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This thesis examines how first-mile logistics particularly in food production (primary
production) in the Kymenlaakso region could shift toward lower-emission energy solutions
by the late 2030s. The region depends on steady goods flows between farms, processing
sites, and logistics hubs, and the pressure to cut emissions in heavy-duty transport sector and
in logistics operations is growing. Because primary food production in Kymenlaakso is
regionally scattered and the operating environment is demanding, the question is which low-
emission energy options can realistically work in everyday transport and logistical tasks.

The study uses a qualitative, exploratory approach to examine the topic. Literature, together
with global, national and regional data as well as expert interviews, was used to build a
grounded view of how electricity, biogas/biomethane, HVO, and hydrogen could fit the
conditions typical of first-mile operations. The material was analysed thematically to
understand how technical, logistical, and practical factors shape the choices available.

The findings point to short distances, heavy loads, varying road conditions, and cold-chain
requirements as the main elements steering energy use. Biogas/biomethane appear the most
workable option now and for the longer term, while electricity suits short and predictable
routes with lighter payloads. HVO is easy to adopt but constrained by cost and feedstock
availability, while hydrogen remains a more distant future option. The thesis concludes with
a scenario-based roadmap that indicates the points in time and the circumstances under
which these low-emission alternatives may become viable in the region.
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Tdmin diplomity6én tavoitteena oli selvittdd, mitkd vdhdpédstdiset energiavaihtoehdot
soveltuvat Kymenlaakson ruoantuotannon alkuvaiheen kuljetuksiin ja  muihin
logistiikkatoimintoihin 2030-luvun loppuun mennessd. Ty0ssd tarkasteltiin, miten alueen
olosuhteet, kidytinnon toimintatavat ja erilaiset rajoitteet vaikuttavat energiaratkaisujen
valintaan. Néiden eri tekijoiden perusteella pystyttiin muodostamaan realistinen arvio siité,
mitkd vaihtoehdot ovat toteuttamiskelpoisia Kymenlaaksossa. Arvioinnissa huomioitiin
myds teknologioiden kehitys ja niiden soveltuvuus kéytinnon tilanteisiin, erityisesti
kuljetuskaluston osalta, jotta eri vaihtoehtoja voitiin arvioida realistisessa ympéristossa.
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Tulokset osoittivat, ettd energiaratkaisujen valintaan vaikuttavat erityisesti toimintasade,
kuormien koko, sdd- ja tieolosuhteet sekd kaluston kustannukset ja teknologian kehitys.
Niiden tekijoiden pohjalta laadittiin tiekartta eri vaihtoehdoista. Neljdstd tarkastellusta
vahdpadstoisestd energialdhteestd biokaasu/biometaani ja sdhko osoittautuivat kidytanndssa
toimivimmiksi ja niilld ndhtiin my6s pitkdn aikavilin potentiaalia, toistaiseksi sdhko toimii
parhaiten lyhyilld reiteilld ja kevyillda kuormilla. HVO:n eli uusiutuvan dieselin yleistymisti
rajoittavat ennen kaikkea kustannukset ja rajallinen raaka-ainepohja. Vety puolestaan
ndyttdytyy mahdollisena vaihtoehtona vasta 2030-luvun loppupuolella.
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SYMBOLS AND ABBREVIATIONS

Abbreviations

ASC Agri-food supply chain

BE HDT Battery electric heavy-duty truck
BE MDT  Battery electric medium-duty truck
BETs Battery electric trucks

BEVs Battery electric vehicles

CBG Compressed biogas

EHDVs Electric heavy-duty vehicles
FAME Fatty acid methyl ester

GHG Greenhouse gas

HCT High-capacity transport

HDVs Heavy-duty vehicles

HFCVs Hydrogen fuel cell vehicles
HVO Hydrotreated vegetable oil

ICEs Internal combustion engines
LBG Liquefied biogas

SC Supply chain

TWh Terawatt hour
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1 Introduction

The decarbonization of logistics and transportation has become a central objective in both
EU and Finnish climate policy and a key step toward a green transition and logistics. EU’s
“Fit for 55” package sets for an ambitious reduction goal of 55% in greenhouse gas GHG
emissions by 2030, signalling a clear structural change especially in regional level logistics
and transportation systems toward decarbonising and lower emissions. The AFIR regulation
obliges EU member states to expand the availability of alternative fuels infrastructure,
including recharging and refuelling networks, particularly for vehicles using electricity or
hydrogen, thereby supporting the decarbonisation of road transport. (European Commission,

2023.)

In this thesis, first-mile logistics in Finland is approached as a context where decarbonisation
may be particularly demanding. The operational environment can include elements such as
heavy-loads, short-haul movements and geographically dispersed production. Based on
Traficom’s (2025) analysis, Finland’s move toward lower-emission and more energy
efficient modes of transport is influenced by the country’s existing infrastructure, fuel

regulations and overarching policies.

While there is extensive and widely available public charging infrastructure for passenger
cars, for the heavier transport vehicles the charging infrastructure remains limited and largely
private, although there are signs for development and expansion to meet AFIR obligations
for 2025-2030. Despite these signs for development, a significant additional construction of
charging infrastructure is needed on both the core and comprehensive TEN-T networks to

meet future requirements. (Traficom, 2025.)

To facilitate the transition towards low-emissions, Finland’s distribution obligation in
renewable fuels will be increasing gradually from 16.5 % in 2025 to 22.5% by 2027 and up
to 34% by 2030. These obligations support the increased use of more environmentally
friendly energy sources like biogas and HVO. According to national monitoring data, the
distribution obligation has been one of the key factors contributing to the reduction of
transport emissions, as the share of renewable fuels in road transport has increased steadily

between 2008 and 2023. (Traficom, 2025.)
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Because of its strategic location, Kymenlaakso is one of the most logistics-dependent regions
in Finland due to its strong transport infrastructure and concentration of industrial flows. The
region benefits from Finland’s largest general port HaminaKotka and Kouvola which is one
of the most important railway junctions in Finland. The main link between these logistics
nodes is highway 15 which also forms a critical link within the TEN-T network. These
logistics characteristics make the region highly dependent on reliable, efficient, and lower-
emission transport operations and energy forms, including first-mile logistics in primary

production. (Kymenlaakson liitto, 2022.)

Throughout this study, primary production is understood specifically as food production.
This clarification is necessary because the term “primary production” can also refer to
sectors such as forestry or mining, and without context it is easy to confuse it with them. The
focus of this study is on the agricultural and food-related activities that constitute the

operational context for first-mile logistics in the Kymenlaakso region.

In a region such as Kymenlaakso, where agricultural production appears dispersed based on
regional structural characteristics and the regional environment is industrially oriented and
logistics-intensive, first-mile logistics in primary production form a vital link between farms,
processing facilities, and major logistics nodes. With the local food industry operators
struggling with aftereffects of Covid-19, the Ukraine-Russia war, high prices for raw
materials and fuels their aim is to have better common network and better coordination
between producers, processors, and supporting industries. (Kinno, n.d.; Kymenlaakso
ennakoi, n.d.) This need for better coordination between various factions emphasises the
need of reliable and efficient first-mile logistics which can give competitive advantage to

region’s food sector.

The study focuses on the first-mile logistics in primary production and does not include the
entire logistics chain. This limitation is necessary because first-mile logistics has
characteristics that can differ from other parts of the logistics chain. Certain features of first-
mile logistics in primary production, such as short transport cycles, heavy loads, limited
infrastructure, and dispersed production sites are relevant considerations in this study. These
aspects may also be particularly visible in regions like Kymenlaakso. The region’s
characteristics, including its agricultural structure and logistics infrastructure, form relevant
contextual factors in this study. This context provides a basis for examining the suitability

of low-emission energy sources in transport logistics.
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Regional review indicates that there are approximately 130 food companies in Kymenlaakso,
most of which are small or medium-sized companies whose operations depend on regular
short-distance transport cycles. This indicates structural fragmentation, as the sector consists
of many small and medium-sized companies and only a few larger firms operating in the

region. (Dun & Bradstreet, n.d; Repo & Lento-Kemppi, 2021.)

Similar fragmentation is also evident in primary production where regional forecast data
shows that the number of farms has decreased while farm sizes have increased, allowing for
improvements in production through automation and mechanization. This reflects broader
structural changes and challenges that affect transportation needs, distances, and energy
requirements which are relevant issues in first-mile logistics operations. (Kymenlaakso

ennakoi, n.d.)

The clean transport transition in heavy transport and logistics is further influenced by
technological, infrastructural, and regulatory uncertainties, and therefore a roadmap
approach can be a more suitable option than a predetermined and fixed approach. A scenario-
based roadmap supports the assessment, exploration, and forecasting of alternative

pathways, helping to identify feasible low-emission options. (Phaal et al., 2004.)

As the roadmap is widely used flexible technique which offers strategic and long-term
planning support in decision-making particularly in areas which have their own unique
characteristics and constraints. Roadmap’s usefulness is how it provides structured and time-
based frameworks aligning technological options with regional needs by interacting with
emerging and developing markets, products, and technologies. Roadmaps can be used from
various perspectives for example as company perspective or multiorganizational

perspective. (Phaal et al., 2004.)

The focus of this study is to identify feasible low-emission energy sources for the first-mile
logistics in primary production and especially for Kymenlaakso region a multiorganizational
roadmap approach is most suitable. Its purpose is to identify the characteristics, constraints
and opportunities of the region and how low-emission energy sources can be integrated into
first-mile logistics in primary production. In this study the roadmap is used as a scenario and
strategy-based tool which purpose is not to prescribe fixed measures but to identify feasible
options to aid in decision-making. Roadmap for this study will be constructed using scenario

analysis, literature reviews and regional mapping. (Phaal et al., 2004.)
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1.1 Problem statement and research gap

Considering the energy transition regarding first-mile logistics role in primary production it
remains relatively under-examined. According to Karasu et al (2023a), the first-mile stage
of agriculture and primary production is the least researched and understood topic area
despite its importance and impact on the material flow in the supply chain especially its

significant influence on downstream logistics.

The challenges related to first-mile logistics which vary significantly depending on the
region are location specific issues such as, structural issues like fragmented production,
insufficient infrastructure, and poor coordination between different logistics operators.
(Karasu et al., 2023a; Karasu et al., 2023b.) Especially in regions where primary production
is dispersed or decentralized, and where logistics intensity is high, the lack of understanding

creates a critical knowledge gap.

Driven by EU and Finnish climate goals the shift in heavy-duty transport sector toward more
energy efficient and lower-emission models is just beginning. The adoption of low-emission
energy sources remains uneven despite increasing use of renewable fuels like biogas and
HVO and marginal growth in electric heavy-duty vehicles (HDVs), fossil fuels are still most
widely used. The slow development of charging and refuelling infrastructure for HDVs
hinders the practical implementation of more energy efficient and lower-emission heavy

vehicles. (Traficom, 2025.)

Despite the strategic location and logistics importance of Kymenlaakso there is no unified
roadmap that would integrate the first-mile logistics in primary production with the transition
toward more energy efficient and lower-emission energy sources such as electricity, biogas,
HVO, and hydrogen particularly in HDVs. Although existing regional planning focuses on
transport system plan and mentions TEN-T network and other logistics connections (rail,
road, and port) it does not cover first-mile in any way nor the transition of HDVs toward

more energy efficient modes. (Kymenlaakson liitto, 2022.)

Despite otherwise comprehensive regional strategic planning for the Kymenlaakso region it
lacks a systematic analysis of first-mile logistics in primary production and its connection to
the future transition toward low-emission energy solutions. This lack of more detailed

information limits the ability of regional decision makers and stakeholders to better
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anticipate changing infrastructure needs and therefore to better coordinate in addressing the
issues. Currently there is no study that would integrate first-mile logistics with the regional

energy transition in Kymenlaakso.

1.2 Significance of the research

For Kymenlaakso region the transition toward low-emission first-mile logistics is a strategic
necessity and a practical challenge considering the regions characteristics of strong industrial
flows, major logistic hubs, and nodes, and dispersed primary production. According to IEA
bioenergy (2021) report reducing GHG emissions from HDVs is challenging because there
is no single approach that could meet all practical, infrastructural, and regional requirements.
Instead, the shift towards cleaner transport requires the combined use of several energy

sources. (IEA Bioenergy, 2021.)

Further challenges are also brought about the fact that different energy sources such as
electricity, biogas, HVO, and hydrogen have their own limitations, infrastructure,
requirements, and geographical suitability. Because of these limitations and requirements,
regional planning is both practical and necessary for each energy source. (IEA Bioenergy,

2021.)

According to the IEA Bioenergy report (2021) “around 85% of renewable energy is from
biomass” and “Finland has a low population density and a high forest area per capita, so it
has a high domestic potential of solid biomass”. Increased use of biomass has been
particularly evident in the transport sector where biodiesels FAME and HVO accounted for
13 % of consumption in 2019. Biogas use has grown significantly, rising from 1.7PJ in 2010
to 7.9PJ in 2019, demonstrating the growing importance of low-emission fuel options on

Finland’s path toward low-emission transport. (IEA Bioenergy, 2021.)

Recent research on Finland’s freight sector shows that the GHG-reduction potential of
different battery electric vehicles (BEV) in HDV classes such as battery electric truck (BET),
battery electric heavy-duty truck (BE HDT), and battery medium-duty truck (BE MDT)
varies significantly depending on region and operating profile. Because of Finland’s
infrastructure and geographical features, the potential for electrification differs markedly

between vehicle classes and regions. This means that no individual vehicle category or
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energy mode can address all practical issues, further demonstrating the need for multiple

parallel energy sources. (Samet et al., 2023.)

Although Palander’s (2017) study focuses primarily on timber transport, it indicates that the
higher the gross weight in transport vehicles the environmental efficiency also increases and
affects the energy use. This mechanism is particularly relevant for first-mile transport, as
heavy loads and short-haul cycles have significant impacts on which vehicles and energy
sources are operationally most feasible. The observations indicate that there is need for a
low-emission first-mile roadmap in a region which is highly logistics and industry focused,

like Kymenlaakso. (Palander, 2017.)

1.3 Aim of the study

The aim of the study is to develop a low-emission first-mile logistics roadmap for the
Kymenlaakso region. This is done by assessing the practicality and suitability of alternative
low-emission energy sources and vehicle technologies for the region’s logistics needs toward
the green transition. The study evaluates the state of first-mile logistics in Kymenlaakso

more accurately with key constraints and possibilities for the region.

Based on the findings the study assesses possible integration and implementation of low-
emission energy sources such as electricity, biogas, HVO, and hydrogen in the region’s
logistics base. Considering these findings, the study aims to provide a practical, scenario-
based, and regionally grounded low-emission first-mile logistics roadmap, the purpose of
which is to support decision-making and strategic planning without prescribing specific

actions for stakeholders and decision-makers.

1.4 Research objectives

This study addresses three research objectives which are in line with the aim of the study.

1. Evaluate the region’s current state in first-mile logistics in primary production, its

characteristics, constraints, and opportunities.
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2. To determine which low-emission energy forms and technologies such as electricity,
biogas, HVO, and hydrogen are feasible in the Kymenlaakso region during 2025-
2040.

3. Create a scenario-based roadmap, determining the most suitable low-emission
energy options that can be integrated into the Kymenlaakso’s first-mile logistics

primary production, providing advice to decision-making and strategic planning.

1.5 Research questions

Based on this, the study answers the following research questions:

Q1: What is the current state of Kymenlaakso in terms of first-mile logistics in primary

production, what are the characteristics, limitations, and potential?

Q2: Which low-emission energy sources are feasible for first-mile logistics primary

production in Kymenlaakso region for the 2025-2040 period?

Q3: How the most suitable low-emission energy sources can be integrated into the
Kymenlaakso’s roadmap of first-mile logistics in primary production, supporting decision-

making and strategic planning?

1.6 Structure of the thesis

The study is conducted using qualitative research approach and methods, which is suitable
in examining the structural characteristics related to first-mile logistics as well as different
energy solutions in regional relation. The qualitative research approach is supported by both
comprehensive literature review from academic sources and reliable internet sources and
semi-structured interviews with professionals working in local food production, logistics,
and energy sectors. These interviews could provide practical and insightful information that

complements the theoretical context and help analysing the findings within framework.

In addition to data gathered from the interviews, the thesis makes use of academically
published articles and sources, policy documents, statistical reports, and technical

assessments related to logistics, energy sources, and rural infrastructure. These sources form
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both the empirical and conceptual basis in analysing the research questions and comparing

different energy and technology options.

The structure of the thesis follows a logical progression. Chapter 1 introduces the study by
providing the background and motivation, and by outlining the problem setting and research
gap before presenting the aim, objectives, and research questions. Chapter 2 presents the
literature review, outlining the theoretical part within the framework of three defined
interconnected subject areas, which include first-mile logistics characteristics, the energy
and technology transition, and regional infrastructural constraints. Chapter 3 describes
research methodology which includes data collection and analysis methods. Chapter 4
presents the empirical findings based on the semi-structured interviews, analysed
thematically. These findings are then compared with the conceptual and theoretical insights
from the literature in chapter 5. Finally, the last chapter 6 concludes the thesis by
summarizing key findings and results, answering the research questions, and providing
recommendations for future research, work and regional development in the form of

scenario-based roadmap.
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2 Literature review

The literature review forms the theoretical basis of the thesis, bringing together the research

areas through which the challenges of first-mile logistics, the impacts of the energy

transition, and the regional prerequisites can be systematically examined for creating a low-

emission roadmap. The purpose of the review is to evaluate studies related to the subject

areas so that they support the analysis of the research questions and provide a suitable

framework for understanding the objectives of the thesis. Based on these starting points, the

literature review is divided into three interconnected subject areas, which together form the

theoretical entity of the research.

1.

First-mile logistics structural and operational features

This topic area covers the structural fragmentation of primary production, the
logistical requirements of perishable products, coordination challenges, and
uncertainties that arise from these characteristics. Together these factors affect the
operational environment of first-mile logistics and influence the feasibility of various

energy solutions.
Energy and technology transition in logistics

This section examines four energy sources relevant to first-mile logistics operations,
which are electricity, biogas/biomethane, HVO, and hydrogen with their associated
infrastructure and capacity requirements. The aim is to evaluate and understand how
these energy sources and technologies differ in various terms like suitability,

availability, and scalability particularly in rural logistics.
Regional and infrastructural constraints

In this topic area, the evaluation focuses on the characteristics of rural infrastructure,
including electricity networks, charging and refuelling points, and logistical
specificities particularly in sparsely populated regions. These constraints play a
central role in determining which energy and technology solutions are realistically

implementable in the first-mile logistics operations phase.
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The literature review supports the study by identifying key structural factors and challenges
and by assessing the suitability of different low-emission energy sources for first-mile
logistics operations. It also establishes the theoretical basis for research questions and for the

subsequent analysis.

2.1 First-mile logistics in primary production

Considering primary production’s importance and its role in supply chain (SC), its position
on the upstream level of the SC has received less attention and scrutiny despite its vital
effects also in the downstream stages of the supply chain. Because of the complexity of SC,
particularly in the agri-foods sector, handling these operations is more demanding than in
many other SCs, requiring more flexible and efficient logistics operations. The food sector
is particularly challenging from a SC perspective because it must cope with perishable
products, strict requirements regarding food safety and sustainability, and unforeseen
variations in supply. These factors must also be managed under certain conditions that
demand high responsiveness and reliability. As agriculture and the forest industry face
numerous challenges such as sustainability, digitalisation, and food safety, it is evident that
SC must evolve to be more efficient and productive to lessen loss and waste. This can be
achieved through different technological and managerial methods and tools. (Ahumada &

Villalobos, 2009; Karasu et al., 2023b; Verdouw et al., 2016.)

As shown in Figure 1, the SC is divided into two stages consisting of an upstream stage and
a downstream stage, with the figure illustrating first-mile logistics location within the
upstream SC part. Although some studies use a broader definition for first-mile logistics,
including movements in the field before harvest (Karasu et al., 2023b.), this thesis examines
the more conventional first-mile logistics activities which start from harvest, progressing

through further processing and storage in upstream phase.



22

First-mile logistics?

Ha rvesting> ng::rgslgi?‘lg Storage Retail Consumer

U U U

Transportation Transportation Transportation Transportation

Figure 1. Location of first-mile logistics in supply chain. (Karasu et al., 2023b.)

Especially since first-mile logistics forms the earliest part of the upstream stage SC, its
operation is closely linked to the stage where initial waste begins to form and increase. It is
important to review in which stages waste and loss occur in the SC to better understand the
problem and the actions needed to address it. As global produce loss scale is more than one-
third due to various SC inefficiencies such as regional differences and the type of produce.

(Karasu et al., 2023b.)

In the study by Karasu et al (2023b) the importance of the upstream stage is emphasized by
two relevant factors: 1) farmers, due to their central role in sustainable management of the
SC, and 2) upstream activities have direct and often amplifying effects on downstream
stages. This highlights the importance of understanding upstream logistics as part of the
supply chain performance. (Karasu et al., 2023b.)

To achieve efficient logistics and decreasing the cost of first-mile logistics effective
coordination is required particularly in most perishable agricultural products because of their
dependent characteristics such as regionality and seasonality. Because agricultural
production depends on several natural conditions such as climate, diseases, pests, and soil,
these factors increasingly affect variability and make effective transport planning

challenging. (Ahumada & Villalobos, 2009; Karasu et al., 2023b; Verdouw et al., 2016.)

This creates a clear need for efficient transportation and route planning, particularly with
perishable agricultural products, as it relates not only to their traversal time and limitation to
using inventories as buffers, but also to the resulting constraints on transportation variability.
It must also be considered that the industry’s fragmented nature complicates the adoption of
innovative technologies. (Ahumada & Villalobos, 2009; Karasu et al., 2023b; Verdouw et
al., 2016.)
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Karasu et al (2023b) highlight the role of food waste even before products enter the broader
SC, indicating inefficiencies early in the supply chain. To reduce this inefficiency early on,
coordination in the upstream stage is essential in harvest phase and from there through joint

transportation to the next processing or packaging stage. (Karasu et al., 2023b.)

Fragmentation becomes particularly evident in the coordination challenges at the first stages
of SC because of diverse interactions between small and medium-sized enterprises with
larger enterprises. These characteristics in first-mile logistics, particularly in primary
production, make it operationally challenging and environmentally relevant in emissions-
reduction efforts, because fragmented transport flows typically increase fuel consumption

and therefore increase environmental impact. (Verdouw et al., 2016.)

2.2 Characteristics and challenges of first-mile logistics

Ahumada & Villalobos (2009) bring up the complexity in food SC in their study particularly
with the perishable products such as milk, meat, vegetables, and berries with the limitations
of using inventories to use as buffers and transportation variabilities which increase waste
and emissions. The uniqueness of agri-food supply chains (ASC) compared to other supply
chains are food quality, safety, and climate related variabilities, as ASC is more climate
related than other supply chains it creates uncertainties which affects transportation planning
and increase inefficiency in first-mile logistics in primary production. (Ahumada &

Villalobos, 2009.)

Other important and relevant characteristics which affects ASCs complexity are their limited
product lifespan, demand, fluctuating prices, and long lead times rendering it more difficult
and demanding to manage than other SCs. These uncertainties lead to oversized shipments,
waiting times, and short loads which increase emissions of the first-mile logistics in primary

production. (Ahumada & Villalobos, 2009.)

2.2.1 Logistical requirements of perishable products and cold chain challenges

Time and environmental conditions are principal factors in food sector and have significant

impact on first-mile logistics in primary production particularly for perishable products
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because these products require specific transport and equipment maintaining the product
quality. In logistics perspective considering perishable products it requires efficiency, fast
and precise coordination and planning in transportation phase, cold-chains, and minimum
delays, requiring more energy-efficient transportation. (Hobbs, 1996; van der Vorst et al.,

2009.)

Especially with perishable products the more efficient logistics solutions and means with
better coordination affects the products quality and with a better quality it creates less waste
and unnecessary transportation times, thus affecting in emissions reduction. The uncertainty
related to the perishable products which affects the cold chain requirements and logistical
planning highlights the importance of diverse and more efficient energy transportation
modes and sources but also well executed coordination and planning. (Hobbs, 1996; van der

Vorst et al., 2009.)

Certain perishable products require conditioned means like transportation and storage for
example cooling, better describing it cold chain. Cold chain practice is more energy
consuming and expensive, and its transport capacity is lesser because cold chain transport
requires larger batteries or energy sources in its transport equipment, thus reducing the load.
Despite these mentioned drawbacks, cold chain practices offer environmentally sustainable
options, as improved temperature control reducing product spoilage and lesser emissions.

(Hobbs, 1996; van der Vorst et al., 2009.)

2.2.2 Fragmented production structures, coordination, and information challenges

and uncertainties

Figure 2 (presented on the following page) illustrates the fragmented and multi-actor
structure of food SCs, which creates significant challenges for the first-mile logistics in
primary production. The figure highlights how a complex network of multiple actors
(farmers, processors, distributors, and retailers) forms an interconnected and complex
system, which is challenging to coordinate effectively. As highlighted in the literature review
by van der Vorst et al (2009) varying production volumes and unequal information flows
between actors further amplifies this fragmentation. This makes it logistically even more
demanding, as each actor group has its own operational priorities and decision-making

structures which increases likelihood of bottlenecks and misalignment in SC. This visual
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representation supports the view raised in the literature about the effects of a distributed
structure on logistics operations, causing uncertainty in transportation and in SC. (van der

Vorst et al., 2009.)

The complexity of the SCs networks and systems combined with fragmentation and
including various stakeholders and operators, requires precise coordination to avoid
inefficient transport flows. This fragmented characteristic of the industry has further
hindered the adaption, implementation, and maintenance of newer and more advanced
planning systems. To enable more energy-efficient operations, reducing emissions, and
improving logistical solutions it is essential to address the fragmentation and complex
networks and systems within the food SCs. (Ahumada & Villalobos, 2009; van der Vorst et
al., 2009.)
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Figure 2. Schematic diagram of a food supply chain network. (van der Vorst et al., 2009.)
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Many of the food logistics challenges are defined by information that is unequal, faulty, or
incomplete, thus creating quality variations, quantity uncertainty, uncertainty in delivery
times, and cold chain risks. These uncertainties create inefficiencies in SCs and unnecessary
emissions, requiring not only coordination efforts to increase efficiency throughout the SCs
and to decrease emissions but also cost-efficient transport equipment and low-emission

energy sources. (van der Vorst et al., 2009.)

Certain transaction costs such as information costs, bargaining costs, and monitoring costs
affect the ways in which stakeholders and operators deal with functions in SCs such as
quality control, cold chain monitoring, contracts, and transportation coordination, these

factors make the ASCs particularly complicated when trying to move toward more energy
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efficient transportation modes and sources. (Hobbs, 1996.) Dispersed production structures,
product quality variables, and short transport cycles only amplifies the fragmented nature of
the first-mile logistics in primary production making the transaction cost mechanisms
particularly visible which only amplifies the challenges regarding the coordination,

information costs, and green energy transition.

2.2.3 Technological adoption, barriers, and solutions

These findings indicate that there are strong structural challenges and constraints to
overcome for adoption of innovative technologies, more efficient energy sources, and
equipment in first-mile logistics, which significantly affect their adoption feasibility. Also,
the integration and combination of recent technologies such as IOT and blockchain provide
valuable support to SCs by monitoring information flow, reducing uncertainties, improving
coordination, and streamlining logistics operations, thus presenting clients and stakeholders
reliable and consistent information which can increase not only productivity but also
transparency. From first-mile logistics perspective as well as energy efficiency, new more
efficient and lower-emission forms of energy sources and transport equipment are essential
and will play a decisive role in reducing emissions, as the food supply chain uses vast amount

of energy, which has a major impact on emissions. (Abideen et al., 2021.)

2.3 Low-emission energy sources in first-mile logistics

The low-emission energy sources examined in this chapter have been selected based on their
status, their potential significance for heavy transport in first-mile logistics, and for their
technological diversity. This examination covers electricity-based solutions, various bio-
based fuel options such as biogas and biomethane and HVO which offer practical short-term
solutions for HDVs. In addition to these three options, hydrogen is included as a fourth
energy source, representing a technologically different solution. Each of these options is

examined separately in the following subchapters.

According to IEA report the most influential factor in the significant increase of CO2
emissions since the 2000s are HDV's with trucks being the single largest contributor at over

80%, this forces decision-makers to critically examine new and more energy efficient
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sources to achieve emission reductions. IEA emphasizes as early deployment as possible of
electric and hydrogen trucks to address emissions reduction in a timely manner and meet
emission reduction targets for 2020s and 2030s. In particular, the transition to electric
vehicles will not only be a vehicle technology issue but also an infrastructure issue,
especially as electric cars and trucks become more common, requiring significant
investments and reinforcements of the electricity grid and the expansion of charging points

to cover wider areas. (IEA, 2024.)

Although the share of alternative fuels, particularly biofuels, is increasing, they still cover
small amount in total fuels and are not capable of sufficiently influencing emission
reductions in heavy traffic alone. IEA Bioenergy (2024) report notes bioenergy’s growing
global role in many countries still representing more than half of renewable energy. It is
worth noting that while biogas, biomethane, and HVO will be important and key alternative
fuels in the future helping the transition, they are still complementary solutions. The use of
biomethane is still an undervalued and underutilized solution, especially for HDVs, even
though recent technical advances indicate the potentially significant benefits of biomethane

in terms of emission reductions (IEA, 2024; Padkkonen et al., 2019).

Technology deployment especially for the battery industry and adoption of heavy zero-
emission vehicles are progressing quickly, reducing the technological uncertainty, and thus
improving the credibility of deployment on electric vehicles and battery sector. However,
this rapid technological progress will require the expansion of charging networks on a wider
scale. This also applies to biofuels, ensuring that the readiness of infrastructure must be
considered. (IEA, 2024; IEA Bioenergy, 2024.) IEA also stresses that policy measures are
essential and play a crucial role in the breakthrough and deployment of emission standards
and green transition. The importance and major role of domestic bioenergy production is

emphasized by the fact that between 0-20% is overall net import. (IEA Bioenergy, 2024.)

Since electric vehicle technology is already on the market and in use in several countries,
electric vehicles are the most mature, energy-efficient, and low-emission option for short
and medium transportation regionally, so it is justified and most logical to start the next
subchapter examining different energy sources with electricity. Based on these global and
sector-specific trends, the feasibility of different energy sources for first-mile logistics in
primary production is evaluated and based on these evaluations a low-emission roadmap for

2025-2040 is created accordingly.
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2.3.1 Electricity

Adoption of new, more energy efficient and lower-emission energy sources is ongoing in
the transportation sector especially in HDVs, and electricity is emerging as a low-emission
alternative model. However, the emission reductions of electric vehicles and HDVs are not
self-evident, but rather the carbon intensity of electricity production defines and determines
the overall benefits. HDVs and long-transport sector are and will remain to be highly
dependent on fuels for a long time, so although electricity is a relevant future option for the
transport sector, it alone is not enough to cover the sector’s need. Low-emission energy
sources play a critical role, as they are believed to be a solution to growing energy pressure,
responding to the growth in energy consumption, particularly in electricity production. (IEA

Bioenergy, 2024; IEA, 2025b; Keller et al., 2019.)

The transition to electrification in transportation sector has a significant energy impact
particularly since the current generation capacity is sufficient for passenger cars, but HDVs
require much more capacity which is now insufficient for their needs. In 2022 the renewable
electricity used in transport sector varied between 0.3% to 4%. This growing capacity
pressure is influenced by the acceleration of electrification, which can be noticed from the
percentages by considering how low the starting level of electrification is. (IEA Bioenergy,
2024; TEA, 2025b; Keller et al., 2019.) The need for full-scale electrification of freight
transport is illustrated by its enormous scale, which Keller et al (2019) estimate that
electricity production requires by at least 33 terawatt hours (TWh) annual increase. This is
also evident with the IEA report (2025b) as investments in supporting infrastructure cannot

keep up the with the current rapid electrification process.

Charging times are an essential part of infrastructure and especially charging strategies, as
how companies and operators choose to charge their vehicles. For example, night charging
may not always be the most environmentally friendly option and could increase emissions
compared when charging is managed during daytime. This supports the need for smart
charging and flexibility, which can have a strong impact on the electricity system especially
during peak consumption periods, such as winter in Nordic countries. (IEA, 2025b; Keller
et al., 2019.) Politics strongly influences the transition and infrastructure and without clean
electricity generation coming from carbon taxation, electrification will not be enough, so

political action is essential. (IEA, 2025b.) Regions also have a significant impact on the
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system level, for example, the climate conditions, production, and network structures of
Northern Europe can vary significantly from their counterparts in Central Europe, Americas,

China, and India, thus causing their own challenges. (IEA, 2025b; Taljegard et al., 2019.)

The widespread use of electrification in the first-mile logistics has taken significant steps
forward, particularly with electric heavy-duty vehicles such as electric trucks, whose sales
grew 35% from 2022 to 2023 eventually surpassing 54000 units worldwide with European
sales covering about one-fifth of global sales with a threefold increase. This indicates clear
growth and development in battery technology, supporting the deployment of electric
transport vehicles in typical first-mile logistics environments where routes are predictable
and short haul cycles and frequent and repetitive. This adoption of EHDV and other electric
transport vehicles in first-mile logistics operations requires adequate charging network and
charging points especially in rural areas supporting the electrification transition in
transportation. These factors highlight electrification feasibility in first-mile logistics if it is
supported by sufficiently integrated energy infrastructure which would suite for typical

repetitive short haul practices of first-mile logistics. (IEA, 2024.)

These different electricity production modes and strategies are important from a first-mile
logistics perspective, because Finnish first-mile logistics operates in remote areas, across
long distances and short haul cycles, during winter peaks, and in areas with weak electricity
networks. First-mile logistics does not only include the transporting of raw materials, but it
includes other aspects such as various transport equipment, charging infrastructure, peak
power demand, regional electricity generation, and charging strategies. This is particularly
relevant for first-mile logistics vehicles, especially electric HDVs, as they require reliable
charging capacity and enough charging points in rural areas to operate optimally and with
sufficiently long range. For electricity to be feasible option for first-mile logistics in primary
production certain aspects need to be effectively predicted. These aspects include short haul
transport cycles, depot-based charging, and suitable infrastructure for charging points with

enough charging stations, particularly meeting the needs of rural areas.

For the above-mentioned reasons, electricity is particularly suitable for those first-mile
logistics applications, especially when operating in environments where the network
capacity and the supporting infrastructure are at an adequate level. Since not all operating
environments necessarily meet these requirements, it is essential for the research to also

consider other alternative low-emission energy sources. The following subchapter evaluates
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the suitability of biogas/biomethane as an alternative for those first-mile logistics

environments where electrification does not provide sufficient solutions.

2.3.2 Biogas/biomethane

Due to its sustainability and versatility, biogas is emerging and relevant alternative energy
source, suitable for electricity generation, heat production, and transportation which makes
it ideally fit for first-mile logistics in primary production sector. The technical suitability of
biogas for the versatile use of HDV transport equipment is achieved by processing biogas
into biomethane, which is either fed directly into gas distribution or used directly in natural
gas vehicles. In the agricultural sector biogas is an excellent option, not only by utilizing
side streams from farms and food chains, such as organic waste and sewage sludge, but also
by reducing GHGs emissions in terms of climate impact. This can have positive impacts
especially in rural areas that are becoming sparsely populated, creating growth through the
development of biogas and biomethane production. (IEA Bioenergy, 2024; Scarlat et al.,
2018.)

Figure 3 in the study by Scarlat et al (2018) illustrates the significant global growth in biogas-
based electricity production since the early 2000s, highlighting Europe’s dominant role
compared to other continents. The figure also highlights the rapid increase of production
capacity in Europe, explaining its relevant position in biogas and biomethane production.
This growing trend shown visually is in line with the research describing Europe’s role in
biogas and biomethane markets. Europe’s strong and growing role is underlined by the fact
that the biomethane market has grown significantly since 2000, covering up to 90% of global

supply. (Scarlat et al., 2018.)

According to IEA bioenergy countries’ report (2024) the use of biogas and biomethane in
the Nordic countries with Denmark almost (40%), Sweden (21%), and Finland (16%) is
relatively high compared to other countries which have larger natural gas reserves. Biogas
and biomethane production could even double by 2030, thus demonstrating significant
potential. This rapid evolution of biogas production has strengthened its position as a mature
and renewable energy source and technology. The importance of biogas is growing globally
as more countries have begun to recognize its usefulness and potential as a new efficient and

more environmentally friendly energy source. In the future, biogas and biomethane
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production is estimated to grow up to 22% from 2025 to 2030. Due to recent geopolitical
events many countries are looking for more ways to increase domestic production and
development in renewable energy sources. (IEA, 2025a; Padkkonen et al., 2019; Scarlat et

al., 2018.)
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Figure 3. Evolution of global installed electricity biogas plant capacity. (Scarlat et al., 2018.)

Biogas and biomethane have a relevant role in first-mile logistics operations, due to their
ability to be locally produced using waste and other agricultural residues, thus contributing
to reducing methane emissions in storage process and replacing the use of fossil fuels.
Refined biomethane is suitable in the existing vehicles technologies which use natural gas,
and the use of refined biomethane can decrease the GHG emissions compared to vehicles
which use natural fossil gas. Suitable gas-powered, dual-fuel and spark ignition engines are
already commercially available for HDVs. (IEA, 2025a; Padkkonen et al., 2019.) In the study
by Péddkkonen et al (2019) using life cycle assessment, it has been observed, for example in
the case of Euro6 buses using biomethane have a lower environmental impact than those
using liquid biodiesel. Same study also points out Finland’s technical and economic potential
in the use of biomethane to be considerable, in the estimation of 10TWh for transport use,

which is clearly higher compared to another Nordic country Sweden.

This makes biomethane a viable alternative option, particularly for HDV for repetitive short
haul transport cycles, which are common in first-mile logistics operations. (Padkkdnen et al.,

2019.) The suitability of biogas and biomethane for first-mile transport depends on several
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regional factors such as the availability of raw materials in agriculture, processing capacity,
and refuelling infrastructure and the regularity of refuelling points. These factors are

examined more in detail in chapter 2.4 which focuses more on those topics.

Biogas and biomethane offer first-mile logistics operations a locally produced and low-
emission energy source option; in these cases, the availability of raw materials and
infrastructure must be considered. For the study to obtain a comprehensive and broader
assessment of the possibilities of different energy sources, it is appropriate to also evaluate
renewable fuels that are not as locally dependent upon raw materials, such as biogas and
biomethane are. The next subchapter therefore examines HVO, focusing on its

characteristics and suitability for first-mile logistics.

2.3.3 HVO (Hydrotreated vegetable oil)

Hydrotreated vegetable oil (HVO) is a paraffinic renewable diesel fuel produced using
vegetable oils and animal fats by hydrotreatment. HVO differs from fatty acid methyl esters
(FAME) by being free of aromatics, oxygen, and sulfur, which results high cetane number
providing clean and efficient combustion properties for vehicles compared to fossil diesel.
This makes HVO a relevant alternative fuel option for the future compared to conventional
biodiesel FAME options, offering ecologically and technically superior solution without
environmental drawbacks associated with conventional biodiesel. The growing market
position of HVO over the past decade has been strengthened by the wide availability of raw
materials suitable for HVO. (Aatola et al., 2019; IEA Bioenergy, 2024.)

The use of HVO in HDVs is supported by its optimized use in various heavier vehicles such
as city buses, forklifts, and mining vehicles, making it an alternative energy source or fuel
option for first-mile logistics transportation operations. Environmentally using HVO has
clear benefits, for example when using 100% HVO emission reductions are most apparent
when measured in smoke by as much as 35% and some 5% in Nox emissions. Fuel
consumption is also lower when using 100% HVO, which might offer more economically

competitive alternative compared to diesel fuels. (Aatola et al., 2019.)

These factors support the increasing and current role of HVO as a supplementing component

for biodiesel, particularly in HDVs, which are still heavily reliant on diesel fuels. (Aatola et
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al., 2019; IEA Bioenergy, 2024.) Although biodiesel and bioethanol remain the dominant
biofuels, an increasing trend is evident where efforts are being made to avoid blend walls by
moving towards advanced residue-based biofuels and drop-in biofuels. Particularly the drop-

in feature of HVO makes it useful for first-mile logistics operations. (IEA Bioenergy, 2024.)

As Aatola et al (2019) mention in their study, that HVO meets conventional diesel fuel
requirements and could be optimized in certain heavy vehicles meaning that it could be used
in existing diesel engines and fuel infrastructure without significant modifications and in
best case scenario without modifications at all. In addition, Aatola et al (2019) points out
HVOs better storage stability, cold weather properties, and lower emission properties.
Consequently, HVO is well aligned with the operational requirements of first-mile logistics
in primary production in rural areas with short continuous haul cycles using HDVs. The most
noteworthy influence on the increasing adoption of biofuels in the Nordic countries,
especially in Sweden, Norway, and Finland, has been the increasing blend obligations.

(Aatola et al., 2019.)

This has led to a shift in focus towards using FAME and HVO biofuels in these countries.
Considering the supply perspective for certain European countries, Finland included
biodiesels and HVO are relevant solution, but their availability is not yet fully domestic, so
they are still partially dependent on imports. This increasing importance of biofuels and
HVO is evident in Finland and Sweden, which are the world’s leading countries in the use
of liquid fuels per capita alongside the USA and Brazil, all of which have reached > 3GJ per
capita. (IEA Bioenergy, 2024.)

In addition, the IEA bioenergy report (2024) indicates the increasing global importance of
biodiesel and HVO particularly in HDVs. This could have significant implications in the
future, particularly for those countries whose domestic production is unable to meet the
increasing demands, potentially leading to intensifying competition for certain feedstocks
such as cooking oils and animal fats. These facts underline the case that even if HVO would
currently be technically mature and practical for first-mile logistics operations, the long-term
scalability for the sector is limited by feedstock availability and international SC dynamics.

(IEA Bioenergy, 2024.)

For the research to provide a methodologically balanced and comprehensive comparison

between different energy sources, it is essential to also consider energy technologies that
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differ fundamentally from bio-based fuels and liquid fuels. These kinds of technologies form
diverse and alternative development paths for first-mile logistics, especially in situations
where drop-in fuels like HVO might encounter potential constraints due to factors such as
raw material availability and SC dynamics. The next subchapter deals with hydrogen and its

usability and suitability in first-mile logistics.

2.3.4 Hydrogen

Considering hydrogen as a source of energy carrier and fuel cell technology for first-mile
logistics is justified, because hydrogen can provide a wide operating range and fast refueling
in heavy transportation. Syré & Gohlich (2025) emphasize in their study that fuel cell trucks
are a relevant and better-suited solution, especially for long distances and remote areas. This
aligns well with the characteristics of first-mile logistics, where transport distances can be
long and the refueling network is incomplete particularly in rural areas. (Syré & Goéhlich,

2025.)

It is important to note that although Syré & Gohlich’s findings are based on long-haul
operations, which differ from first-mile logistics operations in primary production, these
findings can provide important technological insights. Though these insights cannot directly
be generalized to the Kymenlaakso region’s conditions without considering regional

constraints.

When it comes to hydrogen, it is relevant to consider its diverse production pathways,
meaning that the climate impact of hydrogen depends on how it is produced. According to
existing literature, hydrogen life-cycle emissions occur predominantly in the upstream
stages. In practice, most hydrogen available today is produced via fossil-based pathways,
while green hydrogen has only a marginal share of global production. The upstream
emissions dominance is mainly explained by the fact that its current supply is predominantly
fossil-based, with gray hydrogen representing the vast majority and green hydrogen
accounting for barely 1% of total global hydrogen production. This means that
environmental performance of hydrogen varies significantly and low-emission outcomes are
mostly possible when the hydrogen production pathway is based on clean electricity or

effective carbon capture. (IEA, 2025c; Nehrkorn et al., 2024.)
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In their study, Syré & Gohlich (2025) observe that in the German long-haul HDVs context,
hydrogen can be an expensive and high-emission option under current conditions. For
example, fuel cell vehicles with on-site hydrogen have the highest life-cycle emissions of 65
Mt COze and the highest total system costs of EUR 69 billion. In contrast, there is a clear
difference when compared to BEVs with significantly lower emissions of 21 MT CO-¢e and
lower total costs of EUR 45 billion. Although these comparisons and results are based on
German conditions for long-haul HDVs, they provide a relevant perspective on hydrogen’s
role in the transport sector in Europe. Despite these challenges, hydrogen is nevertheless one
of the key long-term technological options for reducing emissions in HDVs. Its potential is
further amplified by ongoing technological developments in both battery and fuel cell
technology. (Syré & Gohlich, 2025.)

Although technology is developing, hydrogen’s demand growth is concentrated in industry,
indicating that demand is not yet coming from the transport sector. This shows that hydrogen
remains a marginal option in transport and is not yet fully scalable at the sectoral level.
Despite low-emission hydrogen production increasing by 10% in 2024, it still accounted for
less than 1% of global production. Such evidence indicates that the problem lies not only in
emissions but also in the market structure. As a result, hydrogen production growth has not

been sufficient to meet expectations. (IEA, 2025c¢.)

Hydrogen’s climate impact is strongly influenced by its production pathways, especially if
the electricity grid is strongly fossil-based. This production pathway has implications for
emissions with hydrogen fuel cell vehicles (HFCVs), which can be even higher than those
of internal combustion engines (ICEs) and significantly higher than those of BEVs. HFCVs’
higher emissions compared to BEVs can be explained by the fact that HFCVs’ emissions are
more sensitive to the carbon intensity of the electricity grid. Although in full fuel-cycle GHG
emissions BEVs have the lowest emissions compared to ICEs and HFCVs, HFCVs can be a
lower-emission alternative to BEVs only if hydrogen is produced by a clean electricity
system. For this reason, HFCVs are only a viable alternative in those countries where

electricity production is not fossil-based and low-emission. (Ugok, 2023.)

The hydrogen sector is progressing, reaching milestones, but overall development remains
relatively slow compared to set targets, despite the clear signs of growth. This delay in
progress has been influenced by high costs, demand uncertainties, slow infrastructure

development, and regulations, as well as project delays and cancellations over the past
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decade. Despite all these setbacks, rapid innovation is being observed, as new technologies
are developed across the value chain, demonstrating hydrogen technology’s potential.
Because hydrogen projects are progressing unevenly across different countries, widespread

global deployment is estimated to be possible only after 2030. (IEA, 2025c.)

Based on the literature review, the introduction of hydrogen in first-mile logistics operations
particularly in Kymenlaakso region does not seem feasible soon. However, the possible
exception may be certain niche cases where long operating range and fast refuelling are most

critical factors and providing clean hydrogen production and distribution are available.

2.4 Regional logistics and infrastructure constraints (Theoretical)

This chapter examines the regional characteristics and constraints that affect and shape the
feasibility of adopting different energy sources for low-emission first-mile logistics in
Kymenlaakso. The main infrastructural and logistical viewpoints are discussed here, and the
following subchapters analyse regional conditions and the feasibility of each specific energy

source for first-mile logistics operations in more detail.

According to Savikko et al (2019) in their study, the largest individual contributions to
Kymenlaakso’s GHG emissions come from energy production, industry, and transport
sectors. Although, according to the same study road traffic emissions have decreased by 5%
in the comparison period between 1990-2017, the total vehicle kilometres driven have
increased significantly during the same period by as much as 199 million kilometres. The
export-driven nature of the region’s business community has an impact on transport flows
and thus emissions, contributing to the overall load on infrastructure and the increasing
energy demand. Especially in the transport sector, the region is expected to follow national
trends, meaning that without additional measures, the load on infrastructure will increase.
This also poses challenges for logistics, including first-mile logistics operations and

contributes to discussion on the green transition. (Savikko et al., 2019.)

The energy infrastructure of the region is still partly fossil-based due to the significant
amount of natural gas and peat used as fuels in the region, even though renewable energy
accounts for approximately 65% of the region’s energy production. Although the green

transition is clearly visible in the region, partial dependence on fossil fuels still limits the
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introduction of low-carbon energy sources in logistics. Considering green energy transition,
the gas infrastructure of Kymenlaakso region, which creates a clear advantage and strength
for the region, could be utilized more effectively in the distribution of bio and synthetic
gases. In utilizing this regional asset, the accessibility must be considered so that regional
strength does not become a constraint. In agriculture, structural change occurs relatively
slowly, meaning that without major shifts in production forms or farm structures, emission
levels remain largely unchanged. This indicates that transport needs, distances, and energy
demands will likely remain persistent, reinforcing the importance of locally produced low-

emission energy sources. (Savikko et al., 2019.)

In addition to the previously mentioned emission profiles and energy system characteristics
in this chapter, several structural features in transport sector create constraints for first-mile
logistics in Kymenlaakso. The region’s logistics planning must consider region’s export-
oriented industries and the importance of international transport flows which means that
certain priority must be placed on securing traffic and export shipments to ports and
terminals. This means that a significant portion of the region’s infrastructure and capacity is
based around certain focal points, such as the south-north highway 15 in the Kouvola area
in the north and the E18 road in the Kotka area in the south. This further increases the burden
on these road networks, which also play a significant role in first-mile logistics transport
creating certain constraints with such a concentration on around a few focal points.

(Elinvoimakeskus, n.d.a; Kymenlaakson liitto, 2020.)

Domestic or local issues are not the only things that can affect the logistics operations of
Kymenlaakso, geopolitical developments also have impact on the structural change of the
region. This is particularly evident in the decrease of cross-border road traffic, which has led
to increased pressure on domestic routes and increasing timber traffic on railways, creating
capacity problems in parts of the railway network. Most notably this is felt in Kymenlaakso
region which is known for its forest industry. These capacity constraints on both railway and
road networks affect the reliability and efficiency of logistics operations, which also has an

impact on first-mile logistics. (Elinvoimakeskus, n.d.a.)

Year-round maintenance and repair of roads also affect first-mile logistics, with climate
change also playing an increasing role in the challenges of road maintenance particularly
during winter with unpaved road sections that are also used by heavy traffic. This has an

impact on what kind of equipment can optimally be used for transport operations. These
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issues have already been reflected in user feedback from heavy vehicle drivers indicated that
the roads were in the worst condition in 2024. Despite that the driver’s opinions were
negative about the road’s conditions in 2024, the fact is that the roads in southeastern Finland
are generally in a very good condition in a national comparison and a lot of paving was done

in 2024. (Elinvoimakeskus, n.d.b.)

Additional findings of regional logistics constraints in Kymenlaakso can be found in recent
research on natural-food producers in the region. In this study Naderi (2025) has identified
several structural bottlenecks, which have direct effects on efficiency and cost structure in
the region’s logistics. Based on the findings of the study, the natural-food sector companies
face high logistics and infrastructure expenses. These aforementioned factors can cause
significant challenges for market access or for gaining competitive advantage over
competitors. The main challenges in the region are fragmented supply chains and a lack of
clear coordination structure, which can increase transportation costs and making precise
predictions on material flows challenging. Also, the dispersed collection points and small
production volumes further amplify logistical challenges, thus emphasizing the need for a

more integrated logistical structure and more efficient storage practises. (Naderi, 2025.)

2.4.1 Regional characteristics of primary production in Kymenlaakso

Kymenlaakso’s primary production environment is shaped by its agricultural areas, rural
settlement structure, and the geographical proximity in the region between rural areas and
urban zones. According to the Kymenlaakson liitto (2020) county plan, the region is
considered one of the best agricultural regions in the country, which indicates that agriculture
forms a notable part of the region’s land use. At the same time, regional development
organisations such as Kinno food industry (n.d.) review describes the region’s food sector
as an emerging one rather than a strongly established industry, with several ongoing
initiatives aimed at strengthening the region’s food sector. These initiatives include
strengthening value chains, processing capacity, and regional collaboration. This suggests
that while agricultural land is significant in Kymenlaakso, the broader food-related primary
production value chain is still developing in the region. (Kinno, n.d.; Kymenlaakson liitto,

2020.)
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Statistically, Kymenlaakso’s agricultural production is quite small in terms of quantity but
clearly grain-based. The latest statistics available from the Natural Resources Institute
Finland (LUKE) regarding cereals are from 2024. Table 1 illustrates several total harvests
which include wheat 28.4 million kg, oats 41.5 million kg, barley 16.7 million kg and in
addition to these largest cereals, there are separate smaller cereals which can be seen in Table
1 below. Grain production was based on harvesting areas of a thousand hectares. (Luke,
2024.) When this is considered together with the region’s overall farm structure, it might
indicate that cereal production is concentrated in terms of crop types but geographically

dispersed across many production sites. (Luke, 2026.)

Table 1. Crop production, yields, and harvested area in Kymenlaakso 2024.

Category Production |Yield Harvested area
(million kg) |(kg/ha) (1,000 ha)

Wheat 28.4 2.790 10.2

Rye 1.4 2.110 0.6
Barley 16.7 2.570 6.5

Oats 41.5 3.170 13.1
Mixed crops 1.2 2.490 0.5
Cereals harvested green, total |2.5 3.290 0.8
Whole crop as green 0.3 " 0.0
Preserved moist cereal grains 2.2 2.990 0.7
Whole crop cereals for silage 0.7 7.020 0.1

Source: Natural Resources Institute Finland. (Luke, 2024.)

Table 1 provides a clear quantitative overview that complements the earlier qualitative
regional descriptions in this subchapter and highlights the status of cereal production in the
region. (Luke, 2024.) Although the table does not include information on the number or size
of farms, the regional structure can be contextualised using LUKE’s agricultural structure
statistics. According to these statistics, there were 1502 farms in Kymenlaakso in 2024,
although this figure represents all farm types and does not specify how many of them were
engaged in cereal production. In national comparison, Kymenlaakso’s 1502 farms in 2024
place the region in the mid-tier among Finnish regions in terms of total farm numbers. This

provides only contextual information about the overall scale of agriculture in the region, and
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it is important to note that it does not indicate the distribution of production types or the

contribution of different farm categories to overall primary production. (Luke, 2026.)

In terms of animal production, milk production in the Kymenlaakso region in 2025 totalled
approximately 34.5 million litres of milk. In addition to the region’s milk production, the
meat production consisted of the slaughter of 2.76 thousand cattle, 8.79 thousand pigs, 1.10
thousand sheep, which corresponded to a total production of approximately 1.73 million
kilograms of meat. These figures complement the regional picture of primary production in
Kymenlaakso, suggesting that it consists of several small- to medium-sized and dispersed
production streams, which is an essential starting point for examining first-mile logistics.

(Luke, 2025a; Luke, 2025b.)

In addition to these sectoral characteristics, the environment in which primary production
occurs is further defined by the region’s geographical layout. The county plan clearly
identifies the abundance of rural areas close to cities and the lively interaction between rural
areas and urban zones as distinctive regional features. It is also noted in the county plan that
rural areas in the region are mostly located in the vicinity of cities, and because of this
closeness, the distances between villages and urban centres are relatively short. This pattern
is particularly evident in central Kymenlaakso, where villages are situated within agricultural
landscapes and in proximity to service centres. Together, these regional characteristics
describe a compact rural-urban structure in which primary production areas are closely

integrated with surrounding settlements. (Kymenlaakson liitto, 2020.)

In addition to agriculture-based primary production in Kymenlaakso, the region also
includes small local producers operating in collecting forest-based raw materials and early-
stage processing. It is highlighted in Naderi’s (2025) study that these small regional
producers are relevant to the supply of raw materials and first processing stage. These natural
food producers form a complementary component of the region’s primary production
structure, although this part of the sector remains small in scale. Climate-related challenges
are particularly visible in the natural resource-based production sector and affect the
availability of raw materials. This indicates that seasonal factors and weather have an impact
on primary production, especially with the availability of raw materials. This also broadens
the understanding of the region’s primary production by showing that it is not solely based
on agriculture but includes smaller natural resource operators who contribute to its raw

material base. (Naderi, 2025.)
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Uusiniitty’s Ruokolog project (2026) provides a good practical and relevant perspective on
natural resource-based primary production, which examines the harvesting of lake reed in
Kymenlaakso. The project shows that lake reed production and collecting are quite small in
scale and strongly affected by seasonal and weather elements as well as location-specific
operating environments. Also, the weather conditions and raw materials affect the choosing
of logistics equipment as was the case in this Ruokolog project. Observations from the
Ruokolog project align with patterns of small natural resource operators in the region and
reinforce the view that limited production volumes along with seasonal variation shape this

segment of primary production. (Uusiniitty, 2026.)

Although lake reed harvesting represents only a small share of primary production, it clearly
demonstrates how weather-dependent and location-specific conditions influence both the
availability of raw materials and the equipment needed to harvest the raw materials. These
same constraints shape first-mile logistics in agriculture, which makes this lake reed
example, although marginal in agricultural context, relevant to understanding the broader

operational environment in Kymenlaakso.

When considering the characteristics discussed in this chapter, primary production in
Kymenlaakso appears to operate within a geographically compact region where agricultural
production activities are closely linked to local environmental and seasonal conditions.
While these factors shape the availability and distribution of raw materials, the region’s
ability to support low-emission transport solutions is affected by other factors as well. A
functional electricity grid together with the availability of charging infrastructure and
charging points offer an essential regional operating environment for HDV's and other types
of electric vehicles used in the transport sector. These energy-related constraints and

opportunities are examined in the following subchapter.

2.4.2 Electricity grid capacity and charging infrastructure constraints

Kymenlaakso’s energy infrastructure forms a key starting point for the development of low-
emission first-mile logistics in the region. As mentioned by Savikko et al (2019) in the
carbon-neutral Kymenlaakso roadmap and previously mentioned in this study in chapter 2.4,
the largest individual emission sources come from energy production, industrial, and

transport sectors. This highlights the role and importance of the energy and transport sectors
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in the region’s emissions development and its transition to lower emissions. The carbon
neutral Kymenlaakso report also outlines that the primary energy source for transport should
gradually shift to different alternatives such as electricity, gas, and biofuels. (Savikko et al.,

2019.)

However, this does not mean that the transition to alternative energy forms will happen
instantly or in a short time, but it will progress more slowly on a larger scale, and it requires
a change in consumer habits and a renewal of the vehicle fleet. This is a significant
undertaking, and it will take time and is expected to become feasible on a larger scale closer
to 2040. These regional objectives and structural starting points make examining electricity
grid capacity, the availability of charging infrastructure, the adequacy of charging points,
and the structure of energy production an essential part of the assessment of various energy

forms for first-mile logistics. (Savikko et al., 2019.)

The regional land-use plan for Kymenlaakso includes several updates related to the
electricity transmission network. According to the Kymenlaakson liitto (2020), the
alignments of 400 kV and 110 kV transmission lines have been updated based on current
digital data. In addition to these existing transmission lines, the plan designates a new or
upgraded main electricity line between Laurila and Virojoki and recommends replacing the
overhead line crossing Lovsundet with a submarine cable. The previously planned
Miehikkild connection has also been marked as an existing main line. (Kymenlaakson liitto,

2020.)

The Kymenlaakso electricity network development plan provides regionally accurate
information on the capacity needs of the electricity network and the impacts of electric
transport on the distribution network. According to the KSOY development plan (2024), the
number of charging points for electric vehicles will increase both in public places and in
households. It is also expected that heavy traffic charging points will be built more rapidly
over the next 10 years. HDVs also pose challenges to the charging infrastructure and systems
because their charging causes significant point loads. This is explained by the fact that HDV
charging points are more demanding and require higher power compared to passenger car
charging points. Because of this higher energy demand, the point loads increase as the

number of charging points increases. (KSOY, 2024.)
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The growth of public charging infrastructure is particularly notable, and as illustrated in
figure 4, the number of connections used for public electric vehicle charging is projected to
increase from 132 in 2023 to 1,443 by 2033. (KSOY, 2024.) This increase in the public
charging infrastructure reflects the broader electrification trend in the region as well as in
Finland and forms an important condition for assessing the feasibility of low-emission first-

mile logistics.

Number of Grid Connections Used for Public EV Charging 2023-2033 (units)
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Figure 4. Development of the number of public electric vehicle charging connections.

(KSOY, 2024.), translated by the author.

It should be noted that the growth of electric mobility also increases the need for network
reinforcement. In particular, the development of electric transport requires the connection of
charging infrastructure to the network as a reinforcement need at important locations such
as transport and logistics hubs. All of this, of course, requires a significant investment,
especially in connecting charging stations and charging points for HDVs, to ensure sufficient

network capacity. (KSOY, 2024.)

The continuous growth of the electricity infrastructure is expected to lead to capacity
constraints, and these will be seen above all in the high-voltage grid. According to the KSOY
plan (2024), the current high-voltage grid cannot fully meet the future challenges related to
the production under development or to provide sufficient capacity for large scale

consumption sites. This has caused an increase in costs, and an estimated additional 25 M€
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is needed for the high-voltage distribution network compared to the original plan. (KSOY,
2024.)

Based on recent research and industry analysis highlighting technical requirements that have
implications for the feasibility of EHDVs. Ahonen (2024) notes in his study that the charging
standard SAE J3271 is currently under development, which when implemented would cover
charging powers of approximately 440kW to 3.75MW, depending on power and cooling
solutions. This illustrates the exceptionally high-power demand associated with megawatt-
class charging systems, which is more ideal for medium and heavy vehicles because of their
bigger energy consumption in comparison to passenger vehicles. Megawatt-class charging
systems contribute to the point load challenges mentioned in the KSOY plan by enabling
faster charging at the roadside and extending the operating range. (Ahonen, 2024.)

The adequacy of the electricity grid capacity is a challenge, as charging HDVs requires
significant power and the current electricity grid capacity is not sufficient to cover the full
electrification of the vehicle fleet. Based on this, the most logical solution would be a gradual
transition to electric heavy-duty use, providing additional time for capacity expansion to

meet future requirements for EHDVs. (Ahonen, 2024.)

This aligns with Kempower’s observation that charging HDVs in logistics operations
requires 150 — 400 kW of power for recharging and 30 min to 2 hours during loading and
unloading operation. (Kempower, 2023.) For the future particularly along urban areas and
time-consuming, long-term HDV operations power demand is expected to be even higher
up to 1.2 MW to maintain EHDVs fully operational. (Kempower, 2023.) Together these
findings reinforce the need for careful grid planning and targeted actions for charging points
and other supporting infrastructure in areas where HDV traffic as well as charging is

expected to be concentrated.

Future development in EU by gradually encouraging to move towards zero-emission
technology and especially the growth of electrification in transport sector presents practical
challenges. Ahonen (2024) underlines in his study that inadequate charging is one of the
biggest challenges, especially when it comes to electrification of HDVs. Even if the funding
for the charging infrastructure would be in place, its construction takes considerable amount

of time, particularly the planning and installation. (Ahonen, 2024.)
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Kempower also highlights the importance of scalability in both charging solutions and
logistics operations. The company gives an example of scalability when the grid capacity is
efficiently used without unnecessarily oversizing of the charging infrastructure when the
extra charging capacity can be dynamically moved to another vehicle when the needed
amount of electricity that one vehicle needs is decreased. (Kempower, n.d.) These
observations further underline the importance of dependable and scalable charging solutions

supporting logistics operations.

In summary, the electrification of first-mile logistics in Kymenlaakso is technically feasible
but to make it functional and sufficient on a practical level it requires several steps. First a
significant reinforcement of the regional electricity grid is required, second a sufficiently
large expansion of HDV-compatible charging infrastructure, and thirdly a careful planning
of megawatt-class charging infrastructure deployment which is essential for EHDVs. These
different factors though large in scale must be considered when evaluating the feasibility of

electricity as a low-emission energy source option for the regions logistics operations.

2.4.3 Regional biogas/biomethane potential and infrastructure conditions

In regional perspective biogas represents one of the most relevant low-emission energy
source options for first-mile logistics in Kymenlaakso, because its production is closely
linked to the regional distribution of primary production and biomass side streams. Biogas
production in the area is a realistic option in the future and, as Temonen (2019) states in his
study, there is a lot of potential and unused opportunities for biogas production in
Kymenlaakso and its surrounding areas. What is essential for biogas feasibility is the
efficiency with which side streams can be collected and transported over varying distances
to processing facilities. According to the statistics from the Finnish Biocycle and Biogas
Association (2025) the amount of agricultural feed processed in biogas plants is expected to

increase during this decade, creating opportunities for the more diverse use of side streams.

Although Rasi et al (2012) study is over a decade old, it provides comprehensive regional
assessment of biogas potential in four Finnish regions, which include Helsinki,
Kymenlaakso, Salo, and Turku. The MTT Report 50 information is used in this study
specifically to support the long-term regional biomass potential, as it includes regionally

detailed analyses of biomass availability and potential plant locations. (Rasi et al., 2012.)
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The MTT report 50 also provides quantitative estimates illustrating the scale of biogas
potential in selected regions. According to Rasi et al (2012) these four Finnish regions could
together produce approximately 3 TWh of energy from available biomass and up to 50
biogas plants with capacities ranging from 2.1 MW to 14.5 MW could be established. From
an environmental perspective, using the projected 2.2 TWh of biogas annually as a transport
fuel would reduce GHG emissions by approximately 450 000 t CO2-eq. (Rasi et al., 2012.)
Nationally it has been estimated that Finland’s biomethane production potential could reach
as much as 10 TWh by 2040. This clearly indicates biomethane’s long-term potential and
role in transport as well as logistics to be strengthened significantly, making it a truly viable

low-emission energy source in the future. (Bioeconomy, 2024.)

In addition to the long-term regional potential displayed by the MTT Report 50 and
nationwide potential highlighted by national bioeconomy assessment, a more recent
regionally based study provides insight into the practical operational factors influencing the
feasibility of biogas in Kymenlaakso. These operational considerations are important to
better understand how theoretical potential could be translated into economically viable and

logistically functional biogas production within the region in the future.

Temonen (2019) indicates that the transport distance directly affects the profitability of
biogas, especially for longer distances. Temonen (2019) also points out the importance of
utilizing as many side streams as possible, reducing the generation of possibly harmful
environmental waste, thus creating positive economic and environmental effects. Also, the
need for cooperation between several farms to better utilize side streams is emphasized,
which would make it possible to centralize operations and create a joint biogas production
facility. Of course, such a joint project is not without problems and includes challenges such
as distribution of biomass, logistics, and overall management of the process. Nationwide
evaluations also note that only a small share of Finland’s nutrient-rich agricultural as well as
industrial side streams are sufficiently utilized, thus leaving untapped potential for future
biogas production. This only reinforces the importance of regional cooperation in the

utilization of side streams. (Bioeconomy, 2024; Temonen, 2019.)

Based on these findings, the biogas potential could be efficiently utilized in local short
transport chains where production and consumption are relatively close. Such proximity
provides advantages in reducing transport distances, improving economic feasibility, and

decreasing emissions associated with feedstock logistics. This way the greatest benefits of
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biogas would be efficiently utilized locally in both economically and environmentally. These
regional production conditions as well as infrastructure characteristics directly influence the
practical feasibility of low-emission first-mile logistics, as they determine how reliably and

cost-effectively biogas can be supplied to primary producers in Kymenlaakso.

In addition to regional production potential, the suitability of biogas for logistics use also
depends on the availability of refuelling infrastructure. The increasing use of biogas in
transport is continuous and this increase in volume has also direct impacts on infrastructure,
as higher demand creates a need to expand the number of refuelling points to cover wider
areas. In 2019 there were 35 biogas refuelling points in Finland and 5 of those were in the
Kymenlaakso region and the number of refuelling points is planned to be increased both

nationwide and in Kymenlaakso. (Temonen, 2019.)

Based on Finnish biocycle and biogas association statistic site (Suomen Biokierto ja
Biokaasu ry, 2025) in 2023 biomethane production increased to approximately 243 GWh
which was +15% compared to previous year and biogas production was approximately 676
GWh which was -7% decrease compared to previous year. Together, biogas and biomethane
production amounts to approximately 920 GWh with -2% decrease from previous year.
Despite a small decrease in production, biogas and biomethane are growing energy forms

supporting their availability in logistics use. (Suomen Biokierto ja Biokaasu ry, 2025.)

Finnish biocycle and biogas association (2025) provides a broad overall picture of Finland’s
biogas infrastructure in 2025, including 34 landfill gas collection points, 97 reactor plants,
and 6 biogas plants or reactors connected to research institutions, and in addition to these 28
biomethane processing plants. Reinforcing the potential of biogas and biomethane
production there are 36 new biogas and biomethane production plant investments being built
and planned in Finland between 2024 and 2027, also the schedule for 10 new plant
investment plans is still open. Prospects for growth in biogas and biomethane production are
moderately positive. Only a small increase in biogas production is expected, and biomethane
production is expected to continue its steady growth, especially with transport biogas acting
as a significant driver in the growth of biomethane production. (Suomen Biokierto ja

Biokaasu ry, 2025.)

National scenario assessments have provided a forward-looking view of how biogas and

biomethane production and use could develop in Finland during the 2030s and 2040s. It is



48

estimated that Finland’s theoretical raw-material-based potential could reach over 20-25
TWh if all suitable feedstocks were utilized, while techno-economic potential with current
technology is approximately 10 TWh. These long-term estimates highlight a significant
resource base, which currently exceeds realised production levels. Long-term production
scenarios indicate that domestic biogas and biomethane output could possibly reach around

3 TWhin 2030, 5 TWh in 2035, and 7 TWh in 2040. (Suomen Biokierto ja Biokaasu, 2024.)

From a logistics point of view, the most relevant finding concerns the biomethane
consumption of HDVs, which is projected to be 1-1,5 TWh in 2030, 2 TWh in 2035, and 3
TWh in 2040. Experts from this source (Suomen Biokierto ja Biokaasu, 2024) noted that
biomethane demand in heavy road transport is expected to increase because gas is considered
a competitive solution in terms of costs and technological functionality and because of
availability of large gas-powered vehicles like trucks is improving. These projections made
in this workshop indicate that heavy transport will remain one of the main drivers of
biomethane production in Finland. (Suomen Biokierto ja Biokaasu, 2024.) This reinforces
the relevance of biogas-based solutions for regional logistics systems such as those in

Kymenlaakso.

In addition to these production and demand projections, recent policy assessments also
indicate that biomethane will maintain a defined role in the HDV market despite current
electrification and hydrogen uptake expected during the 2030s. The updated EU CO:
standards for HD Vs specify the need for most of them to be zero-emission by 2040, but also
that 15-20% of HDVs could operate on biofuels and biomethane. For electric and hydrogen
HDVs, several limiting factors remain, such as high prices, limited vehicle selection,
restricted operating range, and inadequate charging and refuelling networks. These limiting
factors ensure that gas-powered HDVs remain a relevant option in operational contexts
where long operating range, payload requirements or infrastructure constraints make full

electrification challenging. (Suomen Biokierto ja Biokaasu, 2024.)

According to SKAL winter 2024 transport barometer, almost one in five operators is
investing in a gas-powered truck. This suggests that industry actors view biomethane as a
viable long-term alternative. Considering these market signals alongside earlier
developments and how they complement the demand projections, biomethane appears likely
to maintain a relatively stable and policy-supported niche in Finland’s heavy-duty logistics

sector through the 2030s to 2040s. (Suomen Biokierto ja Biokaasu, 2024.)
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It is important to note that while Gasum’s plans to expand its refuelling network refer to
nationwide development in Finland, they do not currently indicate any region-specific
investment decisions for Kymenlaakso. The practical applicability of biogas for first-mile
logistics is supported by the existing refuelling infrastructure, which already provides
coverage in the region. According to Gasum, all its refuelling stations provide renewable
biogas, which strengthens the availability and usability of the fuel for the needs of HDVs. In
addition, Gasum offers separate liquefied biogas (LBG) refuelling stations that are
specifically designed for heavy transport equipment and one of these LBG refuelling stations

is located in the Kotka Jylppy area. (Gasum, 2026.)

Oravala

o _Kannuskoski
: _ Valkeala e
Saira ﬁ o g : (6]
Kausala ® W Utti Raipsaton ]
% Kouvola
Koria
iB 26)
Myllykoski
Sippola
Elimaki
Inkeroinen
Huruksela

Ruotsinpyhtaa

_.'. Pyhtaan iltakvla
BB~ Skirkonkyla <Y

Figure 5. Gasum refuelling station map, Kymenlaakso region. (Gasum, 2026.)

As illustrated in Figure 5, Gasum currently has four refuelling stations in the Kymenlaakso
region, of which three are centred around the Kotka area and one is located in the Kouvola
area. Figure 5 also illustrates the features of the refuelling stations, with blue indicating full
availability. Of these refuelling stations, three provide compressed biogas (CBG) for
passenger cars and vans, as well as delivery trucks and waste collection vehicles. In addition,

the refuelling station in the Jylppy area provides both CBG and LBG at the same site, making
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it the only Gasum station in the region equipped for HDV-grade LBG fuelling. (Gasum,
2026.)

This shows that the Kymenlaakso region already has infrastructure in place, enabling the use
of biogas as part of low-emission first-mile logistics. This combined with the region’s
production potential, short distances between urban and rural areas, and refuelling options
for HDVs, biogas constitutes a realistic and technically feasible alternative for reducing

emissions in primary production logistics in Kymenlaakso.

2.4.4 HVO availability and distribution potential and constraints

Finland’s traffic emission reduction targets create a favourable and strong demand base for
renewable fuels, particularly as domestic traffic emissions are intended to be halved by 2030
compared to 2005 levels. According to the AFRY report (2022), approximately half of the
2030 transport emission targets are to be achieved with renewable fuels, highlighting the
role of renewable fuels in Finland’s climate policy. In addition, the report states that
renewable fuels are relevant for reducing emissions from the current vehicle fleet, as

electrification alone is not enough. (AFRY, 2022.)

AFRY’s energy consumption data supports this, showing that in 2021 the energy use of
HDVs in Finland consisted of 76% fossil fuels and 24% renewable fuels. Even by 2030,
electricity is estimated to account for only around 1% of HDV energy use, with fossil fuels
at approximately 53% and renewable fuels at 46%. The percentages for 2030 are rounded
estimates, which is why they do not sum exactly to 100% in AFRY’s source chart. For 2050,
HDV energy use is predicted to consist of approximately 88% renewable fuels and 12%
electricity. This highlights the continued need for drop-in solutions, especially in the heavy-
duty transport sector and in slowly renewing vehicle fleets. Electrification and renewable
fuels should therefore be seen as complementary rather than competing pathways for

achieving Finland’s future emission targets. (AFRY, 2022.)

AFRY’s (2022) analysis also shows that renewable fuels have already made a significant
contribution to Finland’s emission reductions, achieving approximately —1.2 Mt CO:
between 2005 and 2020. For the period between 2020 and 2030, an additional —1.8 Mt CO:

is expected to come specifically from renewable fuels, while electrification is estimated to
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contribute approximately —2.2 Mt CO.. When compared with the overall reduction target of
—6.3 Mt CO., these figures highlight the importance of both energy source options. (AFRY,
2022.) This is particularly relevant for renewable fuels, which remain an essential
component of Finland’s climate strategy, especially in sectors where electrification

progresses slowly, such as primary production.

In Finland, the renewable fuels market is primarily driven by the national distribution
obligation, the level of which was 19.5% in 2022 and the aim is to increase it to 34% by
2030. Fuel pump prices are still strongly influenced by world market prices and taxation,
rather than the distribution obligation. Despite this, the distribution obligation has proven to
be a relatively effective control measure, particularly since its impact is believed to achieve
half of the 2030 transport emission reduction targets through renewable fuels. In terms of
sustainability, the legislation ensures that almost 90% of renewable fuels distributed in
Finland are produced from raw materials other than food and feedstock production,
emphasising the relevant role of waste and residues as the raw material base for HVO.
(AFRY, 2022.) In addition to policy-driven demand, market structure also supports
availability. According to Laitinen (2023), HVO-type diesel has established its place in the
Finnish distribution network, and domestic HVO production can be found from at least two

larger operators, UPM and Neste.

Renewable fuels can have varying effects on other fuels, but in early 2022 the impact on the
price of diesel was moderate at 0.25 € per liter. It is worth considering the limited availability
of raw materials and the growth in demand, which create constraints related to supply.
However, Finland’s strong forest and agricultural sector provide considerable domestic
potential for the utilization of residues and waste in the production of renewable fuels.

(AFRY, 2022.)

Neste My Renewable Diesel is an HVO fuel whose availability-related characteristics are
linked to its distribution channel, which according to Neste is Finland’s largest station
network. Neste My Renewable Diesel clearly benefits from Neste’s broad distribution
network, even though the product is not necessarily available at every station. According to
Neste, the fuel is made from 100% waste and residues and is suitable as such for all diesel
engines. This indicates that Neste My Renewable Diesel functions as a drop-in type of fuel,
thus requiring no modifications to existing vehicles or fuel systems. This drop-in feature is

a key factor in terms of availability and deployment, as it removes technical barriers to the
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adoption of the fuel. Neste also specifies that the fuel is produced using its proprietary Next
Generation Biomass to Liquid (NEXBTL) technology and explicitly emphasises that the fuel
is not biodiesel. This clarifies its distinction from conventional FAME-type biodiesels.

(Neste, n.d.b)

In terms of environmental impact, Neste reports that the fuel can reduce GHG emissions by
up to 90% compared to fossil diesel. This provides a relevant quantitative starting point for
evaluating HVO'’s emission reduction measures. Particularly in relation to Finnish operating
conditions, Neste highlights the fuel’s cold-weather performance, noting that it functions
down to —32 °C. (Neste, n.d.b) This cold-weather performance is relevant for first-mile
logistics, as it indicates that the usability of the fuel is not restricted by low temperatures

typical of Finnish winters.

Although AFRY (2022) emphasises that fuel pump prices in Finland are primarily driven by
global market prices and taxation, Mouli (2024) notes that the distribution obligation and the
crude oil price have an impact on fuel price fluctuations. These perspectives are not
contradictory as AFRY describes the relative magnitude of the impact, whereas Mouli
identifies the distribution obligation as one of several contributing factors. Nevertheless, the
distribution obligation functions as a structural policy mechanism, as the goal of the
distribution obligation is to reduce the use of fossil fuels, thereby increasing the share of
renewable fuels. This increases the baseline demand for renewable fuels and intensifies the

competition for waste- and residue-based feedstocks. (AFRY, 2022; Mouli, 2024.)

From an availability perspective, Mouli (2024) highlights the number of renewable fuels
distribution stations by company in Finland, with Neste having 182 distribution stations that
provide renewable fuels, Shell and St1 each operating around 30 distribution stations, ABC
32 distribution stations, and Teboil 4 distribution stations. Together, these amount to roughly
278 HVO-capable distribution stations nationwide, indicating that HVO distribution in
Finland is concentrated among a few major suppliers. Although the source does not provide
regional breakdowns on distribution stations, the national coverage suggests that HVO 1is
broadly accessible across the country. (Mouli, 2024.) This reasonably wide coverage may
support the practical usability of HVO in short and repetitive haul cycles typical of first-mile
logistics, especially in regions where distances between rural and urban areas are relatively

short.
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Although no region-specific data on HVO availability in Kymenlaakso was identified in the
reviewed literature or research, the national distribution network and the drop-in
characteristics of HVO imply that the HVO fuel can be used in the region wherever diesel
logistics operations are present. Based on Neste’s station search (Neste, n.d.a), there are four
stations in the Kymenlaakso region that provide Neste My Renewable Diesel. These stations
are in Anjala, Kouvola, and two in the Kotka area, one of which is specifically for heavy
traffic. In addition, MY Diesel is available in nearby areas of Kymenlaakso, although mostly
for passenger cars. These stations outside the Kymenlaakso region contribute to the
availability of renewable fuel along the region’s transport routes. (Neste, n.d.a.) Taken
together, the lack of region-specific data in the literature and the reliance on station-level
observations highlight a knowledge gap relevant for assessing HVO’s role in first-mile

logistics in Kymenlaakso.

2.4.5 Hydrogen potential and constraints

According to the Kinno report (2023), Kymenlaakso has an important role in the early
development of the hydrogen economy within the logistics sector, particularly as heavy road
transport is expected to become one of the main consumers of hydrogen and hydrogen-based
products in logistics. The report also highlights hydrogen’s relevance for HDV's operating
over long distances, identifying these as the transport modes where hydrogen could
realistically serve as a future propulsion system. The regional potential of Kymenlaakso is
also significant, with the projected hydrogen demand of the heavy transport sector by 2035
estimated at approximately 150-260 GWh. This figure indicates that the region has

substantial readiness to adopt hydrogen in the relatively near term. (Kinno, 2023.)

Hydrogen’s development is supported by the region’s existing logistics infrastructure,
particularly since the TEN-T main road and wider TEN-T road network already exist in the
region. In addition, future regulations and decisions are expected to direct more hydrogen
refuelling stations along the TEN-T network in Kymenlaakso region. This development is
further reinforced by AFIR regulation, which requires the expansion of hydrogen refuelling
stations and high-power charging infrastructure along the TEN-T network. Implementation

of AFIR regulation is expected to accelerate the availability of alternative fuel infrastructure
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in the region, thus strengthening the region’s readiness for low-emission heavy transport.

(Kinno, 2023.)

The region’s robust TEN-T road connections enable the transport of hydrogen and hydrogen-
based products from production sites to consumption points efficiently. Based on these
factors, Kinno’s report suggests that the heavy transport sector and the regional logistics
network together form a promising foundation for the development of hydrogen in

Kymenlaakso. (Kinno, 2023.)

In addition, the availability of efficient logistics solutions has a significant influence on
where potential hydrogen production facilities will be located, underscoring the
Kymenlaakso region’s transport network and its strategic importance in shaping regional
hydrogen development. In this context, the region has certain advantages as a major logistics
hub, as well as hosting Finland’s largest general port and having the country’s first inland
dry port. These logistic strengths further enhance the region’s suitability as a focal point for
hydrogen-related investments in the future. (Kinno, 2023.)

In the regional hydrogen siting criteria developed by Rejlers (2024), logistics emerges as
one of the most heavily weighted factors. This underscores the importance of various
transport connections such as road, rail, and port infrastructure that enable both hydrogen
production and distribution. Together, these factors reinforce Kymenlaakso’s strategic role,
as its well-developed transport network plays a central role in shaping the region’s hydrogen

development. (Rejlers Finland Oy, 2024.)

Complementing the region’s logistical strengths, the area also hosts several significant CO-
emission sources, which enable the production of synthetic methane and methanol.
Sufficiently large CO- point sources can support the development of integrated ecosystems
that combine hydrogen production with CO- capture, utilisation and storage technologies.
Several CO2 emission sources exist in the region but largest by far is located in Kouvola,
formed by UPM and Kymin Voima with a combined annual output of approximately 2000
kt of CO2. (Rejlers Finland Oy, 2024.)

It is worth noting that there are many uncertainties related to the hydrogen economy, and
there are many evolving factors that influence its development, such as technology, costs,
infrastructure, and markets. Electricity and its price constitute one of the biggest economic

barriers, potentially limiting the growth opportunities of the hydrogen industry, as it relies



55

heavily on the parallel development of hydrogen and renewable electricity production. This
development path is strongly supported by the fact that up to 60% of hydrogen production
costs come through the price of electricity. Developing a hydrogen economy in any region
requires suitable logistical environment, a strong power grid, sufficient water supply,
availability of cost-effective electrolyzers, and biogenic CO-. The development of hydrogen
production requires the simultaneous availability of several critical resources, because if
even one of them is missing, it very likely indicates that investments will not be realized.

(Kinno, 2023.)

Currently, there is not enough hydrogen-compatible heavy vehicle equipment available, and
the refuelling network is still insufficient. In addition, the market is not yet mature enough
to support hydrogen investments, and companies are delaying equipment investments
largely because demand and supply do not match. Compared to electric and battery solutions
which are progressing faster and at lower cost, hydrogen is falling behind. Moreover,
additional competition in biofuels increases the uncertainty for potential hydrogen
investments. Despite the challenges and competition from low-emission alternatives,
hydrogen has good potential to develop a share of up to 15% in road transport in the future,

but earliest in about 10 years if the limiting factors are addressed. (Kinno, 2023.)

In relation to the limitations identified in Kinno’s report, broader energy system constraints
also affect the feasibility of hydrogen production in the region. Karjunen et al (2022)
emphasise that military radar systems near the eastern border restrict the wind power
development, thus limiting the region’s ability to expand renewable electricity generation.
Since hydrogen production is heavily dependent on the availability of cost-effective
electricity, these restrictions form a direct and concrete regional barrier. From a regional
perspective, without additional wind power capacity it is challenging to generate
competitively priced electricity, which in turn undermines the economic viability of
hydrogen production. This indicates that major upgrades and investments in regional energy
infrastructure are required before the full hydrogen potential of Kymenlaakso can be

realised. (Karjunen et al., 2022.)

From the first-mile logistics perspective, these findings presented in this subchapter indicate
that hydrogen is unlikely to become a widely adopted propulsion option in the short term.
This is due to several constraining factors which currently include technological,

infrastructural, and economic barriers. As a result, low-emission first-mile logistics solutions



56

in the late 2020s and early 2030s are more likely to rely on electricity and biogas. In this
regard, hydrogen may become relevant once several conditions mature, including regional
production capacity, sufficient refuelling infrastructure, and the wider availability of

hydrogen-compatible HDVs on a larger scale.

2.5 Roadmap as a strategic planning tool

In the context of this thesis, roadmapping is used as a structured approach to examine how
different low-emission energy options could evolve and be adopted in regional, in this case
Kymenlaakso first-mile logistics. The method provides in an ideal situation a way to
organise fragmented information, compare alternative development paths with four different
low-emission energy options and highlight their conditions under which each option may
become viable and under which period. This makes roadmapping particularly suitable for
analysing technologies that are still emerging and whose future performance, infrastructure
requirements, and market readiness remain uncertain. By framing the roadmap analysis this
way, it becomes not only a simple planning tool but also a kind of lens through which the

broader transition towards low-emission logistics can be understood.

Technology roadmapping is generally understood as a strategic planning method, whose
purpose is to help organisations think about long-term decisions, especially when the
environment is uncertain or rapidly changing. In this role, a roadmap gives a structured way,
often visual, to look at how certain things such as markets, products, and technologies may
develop over time. One of the main reasons the method is used is its flexibility, since it can
bring together different kinds of information and help make sense of situations that are
complex or changing quickly. When used in strategic work, roadmapping can also help link
technological choices with wider organisational goals. The approach can also be helpful
when looking ahead, because it allows attention to be directed to certain environments or to
the performance of individual technologies. This matters especially when dealing with

developments that may be disruptive. (Phaal et al., 2004.)

Roadmapping could also bring together commercial and technological perspectives by
structuring them into parallel layers, which then can help to identify dependencies and timing
between markets, products, and technologies. The roadmap method also supports internal

communication by creating a shared view between technological and commercial functions,
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thus making the roadmap an important communication tool in these respects. Despite all
these useful factors by using roadmap and which might appear as a simple tool to utilise, it
can be very challenging. This is because often the subject scope is too broad and there are
too many diverse types of knowledge processed at the same time making it even more

challenging. (Phaal et al., 2004.)

When planning a roadmap, it is important to take into consideration that it is not merely a
description of the current state but rather a long-term vision of the future. The purpose of
roadmapping is rather to create a vision that helps guide resources and investments more
effectively. It is particularly useful in complex and uncertain environments, aimed at helping
various actors to identify gaps in their operations as well as opportunities. The roadmap also
brings various actors together, creating a shared vision between them as well as serving as a

useful tool for foresight. (Kostoff & Schaller, 2001.)

As this thesis focuses on different low-emission energy options in logistics and is based on
the observations of Kostoff & Schaller (2001) work this roadmap could offer useful insights
to support cooperation between operators in the region. This aligns quite the same style with
Amer & Daim (2010), who also note that roadmapping brings together key stakeholders and
in that way helps to develop a shared vision for the future. Also, the roadmap could offer
strategic alignment of parallel investments, technology readiness understanding, risk
identification related to these technologies, regional infrastructure views on shortcomings
and possibilities, scenario-based foresights, and regional competitiveness and how it could
be utilised as a regional advantage. These factors are consistent with Amer & Daim (2010)
observations that roadmaps highlight the linkages between technologies, markets, policy-
making decisions, and infrastructural issues. These are particularly relevant issues in the case

of this thesis when evaluating low-emission energy options.

The roadmap in this thesis would also outline feasible timelines for each energy source’s
current possibilities for their development and implementation and future outlooks.
According to the classification of Kostoff & Schaller (2001) this thesis can be characterized
as a technology roadmap, as it focuses on outlining the development path of low-emission
solutions and technologies relevant to first-mile logistics in primary production. From this
point of view, the roadmap provides a structured foundation for the empirical analysis that
would follow, clarifying how the different low-emission energy options can be examined in

an equally comparable and systematic manner throughout the thesis.
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Overall, the roadmap developed in this thesis serves both as a practical framework and as a
guiding rather than prescriptive tool for comparing the development pathways of different
low-emission energy solutions and in identifying factors that influence their feasibility from
a first-mile logistics perspective. This is done by structuring technological, infrastructural,
and policy-related considerations into a unified whole, while the roadmap supports a more
informed assessment of how each low-emission option could be implemented in the region.
It also provides a certain basis for identifying their interdependencies between actors and
possibly for anticipating the kinds of investments as well as collaborative efforts that may
be required to reach common goals. When used in this way the roadmap functions as both
an analytical tool and a strategic guide for understanding the potential transition pathways
available under the current situation to regional logistics operators and future development

possibilities.
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3 Methods and data

This chapter presents the methodological choices and data sources used to examine the
transition toward low-emission first-mile logistics in Kymenlaakso region. The aim is to
build a clear and systematic foundation for analysing regional logistics characteristics,
assessing the feasibility of alternative low-emission energy sources, and ultimately develop
a roadmap up to at least the year 2040. The approach combines conceptual, empirical, and
region-specific information. In practice, this means that the analysis draws simultaneously

from academic research, technical assessments, and insights from local actors.

The methodological design is based on three guiding principles. First, the study integrates
several knowledge-based domains such as first-mile logistics, energy technologies, and
regional infrastructure. This is done because none of these areas alone can explain the
transition toward low-emission transport, but all are equally needed in the transition process.
Second, qualitative methods are used to capture structural as well as operational
characteristics that cannot be reliably quantified at this stage. Third, scenario-based
reasoning is applied to support strategic planning. It does not prescribe actions but rather
helps to illustrate plausible development pathways. Together, these elements form an
analytical framework, which is suited for evaluating the regional transition toward low-

emission first-mile logistics.

Qualitative approaches are well suited for this study because they allow the researcher to
examine context-dependent processes and region-specific characteristics that cannot be
meaningfully reduced to numerical indicators. Such approaches also offer analytical
flexibility, enabling the integration of both inductive insights emerging from data and

deductive reasoning grounded in existing theory. (Saunders et al., 2016.)

3.1 Research design

The study follows a qualitative and exploratory research design and this choice is deliberate.
First-mile logistics in primary production is shaped by local geography, infrastructure, and
operational practices. This means that these factors cannot be meaningfully reduced to

numerical indicators alone. Qualitative analysis allows these contextual elements to be
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examined in depth. Thematic analysis according to Braun & Clarke (2006) is suitable for
many types of research, precisely because it is not tied to a specific theory and can be applied
flexibly across different types of materials. This flexibility is an important factor, as the
research integrates insights from logistics, energy systems, regional development, and

stakeholder perspectives.
The research design consists of three interconnected components which are:

e A structured literature review: This examines first-mile logistics characteristics,
low-emission energy technologies (Electricity, Biogas and biomethane, HVO, and

hydrogen), and regional infrastructure constraints and potential.

e A regional analysis: This is based on various data available, which includes policy
documents, technical reports, energy potential studies, and publicly available

infrastructure data.

e Semi-structured expert interviews: These interviews are conducted with
professionals from various fields, which may include primary production, logistics,
and the energy sector in Kymenlaakso or national operators. These interviews will

complement the conceptual findings by providing practical insights.

In this way, the layered design enables the study to combine theoretical knowledge with
region-specific operational realities. It also ensures that the roadmap is grounded in both

existing research from a global and national perspective and local conditions.

3.2 Research delimitations

This study includes several delimitations that define its scope and ensure methodological
clarity. First, the research focuses exclusively on low-emission first-mile logistics in primary
production and does not examine the entire logistics chain or downstream transport
operations in detail. This delimitation is necessary because first-mile logistics exhibit
structural characteristics such as short transport cycles, heavy loads, dispersed production
sites, and limited infrastructure that differ from other phases of logistics operations. These

characteristics are highlighted in both the literature and regional analyses of Kymenlaakso.
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Second, the study evaluates four low-emission energy sources namely electricity,
biogas/biomethane, HVO, and hydrogen. Other potential energy solutions are excluded
because these four represent the most relevant options as well as regionally feasible
alternatives. These options are identified in both national and EU-level policy frameworks

and are therefore the most suitable for assessing the transition in the Kymenlaakso context.

Third, the geographical scope is limited to the Kymenlaakso region, as the study aims to
provide a regionally grounded roadmap. The findings are therefore intended primarily for
the Kymenlaakso region and are not generalised to areas with different infrastructural or
production characteristics. However, the findings and results may in some cases offer useful
insights for regions that share similar logistical characteristics such as transport structures,

production patterns, and infrastructural conditions.

Fourth, the study adopts a qualitative and exploratory research design, which emphasises
conceptual understanding rather than quantitative modelling or cost-benefit analysis and
calculations. Consequently, the study does not include detailed technical or economic

simulations, lifecycle assessments, or emission modelling.

Finally, the temporal focus is on the 2025- 2040 period, reflecting the timeframe in which
regional infrastructural development, EU and Finnish regulations, and technological
maturity are expected to evolve. Longer-term projections beyond this period might fall
outside the scope of the research due to increasing uncertainty and limited availability of

reliable information.

3.3 Data collection

Data collection can be divided into two categories, which include literature and document
data and interview data. These two categories serve different but complementary purposes
in the study, as they provide both conceptual and practical region-specific insights. Together
they form the overall empirical foundation for analysing low-emission first-mile logistics in

the Kymenlaakso region.

Firstly, the literature and document data include academic publications, technical

assessments, policy documents, and statistical sources. Together these materials provide the
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theoretical and contextual background needed to understand the regional transition toward

low-emission first-mile logistics. As such these materials cover several topics such as:
e Structures and constraints of first-mile logistics.
e The energy transition in HDVs.

e Global and regional energy potential (electricity, biogas and biomethane, HVO, and

hydrogen) to have a wide comparison perspective.
e Rural and regional infrastructure.
e Scenario-based planning in logistics and energy systems.

In this case key sources include peer-reviewed journals and articles, EU and Finnish policy
documents such as, AFIR, Traficom reports, [IEA Bioenergy assessments, and region-based
documents and materials. Also, technical assessments are produced by organisations such as
AFRY, which provide insights into infrastructure capacity or energy system development.
Together, they form the conceptual basis for evaluating the feasibility of different energy
options in the Kymenlaakso context. As some sources provide broad theoretical insights,
while others offer highly practical information, such as infrastructure maps or energy

production statistics.

Secondly, the interview data consist of semi-structured interviews that will be conducted
with stakeholders. Semi-structured interviews were selected because they provide both
structure and flexibility, thus enabling participants to express their own perspectives while
ensuring thematic consistency. (Kallio et al., 2016.) These interviews are intended to
complement the document-based findings by providing practical viewpoints from actors that
are directly involved in regional logistics operations. They could also help to identify
operational details that are not mentioned in written sources yet, and these stakeholders are

represented by:
e Primary production operators.
e Logistics and transport operators.

e Regional development organisations.
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These interviews will follow predefined themes but will also allow participants to introduce
additional perspectives. The balance between structure and openness is central to high-
quality semi-structured interview design, as highlighted by Kallio et al (2016.) This kind of
flexibility is important, as regional actors often possess tacit knowledge that does not appear
in formal documents. All interviews will be recorded, transcribed, and analysed once data
collection begins. Systematic preparation of the interview guide enhances the
trustworthiness of the collected data and supports consistent analysis across participants.

(Kallio et al., 2016.)

3.4 Data analysis

This study applies thematic analysis to identify literature reviews and articles, regional
documents and plans, and interview material, which are appropriate to the topic of the study.
The thematic analysis applied in this study follows the general logic of Braun & Clarke’s
(2006) six-phase framework, which includes familiarisation, coding, theme development,
theme review, theme definition, and reporting. These phases are adapted into this study in
four practical steps that align with the structure and aims of this study. In thematic analysis,
the themes are not ready-made in the data. Instead, this requires the researcher to construct

themes through interpretation. (Braun & Clarke, 2006.)

First, literature and regional documents are evaluated, and certain key topics relevant to the
study are identified like current situation in different fields of study, infrastructure, key
constraints, opportunities, and energy specific requirements. Second, interview transcripts
(once they are collected) are processed to extract practical insights and region-, or industry-
specific considerations. Third, the conceptual and empirical findings are compared to
identify whether there are mutually supporting issues or clear divergences. Finally, fourth
part, the synthesised themes are used to construct development pathways, which form the

basis of the roadmap in regional perspective.

The thematic approach is well suited in these kinds of studies with the intention of integrating
heterogeneous data sources into a unified whole. It allows the study to move from detailed
observations from various sources both global and nation-wide to broader interpretations
without losing the sight of the regional context. This ensures that resulting themes remain

analytically coherent and grounded in the empirical material.
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3.5 Reliability and validity

The reliability of this study is supported through consistent use of transparent documentation
of several data and literature sources, use of the same interview template, and systematic
coding procedures. These practices help ensure that the analysis of the study remains
coherent even when the data is collected and processed from different types of sources.
Documenting these procedures in a consistent manner helps ensure that the research process

remains transparent and can be evaluated by others.

Validity is strengthened by using various literature sources, regional data, and expert
insights. The use of multiple data sources also enables methodological triangulation, which
increases credibility by allowing findings to be cross-validated across conceptual, regional,
and stakeholder perspectives. (Saunders et al., 2016.) As Saunders et al. (2016) note,
triangulation strengthens the credibility of qualitative research by drawing on more than one
data source or method to confirm that the analysis genuinely reflects the phenomenon being

studied.

The study focuses specifically on region-specific constraints and opportunities about first-
mile logistics and low-emission energy transitions. There is sufficient global-level
information on the study’s topic to give it a broader understanding and comparison points,
because the low-emission transition is a global issue whose effects are visible everywhere.
Scenario development is grounded in empirical evidence and theoretical understanding,

which increases the credibility of the final scenario-based roadmap.

The study’s aim is to keep focus on the Kymenlaakso area and does not aim to generalise
beyond the region, though if similar conditions are met in other regions, then it could give
some advice. This regional focus ensures that the conclusions remain aligned with the
specific operational and infrastructural realities of Kymenlaakso. In the end it seeks to
provide a regionally grounded analysis that can support the strategic planning and decision-

making for region’s various actors and stakeholders.
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3.6 Summary

This chapter has outlined the methodological foundation of the study. It uses a combination
of three different data collection processes such as literature review, regional analysis, and
expert interviews, which provides a robust basis for evaluating the feasibility of low-
emission energy sources in first-mile logistics. Also, the thematic analysis and scenario-
based approach can enable the development of a practical roadmap that reflects both
theoretical insights as well as the specific conditions of the Kymenlaakso region. In addition,
the chapter outlined how reliability and validity are supported through transparent

documentation, consistent procedures, and the use of multiple data sources.
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4 Analysis of expert insights on low-emission logistics

This chapter presents the analysis of expert insights gathered through semi-structured
interviews with professionals working in logistics, primary production, and the food industry
in Finland. The purpose of the analysis is to understand how low-emission logistics solutions
are perceived by industry actors, which operational and infrastructural factors influence their
feasibility, and how these insights can be applied to the context of first-mile logistics in
primary production. The findings are synthesised thematically rather than reported as
separate interview cases. This approach ensures that the results remain concise, comparable,
and directly relevant to the development of a low-emission roadmap. Individual interview
perspectives are referenced selectively when they offer additional nuance or highlight

viewpoints that differ from the shared themes.

4.1 Overview of the empirical material

The empirical material is based on semi-structured interviews with professionals working in
logistics and the food industry. The interviewees had experience in heavy-duty transport, the
use of professional transport equipment, raw material collection and logistics operations.
They were also familiar with the use or adoption of alternative energy solutions in transport
fleets. In total, six expert interviews were carried out in Finnish via Microsoft Teams, and
participants were informed at the beginning that their contributions would remain
anonymous. During transcription, the material was translated into English and lightly
condensed by removing hesitation and repetition while preserving the meaning and tone of

the responses.

Although the interviews were not limited to first-mile operations, they also covered broader
logistics operations in the food and logistics industry. The insights are nevertheless directly
applicable to the energy, infrastructure, and operational aspects and challenges relevant to
first-mile logistics. The interviews were analysed using thematic analysis as described in
Chapter 3. The interviewees represented both operational logistics practitioners and experts
from the energy and fuel markets, as well as one participant with a research background in

fuel and combustion technologies. This combination added a technical perspective to the
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material and provided the analysis with complementary practical, market-level, and

regulatory perspectives.

The analysis focused on identifying recurring patterns related to operational characteristics,
energy feasibility, infrastructure availability, regulatory constraints and market-driven
expectations. In this chapter, these findings are brought together and considered as broader
themes that help outline a practical and adaptable roadmap for low-emission first-mile
logistics. The aim is simply to offer a balanced basis for decisions, without suggesting that

the material points toward any single preferred way forward.

4.2 Overview of the identified themes

The analysis of the interview material resulted in several different themes but five of them
were overarching ones that reflect the key factors influencing the feasibility of low-emission
logistics solutions in Finland. These themes emerged consistently across participants and
represent the operational, technological, infrastructural, and regulatory dimensions relevant

to the transition pathways toward low-emission first-mile logistics.
The themes are:
1. Operational characteristics of heavy-duty vehicles and collection logistics
2. Feasibility of low-emission energy sources
3. Infrastructure availability and constraints
4. Technical and regulatory considerations
5. Market expectations and strategic pressures

The following sections build on these themes, which serve as the analytical framework for
the interview material. Each theme combines insights from multiple interviewees, with
individual viewpoints referenced only when they offer additional nuance or contrast. This
structure enables a clear and comparable interpretation of the findings and supports the

development of a non-prescriptive, decision-supporting roadmap.
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4.3 Operational characteristics of HDV-vehicles and logistics operations

Across all interviews, heavy-duty transport in logistics operations including food logistics
and primary production is characterised by large vehicle masses, high annual mileage, and
mixed load collection patterns. Vehicles most commonly operate in the 64-76 tonne range,
which is quite typical in Finland and Sweden but is bigger than their counterparts used in
Central-Europe in logistical operations. Annual mileage per vehicle in certain companies
can reach 250000 — 300000 km before being replaced to newer vehicle. One interviewee

described the collection pattern as follows:
“Smaller sub-routes go through 2-3 times partly empty before the load is completed”.

This reflects the stop-start nature of first-mile collection, where vehicles often begin routes
empty or partially loaded and only reach full capacity near the end of the cycle. One
interviewee described the pattern in this way, but the example illustrates how loading can

progress across dispersed collection points.

Some operations involve very long daily distances, with one example of a heavy
combination covering up to 1400 km in a single day within a five-day operating week. Such
high utilisation rates require minimal downtime, predictable refuelling, and reliable vehicle
performance in all weather conditions. The example demonstrates the operational intensity

that some long-haul routes may require.

A shared view across interviews is that operational efficiency is tightly linked to route
flexibility. Any technology that imposes constraints, such as long charging times, reduced
payloads, or limited range directly affects feasibility. This is particularly relevant in regions
where routes extend beyond main logistics corridors and where collection points are
dispersed. One interviewee pointed out that in cold-chain operations the energy required for
continuous cooling increases total energy consumption, which further reduces the practical

range of electric vehicles.

In addition to these patterns, interviewees noted that operational requirements vary between
short regional collection routes and long-distance heavy combinations as mentioned with the
1400 km example. One interviewee mentioned that in some cases daily driving distances of
approximately 800 km occur for individual vehicle. The operational differences illustrate

why energy solutions must accommodate both high utilisation and the need for uninterrupted
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operation. Interviewees also emphasised that payload capacity and power-to-weight ratios
are important factors, especially in Finland, where up to 76 tonne combinations are
commonly used. Any reduction in payload caused either by battery weight or fuel system

limitations would affect operational efficiency.

First-mile transport is also limited by the structures of farmyards and the condition of smaller
roads. As larger farm sizes and a deteriorating road network form a combination that can
make access to farmyards, tanks, and turning areas difficult, especially with heavy
combinations. One of the interviewees pointed out that these practical conditions can limit
the types of vehicles available and affect what kinds of energy solutions are operationally

feasible.

Road conditions were also described as a practical factor shaping day-to-day operations.
Uneven surfaces, winter maintenance gaps and narrow turning areas were said to increase
energy use and restrict which vehicle types can be operated efficiently, particularly in heavy
combinations. These everyday constraints were viewed as relevant when assessing the

suitability of different low-emission energy options for first-mile logistics.

4.4 Feasibility of low-emission energy sources

The interviewees discussed several low-emission energy sources currently available or
emerging in the future for heavy-duty transport. Their views reflected both the technical
maturity of each option and the operational conditions under which they may be feasible.
Across interviews, the feasibility of each energy source was assessed in relation to
operational requirements, infrastructure availability, and cost structures. These factors

shaped how suitable each option was considered for different types of logistics operations.
Electricity

EHDVs are currently seen as operationally limited for first-mile operations and long-
distance logistics due to several constraints. Interviewees highlighted range limitations,
particularly range reduction in winter, battery weight, and charging times as major barriers.

One participant stated:

“In rural areas electricity is not an option due to range limitations, operating outside main

logistics corridors means there is no sufficient charging infrastructure”.
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Electric trucks were considered feasible mainly for short predictable routes with supporting
charging infrastructure, for operations with lighter payloads, and for short urban distribution,
especially where depot charging is available. Even then, winter performance was described
as significantly weaker than in summer. One interviewee noted that future megawatt
charging systems may improve viability, but expectations remain cautious. Interviewees also
highlighted that daily driving of hundreds of kilometres without sufficient charging

infrastructure available is not realistic with EHDV's using current technology.

Interviewees provided concrete range estimates for EHDVs. Reported ranges varied a bit but
usually up to 130-150km and during winter less than 100km, also vehicle class matters a lot
as one interviewee mentioned that their new electric truck could easily reach 300 km range
during summer. Apart from the 300km example, these figures were considered insufficient
for most first-mile type operations or long-distance operations, particularly when vehicles
must maintain cold-chain conditions, which further reduces available battery capacity as
well as load capacity. Heavy 64-76-tonne vehicle combinations used in Finland also increase

energy demand and might limit the practical operating range.

One interviewee also noted that electric truck models differ noticeably between
manufacturers in ways that affect their practical operating range. According to this
interviewee, Mercedes’ electric truck design allows for a larger battery capacity than
comparable models from Scania or Volvo, which helps explain why it performs well in light
distribution tasks but is less suited to 76-tonne combinations used in Finland. The
interviewee also pointed out that Mercede’s model appears to be primarily optimised for
Central European market conditions, where vehicle weight and length limits are
considerably stricter than in Finland. These differences were described as design-related
rather than operational, and they illustrate why some electric trucks achieve longer operating

ranges in specific use cases even though they are not optimised for heavy long-haul transport.

Despite some interviewees expressing cautious optimism that several improvements in
future such as megawatt charging infrastructure, technology development, and battery
improvements may extend operational ranges and reduce vehicle and equipment costs, some
kind of scepticism remains. Interviewees note that even with technological progress, electric
trucks and vehicles may remain best suited for short predictable routes and urban

environments.
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Interviewees also highlighted cost-related technical challenges associated with electric
HDVs. One participant noted that battery replacement can require changing 8-9 individual
battery modules, resulting in a total cost of approximately 170000 — 180000€ over the
vehicle’s lifetime which is approximately 2-3 years in full use. These costs were considered
particularly problematic for operations with high daily mileage, where vehicles must remain

in continuous use and where battery degradation would occur more rapidly.

In addition to these challenges, interviewees emphasised that neither Volvo nor Scania is
currently able to guarantee more than approximately 150km of reliable range for heavy-duty
electric trucks in all conditions. This relatively short range limits the suitability for high-
utilisation or long-distance operations with electric trucks. One interviewee noted that
operators participating in procurement processes have been unable to obtain firm range
guarantees from either manufacturer, reinforcing the perception that EHDVs are not yet

technically mature enough for demanding rural or long-haul use cases.

Also, one interviewee mentioned that Finland’s power-to-weight requirements must be taken
into account, and that Traficom and authorities have a role in defining these limits. These
requirements were seen as influencing the technical suitability of certain alternative
powertrain options, as not all available models can meet the necessary power output for

heavy vehicles or heavy combinations.
Biogas/biomethane

Biogas was consistently described as the most mature and operationally reliable low-
emission option for heavy-duty transport. Users reported that biogas trucks behave almost if
not quite similarly to diesel in terms of range, drivability, and payload capacity. One

interviewee noted that biogas:
“Practically behaves the same way as diesel”.

LBG was seen as particularly suitable for longer distances with heavy payload, while CBG
fits better for shorter regional routes. The main barrier is infrastructure availability in certain
areas or municipalities, although all interviewees emphasised that the network is expanding

rapidly and domestic production potential is increasing.

In this context, it was also pointed out that the day-to-day reliability of refuelling stations is

not always consistent or ideally executed. According to one of the participants, biogas may
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occasionally be unavailable or limited even at stations where it is expected, which creates
practical challenges for operations that depend on uninterrupted vehicle utilisation. This was

described as a practical risk for high-utilisation operations.

One interviewee explained that Scania does not currently offer sufficiently powerful LBG-
powered vehicles, whereas Volvo’s equipment was described as technically more suitable.
Because only a limited number of manufacturers provide viable options, procurement
decisions are strongly shaped by competitive tendering, and the restricted number of

suppliers was seen as a factor that keeps vehicle prices higher.

For biogas one interviewee provided a concrete example of long-distance performance,
noting that a biogas-powered High Capacity Transport (HCT) completed approximately
1400km of driving within a single operational day. This example illustrates that biogas-
powered vehicles can meet the requirements of long-haul, high utilisation operations without
serious range limitations. All interviews describe LBG vehicles as capable of completing
long-distance routes comparable to diesel, indicating that range was not a limiting factor.
CBG was described as more suitable for shorter regional routes and distribution operations.
Across interviews, biogas was consistently viewed as the most technically mature and

operationally reliable low-emission option currently available.

It was also noted that biogas remains a technically viable option for heavy combinations,
provided that engine power is sufficient for 76-tonne vehicle configurations used in Finland.
In this assessment, biogas could serve as a practical alternative to diesel in these operations
if power requirements are met. The interviewee added that such power considerations are
particularly relevant in Finland, where vehicle weight limits are higher than in many Central

European markets.

At the same time, the analysis also revealed a value-chain dimension related to biogas. In
one interview, it was noted that when the fuel originates from agricultural feedstocks within
the same production system, it creates a coherent link between production and transport.
Using it in first-mile logistics was therefore seen as a credible way to align transport
operations with broader low-carbon objectives. This perspective framed biogas not only as
a technical solution but also as a means of reinforcing internal consistency in sustainability

efforts.
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HVO

HVO was recognised as the easiest solution because its drop-in features, requiring no
changes to existing vehicles. However, all interviewees raised concerns about high price
levels, volatile availability, and dependence on raw materials. One interviewee summarised

the dilemma with HVO:
“HVO would be easy to adopt, but the cost is the problem”.

One interviewee noted that if the aviation sector’s demand for sustainable aviation fuel
(SAF) grows or there is a genuine ambition to make aviation greener in terms of emissions.
In that case the aviation sector would take up most of the raw materials needed for HVO.
This would then create a competitive situation for raw materials between air and road

transport, which may further tighten the supply and increase prices.

Although interviewees did not provide much information for HVO because their companies
do not use them, they still agree that based on its drop-in characteristic it would allow
vehicles to maintain the same operational performance as fossil diesel. Interviewees also
stressed that high and volatile fuel prices as well as inadequacy of domestic production for
larger scale use and international production and product reliability limit its practical use in

their operations making HVO an unlikely option.

One participant also emphasised that the technical readiness of HVO already exists and that
its adoption does not require changes to equipment or infrastructure. According to this
interviewee, however, wider use of HVO would require clearer legislative support so that
the CO: benefits of the fuel can be realised and the market can develop more steadily. In this
view, the role of HVO could grow in the 2030s if its use becomes more common in both
private and commercial transport, covering light-duty vehicles as well as heavy-duty

logistics, and if production capacity increases.

It was also pointed out that despite its high price, HVO is likely to remain a viable
complementary option for long-distance and high-payload operations, particularly in cases
where biogas availability or infrastructure does not fully meet operational needs. In the
longer term, HVO was also viewed as continuing to serve alongside LBG in heavy long-haul

operations where high performance and operational continuity are required.
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Hydrogen

Hydrogen was viewed as a long-term possibility, not a near-term solution. Interviewees
highlighted high vehicle and fuel costs, lack of infrastructure, and uncertain regulation.
Several participants expressed scepticism about hydrogen’s readiness within the next
decade, although they acknowledged that regulatory mandates may eventually accelerate
development, but how likely or unlikely that remains to be seen. Synthetic methane was
mentioned as a potentially more realistic pathway, as it could utilise existing gas

infrastructure.

Interviewees did not report operational range data for hydrogen vehicles, as none had direct
experience with them. Instead, they emphasised that hydrogen remains at an early stage of
development, with unclear cost structures and limited infrastructure. Some participants
believed hydrogen could become relevant in the long term while also doubting its feasibility

due to high vehicle costs and uncertain regulatory frameworks.

Hydrogen storage and energy density were noted as factors that limit its use in HDVs, but
synthetic fuels produced from hydrogen such as methanol, can offer more technically ready
solutions. According to the participant, green methanol is already technically feasible fuel
for heavy transport, but its wider adoption requires an increase in the availability of green

hydrogen.
Summary

Across interviews, biogas was generally viewed as the most suitable and technologically
mature option for heavy-duty operations, particularly in contexts requiring long distances,
high utilisation, and stable performance. Electric vehicles, by contrast, were considered more
appropriate for urban environments and short-distance distribution where predictable routes
and charging are available. Interviewees also emphasised that the large vehicle masses
typical in Finnish heavy-duty transport further limit the suitability of electric trucks, as high

payload requirements reduce range and increase energy consumption.

According to one interviewee HVO would be an easy emission-free option, but the costs
would be higher. The interviewee added that purely from marketing perspective HVO would
not necessarily be an all-in option and would be the last option among the current emission-
free options. Hydrogen and synthetic fuels were seen as future possibilities and participants

mentioned that many transport operators do not expect hydrogen to become a practical
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option soon. Price as well as technological maturity was seen as an issue for hydrogen

becoming a relevant option soon.

4.5 Infrastructure availability and constraints

Infrastructure emerged as one of the most decisive factors influencing energy choices among
the interviewees, as the availability of charging or refuelling stations directly determines
which energy sources can be used on specific routes. Several participants noted that
infrastructure gaps are particularly visible outside major transport corridors, where long
distances and dispersed production sites make consistent access to energy supply points
essential. This emphasises that without regionally balanced infrastructure, even technically
mature solutions such as for example biogas-powered vehicles cannot be ideally adopted at

scale.
Electricity

With electricity, the lack of heavy-duty charging infrastructure outside major logistical
corridors was repeatedly emphasised. Winter conditions further complicate planning, as
reduced range requires more frequent charging stops or more precise route planning.
Interviewees noted that charging infrastructure investments are expensive and require
coordination between multiple actors. An excellent example of this is that in some cases
electric transport vehicles including battery replacements, would be 2-3 times more
expensive than equivalent diesel-powered transport vehicle and equipment. Interviewees
also gave the impression that the current charging infrastructure and technology does not yet

provide the level of coverage needed for broader operational use of EHDVs.

A notable point raised in the interviews was the need to align charging infrastructure with
the technical capabilities of HDVs. Interview insights indicated that installing lower capacity
chargers in locations where trucks are equipped for emerging megawatt-level charging may

limit operational efficiency.

An aspect considered noteworthy and quite essential for the development of electric heavy-
duty transport was the need to plan charging infrastructure in close cooperation with
transport operators to avoid operational bottlenecks. It was also noted that charging could be

integrated into loading and unloading processes to align energy use with existing logistics
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activities. This approach allows vehicles to charge in passing, reducing downtime as well as

additional operational costs.

The limited number of vehicle suppliers was also seen as constraining the development of
electric heavy-duty transport and contributing to higher equipment costs. Although other
manufacturers may exist, only Volvo and Scania were mentioned by interviewees in the
context of EHDVs. This may simply reflect that Mercedes electric truck model discussed in
the interviews was described mainly in the context of lighter distribution use, rather than in

the 64-76-tonne combinations used in Finnish long-haul operations with heavy loads.
Biogas/biomethane

Biogas infrastructure was described as improving but still uneven in certain regions and
municipalities. Some regions have sufficient LBG/CBG stations, while others, especially

outside growth centres lack sufficient coverage. One interviewee noted that:

“There would already be more gas vehicles if the infrastructure supported the core operating

areas”.

However, all interviewees agreed that biogas infrastructure is expanding faster than other
alternatives, supported by new production plants and increasing domestic feedstock
availability. One participant highlighted that multiple new LBG stations are being opened
annually and that the number of stations along the major routes is expected to grow in the
coming years. Interviewees also noted that domestic production capacity is increasing as
new facilities are planned or are under construction, which strengthens long-term supply

security.

As the biogas sector continues to expand, domestic production capacity was described as
strengthening further. A new large-scale biogas plant has recently entered operation, and
several others are progressing through planning and construction. These developments were

seen as supporting the stability and long-term reliability of supply for transport use.

One interviewee also highlighted the scale of existing domestic production capacity by
referring to a biogas facility with an annual output of approximately 125 GWh, equivalent
to around 12.5 million litres of fossil fuels. This example was used to demonstrate that
substantial production capacity is already in place in Finland and that additional facilities

operated by other actors are also increasing national output. Such expansion further supports
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the long-term reliability of biogas supply for heavy-duty transport in Finland. Interviewees
noted that such facilities illustrate the maturity of the biogas sector and its ability to provide

stable fuel availability for transport operators.
HVO

HVO was discussed briefly, as the companies represented by the interviewees do not
currently use it in their operations. It was generally viewed as a technically straightforward
option because it can be used in existing diesel vehicles without requiring significant
modifications to vehicle or infrastructure. However, interviewees noted that its higher price
and uncertainties related to long-term availability limit its attractiveness at present. As a
result, HVO was not considered a primary option in the current operational context, even

though it remains feasible from an infrastructure perspective.
Hydrogen

Hydrogen infrastructure was described as minimal, with only isolated pilot stations.
Interviewees stressed that large-scale deployment depends heavily on EU and national
regulation, investment incentives, and long-term policy stability. Overall, hydrogen was
therefore viewed as a long-term rather than near-term option, with its feasibility dependent

on future regulatory clarity, cost developments, and the pace of infrastructure expansion.

Interviewees also highlighted that infrastructure is uneven across regions. While some major
logistic corridors already support both biogas and electric charging, many rural areas lack
sufficient coverage. This creates a geographical divide in the feasibility of different energy
sources. Several participants noted that infrastructure gaps are particularly problematic for
first-mile types of operations, which often take place outside main logistic transport
corridors. This emphasises the dependency between infrastructure availability and fleet

investment decisions.

4.6 Technical and regulatory considerations

Interviewees highlighted several regulatory and technical factors that shape the feasibility of
different energy sources, particularly in the context of heavy-duty transport. Participants
noted that national weight and power requirements, emission regulations, and distribution

obligations influence both the operational suitability and cost structure of different
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technologies. They also emphasised that uncertainty regarding future EU-level mandates,
especially those related to hydrogen and synthetic fuels, creates hesitation among operators
who must plan investments years in advance. These regulatory and technical aspects were
reflected in several concrete issues raised by the interviewees, including the following

factors:

e Weight and power requirements: HCTs in Finland require high engine power,

which limits the suitability of some gas and electric models.

e Battery weight: Reduces payload capacity, which is critical in high-volume or heavy
load operations and particularly relevant for long-distance routes where energy

demand is higher.

e Emission regulations and distribution obligations: Influence fuel pricing and
investment decisions, as changes in obligation levels directly affect the relative

competitiveness of different fuels.

e Uncertainty in future regulations: Especially regarding hydrogen and synthetic

fuels, which creates hesitation among operators.
One interviewee noted that regulatory uncertainty:
“Slows down investment decisions particularly for hydrogen”.

Interviewees also pointed out that regulatory developments may create both opportunities
and risks. For example, future EU-level mandates on synthetic fuels or hydrogen blending
could influence investment decisions, but the timing and scope of such regulations remain
uncertain. Some participants expressed concern that rapid regulatory changes could impose
additional costs on operators, while others viewed regulation as a necessary driver for long-
term transition. These differing perspectives highlight the importance of policy stability for

enabling predictable investment planning.

Interviewees also emphasised the role of national distribution obligations, which directly
affect the pricing and competitiveness of different fuels. In particular, biogas is described by
one participant as benefiting from the current obligation structure, as surplus fulfilment can
be sold forward, enabling more predictable pricing compared to fossil fuel. At the same time,
participants noted that potential changes to distribution obligations could alter investment

incentives, making regulatory stability an important factor for long-term planning.
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One interviewee discussed the broader regulatory and market developments related to
hydrogen and synthetic fuels. According to this participant, although several projects are
underway, the market is not ready for large-scale production or use of hydrogen or synthetic
fuels. The interviewee referred to a recently opened hydrogen station in Finland as an
example of early-stage development but emphasised that progress remains highly dependent
on future regulations. Interviewee also noted that there is currently no strong regulatory
driver for hydrogen, and that upcoming EU-level mandates may be fulfilled through
synthetic methane rather than hydrogen, as synthetic methane is cheaper to produce and

compatible with existing gas infrastructure.

The availability of green hydrogen was highlighted as a key bottleneck both for the direct
use of hydrogen and to produce synthetic fuels. According to the participant, green hydrogen
is currently several times more expensive than grey hydrogen, and its production would
require significant investments in electrolyser capacity. Legislation is therefore seen as
playing a crucial role in initiating the production of green hydrogen, as the market does not

develop quickly enough without regulatory guidance.

4.7 Market expectations and strategic pressures

Interviewees described a mix of market-driven, customer-driven, and policy-driven
pressures or lack of them. Although the strength of these pressures varied across operational
contexts. Some participants noted that expectations for low-emission logistics are increasing
gradually, while others emphasised that in many segments the transition is still primarily

shaped by cost structures and internal strategic goals rather than external demands.
Cost pressure

All interviewees emphasised that cost remains the primary driver in logistics decision-
making, influencing both investment choices and day-to-day operational planning. This view

was shared broadly across the interviews. As one participant stated:
“Cost is the main driver, everything starts from the cost structure”.

This highlights how narrow margins in logistics and retail sectors limit the feasibility of
adopting more expensive technologies. Several interviewees also noted that higher

acquisition costs for electric or gas-powered vehicles can only be justified when operational
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conditions, such as route length, utilisation rate, or fuel price differences enable a clear
economic advantage over diesel. This applies to both investment decisions and operational

choices.

Another observation was that the economic feasibility of electric trucks depends heavily on
customer involvement. In this view, electric vehicles become viable only when transport
buyers commit to long-term contracts or participate in providing low-cost charging capacity.
Without such arrangements, high electricity prices at commercial charging stations and the
capital cost of vehicles make large-scale adoption difficult, particularly for small and

medium-sized companies.
Customer expectations

Some interviewees mentioned that expectations from urban customers and municipalities
may possibly increase in the future and favour low-emission deliveries, particularly in large
cities where environmental requirements are becoming stricter. These expectations relate to
business-to-business (B2B) customers, as they concern organisations that procure transport
services rather than individual consumers. One participant referred to Nordic capital as an
example where only low-emission vehicle types are preferred in certain areas, thus indicating
that such expectations may influence future fleet decisions. However, other interviewees
noted that in many sectors customers do not yet impose strong requirements regarding the
use of low-emission vehicles. This means that cost efficiency continues to outweigh

environmental considerations in most procurement decisions.
Climate targets

Several interviewees mentioned internal climate targets, such as carbon neutrality goals for
2035 as important strategic driver that shape long-term planning even when external pressure
remains limited. Such commitments encourage companies to evaluate alternative energy
solutions proactively and to align fleet renewal cycles with broader sustainability
commitments. Interviewees also noted that such internal objectives may become
increasingly influential as regulatory frameworks evolve and as larger clients begin to

integrate emission criteria into their procurement processes.
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Investment considerations and market structure

Interviewees also noted that the market for alternative-fuel for HDV is currently limited,
with Volvo and Scania being the only practical options available. This narrow supplier base
was seen as a factor that increases vehicle prices and restricts competition. Some participants
also raised concerns about the residual value of gas-powered vehicles, noting that uncertainty
regarding second-life use may influence investment decisions. Interviewees also pointed out
that EHDVs can cost two to three times more than comparable diesel models, which further

increases investment risk alongside uncertainties related to residual value.

A related point raised in the interviews concerned the role of consumer demand in shaping
investment incentives. One participant noted that willingness to pay for low-emission
products or services remains modest apart from a few separate larger companies. This
reduces the motivation for companies to invest in alternative-fuel fleets or to support the
expansion of refuelling and charging infrastructure. From this perspective, broader consumer

uptake could become an important driver for more ambitious infrastructure development.

Another point raised in the interviews was that broader adoption of low-emission vehicles is
ultimately constrained by limited business-to consumer (B2C) willingness to pay for low-
carbon products. Higher demand at the consumer level could, in this view, strengthen
companies’ motivation to invest in alternative low-emission vehicles and indirectly, support
the development of refuelling and charging infrastructure. Current uptake was described as
remaining modest partly because consumers are not yet prepared to pay a premium for low-
emission options, which in reduces the incentives for more ambitious infrastructure
investments. This limited willingness to pay applies not only to private consumers but also
indirectly to companies, as low consumer demand weakens the business case for offering or

procuring low-emission alternatives.
Collaboration and multi-stakeholder involvement

In one of the interviews, it was pointed out that the feasibility of low-emission solutions is
closely linked to how charging and refuelling infrastructure is planned. Several participants
also emphasised that feasibility depends not only on the presence of infrastructure but also
on whether planning processes meaningfully involve transport operators. Such involvement
helps ensure that technical capacity, vehicle specifications and operational needs are aligned

in practice.
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Interviewees also emphasised the importance of broad and practical collaboration in the
transition toward low-emission logistics. They noted that discussions should involve not
only policymakers and high-level stakeholders but also transport service buyers, logistics
operators, and other daily practitioners whose operational experience provides essential
insights for decision-making. According to one interviewee, stakeholder forums dominated
by lobbying organisations may overlook the practical realities of transport operations,

particularly in relation to electrification.

It was noted in the interviews that decisions on refuelling and charging infrastructure would
benefit from closer dialogue between operators, fuel suppliers and other relevant
stakeholders. A complementary observation concerned the need for infrastructure providers
to pay closer attention to where vehicles actually operate and where stations are most needed,
as broader coverage could influence both transport companies and end users’ willingness to
adopt low-emission vehicle technologies. A further suggestion was that more decisive
infrastructure investments could accelerate the uptake of gas- and electricity-powered

HDVs, provided that charging and refuelling networks develop in parallel with fleet renewal.

Participants highlighted that companies have a responsibility to participate in national
projects and pilots, such as initiatives on heavy-duty electrification, biogas use, and
hydrogen, to ensure that practical knowledge reaches those who design regulatory and policy
frameworks. They also noted that collaboration with universities and research institutions is
valuable and should be increased, as joint projects and studies can support learning, guide
policy development, and strengthen the evidence base for future research and investment

decisions.

A further point raised in the interviews was that, in the case of HVO, its CO:-reduction
potential can only be realised if it is supported by appropriate legislation. Interviewees noted
that without clear regulatory incentives, neither production nor adoption is likely to expand,
which in turn highlights the need for more coordinated policy development together with

industry and research actors.
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5 Discussion

This chapter reflects on the empirical findings from Chapter 4 and considers them in light of
the research and conceptual perspectives introduced earlier in the thesis. The purpose is to
examine how the interview material corresponds with, adds to, or in some cases differs from
previous studies on low-emission logistics, energy transitions, and the operational realities
low-emission heavy-duty transport. By bringing the empirical insights into dialogue with the
literature, this chapter outlines the factors that appear most relevant for assessing the
feasibility of different energy solutions in first-mile logistics in primary production,

including their implications for the Kymenlaakso region.

5.1 Operational characteristics

The empirical findings align quite closely with the structural and operational characteristics
described in earlier research on agri-food supply chains and first-mile logistics. In this case
the literature refers to primary production as an environment marked by fragmented
production structures, dispersed collection points, and high sensitivity to natural and
seasonal variability. These factors increase logistical uncertainty and require precise

coordination. (Ahumada & Villalobos, 2009; Karasu et al., 2023b; Verdouw et al., 2016.)

In addition to these findings, studies on perishable products highlight the need for fast, well-
coordinated transport and uninterrupted cold-chain management, as delays directly affect
product quality. (Hobbs, 1996; van der Vorst et al., 2009.) Although these sources do not
explicitly describe short transport cycles, they underline the time-critical nature of perishable
products in logistics operations, which often results in frequent and tightly scheduled

movements in practice.

These characteristics are also visible in the empirical material. The iterative nature of
collection routes in dispersed production environments was described, noting that “smaller
sub routes go through 2-3 times partly empty before the load is completed.” This observation
reflects the same kind of fragmentation and repeated cycle movements identified in the
literature, thus indicating that both conceptual and empirical perspectives point to a logistical

environment where coordination needs and time-sensitivity shape first-mile operations. In
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this sense, the empirical findings do not contradict the literature but rather illustrate how

these structural conditions manifest in everyday transport practices.

One interviewee also noted that in their company’s operations, heavy-duty combinations
typically operate at 64-76 tonnes with annual mileages of 250 000 — 300 000 km, providing
a concrete example rather than a sector-wide norm. This operational intensity further
increases the importance of reliable road conditions and sufficient operating range in first-

mile logistics.

A further set of constraints emerging from the empirical material relates to the regional
operating environment described in Chapter 2.4. In the empirical findings it was emphasised
that the practical feasibility of different vehicle types is shaped not only by load size, loading
patterns, operating range, and cold-chain requirements, but also by the conditions of rural
roads, the accessibility of farmyards. These factors interact with the structure of regional
transport connections, further influencing which vehicles can operate reliably in first-mile

environments.

These empirical observations correspond with the regional analysis, which highlighted
deteriorating road sections, narrow access routes, and the concentration of traffic flows
around a limited number of main corridors such as highway 15 and the EI8.
(Elinvoimakeskus, n.d.a; Kymenlaakson liitto, 2020.) Such infrastructural characteristics
influence how reliably vehicles can reach production sites and how predictable transport

planning can be in practice.

Also range-related considerations reinforce these constraints. It became clear from the
empirical material that the effective operating range of vehicles, particularly with EHDVs,
decreases markedly in winter conditions and when continuous cooling is required. This
aligns with the regional findings indicating that first-mile operations in Kymenlaakso take
place in an environment where distances between production sites and logistics nodes are
relatively short but operationally demanding due to repeated movements and variable road
conditions. (Elinvoimakeskus, n.d.b; Kymenlaakson liitto, 2020.) Together these factors
indicate that vehicle range, road quality, and regional connectivity form interlinked elements
that shape the everyday feasibility of first-mile logistics and also influence which low-

emission energy sources can be realistically adopted.
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Considering these operational and infrastructural characteristics, they form the baseline
conditions against which the feasibility of low-emission vehicle technologies must be
evaluated. They illustrate that technological suitability cannot be addressed independently
of the everyday constraints created by route structures, vehicle utilisation patterns, and
regional accessibility. These findings represent only one set of factors among several that
influence energy-solution choices, but they define the practical boundary conditions. Within

these conditions, realistic adoption decisions in first-mile logistics are made.

5.2 Feasibility of low-emission energy sources

As outlined in Section 5.1, the operational factors that characterise first-mile logistics in this
study include route structures, road conditions, and accessibility. These conditions frame the
evaluation of how different low-emission energy sources are suited to the operational
characteristics of first-mile logistics. Both earlier literature research and empirical findings
from interviews emphasise that feasibility is closely linked to range, payload, and cold-chain
demands with certain products. Against this background, the following two subchapters
examine electricity, biogas, HVO, and hydrogen considering the combined insights from

earlier research and interview material.
Electricity

The literature findings position electricity as one of the most mature low-emission options,
particularly for short and predictable routes. This is supported by the fact that EHDVs are
already commercially available. Their deployment has accelerated rapidly in recent years,
reducing technological uncertainty and strengthening electricity’s role as a near-term
decarbonisation pathway. Several studies also emphasise that electrification has progressed
further than other alternatives due to early market adoption, expanding infrastructure, and
continuous improvements in battery technology. (IEA, 2024; IEA Bioenergy, 2024; 1IEA,
2025b; Keller et al., 2019.) However, its feasibility is constrained by electricity-grid capacity
limitations, the availability and scalability limitations especially for HDV-compatible
charging infrastructure, winter-season performance, and peak-load sensitivity in Nordic
conditions. (Ahonen, 2024; 1IEA, 2024; IEA, 2025b; Keller et al., 2019; KSOY, 2024;
Taljegard et al., 2019.) Interview findings align with these views but provide even more

critical and operationally grounded perspectives.



86

In the empirical context, interviewees consistently highlighted insufficient range, especially
in winter, when operational range could fall below 100 km, alongside charging times,
payload reductions caused by battery weight, and substantially higher vehicle and battery
replacement costs. It was also noted that manufacturers are currently unable to guarantee
more than approximately 150 km of reliable range for EHDVs in year-round Finnish
operating conditions. These technical limitations significantly restrict the suitability of

EHDVs for high-utilisation operations.

Cost-related uncertainties further reduce operators’ willingness to invest in EHDVs for high-
utilisation or rural operations, particularly given the acquisition costs, the need for frequent
battery replacements, and the uncertainty surrounding the vehicles’ residual value. These
findings suggest that electrification is currently more feasible in narrow operational cases
such as predictable and well-planned routes, short distribution cycles, depot-based

operations, and urban areas with sufficient recharging opportunities.

This somewhat contrasts with the broader optimism in global literature, which quite often
assumes more favourable climatic and infrastructural conditions for electrification.
However, in the Finnish context, electrification appears to be a medium-term rather than
near-term solution for first-mile logistics. Interviewees emphasised that significant
technological progress particularly in battery technology would be required before EHDV's

could serve more demanding rural or long-distance use cases.

Another aspect highlighted by the empirical findings concerns payload and power-to-weight
requirements. While academic assessments of electrification rarely account for the 64-76-
tonne combinations, particularly used in Finland in heavy transport operations, interviewees
made insightful remarks that battery mass and power-to-weight constraints reduce both
payload capacity and operational flexibility. These factors are largely absent from global
electrification scenarios, which tend to assume lighter vehicle classes and more favourable
operating environments. As a result, payload-related limitations appear more structurally

significant in the Finnish first-mile context than suggested by the broader literature.
Biogas/biomethane

The literature highlights biogas as a regionally suitable, scalable and technically mature low-
emission energy source option, particularly in agricultural regions where feedstock

availability and short transport distances support its feasibility. The reviewed studies further
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shoe that biogas and biomethane have strengthened their position through sustained
production growth and increasing technical maturity. Expanding biogas and biomethane use
can also generate benefits in rural areas where agricultural residues and existing production
structures support local energy solutions. (IEA Bioenergy, 2024; IEA, 2025a; Padkkonen et
al., 2019; Scarlat et al., 2018.)

It is important to note that European and Nordic developments further underline its maturity,
with Europe accounting for up to 90 % of global biomethane supply and Nordic countries
showing some of the highest utilisation rates globally. (IEA Bioenergy, 2024; Scarlat et al.,
2018.) In the Finnish context studies identify substantial long-term production potential and
favourable regional conditions, especially in areas such as Kymenlaakso where biomass side
streams and existing infrastructure could provide a strong basis for local biogas use.
(Bioeconomy, 2024; Rasi et al., 2012; Suomen Biokierto ja Biokaasu ry., 2025; Temonen,
2019.) These literature-based insights are closely reflected in the interview findings, which

provide practical evidence of how biogas performs in real transport operations.

Interview findings strongly reinforce the literature-based view of biogas as the most
technically mature and operationally reliable low-emission option currently available for
heavy-duty transport. Interviewees described quite consistently that biogas-powered
vehicles behave almost identically to diesel in terms of drivability, payload capacity, and
range, with LBG in particular enabling long-distance and high-utilisation operations. Also,
several participants highlighted concrete examples of biogas trucks completing demanding
daily driving cycles, including a reported 1400 km operational day with HCT combination.
This clearly illustrates that the range is not a limiting factor in practice considering biogas
as a low-emission energy option. CBG was viewed as well suited for shorter regional
collection routes, while LBG was considered appropriate for long-haul operations requiring

stable performance.

Interviewees also emphasised that biogas infrastructure, while currently somewhat uneven
in some municipalities, is expanding rapidly, supported by increasing domestic production
capacity and new LBG stations along major transport corridors. At the same time, they noted
practical challenges such as occasional fuel unavailability at individual stations, although
such cases were rare, they still occurred, and the limited number of vehicle suppliers, which
can influence procurement decisions and price levels. Despite these constraints, biogas was

consistently regarded as the most feasible near-term solution for both regional and long-
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distance heavy-duty logistics. This was particularly the case in operations requiring high-
utilisation, predictable performance, and compatibility with existing vehicle and route

structures.
HVO

HVO is described in literature as a technically mature, drop-in renewable fuel that can be
used in existing diesel engines without modifications, thus offering clear operational and
environmental advantages compared to conventional biodiesel. Particularly HVO’s
paraffinic composition and high cetane number contribute to cleaner and more efficient
combustion than FAME-type biodiesels. (Aatola et al., 2019; IEA Bioenergy, 2024.) The
empirical findings, however, introduce a more cautious perspective on its practical feasibility
in first-mile logistics. Interviewees emphasised that although HVO would be operationally
seamless to adopt, its high and volatile price levels significantly limit its attractiveness for
heavy-duty transport operations. This contrasts with the literature’s focus on technical
readiness, highlighting that economic feasibility remains a decisive barrier in real-world fleet

decisions.

Yet another aspect where the empirical insights nuance the literature concerns long-term
availability and feedstock competition. While research often highlights the broad raw-
material base of HVO, interviewees pointed out that increasing demand from other sectors
for example aviation may intensify competition for waste- and residue-based feedstocks,
thus affecting both price stability and supply reliability. These concerns are largely absent
from global assessments, which tend to assume stable access to raw materials and do not

fully account for cross-sectoral competition.

A contextual observation arising from the empirical material concerns the role of HVO as a
complementary rather than primary solution. Interviewees noted that despite its technical
suitability, HVO is unlikely to serve as a main energy source in first-mile logistics due to
cost constraints and limited domestic production capacity if required in larger scale. Instead
HVO was viewed as a potential fallback option in certain situations where biogas
infrastructure or availability does not fully meet operational requirements. This perspective
refines the literature-based view by suggesting that HVO’s feasibility is shaped less by
technical performance and more by market dynamics, policy signals, and relative

competitiveness of alternative low-emission fuels.
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Hydrogen

In the literature, hydrogen is often presented as a long-range option for heavy-duty transport,
mainly because it allows quick refuelling and supports operations that require wide operating
ranges. Fuel-cell trucks are also reported to perform well on long routes and in remote areas,
which partly mirrors the conditions found in rural first-mile logistics. (Syré & Gohlich,
2025.) At the same time, hydrogen’s climate impact varies considerably depending on how
it is produced, as most of today’s supply still comes from fossil-based pathways and green
hydrogen accounts for less than 1% of global production. (IEA, 2025¢c; Nehrkorn et al.,
2024.) This makes hydrogen’s climate performance closely tied to the availability of low-
carbon electricity or functioning carbon-capture solutions. Ugok (2023) further points out
that fuel-cell vehicle emissions can exceed those of BEVs and even ICEs when hydrogen is

produced using fossil-intensive electricity systems.

The empirical material presents hydrogen as a long-term rather than near-term option for
first-mile logistics. Interviewees emphasised high vehicle and fuel costs, limited
infrastructure, and uncertain regulatory developments as the main barriers. Operational
experience in HDVs was literally non-existent in their companies’ operations, and several
participants expressed scepticism about hydrogen’s readiness within the next decade.
Hydrogen storage requirements and energy density were also mentioned as limiting factors
for HDVs, while synthetic fuels derived from hydrogen, such as methanol, were viewed as

more technically mature alternatives.

Interviewees noted that hydrogen infrastructure is currently minimal and that large-scale
deployment depends heavily on EU-level mandates, investment incentives, and long-term
policy stability. As a result, hydrogen was generally perceived as a future possibility, with
its feasibility contingent on cost reductions, infrastructure expansion, and the availability of

hydrogen-compatible HDVs.

Both the literature and empirical insights suggest that hydrogen’s role in first-mile logistics
remains highly conditional. While literature highlights hydrogen’s technical suitability for
long-range heavy-duty operations, the empirical findings emphasise that current cost
structures, infrastructure gaps, and market immaturity make it very unlikely near-term
solution. Hydrogen’s feasibility is therefore shaped less by its technical potential and more

by the pace of clean hydrogen production, and regulatory environment guiding future



90

investments and projects. In this respect, hydrogen may become relevant option only once
several enabling conditions mature, including regional production capacity, sufficient

refuelling infrastructure, and the wider availability of hydrogen-compatible HDVs.

5.3 Infrastructure availability and constraints

Both the literature and the empirical findings indicate that infrastructure is not merely a
supporting element but a structural precondition for any low-emission transition. While sub-
chapter 5.2 examined infrastructure as well within each energy source, the interview material
suggests that infrastructure functions as a cross-cutting constraint that shapes the feasibility,

timing, and scalability of all alternatives.

First, the empirical findings show that gaps in infrastructure availability influence which
technologies can realistically be adopted. This is particularly relevant in rural areas, where
access tends to be more limited than in urban settings. In Kymenlaakso for example, the
concentration of charging and refuelling points along a limited number of main corridors
such as highway 15 and E18 means that first-mile operations outside of these routes face
structural disadvantages. This aligns with earlier literature emphasising that infrastructure

gaps disproportionately affect rural logistics environments.

Second, infrastructure interacts with grid capacity and wider energy-system limits in ways
that affect both what can realistically be taken into use and how reliably those choices can
be operated in practice. For electricity, the interviews underscored that charging feasibility
is tied not only to charger availability but also to the regional grid to handle high point loads.
This reflects the literature’s view that electrification requires simultaneous development of

both charging networks and grid reinforcement.

Third, the interviews indicated that reliability issues can influence everyday operations
alongside the general availability of stations. Participants mentioned a few instances where
biogas stations were temporarily offline and situations where CBG/LBG coverage was not
evenly distributed across the region. In contrast, hydrogen refuelling points were described
as largely or entirely absent, which introduces a different kind of limitation. These
observations underline the role of a functioning infrastructure, especially in areas where the

network is more dispersed.
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Fourth, the interviewees noted that infrastructure conditions have a clear bearing on
investment decisions. Several participants mentioned that companies may delay fleet
renewal or the acquisition of new equipment when the surrounding infrastructure is still

developing or when its future direction depends on regulatory decisions.

In this regard, earlier research on energy transitions has similarly noted that both the maturity
of the technologies themselves and the availability of widely accessible supporting
infrastructure influence how quickly low-emission solutions can be adopted. The pace of
infrastructure development will therefore play a central role in determining which

low-emission options become viable in first-mile logistics in the near and medium term.

5.4 Technical and regulatory considerations

Existing literature points to a fairly consistent view that the feasibility of low-emission
technologies in heavy-duty transport is shaped by policy choices, the condition of supporting
infrastructure, and the characteristics of the regional energy system. Early deployment of
electric and hydrogen trucks is repeatedly linked to the ability to expand charging networks
and reinforce grid capacity, while bio-based fuels are treated more as supplementary options
whose wider use depends on domestic production and the direction of policy measures. (IEA,
2024; IEA Bioenergy, 2024; Padkkonen et al., 2019.) AFRY (2022) adds to this by showing
how distribution obligations and emission standards shape market behaviour and investment
decisions, which forms he regulatory backdrop against which the interview material can be

read.

A recurring theme that emerged in the interviews was that technical requirements for heavy-
duty combination vehicles used in Finland and their weight which is earlier mentioned to be
64-76-tonne limit the suitability of several low-emission technologies. It was noted that
certain electric and gas models do not currently provide the power-to-weight performance
needed for heavy combinations, which narrows the range of feasible options regardless of
their environmental benefits. Battery-electric vehicles were also associated with substantial
long-term cost risks, as interviewees mentioned battery replacement costs could be
unreasonably high in just a short period of time, which complicates investment planning for

high-utilisation fleets.
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Regulatory uncertainty was another factor shaping investment decisions. Interviewees noted
that unclear long-term policy decisions, especially around hydrogen and synthetic fuels
make it hard to invest in technologies whose cost structures and supporting infrastructure are
still uncertain. Biogas appeared in a somewhat different light, as interviewees pointed out
that distribution obligations and existing policy incentives create a steadier operating
environment. These mechanisms were described as influencing fuel pricing and making

biogas adoption easier to justify in practice.

All in all, these observations suggest that technical requirements and regulatory conditions
form an important part of the feasibility assessment alongside operational and infrastructural
factors which are discussed earlier. In the Kymenlaakso context, long-term regulatory
stability appears essential for enabling fleet investments, especially in cases where vehicle

costs are high and technology pathways remain in transition.

5.5 Market expectations and strategic pressures

Regulatory instruments and fuel-price structures affect how the heavy-duty transport market
behaves, even though these analyses do not focus primarily on first-mile logistics as such.
Together, they form part of the operating conditions within which transport companies weigh

their choices. (AFRY, 2022.)

Interview findings suggest that market expectations do influence how different low-emission
energy solutions are viewed. Their weight, however, appears to vary across operational
settings. Across all interviews, cost considerations were described as central to decision-
making. Participants emphasised that the feasibility of any low-emission option depends on
whether it can be integrated into existing operations without increasing expenses in ways
that cannot be justified by customer demand or operational benefits. Several interviewees
noted that a technology’s suitability can shift with relatively small changes. The factors they
considered most influential were fuel prices, equipment costs, and the maintenance needs

that follow everyday use.

IEA (2024) notes that sector-level policy and market expectations are increasing, although
these pressures do not yet extend evenly across different parts of the transport system. IEA

Bioenergy (2024) also emphasises that domestic bioenergy production holds a notable role
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in national emission-reduction efforts, thus supporting longer-term policy direction even
where short-term market pressure is limited. Some interviewees explained that sustainability
requirements tend to emerge in urban B2B settings, particularly in retail and parcel logistics,
while rural first-mile operations face little comparable pressure. In the Kymenlaakso context,
this means that external expectations do not currently steer companies toward low-emission

technologies, and the push in that direction remains modest.

Decisions are therefore more likely shaped by internal factors which include several factors,
such as route structure, payload needs, infrastructure availability, and the need to maintain
uninterrupted operation. Reliability and predictability were emphasised as more influential
than environmental preferences in the present market environment. One interviewee also
mentioned a company level aim to make transport operations carbon-neutral by 2035, noting
that it guides decisions in a long-term, incremental way rather than imposing strong short-
term pressure. Other participants referred more broadly to internal climate targets, including

2035-aligned objectives, without specifying company-level commitments in the same detail.

A distinct insight from the interviews concerns the strategic meaning attributed to biogas.
When biogas is produced from agricultural side streams within the same system that first-
mile logistics serves, some participants viewed its use as strengthening the coherence of the
value chain. In several accounts, fuel choice was described as more than a technical or
environmental consideration. It was also connected to the aim of keeping transport practices
aligned with regional production. The matter takes on a more strategic dimension that seems
to reach beyond cost or emissions making it particularly evident in situations where

agricultural work and logistics operate in proximity.

Based on the interview material, market expectations and strategic pressures appear to play
only a modest role in shaping first-mile logistics. Despite their relatively modest role, their
influence is still visible, but it remains clearly secondary to the operational conditions
described in the interviews. Cost remains the dominant factor shaping technology adoption,
customer-driven environmental requirements are still relatively weak in rural operations, and
strategic motivations become relevant mainly when low-emission energy choices reinforce
regional circularity or internal consistency. These conditions form the practical environment
in which low-emission solutions are evaluated and help explain why some technically

available options progress more slowly than others.
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5.6 Synthesis and implications

Looking across the literature and the interviews, the transition toward low-emission first-
mile logistics appears to move forward in several steps, with different low-emission options
advancing at their own pace rather than through one dominant pathway. Also, different
technologies end up fitting different parts of the system because logistics operations,
including first-mile activities, occur under varying conditions such as dispersed production,
heavy loads, and tight schedules. First-mile logistics in Finland is also comparatively energy-

intensive, which further shapes the suitability and timing of different low-emission options.

Biogas and biomethane stand out as the most workable option currently compared to other
low-emission options. They match the weight classes and utilisation patterns that define first-
mile operations, are already in operational use, and are expected to grow as production
capacity and supporting infrastructure expand. Electricity is developing fast, but its use is
still shaped by several constraining factors particularly in the Finnish context. Grid limits,
winter conditions, and the limited availability of charging points for EHDVs all play more
or less part in holding back the wider uptake of electrification in heavy-duty logistics
operations. For the moment, it seems that electricity is most realistic in short predictable

routes with lighter payloads.

HVO remains useful but secondary, as it works well in technical terms due to its drop-in
characteristics, yet its long-term role is restricted by price levels and the availability of
suitable feedstocks. These constraints also limit the potential for wider deployment in the
transport sector, as the relevant raw materials are subject to increasing cross-sectoral
competition. Hydrogen sits further on the horizon, dependent on infrastructure, equipment,
and policy developments that are still taking shape and progressing unevenly. Given this, its

uptake is likely to proceed slowly and only over an extended period.

Across all of this, the interviews point to a simple but important theme which is that
companies need stable infrastructure and predictable regulations before they can commit to
major investments. Also, uncertainties around the future requirements or support
mechanisms may lead firms to postpone decisions, even when they recognise the potential
benefits of new low-emission technologies. This illustrates that investment behaviour in
first-mile logistics is closely related to the clarity and continuity of the wider operating

environment rather than to technological factors alone.
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The findings suggest a gradual transition shaped by practical constraints and the maturity of
each low-emission energy solution technology. Before moving to the roadmap, it is useful
to recognise that these dynamics are likely to evolve as operating conditions and
technologies develop. The scenario-based roadmap presented in the next chapter builds on

the overall analysis developed throughout this thesis, including the findings in this chapter.
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6 Conclusion

This thesis examined the transition toward low-emission first-mile logistics in primary
production in the Kymenlaakso region. The study combined a structured literature review, a
regional analysis, and semi-structured expert interviews to evaluate the feasibility of four
low-emission energy sources which include electricity, biogas/biomethane, HVO, and
hydrogen, and to develop a scenario-based roadmap for 2025-2040. The findings highlight
how various factors such as operational characteristics, infrastructural constraints,
technological maturity, and regulatory conditions together shape the low-emission transition

pathways available for first-mile logistics.

RQ1: What is the current state of Kymenlaakso in terms of first-mile logistics in

primary production, what are the characteristics, limitations, and potential?

First-mile logistics in Kymenlaakso is influenced in various ways by short transport cycles,
production sites that are scattered across the region unevenly, and road conditions that vary
from place to place. Heavy vehicle masses, winter weather and uneven access routes narrow
the range of workable technologies and raise energy demand. For some agricultural product
groups, cold chain requirements add to the complexity. Continuous cooling raises energy
use and affects the choice of equipment, especially when the cooling must be maintained
throughout the entire first mile cycle. Also, seasonal variation and fluctuating production
volumes can, in certain product groups, make planning more challenging. When timing slips
or suitable vehicles are hard to secure, these variations can make logistics operations

noticeably more demanding.

Despite these constraints and challenges, the region still benefits from the relatively short
distances between farms, production sites and logistics nodes, which remain a clear practical
advantage. The region also has strong potential for locally produced biogas, which aligns
well with the transport needs of primary production. This potential is further strengthened
by the region’s agricultural side streams, which could provide a stable basis for long-term

biogas production.
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RQ2: Which low-emission energy sources are feasible for first-mile logistics in primary

production in Kymenlaakso region for the 2025-2040 period?

Currently the most feasible low-emission energy options are biogas, electricity, and HVO,
though their use and scale differ depending on operational characteristics by companies and
logistics operators. These differences become visible in vehicle choices and day-to-day
operations. Biogas and biomethane are currently the most practical options for the region
especially in the heavy-duty transport sector. They match the operating patterns and payload
requirements of first mile logistics and are already technically mature. Electricity is suitable
mainly for short, predictable routes with depot charging, but range limitations, payload,
winter performance and rural charging gaps restrict broader use. HVO works technically
well because its drop-in feature but is held back by high prices and uncertain long-term raw

material availability.

Of all the low-emission options examined in this study, only hydrogen remains an unsuitable
choice at present. Hydrogen remains a distant option which might be practical at a larger
scale, not only in pilot programs, towards the late 2030s. Biggest challenges with hydrogen
are related to infrastructure and vehicle supply and production costs that are not yet at a level
that would support near-term adoption. In addition, the absence of clear regulatory direction

further slows investment decisions and long-term planning.

RQ3: How the most suitable low-emission energy sources can be integrated into the
Kymenlaakso’s roadmap of first-mile logistics in primary production, supporting

decision-making and strategic planning?

The transition progresses in several steps rather than through one dominant solution. Biogas
and biomethane form the most stable foundation throughout the period, supporting both
regional and longer routes. Electricity develops alongside them in specific use cases where
charging can be organised especially for heavy equipment, routes are predictable and involve
lighter payloads. HVO can fill operational gaps in certain situations such as when other
options are not available or practical, though its role depends on cost and supply. Hydrogen
becomes relevant only later, once infrastructure and vehicle technology mature. These
different energy sources move forward at their own pace, and together they set the direction
for how low-emission development unfolds in logistics operations. They may in some cases

affect near-term choices, but their influence is felt more clearly in long-term planning.
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Roadmap summary 20205-2040

The following decision-support table summarises how the four different low-emission
energy sources are projected to develop over time under current situation and information
and how their feasibility shifts across the 2025-2040 period. The roadmap brings together
the findings from the theoretical part from literature and empirical part from interviews into
a concise decision-support view that shows the relative roles, timing, and maturity of each
low-emission energy option. In this way the decision-support table provides a clear visual
starting point for understanding how the roadmap unfolds and how the different technologies

position themselves within the broader transition.

Table 2. Decision-support summary of energy source feasibility. (2025-2040.)

Period Electricity Biogas/biomethane HVO Hydrogen
20252030 |[Limited, short-haul ||Primary Complementary Not feasible
2030-2035 |[Expanding Primary Supplementary Early relevance
Limited but relevant in )
2035-2040 |[|Broader adoption |Stable backbone ] Emerging
niche use
Established/parallel ]
2040 — Mature option Niche use Long-term option
option

Table 2 illustrates how the roles of the four different low-emission energy sources may shift
over time based on the conditions that are currently known. In Table 2, the bolded entries
indicate the periods in which an energy source becomes clearly more established or its role
strengthens in a meaningful way. During the 2030-2035 period electricity is not highlighted
in the table, as this phase represents more of a transitional stage where adoption expands but
possibly not nearly enough to yet reach the level of broader or fully established use,
particularly in the heavy-duty transport sector. Electricity is highlighted more in the 2035-
2040 period and after 2040 because under current information its applicability is expected
to widen as technology and charging infrastructure and arrangements improve. Biogas and

biomethane retain a steady position throughout the asserted timeline, and in the long-term
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column they are described as an established or parallel option to reflect their continued

relevance rather than a transition into a new phase.

HVO is shown as narrowing into more specific or niche applications toward the later periods,
not because it would disappear, but because its broader use is likely to be limited by cost,
supply and long-term availability of raw materials. Hydrogen is moving forward only
slowly, mostly because the whole field is still held back by high costs, underdeveloped
infrastructure, and uncertainty about large-scale vehicle availability. It is therefore
highlighted only in the final column, corresponding to the period after 2040. Its potential
becomes more realistic once production capacity, especially green hydrogen production

capacity, distribution systems, and refuelling infrastructure have developed further.

The purpose of Table 2 is not to rank the options but to show their roles may evolve relative
to one another under the present understanding. It is important to note that no single low-
emission energy source can fully replace fossil fuels or meet the transition needs on its own.
For this reason, the shift relies on several low-emission options supporting one another in

parallel to provide larger scale availability for transport and logistics sectors.

As the main outcome of this thesis, the roadmap brings together the different parts of the
analysis into a single structure that helps to understand how the transition may unfold under
the conditions currently known. By using a roadmap approach the findings can be viewed as
a more coherent whole. In this context, the link between first-mile operational realities and
broader technological and infrastructural developments becomes clearer, alongside the cost
and regulatory factors that also have relevant influence in future choices. In this sense the
roadmap serves as the central result of the study, providing a practical frame for both near-

term considerations and longer-term planning.

The analysis for the thesis combined insights from both international and national sources
with additional available region-specific information to ensure that the roadmap reflects
wider technological and policy developments while remaining grounded in the practical
conditions of Kymenlaakso. This approach was chosen in order to avoid drawing too narrow
conclusions not just from a single perspective but also to ensure that the analysis reflects
several distinct dimensions. In this way, the analysis provides a more balanced
understanding of how global trends, national frameworks, and local circumstances interact

in logistics operations including first-mile logistics. When these versatile and diverse
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perspectives are brought together, the roadmap remains connected to broader developments

while still staying relevant to the regional context.

The roadmap presented in this thesis should be seen more as an interpretation of the current
situation rather than a fixed prediction, mainly because many of the factors involved are
more or less in transition, either at present or in the future. It brings together what could be
understood from the literature and the interviews and arranges these findings into a form that
helps to see how the different energy options may develop over time. The intention is to
offer a practical aid for thinking about future choices, not to outline a sequence that

organisations or decision makers are expected to follow.

Because the roadmap is based on the information available at the moment, it will naturally
need adjustment if conditions change, whether in technology, infrastructure, costs or
regulations. Its value lies mainly in showing how the options relate to one another and what
kinds of developments might matter when planning ahead. In this sense it provides a
structured starting point for decision-making, while leaving room for different

interpretations and future updates.
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Appendix 1. Questionnaire

1. Could you briefly describe your role and your experience which may include
logistics operations, expertise in transport equipment, or expertise in energy

solutions?

2. Inyour view, what are the key challenges in logistics operations, particularly in the

food and agricultural sectors?

Follow up question: Which factors most strongly influence energy consumption

and the choice of transport equipment?

3. How do you see the energy transition of transport equipment progressing in
logistics operations, including those linked to primary production over the next 10-

15 years?

4. In which types of primary production transport do you consider electric HDV to be

a realistic option?

Follow up question: What are the main barriers (charging infrastructure, grid

capacity, costs, driving range, etc.)?

5. How suitable do you consider biogas to be for logistics operations, including

primary production transport?

Follow up question: How do you asses the availability of biogas and the

development of its infrastructure in Finland?

6. How do you view the role of HVO in logistics operations, including primary

production transport?



Follow up question: Which factors limit the long-term use of HVO

7. At what stage do you think hydrogen or hydrogen-based fuels could become a
realistic option for logistics operations, including those linked to primary

production?

8. Do you believe that the future solution will be a combination of several energy
sources? if yes, what kind of combination would be most realistic for logistics

operations, including primary production transport?

9. Iwould like to hear your opinion on this scenario for different energy options. How

does this look from your perspective? What would you adjust or specify?

Follow up question: Do you think any of these energy sources is over- or

underestimated in the development paths slide?

Development Paths 2025-2040

Electricity (2025-2030)
e Becomes more common on short and medium-distance routes
« Best suited for repetitive, predictable, lighter weight transport tasks
o Expands during the 2030s as charging infrastructure and grid capacity improve

Biogas / Biomethane (2025-2040)
« Establishes itself as a long-term solution rather than a transitional one
« Suitable for short, medium, and long-distance transport operations
o LBG enables long range for HDVs

o Domestic production potential increases between 2025-2040

HVO (2025-2035)
e Functions as a transitional solution
Suitable for all route lengths without vehicle investments
ole decreases during 2030s due to costs and feedstock availability

pgen (2035-2040 —)
eonly toward the late 2030s
aeeand heavily loaded routes
and infrastructure built along TEN-T network

10. What are the most important infrastructure or network investments that should be

made to enable a realistic transition to low-emission energy solutions?



11. What kind of cooperation between different actors (producers, logistics companies,

energy companies, distributors) is needed to ensure progress in the transition?

12. If you had to name one energy source that is the most realistic for logistics
operations including primary production transport by 2035, which one would it be

and why?



Appendix 2. Annual crop yield statistics in Kymenlaakso. (Luke, 2024.)

Year Mamlatory* Region Mandilnry* Information Mandilnly*

[] Beginning of word [ Beginning of word Selected 3 of total 4
Yield (million kg)
| Search Q ‘ ‘ Search Q ‘ Yield per hectare (kg/ha)
Harvested area (1 000 ha)
Selected 1 of total 27 Selected 1 of total 20 Yield potential (kg/ha)
Kanta-Hame -
Pirkanmaa .
Paijat-Hame

Kymenlaakso

2021 South Karelia
2020 - Etals € o -
Production method wandscon™ Species wndsery™

Selected 3 of total 3
TOTAL

D Beginning of word

Conventional ‘ triticale Q ‘
QOrganic

Selected 24 of total 47
Triticale
Green fodder
Cereals harvested green, total

.Wholecrop as green
Peas, silage
Broad bean, silage

Image 1. Variable selection view for crop yield data. (Luke, 2024.)

The screenshot shows an almost complete view of the Luke crop species variable, but not
all 24 selected species are visible. The full list of species used in this study is provided by
using search terms ‘wheat’, ‘rye’, ‘barley’, ‘oats’, ‘crops’, ‘grains’, ‘silage’, ‘green’, and
‘triticale’. These terms return all relevant categories needed to obtain the 24 out of 47
available species in the Luke interface. The main categories included in Table 1 on page 39
of the thesis represent the most relevant cereal groups. The next two images show the full

Luke tables from which the values in Table 1 were derived. (Luke, 2024.)



Wheat | .Winter | .Spring | Triticale | Rye | Barley | .Feed | .Malting | .Winter | Oats | Mixed | .Mixed
total | wheat | wheat total | barley | barley | barley crops,| crops
1) total | (cereals)
2024 | Kymenlaakso| Yield TOTAL 28.4 79| 206 01| 14| 167| 101 6.5 01| 415 12 0.7
T
:::)' on Conventional | 27.1 73| 198 00| 09| 162| 100 6.2 01| 354| 07 0.6
Organic 13 0.5 0.8 01| 04| 05| o041 0.3 00| 61| 05 0.1
Yieldper | TOTAL 2,790 | 3040| 2700 .|2110| 2570 2470| 2740 .13170| 2490
?::;:: Conventional| 2,820 [ 3110 2720 .|2910| 2570 2470| 2760 .| 3,450
Organic 2250 2410| 2150 .| 1290 2,340 2,430 .|2150| 2,270
Harvested| TOTAL 10.2 2.6 7.6 00| 06| 65| 41 2.4 0.0[ 131 05 0.2
area (1 "
000 ha) Conventional| 9.6 2.4 7.3 00| 03| 63| 40 2.2 00| 103| 03 0.2
Organic 0.6 0.2 0.4 00| 03| 02| 01 0.1 00| 28| o2 0.0
Image 2. Luke 2024, crop yield data table, part 1. (Luke, 2024.)
.Mixed |Buckwheat | Peas, | Broad | Silage, | .Prewilted | .Silage, | Green | Cereals |.Wholecrop | .Preserved | Whole
crops silage | bean, | total silage fresh | fodder | harvested | as green moist crop
(legumes silage green, cereal |cereals
+ cereal) total grains for
silage
0.6 0.0 0.7 00| 1143 90.8 23.5 2.1 2.5 0.3 22 0.7
0.1 0.0 0.7 00| 913 69.4 22.0 1.2 2.1 0.3 1.8 0.4
0.5 0.0 0.0 00| 230 21.5 1.5 09 0.4 0.0 04 0.3
1,960 15,010 14,550 | 17,060 3,290 2990 | 7020
18,770 17,980 | 21,780 3,380 3,010
2,290 8,360 9,010
0.3 0.0 0.1 0.0 7.6 6.2 1.4 0.2 0.8 0.0 0.7 0.1
0.1 0.0 0.1 0.0 4.9 3.9 1.0 0.0 0.6 0.0 0.6 0.0
0.2 0.0 0.0 0.0 2.8 24 0.4 0.2 0.1 0.0 0.1 0.1

Image 3. Luke 2024, crop yield data table, part 2. (Luke, 2024.)




Appendix 3. Annual meat production statistics in Kymenlaakso. (Luke, 2025a.)

Appendix 3 presents the Luke (2025a) dataset on annual meat production by region. The
first image shows the basic selection view used to set up the variables for this study, which
include information, year, region, and species. The second image then shows the actual
output for Kymenlaakso in 2025, listing slaughterings (thousands) and meat production

(million kg) for beef, pork, and sheep. (Luke, 2025a.)

Information mandatory™ Year wandatony ™ Region wmandatory™

Selected 2 of total 2

D Beginning of word D Beginning of word
Slaughterings (thousands)
Meat preduction (million kg) ‘ Search Q | ‘ Search Q |
Selected 1 of total 29 Selected 1 of total 20
Paijat-Hame O
Kymenlaakso
2023 South Karelia '
2022 South Savo
2021 North Savo
2020 b North Karelia &

Species mandatoy™

Selected 3 of total 3

Image 1. Selection view for meat production data. (Luke, 2025a.)

Beef Pork Sheep
Slaughterings (thousands) 2025 Kymenlaakso 2.76 8.79 1.10
Meat production (million kg) 2025 Kymenlaakso 0.92 0.79 0.02

Image 2. Meat production table for Kymenlaakso in 2025. (Luke, 2025a.)



Appendix 4. Annual milk production statistics in Kymenlaakso. (Luke, 2025b.)

Appendix 4 presents the Luke (2025b) dataset on quarterly milk production by region. The

first image shows the selection view used to define the variables for this extraction,

including information, quarter and year, and region. The second image shows the resulting

table for Kymenlaakso in 2025, showing milk production (1,000 1) for each quarter. (Luke,

2025b.)

Information mandstory™

Selected 1 of total 2
Milk production (1,000 1)

Farms (number)

Quarter year mandawory

D Beginning of word

*

| Search

@]

Region

D Beginning of word

‘ Search Q ‘

Selected 4 of total 17

Selected 1 of total 20

2026Q1

2024Q4

- >

(@) Optional variable

Southwest Finland a
Satakunta

Kanta-Hame

Pirkanmaa

Paijat-Hame

Kymenlaakso

Image 1. Selection view for quarterly milk production data. (Luke, 2025b.)

Milk production (1,000 I)
2025Q1 Kymenlaakso 8,917
2025Q2 Kymenlaakso 8,965
2025Q3 Kymenlaakso 8,454
202504 Kymenlaakso 8,131

Image 2. Milk production table for Kymenlaakso all quarters in 2025. (Luke, 2025b.)
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