important to consider the
ethical aspect of confidentiality in order not to harm the participating company.
Company reports may include confidential data, which were anonymized or gen-
eralized in order to protect sensitive information. The company name, interview
participants, specific suppliers and inbound materials were anonymized to ensure
confidentiality and protect sensitive business information. Sustainability is an im-
portant aspect to consider when designing a supply chain especially when it comes to
transportation. This research focuses on sustainable transportation and highlights
the importance of ecological aspects.
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4
Empirical Findings

This chapter presents the empirical findings gathered from the data collection. The
chapter is divided into two parts, each part presenting the findings corresponding to
a research question. Firstly, the findings for the first research question are presented
with two distinct findings: (1) Risk identification, classification, and LT variation
(2) Transportation costs. Secondly, the results of the Delphi study are presented to
answer the second research question.

4.1 Findings for Research Question 1
This section presents the empirical findings relevant to answering research question
1 Firstly, the identified risks for rail, truck, and sea transportation are presented.
Together with the corresponding RPN value and the classification for each risk.
Secondly, lead time variations derived from the risks assessment are presented for
each material and for both the European and Asian flow. Thirdly, transportation
cost calculations are presented.

4.1.1 Risk Identification & Classification
This section presents the findings related to the risks identified through the FMEA.
The calculated ranges, based on the 25th and 75th percentiles for the high, medium,
and low ranking classes, are presented in Table 6. These ranking ranges were used
to classify the potential failure modes. The potential failure modes, associated RPN
values, the corresponding ranking classes are presented in Tables 7, 8, 9, 10, 11, 12,
and 13, with a separate table provided for each transportation mode in each region.

Table 6: The ranking classes and their corresponding RPN rang.

Ranking Class Range
High >166

Medium 31-165
Low 0-30

For rail 44% of total identified risks are classified to be high, 50% medium, and 6%
low. One reason for this is that the severity got a high value in many potential
failure modes, as many failures within rail transportation often lead to operational
stops for a period of time. During the ranking process, it was also discussed that
severity, occurrence, and detection can vary significantly from case to case. As a
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result, a median value was applied in certain cases. Occurrence varied a lot between
the different potential causes of failure, where e.g. rail track planned maintenance,
mechanical or technical failure on train, and weather disruptions causing operational
stop received the highest rating of 6. However, when it comes to occurrence it was
noted that depending on the location within Europe this value can differ a lot. From
the benchmarked data, in some weeks approximately 2,5-5% of shipments had delays
because of “Late/cancelled vessel/train”. In some weeks, no delays related to train
transportation were identified.

Table 7: The potential failure modes for rail transportation
Potential Failure Mode Potential Cause of Failure S O D RPN Ranking Class

Rail track planned maintenance 2 6 2 24 Low
Signal not working 7 5 6 210 High
Train power issues 7 5 5 175 High
Accidents or obstructions on track 8 5 7 280 High
Wrong tracks / train goes wrong way 6 1 9 54 Medium

Infrastructure & Track Issue Risks

Rail track issues (e.g., poor quality, damage, bad conditions) 6 5 7 210 High
Train Risks Mechanical or technical failure on train 9 6 8 432 High

Missed time slot 8 4 4 128 Medium
Cancelled train 9 2 3 54 Medium
Rail strikes 9 3 2 54 Medium
Lack of train wagons 8 3 4 96 Medium
Capacity restrictions 8 3 4 96 Medium

Transportation Provider Risks

Service stops / low volume 10 4 2 80 Medium
Weather disruptions causing operational stop 9 6 6 324 High
Theft 9 2 10 180 HighOther Failure Modes
Weather disruptions causing slower operations 6 3 3 54 Medium

For potential failure modes in Europe, 6,7% are classified to be high, 60% are
medium, and 33% are low. Road accident on own trucks is the only potential cause
of failure that received a high ranking class. This is due to the risk being assessed
with the highest ranking for both severity and detection, which means that it would
have significant consequences and is difficult to detect prior. However, the occur-
rence rate is low, rating of 2, affecting less than 1,5% of total shipments according
to the ranking list. This is the lowest possible value, as a rating of 1 indicates that
the risk has been effectively eliminated.

One reason for the overall lower RPN values was that occurrence was generally
ranked vary low. Occurrence, was ranked 4 or below, thus all risks are assumed to
occur less 6% per total shipments. With an average value of 2,2, which means that
on average the occurrence of truck risks in Europe is less than 2% of total shipments.
Severity got an average value of 6,5, which corresponds to moderate delays according
to the defined risk assessment scale. Detection has on average values below 5, which
according to the ranking scale is medium likelihood of detection. Road accidents
on own trucks and theft received significantly higher detection values, with the
reasoning that these risks are impossible to detect and not much can be done to
correct the failures. Similarly, as for train transportation, it was discussed that
some risk rankings depend on the country. Especially when it comes to strikes. The
benchmarked data indicates that traffic jam/disturbance, planning error/driving
time, wether, breakdown, and capacity have led to delays. However, each accounts
for only a small percentage of total shipments.
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Table 8: The potential failure modes for truck risks in Europe
Potential Failure Mode Potential Cause of Failure S O D RPN Ranking Class

Road accidents own trucks 10 2 10 200 High
Road accidents 8 3 5 120 Medium
Charging availability and charger malfunctions (in case of electric truck usage) 3 2 4 24 Low
Traffic congestion /traffic disturbance 3 4 5 60 Medium

Infrastructure & Road Condition Risks

Repairs and maintenance of worn-out infrastructure 2 2 2 8 Low
Vehicle Risks Mechanical failures/breakdowns 9 1 2 18 Low

Lack of trucks 5 4 4 80 Medium
Capacity limitations 5 1 5 25 Low
Strikes 10 2 4 80 Medium
Driver shortages 5 4 4 80 Medium

Transportation Provider Risks

Planning error 1 1 6 6 Low
Weather disruptions causing operational stop
(e.g. hurricanes, floods, earthquakes, wildfires, earthquakes, tsunamis) 10 1 5 50 Medium

Theft 10 1 9 90 Medium
Weather disruptions causing slower operations
(e.g., snow, fog, heavy rain) 7 4 5 140 MediumOther Failure Modes

Cybersecurity threats 10 1 4 40 Medium

For truck risks in Asia the results are presented for two countries, China and South
Korea. The results are similar for both countries, but with small differences, as
presented in table 9 and 10. China received 14% high risks, 57% medium risks, and
29% low risks. South Korea received 21% high risks, 43% medium risks, and 36%
low risks. One of the significant differences identified was the risk of strikes. South
Korea received a much higher RPN value for strikes, primarily due to the occurrence
being rated as 4, compared to a rating of 1 for China. For the potential cause of
failure ’repairs and maintenance of worn-out infrastructure’ it was ranked low for
Korea and medium for China. Compared to European truck risks, Asia received
higher values on both wether related risks and cybersecurity threats. However, it is
important to note that the rankings were made on separate meetings with different
participants, which may have influenced the outcome.

Table 9: The potential failure modes for truck risks in China, Asia
Potential Failure Mode Potential cause of failure S O D RPN Ranking

Road accidents 3 2 6 36 Medium
Charging availability, Charger broken (If use of electric trucks) 2 2 3 12 Low
Traffic congestion / traffic disturbance 3 5 5 75 MediumInfrastructure & Road Condition Risks

Repairs and maintenance of worn-out infrastructure 4 4 2 32 Medium
Vehicle Risks Mechanical failures/breakdowns 7 2 2 28 Low

Lack of trucks 8 2 3 48 Medium
Capacity limitations 8 2 3 48 Medium
Strikes 10 1 10 100 Medium
Driver shortages 10 3 4 120 Medium

Transportation Provider Risks

Planning error 4 2 2 16 Low
Larger weather-related delays (Pause in operations)
(e.g. hurricanes, floods, earthquakes, wildfires, earthquakes, tsunamis) 10 2 9 180 High

Theft 10 1 1 10 Low
Bad weather conditions (sluggish operations) (e.g., snow, fog, heavy rain) 8 3 4 96 MediumOther Failure Modes

Cybersecurity threats 9 2 10 180 High

Table 10: The potential failure modes for truck risks in South Korea, Asia
Potential Failure Mode Potential cause of failure S O D RPN Ranking

Road accidents 3 2 6 36 Medium
Charging availability, Charger broken (If use of electric trucks) 2 2 3 12 Low
Traffic congestion / traffic disturbance 3 4 5 60 MediumInfrastructure & Road Condition Risks

Repairs and maintenance of worn-out infrastructure 3 3 2 18 Low
Vehicle Risks Mechanical failures/breakdowns 7 2 2 28 Low

Lack of trucks 8 2 3 48 Medium
Capacity limitations 8 2 3 48 Medium
Strikes 10 4 10 400 High
Driver shortages 10 2 3 60 Medium

Transportation Provider Risks

Planning error 4 2 2 16 Low
Larger weather-related delays (Pause in operations)
(e.g. hurricanes, floods, earthquakes, wildfires, earthquakes, tsunamis) 10 2 9 180 High

Theft 10 1 1 10 Low
Bad weather conditions (sluggish operations) (e.g., snow, fog, heavy rain) 8 2 2 32 MediumOther Failure Modes

Cybersecurity threats 10 2 10 200 High
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For potential failure modes in short sea, 21,7% were ranked as high, 43,5 as medium,
and 34,8% as low. The severity rankings were high, mainly because it was discussed
that issues in sea transportation are not easily resolved and typically result in delays
longer than 24 hours. During the assessment meeting it was clearly stated that
short sea has fewer risks involved and are more predictable compared to long sea
transportation.

Table 11: The potential failure modes for short sea transportation in Europe
Potential Failure Mode Potential Cause of Failure S O D RPN Ranking Class

Fire on board a vessel 9 1 6 54 Medium
Mechanical or technical failure on vessel (engine, systems, etc.) 9 3 7 189 High
Not enough capacity on vessel 10 2 1 20 LowVessel Risks

Loss of containers overboard 10 1 2 20 Low
Withdrawal of vessel services 10 1 1 10 Low
Cancelled vessel 10 2 1 20 Low
Delayed departure 4 3 2 24 Low
Bookings that are rolled to next sailing 10 2 7 140 Medium
Port omission 10 1 2 20 Low

Transportation Provider Risks

Sailing schedule change 10 2 2 40 Medium
Fully occupied yards 9 2 3 54 Medium
Port closes due to holiday closures 10 2 1 20 Low
Port strikes 10 2 2 40 Medium
Unexpected port closures 10 2 9 180 High
Cargo forgotten/left behind at dock 10 2 7 140 Medium
Cargo damaged during port handling 10 1 6 60 Medium
Port congestion 9 2 3 54 Medium
Labour shortage 5 3 2 30 Low

Port Risks

Cargo loaded onto wrong vessel 10 2 10 200 High
Weather disruptions causing operational stop
(E.g. Typhoon, rough sea, fog, winter storms or other extreme weather conditions) 8 3 7 168 High

IT system breaks down 10 2 7 140 Medium
Weather disruption causing slower operations 8 3 7 168 HighOther Failure Modes

Rerouting due to geopolitical or operational constraints 10 1 7 70 Medium

The potential failure modes for sea transportation between Asia and Europe received
48% high ranked risks, 39% medium, and 13% low. This transportation mode got
significantly higher rankings compared to the other modes. This is because all po-
tential causes of failure were ranked with a value of 10 on severity. This is because
all failure modes causes delays longer than 24 hours, in many cases up to a week
of delay. For example, if vessel services are withdrawn, you would typically have to
wait for the next available vessel, which may not arrive for another week. There-
fore, the severity ranking is considered very high compared to other transportation
mode, leading to a higher number of risks being classified as high. During the data
collection, it was discussed that the level of risk also heavily depends on whether
the flow is direct or indirect, as well as the number of ports that are part of the
flow. The case company explained that they strive to have as direct flow as possible,
which means the ship stops at a limited number of port, to mitigate risks. Further-
more, the case company stated that they work a lot with buffer lead times for sea
transportation. This buffer lead time is approximately 6 days, but can vary a lot
depending on how the contracted route looks. When the flow is direct, a lot of risks
are emitted and less buffer lead time is used.
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Table 12: The potential failure modes for sea transportation between Asia and
Europe

Potential Failure Mode Potential Cause of Failure S O D RPN Ranking

Vessel Risks

Fire on board a vessel 10 1 6 60 Medium
Mechanical or technical failure on vessel 10 3 7 210 High
Not enough capacity on vessel 10 3 1 30 Low
Loss of containers overboard 10 1 2 20 Low

Transportation Provider Risks

Withdrawal of vessel services 10 2 1 20 Low
Cancelled vessel 10 5 1 50 Medium
Delayed departure 10 7 2 140 Medium
Bookings rolled to next sailing 10 4 7 280 High
Port omission 10 4 2 80 Medium
Sailing schedule change 10 6 2 120 Medium

Port Risks

Fully occupied yards 10 3 3 90 Medium
Port closes due to holidays 10 4 1 40 Medium
Port strikes 10 4 2 80 Medium
Unexpected port closures 10 3 9 270 High
Cargo left behind at dock 10 4 7 280 High
Cargo damaged during handling 10 3 6 180 High
Port congestion 10 6 3 180 High
Labour shortage 10 4 2 80 Medium
Cargo loaded on wrong vessel 10 3 10 300 High

Other Failure Modes

Weather disruptions causing operational stop
(E.g. Typhoon, rough sea, fog, winter storms or other extreme weather conditions) 10 4 7 280 High

IT system breaks down 10 2 8 160 Medium
Weather disruptions causing slower operations 10 4 7 280 High
Rerouting due to geopolitical or operational constraints 10 3 7 210 High

The general failure modes are additional risks that are added when modal trans-
portation is used. Both causes of failure are classified as medium risks. Despite both
risks being classified as medium, this serves as a good example of how the RPN value
can still vary significantly within the same ranking class. Miss of modal change is
slightly more severe, however, according to the ranking it is easier to detect.

Table 13: General potential failure modes for all transportation
Potential Failure Mode Potential Cause of Failure S O D RPN Ranking Class

Miss the modal change 10 2 3 60 MediumGeneral Failure Modes Damage of goods when changing transportation mode/handling 9 2 9 162 Medium

One of the main advantages with conducting an FMEA is that it enhances risk visi-
bility. This in turn allows companies to prioritize risks and implement proactive and
targeted mitigation measures. In this thesis, the FMEA identified which transport
flows carry the highest risk, by quantifying risks through RPN values. Ultimately,
this enables a shift from reactive problem solving to more proactive strategies with
risk management, a critical step toward building resilient inbound logistics networks.

4.1.2 Lead Time Variation
From the potential failure modes and RPN values identified in section 4.1.1, a nor-
malized risk value was calculated for each transport mode and are presented in Table
14 and Figure 9. This normalized risk value enables comparison of risk levels for
different transportation modes. The results show that sea transportation between
Asia and Europe got the highest value of 0,19, closely followed by rail transportation
in Europe with a value of 0,15. This was followed by general risks, truck transporta-
tion in both Asia and Europe, and short sea transportation in Europe. A significant
gap can be observed between the normalized risk values, with rail and long sea
transportation ranking notably higher than the other modes. This stems from the
severity number being much higher for sea and rail transportation. When it comes
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to failure modes for long sea and rail the effect usually leads to longer stop, usually
longer than 24h, compared to e.g. road transportation.

Table 14: Normalized risk values calculated using RPN from FMEA

Transportation mode/region Normalized Risk Value
Truck Europe 0.068
Truck Asia 0.076
Rail Europe 0.150
Sea Asia 0.190
Short Sea Europe 0.068
General 0.079

Figure 9: Visualization of the normalized risk values for different transportation
modes

Table 14 serves as the basis for calculating the normalized risk values for all European
flows, which are presented in Table 15. The results show that a transportation
flow consisting of a 50/50 split between rail and truck results in the highest risk
values, followed by a split between truck, sea, and rail. This means that while
multimodal solutions are often preferred for environmental and cost aspects, they
result in additional risk implications in terms of lead time uncertainty. For the Asian
flow, truck in Asia, long sea and rail in Europe, one risk value was used, calculated
to 0.1866%. This value is much higher compared to any of the European flows,
highlighting the increased risks within this flow. Figure 10 presents the normalized
risk values for European and Asian flows.

Table 15: Normalized risk values for the three different transportation flows in
Europe

Transportation Flows in Europe Normalized Risk Value
Flow 1 (Road) 0.068
Flow 2 (Road, Rail) 0.11
Flow 3 (Road, Short Sea, Rail) 0.096
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Figure 10: Normalized risk values for European and Asian flows

Finally, these values were multiplied by the corresponding LT for each material to
demonstrate the LT variation. The final results of the LT variation for the European
and Asian flows are presented in Table 16. From the table it is evident that the LT
for the Asian flow varies much more compared to the European. The LT variation
for the Asian flow ranges from 8,77 to 10,08 days, compared to significantly lower
values in Europe, which range from 0,07 to 0,39 days. This stems both for the higher
normalized risk value for the Asian flow, but also the significantly longer total LT for
this flow. This variation in LT is an important aspect that influences the amount
of safety stock needed to cover this variation. Thus, it can be concluded, solely
looking at the transportation risks, there is a greater need for buffer stock and risk
mitigation strategies in the Asian flow. However, it is important to note that LT
variation is only one out of many aspect influencing safety stock allocation. Other
aspects such as demand variability, service level targets, and inventory strategies
should also be included.

Table 16: LT Variation for the two flows

Material no. Europe [Days] Europe [H] Asia [Days]
1 0.29 6.88 10.08
2 0.10 2.29 9.14
3 0.29 6.88 8.77
4 0.07 1.63 9.14
5 0.39 9.29 8.77
6 0.33 8.03 9.33
7 0.11 2.66 9.14
8 0.38 9.18 9.33
9 0.38 9.18 10.08
10 0.38 9.18 9.14
11 0.11 2.66 9.70
12 0.24 5.73 9.33
13 0.07 1.63 8.96
14 0.07 1.63 8.96
15 0.29 6.88 9.14
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4.1.3 Transportation Cost Calculations
The transportation cost calculations indicate that, when considering transport costs
alone, sourcing materials from Europe is generally more cost-effective than sourcing
from Asia. This result is expected because longer transportation from Asia naturally
results in higher transportation costs. However, these findings are based on real
contracted costs and provide concrete percentage differences in costs. The complete
cost calculations cannot be directly presented, therefore, a comparative ratio of
the two routes for each material are shown. Figure 11 presents the cost rations
between Europe and Asia and table 17 presents the cost difference between Asia
and European sourcing. The materials marked with ’-’ in Table 17 are supplied
from the same city as the delivery location, therefore these materials are assumed
to have zero transportation costs. As a result, a comparison could not be made.

Figure 11: Transportation cost comparison by sourcing in Asia or Europe

From table 17 it can be seen that some transportation costs are up to 85% lower
when using European suppliers, with cost differences ranging from 6% higher to
85% lower. On average the total European transportation costs are 57% of the
costs in Asia, thus Europe transport is on average 43% cheaper compared to Asian
transport. However, an exception is observed with material M6 and M8, for which
transport from the European supplier is equal to or approximately 6% more expen-
sive than from the Asian supplier. As shown in Table 17 for M8, the transportation
cost from Asia was lower compared to other Asian routes, and the cost of the Eu-
ropean route was higher than the other routes in Europe. The explanation for this
is that specific negotiated contracts are used in the calculations which influence
pricing based on factors such as shipment volume, port selection, and other logisti-
cal details. Although transportation costs are generally lower for European logistic
flows, it is important to remember that these costs represent only one aspect of the
overall logistics costs. When designing an inbound logistics a total cost of ownership
approach should be applied.
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Table 17: Cost differences for each material, Europe relative to Asia

Material Cost Difference
(Europe vs. Asia, %)

M1 51%
M2 73%
M3 78%
M4 -
M5 30%
M6 0%
M7 73%
M8 -6%
M9 32%
M10 15%
M11 85%
M12 29%
M13 -
M14 -
M15 50%

4.2 Delphi study
This section presents the empirical findings relevant to addressing RQ2. The insights
gathered from the first round of the Delphi study are based on the responses from
semi-structured interviews, shown in Appendix A. This is followed by the results
of the second round, which involved a questionnaire assessing whether consensus
among respondents was reached or not.

4.2.1 First round of Delphi
The first round of the Delphi study was conducted using semi-structured interviews
to explore the general views of transportation providers on environmentally sus-
tainable transportation. The responses are summarized in Appendix B, where the
answers are presented as percentages, reflecting the proportion of respondents who
discussed similar subjects.

4.2.1.1 Current transportation operations

From the semi-structured interviews it is clear that transportation providers in both
Europe and Asia are today relying on fossil fuels. All interviewed companies are to-
day using fossil fuels, but the degree of usage varies among them. In general, the
results show that European transportation providers are today using more sustain-
able transportation solutions compared to Asia.
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For Asian transportation providers, some differences were identified for the current
state of their operations. Company 9, an Indian transportation provider, state that
they use diesel for 100% of their transportation. Furthermore, this company states
that, “It is only recently Indian OEMs have started launching electric vehicles and
LNG vehicles. For LNG, unlike Europe, this solution has just now entered India
and there is today no fueling infrastructure” [Company 9]. Company 19, a Chinese
transportation provider, uses less than 10% sustainable transportation. Meanwhile,
another Chinese company, Company 20, stated that their only current environmen-
tal initiative is compliance with Euro 6 standards, which focus on reducing local
air pollutants. However, these standards still apply to vehicles that use fossil fuels
and do not significantly reduce greenhouse gas emissions. Similarly, Company 12, a
Korean company, stated that their only environmental initiative is Euro 6 engines.
Additionally they are not using any biofuels today.

Despite the general view being that today European transportation providers use
more environmental sustainable transportation significant differences were observed
for companies within Europe. For example, Company 10, based in northern Europe,
is currently using diesel for 50% of its truck transport, the remaining transport is
covered by more sustainable transportation solutions. In contrast, Company 5, uses
HVO for only 3-4% of their total fuel consumption. The interviews reveal signif-
icant differences among European transportation providers. Some transportation
providers stated that the limited availability of both technology and sustainable
fuels makes it currently impossible to adopt more sustainable transport solutions,
while another company stated, “We are doing the change now, it should not be
that hard for other companies to do the same. The technology is available, but
it is the market that controls the change” [Company 10]. Furthermore, the re-
sults show that many transportation providers think that different countries create
different opportunities to have more environmentally sustainable solutions today.
Company 1 operating in southern Europe stated, “We are using HVO where it is
possible today, but right now we can only do it in our primary country of operation”.

Within sea industry Company 17 stated that they are today using Very Low Sulfur
Fuel Oil (VLSFO), and that they believe this fuel will remain the main fuel type
for the next couple of years. Additionally, this company explained that, “The alter-
nate fuels that are available are not available to the extent to cover our entire fleet”.
Thus today they continue to rely primarily on conventional fossil fuels. Company 14
stated, “Right now fossil fuels are dominating, with a small percentage of more sus-
tainable solutions”. However, company 14 has this year introduced a small number
of duel fuel vessels that are able to run on green methanol. Indicating a small shift
to more sustainable transportation modes. Additionally, during several interviewed
it was discussed that vessels have a long operational lifetime which makes it hard to
transition quickly to more sustainable alternatives. However, it was also discussed
as the transition takes longer time, the change needs to start now.
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4.2.1.2 General Perspectives

When discussing the general perspectives of transportation providers on the future
of sustainable transportation, several technologies were highlighted. The majority
of European companies discussed HVO as a good short term solution to reduce CO2
emissions. Company 5 stated, “Right now our focus is on blending HVO100 into our
network” and Company 6, “In the closer years HVO is the solution”. In addition,
multimodal transportation and improved operational efficiency were discussed as ef-
fective immediate solution that delivers a significant immediate emission reduction.

Regarding the future technologies, electrification and hydrogen were discussed as a
viable solution. Company 7 stated, “Electric power is the most sustainable long-
term solution for heavy duty truck – however we also need alternative technologies
to reduce greenhouse gas emissions now”. In addition, Company 10 stated that
they believe the EU favors technologies such as electric trucks and hydrogen. Thus,
making these technologies more promising in the future.

Within the maritime sector, increased vessel utilization was identified as a necessary
and immediate improvement. In addition, several companies mentioned that there
is no single solution and that vessel companies need to diversify their product port-
folios. Alternative fuels and carbon capture technologies were frequently mentioned,
Company 11 sated, “The strategy is for now just to focus on those new alternative
fuels, but we’ll just keep an eye on carbon capture technology because in the end it’s
it may be impossible to reduce for 100%”. Many companies also stated that they are
using a blend of HVO into their vessels today. From a future perspective, ammonia
and methanol were frequently pointed out by companies as promising solutions.

4.2.1.3 Company Strategy and Vision

When it comes to company strategy in terms of sustainability targets the answers
were divided, either the companies had clearly defined goals or none at all. Many
European companies had a net zero target of 2050, with several key milestones How-
ever, the goals varied greatly between companies. Company 6, had a goal of having
no diesel-powered trucks in their fleet by 2035, and Company 10 with the aim to be
fossil-free end of 2025. However, Company 8, also a European company, has not set
any targets. They stated, “We do not have any specific targets. We are working on
sustainability, but as it is not possible to be fossil free today, we have not set any
targets”.

Company 18, a Korean transportation provider, has the goal to achieve fully fos-
sil free transportation by 2050. Company 20, a Chinese company, has the aim of
achieving zero emissions by 2040. The rest of the Asian countries did not communi-
cate any specific targets. These goals are ambitious compared to the current state
of their fleets.
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4.2.1.4 Barriers and Drivers in Transition to Sustainable Transportation

A theme mentioned by several respondents was the need to move towards fossil-free
transportation in order to remain competitive in the market. Therefore, competi-
tiveness was repeatedly mentioned as a driver for the transition to sustainable trans-
portation. One respondent stated, “sustainability is no longer just a value-added
option, it has started to become an expected baseline”. The developed baseline, in
turn, sets even more pressure on carriers to support with less emission-transport
alternatives. Consequently, respondents indicate that it is challenging for them as
carriers to meet customer demands when other parts, such as customers, are unwill-
ing to pay a premium for sustainable options. Cited by a respondent “Customers
think the problem will be solved but they are not willing to invest anything into it.
They are just considered that the service provider does most of the emission fix”.

Many carriers identified that customer demand is one of the main drivers behind
the shift towards fossil-free transportation. At the same time, customer demand
was also discussed as a barrier, as stated by Company 17, a global sea transport
company, “Customers say that they are not able to cover the cost increase for the
use of more sustainable transportation solutions, as their customers in turn are un-
willing to pay more”. However, some European and global transportation providers
noted that a small percentage of their customers are willing to pay extra for sus-
tainable transportation solutions. Multiple respondents also mentioned that larger
companies and companies closer to the end consumer are more willing to pay a pre-
mium. This is because they can use environmental sustainability as an marketing
advantage. As one respondents mention, “it can also depend on the business of the
buying company, higher margin business, or products that have financial benefits,
which are generally more willing to pay a premium” [Company 1].

Additionally, a key theme that was mentioned as a barrier in the interviews was un-
certainty about the regulatory frameworks. Many carriers expressed concerns about
how changing regulations in different regions could impact their ability to make
long-term sustainability plans. This uncertainty is not limited to carriers operat-
ing across multiple regions, but is also common for those operating within a single
country. In many interviews, carriers mentioned that regulations change frequently,
making it difficult to predict future requirements. However, some carriers expressed
optimism, hoping that sustainability efforts will become more globally consistent
over time, allowing them to operate under the same set of rules around the world.
An example of this, mentioned by multiple sea freight providers, is that the inter-
national maritime organization (IMO) has established a mandatory emission limits
regulation for the entire maritime industry sector which is stated going in the right
direction. Accordingly, many respondents highlight the need for stable and pre-
dictable government incentives as a potential solution to solve this challenge. Cited
by one respondent, “We need clear guidance and laws on what they want us to do",
referring to the governments”.

The respondents also discussed the challenges related to the availability of fossil-
free transportation options. Several carriers, offering inland or sea transportation,
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stated that the charging infrastructure or the availability of alternative fuel is not
widely available and varies significantly by country and also location. Company
17 stated, “The alternate fuels that are available are not available to the extent
to cover our entire fleet”. In addition, the availability of alternative fuels for sea
is often available in specific bunker locations, often major ports. This means that
even if alternative fuels are available at the departure port, they may not be acces-
sible at the destination. As a result, logistical challenges arises, as routes may need
to be changed, or operations may need to be limited to specific routes compatible
with certain fuel types. Similar challenges occur in inland transportation due to the
availability of charging and alternative fuel infrastructure. Respondents noted that
rerouting is common and often results in longer driving distances that impact lead
times, something customers generally prefer to avoid. However, some transportation
providers have addressed this by offering sustainable solutions somewhere in their
fleet network. While the sustainable transport may not be used directly on the cus-
tomer’s route, the customer can still pay for it as part of carbon offset. Company 2
explained, “A customer’s cargo might travel by diesel truck, but they pay extra so
that another shipment on a different route uses HVO or electric transport, balancing
the carbon impact”.

In addition, some respondents discussed that the availability of alternative fuels
and electricity will not be sufficient to meet the needs of the entire transportation
sector. Regarding electricity, respondents also mentioned that even when using
electric trucks instead of diesel ones, electricity still must come from renewable
electricity sources to fully realize the potential reduction in emissions. Therefore,
a challenge discussed was the uncertainty of emission reduction by using electric
trucks, as renewable energy is not available worldwide, with particular difficulties in
Asian countries. Consequently, a few respondents also expressed uncertainty about
the emission reductions from alternative fuels. One respondent stated, “the level of
reduction depends on the specific fuel batch, making it difficult to predict the actual
decrease in emissions” [Company 7].

4.2.1.5 Costs and Investments

Many carriers noted that investments in sustainable transportation modes are sig-
nificantly higher compared to regular options. In addition to investment costs,
alternative fuel prices are today also more expensive compared to diesel. Company
17 explained that VLSFO, which is a fossil fuel for vessels costs approximately $550
per ton while LNG costs $1000 to $1200 per ton, and biofuels cost between $1300
$1400 per ton. Thus more sustainable fuels are approximately 2,5 times more ex-
pensive per ton of fuel. The company further explains that customers generally are
not willing to pay that much more, and therefore it is the carriers that have to cover
the extra costs.

Despite this, many transportation providers are optimistic that these prices will go
down in the future. One respondent stating, “In the short term transportation costs
will rise, but in the long run with technological advancements and policy support
the costs will stabilize. There will come a moment when costs for diesel and more
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sustainable solution cross each other” [Company 18]. One additional response, “If
we don’t invest now, we can be certain that costs will rise for customers in the future
due to increasing taxes on emissions” [Company 16]. However carriers state that
the problem today is that fossil fuels, such as diesel, are too cheap compared to
fossil-free alternatives. Also stating that this is the result of insufficient government
regulations. This observation aligns with other carriers views, that stable govern-
mental initiatives are needed to advance towards zero emissions.

Regarding future investments and the choice of technology, one respondent stated,
“We will invest in the sustainable solutions that is the best one for the time and
place” [Company 4]. This view reflects the opinions of many other respondents, who
mean that it is hard to know now what technology will be the correct one to invest
in and use in the future. As there today are a lot of uncertainties when it comes to
regulations, infrastructure, and demand. Another respondent stated, “We believe
that Hydrogen Fuel is the most promising technology, but we are not planned for
any investments now as the technology is not there” [Company 8] and “We are not
planning any investments in sustainable transportation in the coming 10 years, but
we are pushing to increase the HVO consumption instead of using only diesel fuels”
[Company 1]. In addition, many carriers mention that regulations are not stable, one
respondent stating, “what is considered the right solution one year may be replaced
by another the next” [Company 13]. The regulatory uncertainty makes it difficult
for companies to invest and commit to a certain technology, especially due to the
high investment costs. However, one sea transportation provider, Company 17,
explained that they currently have an order book of approximately 130 ships which
really shows their sustainability efforts. They are investing in dual fuel engine vessels
which will be able to use both diesel and alternative fuels.

4.2.2 Second round of Delphi
The analysis of empirical findings from the first round of the Delphi study provided
the foundation for the development of the questionnaire used in the second round.
In this round, each statement is evaluated to determine whether consensus among
participants was achieved or not, presented in tables 19, 20 and 21. The cut off rate is
calculated to be 77%, presented in table 18 accordingly to the methodology presented
in section 3.3.3. Additionally, the respondents’ reasoning behind their answers is
presented to offer deeper insight into their perspectives. For clarification, two flows
are discussed in the statements, where Flow 1 is the transportation of goods within
Europe, and Flow 2 is the transportation of goods from Asia to Northern Europe.

Table 18: Data for calculating APMO cut off rate

APMO
Total number of opinions 749
Majority of agreements 491
Majority of disagreements 86
APMO cut off rate 77%
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Table 19: Consensus rate for policy Delphi round two: Statement 1-10

Statement
#

Number of
agreements

Number of
disagreements

I don’t
know

Consensus
Rate

Consensus
Achieved

S1 23 5 5 82% Yes
S2 16 5 12 76% No
S3 27 1 5 96% Yes
S4 25 4 4 86% Yes
S5 18 7 8 72% No
S6 31 0 2 100% Yes
S7 26 6 1 81% Yes
S8 20 7 6 74% No
S9 25 3 5 89% Yes

S10 17 5 11 77% Yes

4.2.2.1 Statement 1

I believe transportation providers are responsible to lead the shift toward
environmental sustainability by testing new technologies, rather than waiting for

regulations to enforce it.

The answers for this statement agreed that the statement was correct, resulting in
the agreement that consensus was achieved. The respondents expressed a wide range
of opinions of why they answered as they did. However, five respondents who dis-
agreed highlighted that economic constraints limit the space for carriers to test new
technologies. The respondents who disagreed also emphasized that the responsibil-
ity for driving the shift should not rest solely on transportation providers. Instead,
they argued that it is a shared responsibility, stating that "all actors in the supply
chain are to drive change towards more sustainable technologies & transportation
modalities".

However, the respondents who agreed with the statement also emphasize that the
change requires collaboration among all parties, but that it must happen immedi-
ately. The agreed respondents state that regulatory decisions often take too long as
they must consider numerous scenarios. They emphasized that there is no time to
wait, as new regulations can already be outdated by the time they are implemented,
due to the slow decision-making process. It was also noted that transportation
providers are industry experts, since they are processing the resources, capabilities
and a lot of practical experience. As such, they have the responsibility to address
and reduce their increased emissions. The respondents also mean that taking ad-
vantage of being the ones that lead the shift strengthens the carriers competitive
edge.

4.2.2.2 Statement 2

I believe that the availability of biofuels, in terms of fuel infrastructure and supply,
will be larger for Flow 1 compared to Flow 2.
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The respondents had various opinions on agreeing or disagreeing on this statement,
which resulted in no consensus being achieved. The respondents who disagreed
stated that biofuel availability would be the same for both flows. They noted that
ongoing technical developments would be applied in both Europe and Asia, leading
to equal availability. One respondent also means that these fuels are transferable
worldwide, making the location of bunkering irrelevant.

However, respondents who agreed with the statement emphasized regional differ-
ences in infrastructure and policy support. They argued that Europe has already
established more advanced systems for biofuels than Asia, and further improvements
could lead to increased availability and usage. Accordingly, one respondent stated
“Biofuels are relatively available in various Asian countries, but their feasibility is
relatively difficult to implement”, aligning with the views of those who agreed with
the statement. Several respondents supported this view, highlighted EUs stricter
environmental regulations as a key driver for greater adoption advantages. One re-
spondent explained, “I also believe that the mindset from Europe is already much
more focused on sustainability, precisely because in Europe we have much more
extensive regulations on this compared to the rest of the world”. The respondents
mean that the future remains uncertain, but for now, Europe is at the forefront,
while biofuels are not widely available in most Asian countries.

4.2.2.3 Statement 3

I believe that the availability of charging infrastructure for electric trucks, powered
by renewable energy sources, will be larger for Flow 1 compared to Flow 2.

For this statement, consensus was achieved, where it was agreed that the avail-
ability will be larger for Flow 1 compared to Flow 2 which is attributed to several
factors. The respondents stated that Flow 1 involves more road transport compared
to Flow 2, which therefore will be easier to electrify. Additionally, EU is investing
heavily in charging infrastructure and renewable energy, aiming for net zero 2050.
The respondents believe that Europe has a stronger environmental awareness and
economic capacity to support these initiatives. As a result, EU’s infrastructure for
electric trucks and renewable energy is significantly more advanced. As one respon-
dent noted:

EU is supporting this initiative with investing in charging infrastructure
and renewable energy, as well targeting net zero by 2050. It’s likely that
Asia-area will pick up on the charging infrastructure and overtake Eu-
rope, but unlike to have renewable energy available at same time.

Moreover, Europe has a more developed infrastructure for electric vehicles and re-
newable energy sources. This is theme is mentioned by multiple respondents, in-
cluding following cites “The European Union is actively expanding its power grid
based on renewable energy sources such as wind, hydro, and solar power, and charg-
ing stations that utilize this clean energy are steadily increasing.”, and “The share
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of renewable electricity in Europe is already significant and is expected to increase
further in the future”. The share of renewable energy in Europe is expected to grow
significantly. As Europe started earlier with electric vehicle and renewable energy
initiatives, they are much more in the forefront. Although Europe currently leads in
this area, Asia is rapidly developing its infrastructure and has significant potential
to catch up in the future.

4.2.2.4 Statement 4

I believe customers ask for environmentally sustainable transportation but don’t
choose them due to higher costs.

The majority of the respondents agreed that customers ask for environmentally sus-
tainable transportation but do not choose them due to higher costs. Accordingly,
consensus was achieved. However, there were still 4 respondents who disagreed with
the statement. These respondents believe that customers are increasingly aware of
sustainability and are willing to pay for environmentally friendly transportation.
One respondent state that “most cargo owners are willing to pay for environmen-
tally friendly transport” and mean that their experiences is that leading interna-
tional companies are willing to invest in sustainability. It was highlighted that this
willingness varied depending on the type of customer, with larger global companies
showing greater willingness compared to smaller and medium sized business.

However, respondents who agreed with the statement shared a not so different per-
spective based on their experiences. These respondents believe that while customers
ask for environmentally sustainable transportation, they often do not choose these
options due to higher costs. Some respondents noted that they still have customers
who choose the sustainable option, often larger companies, which is still more on the
uncommon side. One respondent states that the statement is not entirely accurate,
saying, “Not 100% yes, but in 99% of the cases we see that customers do not want
to pay for more in case that’s more environmental friendly”. Still, all customers
understand the need for environmentally sustainable transportation solutions, but
the respondents believe that cost remains a major driver in the procurement of sup-
ply chain services and are often prioritize the cheapest alternative to survive, as
stated “economic outflow for consumers occurs immediately, while the benefits of
eco-friendliness are not always directly felt or appreciated in the short term”.

One respondent mean that this issue can be influenced by the competition of com-
panies in regions such as Asia, US and Middle East often has a more cost effective
production compared to plants in Europe. Cited by the respondent, “To remain
competitive in Europe and not lose market share, we notice that our customers are
not yet fully committed to sustainable solutions because of their additional costs.”,
which can be a reason why consensus is achieved for this statement.
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4.2.2.5 Statement 5

I believe customers closer to the end consumer in the supply chain are more likely
to buy environmentally sustainable transportation.

The respondents had various opinions about this statement, which resulted in no
consensus being reached. The respondents who disagreed with the statement believe
that customers closer to the end consumer in the supply chain are not necessarily
more likely to buy environmentally sustainable transportation. One respondent
argued that the pressure to lower the products environmental impact is more rele-
vant in business-to-business (B2B) relationships where buyers and suppliers consider
environmental impacts during procurement processes. Again, cost is a significant in-
fluencing factor, since environmentally sustainable transportation options are more
expensive than traditional ones. The respondents continue to explain that finan-
cial considerations remain an important factor regardless of where the customer is
positioned in the supply chain. Although, there is a gradual shift towards greater
awareness of sustainable products among consumers, this change is slow, and many
customers are not yet willing to bear the additional costs. Some respondents also
noted that they do not observe this behavior among end customers.

On the other hand, respondents who agreed with the statement believe that cus-
tomers closer to the end consumer in the supply chain are more likely to buy envi-
ronmentally sustainable transportation. They argue that consumer demand drives
this trend, as end consumers are increasingly seeking for more eco-friendly prod-
ucts and services. Therefore, respondents state that companies closer to the end
consumer feel more pressure to show their sustainability initiatives and therefore
want to offer that to customers. These companies want to satisfy the demands and
maintain their brand image and consumer trust which makes them more likely to
choose sustainable transportation options.

Accordingly, respondents state that the added cost for environmentally sustainable
transportation is often relatively marginal compared to the total cost of the product,
which generally make the end consumers more willing to pay this extra. One respon-
dent noted, “The more you are able to communicate to end consumers that they
are paying for a premium green product the easier it is”, while another stated that,
“Customers closer to the end consumer are naturally more sensitive to environmen-
tal sustainability because they have to reflect consumer demands and expectations
more directly”. Both responses highlighted a common theme among the experiences
of respondents who agreed with S5. Although similar responses were gathered from
respondents who agreed on the same topic, no clear consensus was reached.

4.2.2.6 Statement 6

I believe that it is worth investing in environmentally sustainable transportation
solutions, even if there can be high investment and operational costs today

According to the result of statement 6 all respondents with an opinion agreed that
it is indeed worth investing in environmentally sustainable transportation solutions,
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even if there can be high investment and operational costs today. Therefore, a con-
sensus was reached on 100%. The respondents believe that the future benefits of
the investments will make the short-term investment cost worthwhile. However, one
respondent noted that the investments may only be worthwhile if all stakeholders
share the same goals and values towards sustainable solutions. However, many re-
spondents mean that the importance of taking responsibility for the planet and the
appreciation from end customers for such investments, giving them an edge in the
market. Accordingly, one respondent answered:

Although the initial investment and operational costs may be high,
sustainable solutions can help companies prepare for future regulatory
changes and strengthen brand image and consumer trust. ... Making
environmentally responsible choices not only fulfills a company’s social
responsibility but also offers the potential for greater economic benefits,
which is why such investments are highly valuable.

Continuously, some respondents indicated that their company’s strategy and sus-
tainability targets involve investing in more sustainable fuels and modes of transport,
making such investments a natural choice for them. Accordingly, one respondent
noted following: “We should be very clear that choosing not to invest is also a risk,
because the market/economy will change, and if you don’t invest or invest too late,
you will be outdated and uncompetitive in the new economy”. Therefore, respon-
dents mean that it makes sense to invest now and learn from our own experiences,
as this might become mandatory in the future. In line with that, one respondent
explained:

We have to invest, but we also need to get the customer to pay for it.
If we invest too much, and don’t get any extra for it, we will suffer and
lose market shares. If the market price is only based on standard diesel
solutions, and the freight buyers are not interested in paying for a better
solution then we don’t get any business.

4.2.2.7 Statement 7

I believe larger carriers must lead the shift to environmentally sustainable
transport, setting the standard for subcontractors to follow in the future.

In this statement, the majority of respondents agreed with the statements, although
some disagreed, a consensus was still reached. The disagreed respondents believe
that both large and small carriers are equally responsible for leading the shift to
environmentally sustainable transport. They emphasize that all actors in the sup-
ply chain must contribute, regardless of size. Smaller carriers, even with limited
resources, play a crucial role in setting examples and ensuring their future busi-
ness. The disagreed respondents believe that environmental sustainable develop-
ment should be a collective effort, with everyone contributing within their capabili-
ties. Although larger companies may have more resources, smaller carriers can also
be pioneers in adopting sustainable practices.
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However, the respondents who agreed with this statement had other opinions. They
believe that large companies have the resources, technical capabilities, and market
influence to set standards for smaller businesses. Therefore, many believe that
larger carriers have a significant role in driving the industry forward. Additionally,
government support programs or incentives are suggested by the agreed respondents
to support these efforts to avoid economic losses. In general, these respondents
believe that larger carriers are viewed as having the responsibility and capability to
lead the transition to sustainable transportation. A statement from one respondent
supports the general view shared by all respondents, “The drive for sustainability
is becoming increasingly important in the life of every company. A larger company
will presumably have more opportunities to make the transition to sustainability,
but a smaller company can do as much as it can”.

4.2.2.8 Statement 8

I believe small carriers will struggle to adapt to the shift toward environmentally
sustainable transportation

As a result of this statement, respondents expressed differing opinions, and no con-
sensus was reached. The disagreed respondents highlight that small businesses op-
erations might have less administrative burden and be closer to financial decisions.
Consequently, small carriers are seen as more flexible and able to adapt easier to
market changes, provided they have a solid business to secure necessary invest-
ments. Some respondents also mention that small carriers are already investing in
sustainable solutions, believing that adapting to environmentally sustainable trans-
portation would not be a problem for them. Meaning that small carriers, overall,
can take advantage of new technologies and make environmental improvements in
their daily operations.

Even though, the other side of the respondents agree that small carriers will struggle
to adapt to the shift toward environmentally sustainable transportation. Respon-
dents agree that small carriers will struggle to adapt to the shift toward environmen-
tally sustainable transportation. Several reasons of this are highlighted including
limited financial resources, high initial investment costs, and high costs of assets
and infrastructure. Accordingly, one respondent noted, “Small carriers are likely to
struggle with adapting to environmentally sustainable transportation because they
have limited resources and capabilities compared to larger carriers”.

Additionally, small carriers often face challenges in covering the expenses required
for infrastructure and training to implement sustainable technologies. “Due to the
high investment and close working with the customer to create an ecosystem to
develop faster turnaround for these high investment products”, one respondent ex-
plained. The financial burden and lack of specialized knowledge in sustainability
are seen as significant barriers. Another respondent stated that, “It will be a great
challenge for all companies, small and large, to make this transition. But especially
for smaller companies, who often lack specialized knowledge in sustainability and
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room for large investments”. Accordingly, some respondents believe that to motivate
participation of smaller carriers, strong support programs are essential. In general,
respondents believe that while the transition will be challenging for all companies,
it will be particularly difficult for smaller carriers due to their limited resources and
capabilities.

4.2.2.9 Statement 9

I believe that transportation providers would transition to fossil-free long-haul
transportation faster if the regulatory framework was stronger

This statement reached a consensus that transportation providers would transition
to fossil-free transportation if the regulatory framework was stronger. The respon-
dents who agreed to the statement mean that regulatory framework is the most
important factor to speed up the transition. Many who agree with this statement
mean that regulatory frameworks could speed up the transition by putting pressure
on the companies. They mean that regulations and especially subsidies will drive
change,

Regulation sets the speed, and money speaks. If there’s a "punishment"
to sit on your hands, as well if there’s no consequences, it’s a simple
ROI calculation to see when there’s breakeven and it will 110% show in
willingness to transition and the speed. Even though there’s e.g. range
issues or fossil-free fuel shortage, it will be a short term issue and market
will pick-up soon.

Despite this, one respondent states that the regulatory framework could speed up
the transition into fossil-free transportation, though it may also have negative con-
sequences by creating an unfair competitive market between the EU and rest of the
world. One respondent agreed on this statement and answered:

Yes, but I don’t think it is good. We follow all rules, so if the rule
changes then we adapt. But I don’t think it is good for the market, or
the competitiveness for EU to impose too extensive regulations.

Therefore, some respondents mention that it is necessary to have regulatory frame-
works on a global level to achieve a positive environmental impact. Some respon-
dents stated that regulations promote consistent change across the industry, which
can encourage companies to adopt sustainable transportation practices while re-
maining competitive. Respondents who did not agree with this statement high-
lighted other factors that are more important in affecting the speed of the transition,
particularly customer demand and the availability of infrastructure.

4.2.2.10 Statement 10

I believe that international differences in regulations create an unfair competitive
environment for fossil-free long-haul transport.
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This statement reached a consensus, however it was very close to the APMO cut
off rate. Thus, indicating that while there was overall agreement, opinions were
still somewhat divided and not strongly aligned. Respondents who agree with this
statement mean that international differences in regulations can create an unequal
playing field for companies trying to comply with the same environmental standards.
One respondent stated that, “Each country or region has a different level of economic
development, and regional differences are very obvious”. A common theme in the
respondents who agree with this statement is that international differences in reg-
ulations mean that today some countries encourage fossil-free transportation more
than others. Thus, resulting in differences in costs, where transportation providers
in countries with stricter regulations may face higher costs, while those in countries
with looser regulations may have a competitive advantage. This ultimately creates
an unfair competitive environment. Some responders highlighting the difficulties
this creates for big companies in selling mass balance principles to customers. One
respondent states,

An example is cross-border transportation between the Netherlands and
Germany. The Netherlands has favorable regulations for environmental
practices, whereas Germany does not to the same extent (depending on
which field exactly). Therefore, it becomes difficult to create a compet-
itive product.

The respondents who disagreed with S10 did not think that international differences
creates an unfair competitive environment for fossil-free long-haul transport. One
respondent mean that the statement is partly true, and align the answer similar to
the ones who agreed to the statement. The respondent believe that each country
have different opportunities and levels of support and stated, “EU funding and
programs apply uniformly to all Member States (e.g. toll discounts in a country for
electric vehicles can be applied to all electric vehicles in the EU, provided the rules
are properly designed)”. However, other respondents who disagreed with S10 mean
that most regulations are created by EU and therefore are similar across borders.

4.2.2.11 Statement 11

I believe the following solutions will be a part of the future, year 2050, inland
transportation solutions.

Table 20 presents an overview of the consensus rate for the seven alternative solu-
tions. In addition Figure 12 visualizes the results. All solutions except LNG and
fossil fuels reached consensus. Additionally, HVO was close to the APMO cut off
rate, indicating somewhat divided opinions despite the reached consensus.
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Table 20: Consensus rate for policy Delphi round two: Statement 11

S11

Alternatives Number of
agreements

Number of
disagreements

I don’t
know

Consensus
Rate

Consensus
Achieved

Electric 31 0 2 100% Yes
Intermodal 31 0 2 100% Yes
Hydrogen 28 3 2 90% Yes
HVO 20 6 7 77% Yes
LNG 17 8 8 68% No
Optimized efficiency and planning 29 0 4 100% Yes
Fossil fuels (e.g. Diesel) 13 13 7 50% No

Figure 12: Presents the number of agreements and disagreements for each inland
transportation solution

A common theme across a majority of responses is that a mix of technologies is
needed to reach the goal of being CO2 neutral by 2050. One answer stating, “I
believe we’re looking into a multi-fuel future”. An additional perspective expressed
was “There will be a need of different solutions pending on distance, availability,
and culture”. The overall view is that all or many of these solutions will be on the
market in the future, because there is not one technology that fits all. Some meaning
that there are differences when it comes to the market, maturity, and regulations
which point towards the use of multiple technologies in the future. One additional
perspective mentioned by one respondent is that multiple solutions are needed as
the supply of one alternative solution is not enough.

For electric solution, it is clear that the transportation providers believe this tech-
nology will be a part of 2050. One respondent stating that, “the future is electric,
since it would be cheapest and most efficient way”. Another respondent stating,
“Electric seems to be the way to go”. Many agree that electric vehicles will be
the future, but longer range and faster charging need to be in place. While most
responses was optimistic, one respondent expressed a pessimistic opinion regarding
electric trucks, “Unless new fundamental inventions in charging and energy stor-
ing technologies happen, it’s hard to see electric trucks using regular batteries as
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a viable solution for long haul transport”. In addition, one respondent states that
electric and hydrogen solutions will rapidly grow in combination with optimization
and multi modality. Another view on hydrogen is, “The electric balance is not very
good for H2. Depends on the energy system. If we produce a lot of "waste" energy
(very high production with solar or wind when the conditions are right) H2 can
be a solution but not if we have a energy shortage”. Another respondent stated,
“The future will mostly be electric but for long distance hydrogen will be used”. For
intermodal transportation, all respondents agreed that it is part of the future and a
good way to reduce CO2 emissions.

HVO is agreed to be a good alternative to diesel. However, one respondent states
that, “Biofuels are currently in the pilot production stage and have not yet been
effectively popularized”. Additionally, one respondent stated that HVO will be used
as an interim solution.

For LNG and fossil fuels consensus was not reached, indicating a wide range of dif-
ferent views among the respondents. Some believe that it is likely that there will
still be a share of diesel used in the future. It is interesting to note that just as many
people believe fossil fuels will still be present in 2050 as those who believe they will
not. One respondent stated, “We can not reach the targets in the Paris agreement
with fossil fuels by 2050”, another responder pointed out that, “The application
of fossil fuels cannot be completely replaced temporarily”. This means that some
transport providers believe that there is a probability that diesel will still be used
in the future. Others state a more optimistic view, one respondent stating, “All
non-fossil fuels will pave the way”, and, “I have doubts about the future of LNG
and Diesel. Fossil fuels availability will reduce and their costs will increase in the
future”. The addition of carriers means that it is important to choose eco-friendly
solutions as a transportation provider. One respondent stating,

At this point, it is not possible to say that any solution is 100% the right
answer. However, with technological advancements, it is expected that
progress will occur in stages, or even leap over some stages. What is cer-
tain is that the solution I have chosen is part of the eco-friendly solutions.

For LNG some respondents discuss if this solution should be considered as a ”green”
fuel. One respondent stating, “LNG is not green in the full supply chain”. An
additional respondent stated, “I am unsure if LNG will continue to pass the criteria
of a "green" fuel due to methane slip and GHG effect of Methane”.

4.2.2.12 Statement 12

I believe the following solutions will be a part of the future, year 2050, sea
transportation solutions.

Table 21 presents the answers and an overview of the consensus rate, also visualized
in Figure 13. Consensus was reached for all alternative solutions, except fossil fuels.
For this statement a high number of ”I don’t know” answers were received. This
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comes from the fact that the majority of the companies that participated in this
study only have inland transportation and therefore do not have knowledge about
sea transportation solutions. Therefore, this result was expected.

Table 21: Consensus rate for policy Delphi round two: Statement 12

S12

Alternatives Number of
agreements

Number of
disagreements

I don’t
know

Consensus
Rate

Consensus
Achieved

Methanol 16 0 17 100% Yes
Ammonia 12 0 21 100% Yes
Carbon Capture Technology 19 1 13 95% Yes
LNG 14 4 15 78% Yes
Optimized efficiency and planning 27 0 6 100% Yes
Fossil fuels (e.g. Diesel) 11 9 13 55% No

Figure 13: Presents the number of agreements and disagreements for each sea
transportation solution

Similarly to inland transportation, the majority of respondents believe that the fu-
ture of sea transportation will consist of a combination of multiple solutions. With
one person stating: “All solutions/technologies are to be pursued & developed to be
fully CO2 neutral by 2050”. Additional response, “Same as with inland transport. I
believe we are looking into a multi-fuel future. All non-fossil fuels will pave the way
towards 2050”.

No consensus was reached regarding the use of LNG for inland transportation. How-
ever, for sea transportation, a consensus was reached but with small margins. Re-
spondents noted that LNG may not be truly fossil-free which could explain the lower
consensus rate, close to the cut-off rate. With one respondent stating, “LNG not
sustainable I think but a good interim solution”.

Methanol and ammonia have been mentioned several times, likely to be present in
2050. Two respondents stating , “Methanol and ammonia most likely the green-
est” and “Methanol is already available today so yes i do believe it will be mature
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enough to last into 2050 Ammonia is still being researched for scalable safe global
sea transport, and is capable of being a true zero emission fuel”. In addition, car-
bon capture technologies are also mentioned several times, with statements such as,
“Carbon capture must be used for the remaining emissions that cannot be abated
through green fuels” and “I believe that Carbon capture technology and Optimized
efficiency and planning may be solutions for the future for inland transport”.

For fossil fuels no consensus was reached, meaning the respondents have conflicting
opinions. Two pessimistic views were, “For fossil fuels no consensus was reached,
meaning the respondents have deflecting opinions” and “Sea transportation is very
slow in implementing new technologies. And with many cargo vessels registered in
low regulation countries the change will take time”. While a more optimistic view
was, “In the year 2050 we need to have come to a place where we do not use fossil
fuels”. An additional interesting statement regarding diesel was that, “Global ocean
freight is harder to change. So it might still be fossil fuel for these ship on the market
in 2050”.
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Discussion

The purpose of this thesis is to explore how environmental sustainability and re-
silience can be balanced in the design of inbound logistics flows for battery cell
production in Europe. Through a FMEA, transport cost analysis, and a Delphi
study, the research revealed key trade-offs between the design of inbound logistics
flows. The following sections begin with a discussion on environmentally sustainable
transportation, followed by an exploration of the trade offs between sustainability
and resilience.

5.1 Environmentally Sustainable Transportation
The research findings confirm that the transportation sector plays an important
role in global emissions which needs urgent transformation. This aligns with Blanco
and Sheffi’s [12] view that transportation accounts for approximately 90% of freight
related remissions and must be adjusted to increase environmental sustainability
awareness. The study presents that transportation providers feel a sustainable re-
sponsibility in transitioning to environmentally sustainable transport, but also see
it as a strategic decision that offers competitiveness and opportunities to gather ex-
periences of new emerging technologies. This supports the view by Vyacheslavovna
Larina et al. [84], who argue that environmnetal sustainable transport requires co-
ordination across sectors and is partly driven by competitive pressure.

This section discusses the importance of transitioning to environmentally sustainable
transportation, highlighting the role of the transportation sector in global emissions
and the need for urgent transformation. It emphasizes the competitive pressure and
social responsibility driving this shift. Six main factors are discussed by transporta-
tion providers to influence the transition to fossil-free transportation by 2050. Those
are: Regulations and policies, Market competitiveness and global context, Customer
demand and social pressure, Decarbonization strategies (technology and operations),
Infrastructure and availability, and Carriers investments and innovation. All of
those influences each other, interact close, driving progress towards the fossil-free
goals and are discussed further below.

5.1.1 Decarbonization Strategies
The study’s findings supports the decarbonization strategies proposed by the In-
ternational Transport Forum [69]. Transportation providers highlighted that an
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integrating approach for the five decarbonization strategies is more effective than
relying on a single solution to realize the full potential of fossil-free long-haul trans-
portation. This aligns with earlier investigation by Ahmad et el. [5], who confirm
that route planning, vehicle fill rates, and network design is an important step. The
alignment shows the importance of efficient operations and smarter logistics when
reducing emissions and improving sustainability.

However, results shows that continued reliance on alternative low emission fuels re-
mains important as there is a limited availability of alternative technologies. These
findings supports previous studies by IEA [64], who elaborate on that the relevance
of different decarbonization technologies often depends on the transport mode. For
instance, while electrification is valued as a lower emissions significantly for road
transport, the maritime sector may continue to utilize biofuels or other emerging
alternatives like ammonia, due to technological constraints.

Furthermore, the study highlights a strong believe among transportation providers
for biofuels such as HVO, especially for road transportation, which aligns with ear-
lier literature describing HVO as an immediate solution compatible with existing
diesel engines [13]. However, the uncertainty findings remains in the long-term view
and the viability of fuels like LNG. Earlier research can may explain this uncertainty,
as LNG can decrease CO2 emissions with 20-30% [23], and bio LNG can decrease it
by 93% or even more [31, 136], which means that respondents can have a different
views on LNG as one solution.

Transportation providers also noted the importance of intermodal transportation so-
lutions, particularly in the role of rail transport in reducing emissions. This finding
aligns with Anagnostopoulos [7], who highlight rail as one of the most environmen-
tally sustainable transport modes. In this context, modal shift that is supported by
demand management, can be one complementary strategy to decrease transporta-
tion emissions.

Although the long-term transition to environmentally sustainable transportation
solutions is widely supported in the literature, transportation providers still ex-
pect fossil fuels such as oil to be part of the future share of inland and maritime
transportation. The IEA [64, 66] state that renewable and alternative fuels will be
increasingly important for the future, and fossil fuels will continue to be a part of it.
This is primarily due to existing infrastructure and technological challenges. How-
ever, the findings of this study have diverse views among respondents, where some
state that fossil fuels will remain, and other believe they will phase out to meet the
climate targets. This reflection is also highlighted by Vyacheslavovna Larina et al.
[84], who describe the complexity of environmentally sustainable transportation.

Nilsson et al. [106], argue that investments in innovation are important for transfor-
mation. Transportation providers align with this, meaning that it is worth investing
in environmentally sustainable transportation solutions to support innovation and
change. Aligned, Vyacheslavovna Larina et al. [84] state that investments by various
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transport carriers are important in driving this shift. Some transportation providers
argued that investments are crucial for companies to remain competitive and meet
customer expectations, aligning well with the frame of reference. However, trans-
portation providers also emphasized the need for regulatory support, as financial
challenges will always be a significant factor.

The findings support the idea that no single decarbonization strategy is sufficient on
its own [69]. Transportation providers mean that achieving fossil-free transportation
requires combining multiple strategies and a collective effort from all stakeholders
such as policymakers, shippers, infrastructure providers, and technology developers,
to drive meaningful change [84, 106].

5.1.2 A refined approach to the barriers and drivers of de-
carbonization

The results show that transportation providers identified several key barriers and
drivers shaping the transition to fossil-free transportation, which align with themes
commonly discussed in the frame of reference: regulations, customer demand, and
infrastructure availability. Accordingly, regulations and policies shape industry stan-
dards, influencing companies to adopt more environmentally sustainable practices
[49, 41]. Accordingly, Gupta et al. and Jha et al. [56, 76] highlights that cur-
rent regulations are insufficient, a view shared by transportation providers that also
notes that the European market is leading the way in decarbonization efforts. This
highlights the importance of regulations speeding up the transition. However, trans-
portation providers also expressed that regulations can create an unfair competitive
market between the EU and other regions of the world. Aligned it is noted that the
EU is at the forefront and has more capabilities compared to other continents [42].
Transportation providers agree that stronger and clearer regulations would acceler-
ate the decarbonization, but is now an unfair competition globally, also noted by
IRENA [71]. Additionally, regulatory uncertainty increases investment risks, com-
plicating carriers’ decisions about adopting new technologies.

Social awareness and customer pressure are key drivers, consistent with McKinnon’s
findings on the role of environmnetal impact in brand positioning [92]. Although
demand for sustainable options is increasing and higher costs often limit customers
choice of transportation which is a challenge for wider implementation. Larger com-
panies and those closer to end consumers tend to drive demand more effectively,
while financial considerations remain decisive for many clients. This dynamic high-
lights the conflict between growing expectations and economic environments within
the sector.

Infrastructure remains a critical barrier, particularly for electrification and alterna-
tive fules, as described by Sikandar et al. [1] and Guno et al. [55]. The limited avail-
ability of charging stations, refueling infrastructure and renewable energy sources
slow down the implementation of environmental sustainable transport solutions [110,
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142]. Transportation providers note that Europe’s renewable infrastructure is in
general more advanced in comparison to Asia. However, transportation providers
also note that Asia has significant potential to catch up in the future. In addition,
to developing infrastructure for various decarbonization strategies, transportation
providers believe that technological advancements, such as improved range, are cru-
cial for electrification to be a viable solution, aligning with challenges identified by
Monteforte et al. [103] and Sikandar et al. [1]. Transportation providers believe
that this lack of availability slows the transition, as increased lead times and costs
are unavoidable with current solutions.

In line with critics from studies [38, 104], transportation providers state that the
availability of environmentally sustainable solutions, regulatory support and cus-
tomer demand are essential and will provide transportation providers with greater
opportunities to transform. Without these factors, transportation providers will
struggle to transition towards fossil-free transportation. However, optimistic views,
supported by McKinsey and Nelldal [93, 105], highlight that with better support
and investments, it is not a question of if the transition will happen, but when. The
transportation providers’ feedback underscores the importance of regulations and
customer demand in driving this change. When these elements are in place, car-
riers are more likely to invest in and adopt sustainable technologies, aligning with
optimistic projections of a shift towards electric, hydrogen, and biofuel-powered
transportation.

5.2 Tradeoffs in Inbound Logistics
According to Kasilingam [80] logistics management has traditionally focused on
maximizing customer service while minimizing total cost. However, our findings
show that in today’s competitive market where environmental sustainability and re-
silience has gained a lot of attention, this approach must advance. Modern inbound
logistics design must balance cost efficiency with environmental sustainability and
resilience, requiring difficult trade offs between these goals. In an ideal state, a
company aims to achieve environmental sustainability, high resilience, and low costs
simultaneously, which is hard to achieve. This section explores what realistically can
be achieved today and in the future, grounded in the findings of this study. To bet-
ter understand the trade-offs between environmental sustainability and resilience, a
matrix has been developed that presents the different strategic positions a company
can occupy.

The matrix is presented in Figure 14, and provides a framework for evaluating
systems or strategies based on two dimensions: resilience and environmental sus-
tainability. This framework is useful within inbound logistics, where trade-offs often
exist between operational stability and environmental impact. Although cost is not
directly included in the framework, it is still a critical variable that is heavily af-
fected by the strategic positioning of both axes. By positioning resilience on the
vertical axis and environmental sustainability on the horizontal axis, the matrix
generates four quadrants: Undesirable Zone, Risk Zone, Emission Zone, and Ideal
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Zone. Each quadrant represents a unique combination of these two dimensions,
helping decision makers understand the current state and define strategic directions
for improvement. Each axis in the matrix involves significant trade-offs related to
resilience and environmental sustainability. The following sections will explore these
trade-offs individually for each axis.

Figure 14: Matrix of resilience and environmental sustainability

Within the vertical axis, representing resilience, a company must make strategic
positioning decisions, each involving trade-offs between different design factors. Ac-
cording to Choi et al. [27] resilience is increasingly becoming a priority in supply
chain management, especially with growing geopolitical tensions and disruptions.
The findings of this study show that resilience in inbound logistics is highly depen-
dent on the geographical location of suppliers and the transportation modes being
used. Which aligns with the findings of Li and Yang [115]. Based on the FMEA
conducted in this thesis, the Asian transport flows is exposed to more risks with high
RPN values. Especially for sea transport which was ranked at the maximum level
in terms of severity. The result provide further evidence to Liang et al. [85] that
highlights the risks associated with maritime transportation. While longer routes
inherently increase risk, our findings also show that shorter transport modes used
within Europe, such as rail, short sea, and truck also introduce uncertainties that
impact a company’s resilience. However, to a much smaller extent.

In addition, as explained by Zijm et al. [144], a fundamental decision must be
made whether to adapt a more lean approach that focuses on cost efficiency that
minimizes inventory or a resilient approach that builds on buffers to mitigate risks
and uncertainties. The results provide further evidence regarding the scenarios in
which a lean approach is appropriate, and where it may not be suitable. When
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creating an Asian based inbound logistic flow, with long LTs and LT variations,
resilience can still be achieved. However, proactive mitigation strategies must be in
place. One proactive mitigation strategy is to maintain higher levels of safety stock,
which increases inventory carrying costs [128]. In contrast, sourcing within Europe
results in more stable and reliable lead times with less LT variation. This reduces
the need for costly risk mitigation measures and enables leaner operations without
compromising service levels. Therefore, the greater the risks associated with a route,
the more mitigation strategies are required to proactively ensure resilience. Which
aligns perfectly with the findings of Yang et al. [143].

The horizontal axis of the matrix represents the environmental sustainability, pri-
marily influenced by the level of emissions associated with the inbound logistics
operations. The left side is characterized by high emissions, typically resulting from
long-distance transportation and the dependency on fossil fuels. In contrast, the
right side of the axis reflects efforts toward zero emissions, often achieved through
nearshoring and the use of the five decarbonization strategies presented by ITF [70].
The results show that, despite a growing ambitions for fossil-free transportation,
the widespread adoption of such modes remains limited, as most freight operations
still are dependent on fossil fuel methods. However, this dependence on fossil fu-
els varies significantly between continents and within Europe. The achievement of
net zero emissions remains difficult today due to the challenges discussed earlier.
In addition, an environmentally sustainable inbound logistics design involves high
operational or/and investment costs, making it a strategic decision for companies
[52, 55]. Furthermore, transportation distance also critically impacts both emissions
and costs. Sourcing from Europe typically results in lower emissions and transport
costs, while Asian sourcing offers cheaper materials, but increases emissions and
transportation costs in most cases.

Reliance and environmental sustainability create a matrix consisting of four zones.
The first quadrant, undesirable zone, has low resilience and low environmental
sustainability, making it the least favorable zone. Systems positioned here face high
sensitivity to disruptions and have a significant environmental impact. A typical
example is sourcing from Asia without implementing relevant risk mitigation strate-
gies. Asian flows often depend on long, multimodal transportation routes that often
use fossil-fuels, leading to high emissions [67]. At the same time, without identifying
risks or using risk mitigation strategies such as inventory buffers, the inbound logistic
is heavily affected by uncertainties [128]. Although this approach may seem cost-
effective due to low inventory and cheaper unit costs, it often leads to low resilience
and high environmental impact, which put both production and sustainability at
risk.

The second quadrant, risk zone, has high environmental sustainability, but low
resilience. High environmental sustainability is reached through the use of e.g., elec-
tric trucks, rail, and HVO. Low resilience means that there is a high exposure to
risks such as unreliable delivery times [114]. When a company is part of the risk
zone, the company does not acknowledge the risks that are part of their logistics
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network and therefore does not implement any mitigation strategies. The FMEA
revealed that multimodal transportation, involving rail, resulted in a higher nor-
malized risk value. Indicating a greater need for proactive risk mitigation measures.
In addition, the infrastructure of more sustainable transportation solutions, such
as charging of electric trucks, and alternative fuel stations, are not yet reliable or
widely available. Thus, also resulting in increased transportation risks. This zone
reflects a well-intentioned but operationally vulnerable setup. It highlights the risk
of pursuing sustainability goals without matching investment in risk management
and risk mitigation strategies.

The third quadrant, emission zone, has high resilience and low environmental
sustainability. Companies in this zone have invested in robust inbound logistics
strategies, but continue to operate with high emissions. E.g. Sourcing from Asia
offers high resilience when supported by inventory buffers, which leads to longer
distances and more emissions. Alternatively, European sourcing with more stable
lead times and low variability also results in high resilience. If no environmental ini-
tiatives are implemented, the logistics operation remains producing large emissions.
According to the findings of this thesis, in the short term, fossil fuel transportation
is more cost-effective, as transportation providers estimate approximately 2,5 times
higher costs for biofuels. However, many transportation providers believe future
regulations will lead to an increase of fossil-fuel prices. Therefore, companies in this
zone will need to move toward reducing emissions to prepare for the future.

However, the empirical findings show that designing an inbound logistics flow within
Europe tends to position companies closer to the ideal zone. In addition, the find-
ings indicate that customer demand for sustainable transportation remains limited,
particularly during periods of economic downturn. In addition, companies are likely
to remain in the emission zone, driven by a combination of today’s cost advan-
tages, technological uncertainties, lack of regulatory pressure today, and limited
customer willingness to pay for sustainable transport. However, the increased focus
on environmental sustainability, growing customer expectations and policy changes,
companies in this zone will need to transition toward lower-emission solutions to
stay competitive in the long run.

The fourth quadrant, ideal zone, is reached when both environmentally sustainable
and resilience is reached. Based on the findings of this study and current market
conditions, this quadrant is difficult to reach today. A vary limited number of Eu-
ropean transportation providers offer services close to zero emissions, but typically
come with a significantly higher cost. However, Sharmil et al. [127] explained that
the market for inbound battery cell materials is heavily concentrated in Asia, mak-
ing it challenging to achieve high levels of environmental sustainability. In addition,
sustainable transportation options in Asia are more limited due to limited availabil-
ity and underdeveloped infrastructure. Furthermore, from the empirical findings it
is clear that when sourcing from Asia it is today not possible to reach net zero tar-
gets. However, the transformation toward this ideal zone is expected to accelerate
in the coming years, driven by regulatory pressure, technological innovation, and
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investments in fossil-free transportation solutions. Many experts expect fossil free
transportation to become viable by 2050, and state that different decarbonization
strategies will be developed and infrastructure will be expanded. Furthermore, the
ambition of European Commissions to expand their production base for battery raw
materials will also increase the possibility of creating an European based battery cell
supply chain. Until then, positioning close to the ideal zone is especially hard when
working in the context of battery cell manufacturing. However, it is still important
to note that European suppliers may still be reliant on Asian mining materials and
suppliers, and therefore may have hidden costs and emissions. As many materials
travel long distances before ending up at the European supplier [116].

By mapping sourcing strategies and current market within this framework, compa-
nies can better identify opportunities to move closer to the ideal quadrant. This
may involve investments in transport decarbonization, reshoring or nearshoring, or
strategically increasing inventory buffers. A dynamic and context-sensitive approach
allows companies to tailor their strategies to balance cost, risk and environmental
goals effectively. At the same time, it is important to recognize that external fac-
tors can impact these strategies. This thesis was written during a time of ongoing
discussions and uncertainty about tariffs, which can have a major impact on supply
chain structures, strategic decisions, and overall outcomes [29]. The changing con-
ditions related to tariffs were not included in the scope of this research. However,
they should be mentioned and considered when evaluating the findings of this thesis.
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The purpose of this research is to investigate the interplay between the design pa-
rameters of sustainable and resilient inbound logistics flows. This was investigated
within the context of an European battery cell production facility, with the aim of
understanding the trade-offs and opportunities in designing such inbound logistics
systems. This was operationalized into the following two research questions, which
were answered on the basis of the frame of reference, empirical findings, and discus-
sion.

RQ1: How do transportation costs and risks impact the inbound logistics design
when sourcing EV battery components from Asian versus European suppliers?

The findings show that transportation costs and risks significantly influence inbound
logistics design. Sourcing from Asian suppliers generally results in higher risk levels.
As shown in the FMEA analysis, sea transportation was ranked highest, reflect-
ing its exposure to many high ranked risks. This is driven by long delays, port
risks, weather related risks, and geopolitical tensions. Rail within Europe also pre-
sented relatively high risks. In contrast, truck transport, both in Europe and Asia,
showed lower risks. The risk analysis was then used to calculate the lead time vari-
ation for both an European and Asian flow. The Asian flow showed a variation of
approximately 8 to 10 days, while the Europe flow showed far more predictable per-
formance, with variation between just 2 to 9 hours. This gap in stability for the two
flows directly impacts the inventory strategy. When sourcing from Asia, more risk
mitigation strategies are needed to cover the variation. In contrast, European sourc-
ing enables leaner inventory levels, leading to lower inventory buffer levels needed.
Transportation costs from Europe were on average 43% lower than transportation
from Asian suppliers. This still varied for each route and contract. For two materials
transportation from European suppliers, the cost difference was small compared to
Asian sourcing. This indicates that negotiated agreements and different routes can
strongly influence the total transportation cost. In addition, these findings must be
discussed within the context of battery cell production, where current conditions still
rely heavily on Asian suppliers. This underlying dependency results in significant
trade offs between sustainability, resilience, and cost that companies must decide on
when designing their inbound logistics flows.

RQ2: What are the joint perspectives of Asian and European carriers on the
potential of a fossil-free long-haul transportation solution for European supply

chains?
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The perspectives collected from Asian and European carriers highlight a common
understanding of the need to move to fossil-free transportation. However, several
barriers were identified, including limited fuel availability in both quantity and
geographical location, high investment costs, and uncertain regulations. Carriers
providing transportation in Europe generally expressed a stronger alignment with
fossil-free targets. The interviewed Asian transportation providers have less envi-
ronmental sustainability efforts compared to European providers. However, many
carriers in both Europe and Asia highlighted a willingness to invest in new sustain-
able transportation technologies, as long as the infrastructure, regulatory framework,
and customer support develop. One finding highlighting that customer demand for
sustainable solutions remains small, which limits carriers’ ability to make new invest-
ments. In conclusion, it is clear that transportation providers agree that fossil-free
solutions are the future. However, the key uncertainty is when these targets can
realistically be achieved. All stakeholders in the supply chain are needed to be
able to achieve a successful transition to environmentally sustainable transportation
solutions.

6.1 Theoretical Implications
This study contributes to the theoretical development of risk management and envi-
ronmentally sustainable transportation by extending the use of FMEA. This research
integrates FMEA with lead time variability and safety stock analysis, providing a
dynamic view on how risks influence inventory planning in inbound logistics. This
approach creates a better understanding of how various risks affect lead times and
inventory requirements, which is essential for designing resilient supply chains. Addi-
tionally, existing theory states that transport from Europe is generally less expensive
compared to transport from Asia. However, this study adds to that understanding
by using real case transportation contracts. This shows that on average transporta-
tion costs are 43% lower. However, transportation is not cheaper in all cases due to
specific negotiated contracts.

In addition, the study also contributes to the literature on supply chain resilience and
environmentally sustainable transportation. The proposed 2x2 matrix, illustrated
in Figure 14, is a structured matrix that can offer a new way to analyze trade-offs in
supply chain design. These contributions bridge gaps in existing theory by showing
how previous literature on risk management and environmental sustainability inter-
act and must be balanced together. It provides a foundation for evaluating strategic
decisions such as inventory and sourcing location, and use of transportation mode.
This not just by efficiency, but also through resilience and environmental sustain-
ability. When comparing this research to established theories that prioritize costs
and efficiency, this research highlights the importance of environmental sustainabil-
ity and resilience into inbound logistics design. This challenges the traditional view
on logistics management theories.

However, it is important to remember that this study has been conducted in current
conditions of sourcing battery components from Asia or Europe. Given that today’s
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constraints are limited due to fossil-free transport infrastructure, regulations and
global supply chains. The findings show that full alignment of resilience and envi-
ronmental goals may not yet be feasible across all flows. Although achieving high
resilience with low environmental impact is challenging under current conditions,
this shift is expected to accelerate, making such strategies valuable even though
investments can be needed.

6.2 Implication for Practice
The findings of this research provide valuable insights into the design of environ-
mentally sustainable and resilient inbound logistics, especially when sourcing EV
battery components. This research provides tools and decision-making frameworks
that practitioners can use to balance competing goals of resilience, cost efficiency,
and environmental sustainability.

To integrate risk assessment and inventory management, it is showed how FMEA
can be used not only as a risk identification and assessment tool, but also for decision
making. By mapping risks in a structured way, companies gain greater visibility of
their risks, allowing them to better prioritize and implement proactive and targeted
risk mitigation strategies. This enables practitioners to use this approach to better
justify inventory positioning, based on risk scenarios. An example from the findings
is that sea freight from Asia to Europe is associated with high-risk scores due to pol-
itics, port congestion, weather-related delays, etc. Instead of treating all suppliers
the same, managers can adjust inventory levels depending on how risky each supply
route is.

In addition, many companies have set net-zero targets, this thesis shows the com-
plexity of achieving zero emission within the transportation sector. The findings
show that despite ambitions from many actors, practical barriers such as limited
infrastructure, uncertainties in regulation, and cost constraints continue to hinder
progress. Furthermore, transportation providers have deflecting opinions on the
future of sustainable transportation. The findings show that the opinions are vary
split when it comes to whether fossil fuels will be part of 2050 or not. Approximately
half of the interviewed transportation providers believe that fossil fuels will still be
part of 2050. This suggests that companies heavily reliant on transportation may
need to reconsider the feasibility of achieving their net zero targets. Furthermore,
the findings show that customers of transportation services will need to be willing
to pay an extra fee for the transition to accelerate. Interviews with transportation
providers also revealed that the transition requires coordinated efforts across the
supply chain, as well as clearer regulatory guidance and financial incentives.

This study also shows that transportation providers vary significantly in both their
current state and their sustainability ambitions. One transportation providers have
set a net zero target at the end of 2025, while others believe it is too early to set such
targets as there today are too many uncertainties. While European carriers tend to
be more aligned with fossil free goals, Asian carriers often lack clear targets and have
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not implemented environmentally sustainable solutions to the same extent as the
European providers. Therefore, companies that rely on international transportation
should consider the sustainability maturity of their partners and select carriers based
on alignment with their own net zero goals.

6.3 Limitation and Future Research
This study is limited by its geographical and industrial scope, focusing specifically
on inbound logistics for battery cell production in Europe. The findings are relevant
for similar manufacturing contexts, they may not fully apply to other industries or
regions. The FMEA was based on interviews and available data, which might not
consider all variables or disruptions in real time. Additionally, carrier perspectives
may be shaped by current market conditions, such as the fact that the case company
is a potential customer to them.

Future research could investigate the long-term cost evolution of fossil-free trans-
port solutions as regulations and infrastructure evolve. Especially when regulatory
frameworks tighten. In addition, comparative studies across different industries and
locations could further explore the resilience–sustainability trade-offs identified in
this work. Furthermore, as the value chain for battery production is long and com-
plex, future research could investigate the continued dependence on Asia, even when
companies choose to source from European suppliers. While suppliers may be geo-
graphically located in Europe, many still rely on upstream materials or components
that originate in Asia, particularly for critical battery-grade raw materials. This
hidden dependency can significantly affect both the resilience of the supply chain
and its overall environmental footprint. Therefore, a deeper examination of indirect
sourcing patterns and the multi-tier supplier base could be made. It would also
be interesting to combine the findings from this research with further studies on
battery cell inbound material costs, particularly how they vary depending on the
sourcing location. This would provide a comprehensive understanding with a total
cost perspective. In addition, as new battery cell technologies are emerging with
new chemistry, further research could explore the impact of emerging battery cell
technologies. In particular, investigate whether such advancements could reduce the
current dependency on Asian suppliers, who are currently dominating both mining
and raw material processing for battery cell production.
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Appendix



A
Semi-Structured Interview

Questions

Interview guide that was used for the first round of Delphi study.

Part 1: Current transportation operations
1. In which countries do you provide transportation?

(a) Follow-up: If multiple countries, do you provide the same transportation
solutions for each country?

2. To better understand the scale of your operations, approximately how many
vehicles does your company operate in long-haul transportation?

3. How big part of your fleet is own trucks or sub-contractors?
4. What transportation solutions does your company currently provide for long-

haul logistics? (Road, sea, rail, or a combination of these?)
5. What types of vehicles and fuels sources does your company currently use in

your transportation operations? (e.g., diesel, hydrogen, biofuel, BEV)
(a) How come you are using those? (economic benefits, ease of use, time,

capacity etc.)
6. How big part of your company’s logistics fleet currently consists of low-emission

or alternative fuel vehicles?

Part 2: General Perspectives
1. What emerging technologies do you believe will have the most significant im-

pact on sustainable transportation industry according to the 5 main strategies
[70]?
(a) Which strategy would you say tour company has the strongest focus on,

is there any of these strategies you find are not fitting?
2. European Commission has established a goal of reducing transportation-related

emissions by 90% by 2050, do you believe these targets are realistic and achiev-
able [42]?
(a) European Green Deal: Reducing net greenhouse gas emissions in Europe

by at least 55% by 2030 [45]. Are the goals of Asian countries more
feasible? E.g. China 2060 [141], India 2070 [111].

(b) If 2050 is not feasible, when is it?
3. What do carriers need to make it feasible for you contributing to the decar-

bonization?
4. How fast do you expect the industry to only have fossil-free long-haul trans-

portation?
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A. Semi-Structured Interview Questions

(a) Will it be an incremental shift or a rapid transformation?
5. Do you believe that fossil-free long-haul transportation will become available

at a large scale?
(a) When do you think it is possible for your company to provide 100% fossil

free transportation in the future?
6. When comparing 2030 and 2050, what do you think is possible to achieve when

it comes to heavy duty truck for long-haul transportation?

Part 3: Company Strategy and Vision
1. Did you notice a shift in the importance of sustainability?

(a) If so, when did this change occur?
2. Do you have any sustainability targets?

(a) Does your company have a roadmap for reducing emissions in transporta-
tion?

(b) If yes, any key milestones?
(c) How did you set these targets?
(d) Formalized sustainability strategy?
(e) Why do you set these goals?

3. When looking at the company’s overall strategy, how is sustainability priori-
tized compared to cost-efficiency? (How big part of your strategy is sustain-
ability?)
(a) Has this changed over time?

4. How are you actively working to be updated on new transportation technolo-
gies and solutions to know what strategy that is the best one? (Innovation
and up-scaling)
(a) Do you have any team actively working with sustainability?

Part 4: Challenges/barriers and drivers in the transition to sustainable
transportation

1. Why are your company striving towards sustainable transportations?
(a) What main drivers do you see in the transformation to sustainable trans-

portation? (E.g. regulatory pressure, customer/market obligations, new
market opportunities, competitiveness)

(b) Do you think the transformation to sustainable transportation is essential
for carriers to stay competitive?

2. Do you see an increased trend for the demand of sustainable transportation
solutions?
(a) Have you seen any regional differences in the demand?

3. How do you think current and upcoming regulations impact your transition
to fossil-free transportation?
(a) How much are you adapting to the governmental regulations and targets?

4. What are the challenges your company faces in transitioning to more sus-
tainable transport solutions? (e.g. infrastructure, costs, policies, technology
acceptance, ease of use, payback time, range)
(a) Of these challenges, which do you consider to be the most significant or

most pressing for your company?
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(b) How are you working with these challenges today?
5. Given your current position with the transportation methods you use today,

how challenging do you perceive the transition to fossil-free transportation?

Part 5: Costs & Investments
1. What are the biggest cost-related barriers your company faces in adopting

sustainable transport solutions?
(a) High initial investment in vehicles and infrastructure?
(b) Higher operational costs (e.g., fuel, maintenance)?
(c) Uncertain return on investment (ROI)?

2. How do you think the implementation of sustainable transportation will affect
the costs for the customers?
(a) Follow up: Do you anticipate higher prices compared to e.g. diesel op-

tions?
3. Do you see that customers are willing to pay a premium for sustainable trans-

portation services?
(a) Follow up: Have you seen a shift in customer priorities regarding sustain-

ability versus cost?
4. Has your company made any investments (or are planning to make invest-

ments) in sustainable transport solutions (e.g., electric or hydrogen trucks,
biofuels, multimodal logistics)?
(a) Which decarbonization transportation solution will you prioritize [70]?
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B
Results of Delphi Round 1

Table 22: Proportion of responses (%) in Delphi round 1
Inland Transportation:

Europe
Inland Transportation:

Asia Sea Transportation

Used Vehicles/Fuels

Diesel/Fossil Fuel: 100%

Electric: 70%

Biofuels (HVO, Hydrogen, LNG): 100%

Intermodal/Rail: 50%

Primary Fuel, Diesel: 100%

Small amount of Electric: 40%

Small amount of Hydrogen: 20%

Intermodal/Rail: 40%

Diesel/Fossil Fuel: 100%

Biofuel (Methanol, LNG etc.): 80%

Own fleet or
Subcontractors

Uses subcontractors and don’t own all
of the vehicles by themselves: 90%

Find it difficult to set pressure on
subcontractors to provide sustainable
transportation: 20%

Uses subcontractors and don’t own all
of the vehicles by themselves: 80%

Future Sustainable
Vehicle Technologies
(Long Haul)

Intermodal/Rail: 60%

Electric: 60%

HVO: 80%

Hydrogen: 50%

Hard to say since it depends on the
time and place: 10%

Needs a mix of technologies to make
it sustainable: 40%

Intermodal/Rail: 40%

Electric: 60%

Hydrogen: 20%

LNG: 20%

Ammonia: 60%

Methanol: 100%

Carbon Capture Technology: 20%

Needs a mix of technologies to make
it sustainable: 40%

Environmental Coatings: 40%

EU goals feasible

Think it is feasible. But they also
mean that there are things to need to
be developed: 50%

Mentions that it is challenging and
requires change and it is hard to say
if the target is feasible or not: 50%

Think it is feasible, anything is possible
with 25 years but things need to be
changed: 40%

Highly challenging: 40%

Think there is a ambitious goal, but
hope it is feasible: 100%

They have to be met since they
otherwise have to pay penalties, IMO
standards: 20%

Percentage of
Sustainable
transportation

10% or more of the operations are
done with sustainable transportation
(EV, HVO etc.): 20%

Mainly uses diesel as their fuel
source: 100%

10% of the operations with sustainable
transportation: 20%

Fossil free fuel is mainly used: 100%

Uses 1% of the operations with
sustainable transportation: 40%

Sustainability
targets

Has sat sustainability targets that they
are striving to reach: 80%

Have no targets and are waiting for
better technologies and legislation: 20%

Has sat sustainability targets: 60% Has sat sustainability targets: 100%

Sustainability
vs Costs

Cost is more important for the company
to survive: 30%

Cannot risk the company and therefore
cost will be a priority: 40%

Mentions that investments will be
beneficial in the long-term: 60%

Invest in new sustainable technologies
and solutions, but have to look at cost
as well: 100%
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B. Results of Delphi Round 1

Inland Transportation:
Europe

Inland Transportation:
Asia Sea Transportation

Challenges of
transformations
to Sustainability

Infrastructure: 100%

Amount of energy and alternative
fuels: 50%

Availability of charging and refueling
stations: 60%

Distance EV (weather conditions
etc.): 40%

Uncertain amount of emissions that
are being reduced with the sustainable
transportation alternatives: 40%

How the infrastructure, availability etc.
differs from country to country: 10%

Uncertain technology
development: 20%

Charging time for EV: 40%

Diesel/Fossil Fuel is too cheap: 20%

Energy Sources are challenging out
of Europe: 10%

Lead times of sustainable
alternatives: 10%

Rail can just go certain routes
(not flexible): 10%

Infrastructure: 80%

Cost is too high: 80%

Capacity of EV, small vehicles: 20%

Driving range for long distance: 40%

Availability of charging and
refueling stations: 20%

Customer don’t have the mindset of
transformation: 20%

Regional infrastructure
differences: 20%

Investment and operating costs are
expensive: 100%

Customers have to demand it and
not think this problem will be solved
automatically: 60%

Infrastructure for green electricity: 20%

Charging stations with alternative
fuels are not available in so many
locations (Availability): 80%

Uncertain of future technology
development: 20%

Find partners that are willing to pay
the price for the transformation: 20%

Different regulations worldwide, it is an
unfair competition: 20%

Amount of alternative fuels: 20%

Ammonia is toxic and dangerous to
handle: 20%

Drivers of
transformations
to Sustainability

Customer demand: 100%

Want to be a part of the change and
the new solutions: 40%

Regulations: 50%

Own responsibility: 30%

Customer demand: 60%

Want to be a part of the change and the
new solutions: 20%

Own responsibility: 20%

Essential to stay competitive on the
market: 80%

Regulations: 60%

Customer demand: 60%

Want to be a part of the change and the
new solutions: 100%

Regulations: 40%

Be prepared for the future: 60%

Increased demand
of Sustainable
solutions

Larger and Global customers: 30%

Nordic countries companies: 10%

Many time asked but not used: 30%

Larger and Global customers: 100%

Increased demand, yes: 100%

Decreased demand the last
year: 20%

Many time asked but not used: 20%

Will costs increase
of Sustainable
Transportation
(ST)

Investments are much higher: 70%

Operational costs are higher: 20%

Short term costs will increase: 10%

Long term cost don’t necessary
have to increase if infrastructure
change: 50%

Investments are much higher: 80%

Long term costs can decrease: 60%

Investments are much higher: 60%

Operational costs are higher: 60%

Customer is
willing to pay
premium price
for ST + Trends

Few customers are willling to
pay: 80%

Customers can pay a part of the extra
price: 10%

A lot interest but many think it is too
expensive: 10%

Companies close to customers in the
supply chain are more willing to
pay: 10%

Customers can pay extra in this
development phase for short term,
not in the long run: 10%

No: 80%

Large and Global customers are willing
to pay a part of the extra price: 40%

Yes some of the customers: 60%

Depends on the product that the
customer are selling, higher margin
products can pay extra: 40%

Companies close to customers in the
supply chain are more willing to
pay: 20%

Need pressure on the entire
industry: 20%

Investments and
future investments

Sustainable vehicles 80%

Research for new technologies 80%

Solarpanels: 20%

Intermodal/Rail transportation: 20%

Electric trucks: 60%

Research for new technology: 40%

Research for new technologies: 40%

Methanol fuels: 40%

Hydrogen vessels: 20%

LNG and biofuels: 20%
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Questionnaire for Delphi Round 2

The following text and set of statements were used when distributing the question-
naire to multiple respondents. Participants were given the option to select one of
three responses: Yes, No, or I don’t know. After each answer, they were also asked
to explain ’Why’ they chose that response, providing further insight into their rea-
soning.

Welcome!

The purpose of this study is to gather your insights on environmentally sustainable
long-haul transportation solutions for the year 2050. The research focuses on two
primary transport flows, which will be addressed in the survey:

Flow 1 = Transportation of goods from Europe to Sweden
Flow 2 = Transportation of goods from Asia to Sweden

The survey will take approximately 15 minutes to complete.

All responses are fully anonymous and will be used solely for research and improve-
ment purposes. The answers will be analyzed as collective group opinions, not as
the views of individual companies.

Your input is highly valued and will contribute to shaping future transportation
strategies. Thank you for your participation!

If you have any questions in the meantime, please contact Sofia or Nathalie.

Statement 1
I believe transportation providers are responsible to lead the shift toward environ-
mental sustainability by testing new technologies, rather than waiting for regulations
to enforce it.

Yes □, No □, I don’t know □
Why?

Statement 2
I believe that the availability of biofuels, in terms of fuel infrastructure and supply,
will be larger for Flow 1 compared to Flow 2.
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Examples of biofuels (HVO, hydrogen, LNG etc.)

Flow 1 = Transportation of goods from Europe to Sweden
Flow 2 = Transportation of goods from Asian to Sweden

Yes □, No □, I don’t know □
Why?

Statement 3
I believe that the availability of charging infrastructure for electric trucks, powered
by renewable energy sources, will be larger for Flow 1 compared to Flow 2.

E.g. of renewable energy sources are wind-, hydro- or solar power.

Flow 1 = Transportation of goods from Europe to Sweden
Flow 2 = Transportation of goods from Asian to Sweden

Yes □, No □, I don’t know □
Why?

Statement 4
I believe customers ask for environmentally sustainable transportation but don’t
choose them due to higher costs.

Yes □, No □, I don’t know □
Why?

Statement 5
I believe customers closer to the end consumer in the supply chain are more likely
to buy environmentally sustainable transportation.

Yes □, No □, I don’t know □
Why?

Statement 6
I believe that it is worth investing in environmentally sustainable transportation
solutions, even if there can be high investment and operational costs today

Yes □, No □, I don’t know □
Why?

Statement 7
I believe larger carriers must lead the shift to environmentally sustainable transport,
setting the standard for subcontractors to follow in the future.
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Yes □, No □, I don’t know □
Why?

Statement 8
I believe small carriers will struggle to adapt to the shift toward environmentally
sustainable transportation

Yes □, No □, I don’t know □
Why?

Statement 9
I believe that transportation providers would transition to fossil-free long-haul trans-
portation faster if the regulatory framework was stronger

Yes □, No □, I don’t know □
Why?

Statement 10
I believe that international differences in regulations create an unfair competitive
environment for fossil-free long-haul transport.

Yes □, No □, I don’t know □
Why?

Statement 11
I believe the following solutions will be a part of the future, year 2050, inland trans-
portation solutions

Yes No I don’t know
Electric □ □ □
Intermodal □ □ □
Hydrogen □ □ □
HVO □ □ □
LNG □ □ □
Optimized efficiency
and planning □ □ □

Fossil fuels
(e.g. Diesel) □ □ □

Why did you answer yes/no on the different solutions for inland transportation?
Please answer for each solution.

Statement 12
I believe the following solutions will be a part of the future, year 2050, sea trans-
portation solutions.
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Yes No I don’t know
Methanol □ □ □
Ammonia □ □ □
Carbon Capture
Technology □ □ □

LNG □ □ □
Optimized efficiency
and planning □ □ □

Fossil fuels
(e.g. Diesel) □ □ □

Why did you answer yes/no on the different solutions for sea transportation?
Please answer for each solution.
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Ranking Scales for the FMEA

Table 23: Ranking scale: Severity

Effect Criteria: severity of effect Rank
Very long delay Period of stop often >24 hours 10
Long delay Period of stop for 12-24 hours 9

Period of stop is 6-12 hours 8
Period of stop is often <6 hours or period of sluggish operation >18 hours 7Moderate delay
Period of sluggish operation 12-18 hours 6
Period of sluggish operation 6-12 hours 5Minor delay Period of sluggish operation 3-6 hours 4
Period of sluggish operation 2-3 hours 3Slight delay Period of sluggish operation often <2 hours 2

No delay There is no stop or sluggish operation 1

Table 24: Ranking scale: Occurrence

Occurance of failure Possible failure rates - Incidents per total shipments Rank
>36% 10
30 - 36% 9
24- 30% 8Very high

18- 24% 7
12 - 18% 6
6 - 12% 5Moderate
3 - 6% 4
1.5 - 3% 3Low <1.5% 2

Very low Failure is eliminated through preventive control 1

Table 25: Ranking scale: Detection

Detection Criteria: likelihood of detection by design control Rank
Controls will almost certainly not able to detect the existence of a defect 10
Defect is detectable after operation & operators won’t be able to correct it 9
Operators will be able to correct the defect with limitations after operation 8Extremely unlikely

Operators will be able to correct the defect after operation 7
Operators will be able to correct the defect during operation 6
Controls have medium effectiveness for detection 5Moderate low likelihood
Defect is detectable prior operation 4
Controls have high effectiveness for detection prior operation 3High likelihood Controls have a very high probability of detecting the existence of delay prior operation 2

Extremely likely Controls will almost certainly detect the existence of the defect and correct it 1
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