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Abstract— This study explores the adoption of biogas as an
alternative fuel in heavy road transport, focusing on transport
companies in Finland. Qualitative interviews are used to analyze
the main drivers, barriers and policy influences in three
dimensions: economic feasibility, infrastructure readiness and
policy support. Findings show that while biogas is a sustainable
and mature alternative to diesel, adoption is hindered by high
vehicle costs, fuel price volatility and infrastructure gaps. Policy
uncertainty further complicates investment decisions. However,
increasing customer demand and corporate sustainability goals
are driving interest, with some companies integrating biogas into
long-term strategies despite limited financial incentives. The study
reinforces existing theories on the uptake of alternative fuels,
while highlighting region-specific challenges. It emphasizes the
need for stable policies, targeted infrastructure investment and
industry collaboration to accelerate adoption. Future research
should be extended to include policy makers, biogas producers and
transport customers, alongside quantitative assessments of
emissions and cost competitiveness.

Keywords—Heavy-Duty Transport (HDT), Liquefied Biogas
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I. INTRODUCTION

Fuel consumption in transportation is a major contributor
to environmental challenges, particularly in the logistics
sector [1], [2]. In the European Union (EU), transport
emissions account for approximately 25% of total Greenhouse
Gas (GHG) emissions, a figure that has been increasing in
recent years. To achieve the EU’s goal of reducing transport-
related emissions by 90% by 2050, a significant transition to
sustainable  energy  solutions is  required  [3].
Given that Heavy-Duty Trucks (HDTs) play a critical role in
freight transport yet contribute substantially to emissions, the
need for cleaner fuel alternatives has become increasingly
urgent.

Beyond regulatory pressure, market dynamics are shifting.
As consumer awareness grows, companies face greater
scrutiny over environmental practices and supply chain
sustainability [4]. Moreover, regulatory changes, activism,
and Corporate Social Responsibility (CSR) initiatives are
compelling logistics companies and fuel providers to seek
low-emission alternatives [5].

Biogas presents a compelling alternative, offering both
environmental and economic advantages in heavy road
transport. As a renewable, domestically produced fuel, biogas
enhances energy security while reducing fossil fuel

dependence in Finland. However, its adoption remains
hindered by multiple barriers, including infrastructure
limitations, high initial investment costs, policy uncertainty,
and user acceptance challenges. The success of biogas in
transport depends on the interplay between policy
frameworks, economic feasibility, infrastructure
development, and market incentives [6].

While biogas technology is commercially available, its
widespread adoption is still in progress. Technology
Readiness Level (TRL) framework—originally developed by
NASA and later adapted by the EU for innovation
assessment—is often used to evaluate alternative fuel
technologies [7]. Biogas solutions, particularly liquefied
biogas (LBG) and compressed biogas (CBG), are considered
TRL 8-9, indicating high technical maturity. However,
achieving large-scale adoption remains contingent on
financial incentives, infrastructure expansion, and regulatory
stability [8].

This study examines the diffusion of biogas in heavy road
transport, focusing on transport companies. Given the limited
academic research on this subject, this study builds upon prior
work in renewable fuel adoption, particularly the research on
user acceptance [9], as well as analytical frameworks
developed for alternative fuel adoption [10], [11], [1]. The
analysis is structured around three core dimensions
influencing biogas diffusion: economic feasibility,
infrastructure readiness, and policy support. By integrating
industry perspectives with the TRL framework, this study
aims to provide insights into both the current state of biogas
technology and the opportunities and challenges shaping its
future as a viable fuel for heavy road transport.

II. THEORETICAL FRAMEWORK

The transition to biogas-powered heavy road transport is
shaped by economic, infrastructural, technological, and policy
factors. While biogas is a promising alternative to fossil fuels,
its market penetration remains uneven due to high costs,
infrastructure limitations, and regulatory inconsistencies [9].
Transport companies, policymakers, and fuel providers play a
crucial role in determining whether biogas adoption
accelerates or stagnates.

Despite its potential to reduce GHG emissions and
enhance energy security, biogas faces key adoption barriers.
The availability of refueling infrastructure, the Total Cost of
Ownership (TCO) for biogas trucks, and policy stability are
major concerns for transport companies [11]. Furthermore,



economic competitiveness and regulatory support are critical
factors shaping the viability of biogas in long-haul transport

[8].

Although biogas technology has reached a high level of
maturity, its full-scale adoption remains a work in progress.
Technologies such as Liquefied Biogas (LBG) and
Compressed Biogas (CBG) are technically ready for market
deployment [7], yet widespread diffusion depends on
continued investment, policy support, and market incentives.
In countries where carbon taxation, renewable fuel mandates,
and Public-Private  Partnerships (PPPs) have been
implemented—such as Sweden and the Netherlands—biogas
adoption has accelerated [12].

For biogas to become a mainstream fuel in heavy
transport, a coordinated approach is required—one that
addresses economic feasibility, infrastructure development,
and long-term policy stability. The following sections explore
these dimensions in greater detail.

A. Biogas in Heavy Road Transport

Biogas is a renewable fuel that significantly reduces GHG
emissions, particularly in heavy freight transport [13].
Produced from organic waste through anaerobic digestion, it
is upgraded to biomethane, which can be used in transport as
either CBG or LBG [14].

LBG has gained prominence due to its higher energy
density compared to CBG, making it better suited for long-
haul freight transport. Its compatibility with existing
Liquefied Natural Gas (LNG) infrastructure reduces the need
for major technological overhauls [15]. The EU mandates that
at least 3.5% of transport energy should come from advanced
biofuels such as biogas by 2030 [3].

However, biogas adoption is constrained by financial,
technical, and logistical challenges. The availability of
refueling infrastructure, the TCO for biogas trucks, and policy
stability remain key obstacles [11]. Additionally, feedstock
availability, production efficiency, and demand variability
impact biogas price volatility [16].

Addressing these challenges requires stronger policy
incentives, technological advancements, and infrastructure
investment. Countries that have successfully expanded biogas
markets, such as Sweden and the Netherlands, have done so
through carbon taxation, renewable fuel mandates, and PPPs
[12].

B. Economic Viability and Infrastructure Demand

Economic feasibility is a decisive factor in biogas
adoption. The TCO for biogas-powered trucks remains 20—
30% higher than diesel equivalents due to specialized fuel
storage and engine modifications [9]. High upfront capital
costs create financial barriers, particularly for Small and
Medium-sized Enterprises (SMEs) operating on tight margins

[11].

Despite potential long-term fuel cost stability, biogas
prices fluctuate due to feedstock availability, production costs,
and subsidy policies [16]. In Sweden and the Netherlands,
strong policy incentives and carbon pricing mechanisms have
helped biogas reach cost parity with diesel within three to five
years [11]. However, in regions with weak financial support,
transport companies hesitate to transition due to uncertain
long-term fuel affordability [12].

Infrastructure availability is another major constraint.
Unlike diesel, which has an extensive refueling network,
biogas stations are still limited, particularly for LBG, which is
critical for long-haul transport [15]. This leads to a chicken-
and-egg problem: limited infrastructure discourages fleet
investments, while low vehicle adoption slows infrastructure
expansion [17]. However, progress has been made in Northern
Europe, where Gasum, a biogas supplier and producer, has
expanded its LBG refueling network. As of 2024, Gasum
operates 45 gas filling stations in Finland, 25 in Sweden, and
5 in Norway, with further expansion planned [18]. While this
represents growth, the availability of LBG stations remains far
behind diesel. To accelerate infrastructure expansion,
successful models such as PPPs in Germany, Sweden, and the
Netherlands can be replicated [11]. Additionally, integrating
biomethane into existing natural gas grids can help reduce
dependence on dedicated biogas stations [17].

C. Policy and Market Dynamics

Biogas diffusion in heavy transport depends on regulatory
frameworks and market conditions. Policies play a decisive
role, either incentivizing adoption through tax exemptions and
purchase subsidies or hindering growth through fossil fuel
subsidies and inconsistent regulations [9]. One of the most
effective policy tools is carbon taxation. Countries with high
carbon taxes on diesel see faster transitions to alternative fuels,
as these taxes erode diesel’s cost advantage and make biogas
more attractive [12]. Sweden, for example, has implemented
structured carbon pricing alongside renewable fuel mandates,
making biogas a competitive alternative [16]. Conversely,
regions with continued fossil fuel subsidies have slower
biogas adoption rates, as diesel remains the cheaper option
[17].

Market incentives such as purchase subsidies,
infrastructure investments, and fuel blending mandates
significantly impact biogas adoption. The EU Renewable
Energy Directive II (RED II) mandates that at least 3.5% of
transport energy must come from advanced biofuels such as
biogas by 2030, but inconsistent national policies create
varying levels of market certainty across EU member states
[3]. Germany’s legally binding fuel quotas have encouraged
long-term investment, whereas less structured policies in other
regions have led to slower adoption [9].

Market structures also play a role. Large logistics
companies with sustainability-driven customers are more
likely to invest in biogas fleets, whereas SMEs—facing higher
financial and operational risks—are less inclined to transition
unless strong economic incentives are available [10].
Additionally, PPPs have proven successful in accelerating
biogas infrastructure expansion, as demonstrated in Sweden
and the Netherlands [19].

Despite the progress in policy incentives and infrastructure
expansion in some regions, the diffusion of LBG in HDT
remains complex and context dependent. The interplay
between economic viability, policy support, and infrastructure
availability underscores the need for a nuanced understanding
of stakeholder perspectives. For biogas to gain wider
adoption, policymakers must ensure long-term regulatory
stability, expand financial support mechanisms, and
harmonize regional policies to create a predictable investment
environment [11]. Furthermore, active collaboration between
transport companies, energy providers, and infrastructure
developers will be essential for aligning market incentives



with policy objectives and ensuring economic viability for
biogas-powered heavy transport [17].

Given the limited research on LBG adoption in the Finnish
transport sector, this study employs a qualitative case study
approach to provide an in-depth examination of these
dynamics. By engaging directly with transport companies it
aims to uncover key barriers, opportunities, and strategic
pathways that can inform future policy and industry strategies
for expanding biogas use in heavy transport.

III. RESEARCH DESIGN

The adoption of biogas in heavy-duty transport involves
complex interactions between economic factors, infrastructure
development, regulatory frameworks, and technological
feasibility. Thus, this study employs a qualitative case study
approach to examine the adoption of biogas in the heavy-duty
transport sector [20]. By analyzing transport operating
transport companies, the study explores the barriers,
opportunities, and strategic decisions influencing biogas
adoption. The case study method enables an in-depth
understanding of how different companies engage with biogas
technology within a shared policy and market context [21].

Rather than a traditional single-case study, this research
follows a comparative multiple-case approach, emphasizing
diverse perspectives within the transport sector. Semi-
structured interviews serve as the primary data collection
method, allowing participants to elaborate on infrastructure
readiness, policy support, financial considerations, and
practical challenges more freely [22], [23]. The primary focus
remains on qualitative insights, which provide depth and
contextual understanding. Rating scales were used to provide
some insight to the questions.

A. Research process

The research process began with a comprehensive
literature review, establishing a foundational understanding of
biogas adoption in HDT. This phase examined policy
frameworks, economic incentives, infrastructure challenges,
and technological readiness, helping define the study’s
thematic focus. The empirical phase involved semi-structured
interviews with transport companies, selected to reflect a
range of organizational sizes and levels of biogas experience.

Data collection and analysis followed an iterative process,
allowing for continuous refinement of emerging themes.
Interviews were recorded, transcribed, and thematically
coded, categorizing responses into core themes such as
economic viability, policy support, and infrastructure
readiness [24]. The analysis applied a dual approach:
description-focused coding systematically categorized
stakeholder perspectives to ensure an objective presentation of
findings, while interpretation-focused coding explored
underlying drivers, barriers, and linkages to policy
frameworks and market dynamics [25]. This approach
allowed for progressive theme refinement, aligning with the
evolving insights from interview data. Rather than following
a linear process, the study adapted to emerging industry
concerns and stakeholder priorities, ensuring a context-rich
analysis.

B. Methodology

Understanding the adoption of biogas requires a
qualitative approach that captures real-world complexities and

industry decision-making. This study adopts a case study
framework, engaging transport companies to examine their
experiences with biogas, challenges faced, and key
influencing factors [20]. Semi-structured interviews provided
flexibility to uncover new insights while maintaining thematic
alignment with the study’s core focus areas [23], [26]. The
approach allows for a holistic exploration of adoption drivers
and barriers. The study examines barriers and incentives
influencing biogas adoption, such as cost factors, policy
instruments, refueling infrastructure, and technological
readiness, while also analyzing measures required to facilitate
market expansion, including financial support mechanisms,
infrastructure improvements, and stakeholder collaboration.

The research employs both inductive and deductive
thematic analysis [24]. In the first stage, stakeholder responses
were analyzed inductively to identify recurring themes and
categorize key drivers and barriers to biogas adoption. In the
second stage, a more interpretative approach was applied,
linking the findings to broader systemic influences, such as
policy frameworks, economic constraints, and infrastructure
readiness [25]. To strengthen the analysis, the study also
incorporates comparative insights, positioning the findings
within the context of existing research on alternative fuel
adoption and sustainable transport transitions. This ensures
that the results contribute not only to empirical understanding
but also to ongoing academic and policy discussions on the
diffusion of biogas in heavy-duty transport.

C. Data selection and informants

A diverse range of transport companies presented in Table
1, were selected to reflect different levels of biogas adoption
experience, varying in size and operating across different
fields of transport. The selection process relied on industry
networks and professional associations, ensuring perspectives
from both small and large national as well as international
companies. Data collection and analysis followed an iterative
approach, allowing for continuous theme refinement.
Interviews were recorded with consent, transcribed, and coded
thematically into key categories such as economic feasibility,
policy incentives, and infrastructure readiness [24].

TABLE L INFORMANTS
T;:l Position Size Power Operating area
Diesel, Across Finland,
1 Owner Large Biogas, Mainly Southwest
Electric
2 Owner Small Diesel Souther Finland
3 Owner Medium D}esel, Southern Finland
biogas
4 CEO Medium D}esel, Mamly Northern
Biogas Finland
5 CEO Small D_1ese1, Eastern Finland
Biogas
Diesel, Mainly Northern
6 CEO Small Biogas | and Central Finland
7 CEO Medium D}esel, Across Finland
Biogas
Diesel,
8 Executive Large Biogas, Across Finland
Electric
9 Owner Small Diesel Across Finland

The study applied inductive thematic analysis, where
stakeholder responses were coded to identify key themes




related to the adoption of biogas. Themes emerged directly
from the data, ensuring an empirical understanding of industry
perspectives. Findings were then compared to existing
research and policy frameworks to contextualize stakeholder
experiences within broader systemic influences [26]. This
approach allowed for both the identification of recurring
themes and a deeper exploration of structural barriers such as
policy uncertainties, technological limitations, and financial
viabilityConfidentiality was strictly maintained, with
participants referred to as respondents rather than by name. As
the study does not quantify findings, it highlights shared
experiences and challenges rather than implying statistical
consensus. The findings offer a comprehensive, stakeholder-
driven perspective on the challenges and opportunities
shaping biogas adoption in HDT sector.

IV. RESULTS

The findings reveal a diverse range of experiences among
transport companies regarding the adoption of biogas in heavy
road transport. Uncertainty in political decision-making and
the absence of long-term strategic commitments were the most
frequently cited barriers to biogas adoption. Many executives
emphasized that shifting regulations, unpredictable
incentives, and a lack of stable policy frameworks create
hesitation when considering biogas investments. Without
clear and consistent long-term government strategies on
alternative fuels, companies find it difficult to justify high
upfront costs and plan for a scalable transition away from
diesel.

Financial considerations remain a major challenge,
particularly the high investment costs of biogas trucks
compared to diesel alternatives. At present, no financial
support mechanisms exist to ease this transition, making it
difficult for transport operators to justify the investment.
Many companies noted that the lack of subsidies or tax
incentives prevents biogas from becoming a financially viable
alternative. Without direct financial support, companies
struggle to integrate biogas into their long-term investment
strategies.

Infrastructure availability also presents a challenge, but its
impact varies by region. Some transport operators benefit
from an established biogas refueling network, particularly in
urban areas. However, companies operating in rural or long-
haul routes face logistical barriers due to uneven station
distribution. This makes biogas a viable solution for certain
transport operations but impractical for others, especially in
High-Capacity Transport (HCT) operations, where refueling
logistics are more demanding. Several respondents
emphasized that expanding the biogas infrastructure network
is essential to ensuring feasibility for a broader segment of the
industry.

Despite these challenges, interest in biogas adoption
remains strong, particularly among companies purchasing
transport services, as they increasingly demand lower-
emission logistics solutions. However, respondents
emphasized that customer interest alone is not sufficient to
drive large-scale investment unless it is supported by clear
government policies, stable financial incentives, and a well-
developed refueling network. Many stressed that greater
collaboration between policymakers, fuel providers, and
transport operators is essential for biogas to play a substantial
role in the transition towards sustainable heavy road transport.

In the next chapter, five key drivers and five key barriers
were selected for comparison, as illustrated in Table 2 and
Table 3, while all other results were derived from open-ended
interview responses. The findings from the interviews
highlight the complex interplay between economic, policy,
and infrastructure factors in shaping biogas adoption. To
further explore these dynamics, the next chapter examines the
key drivers, barriers, and infrastructure challenges in greater
depth.

A. Drivers for adoption

Among the interviewed companies, seven have already
incorporated biogas trucks into their operations, while two
have yet to do so but are planning to explore the option. The
driving force behind biogas adoption is largely customer
demand, as transport service buyers increasingly set
sustainability requirements. As one respondent stated, “If our
clients demand lower-emission transport, we have to respond.
It’s a business necessity.”. However, not all companies
perceive strong enough demand to justify the shift. Some
noted that while customers express interest in sustainable
transport, they are not always willing to pay extra for it, which
complicates investment decisions. This mixed experience,
presented in Table 2, is reflected in the survey results, where
customer and stakeholder requirements received a moderate
average score of 5.4, with the highest standard deviation of4.2
among the drivers. The variation in responses suggests that
while some companies experience strong external pressure to
adopt biogas, others find that customer sustainability
expectations remain inconsistent or insufficient to justify
large-scale investment.

TABLE IL MOST RELEVANT DRIVERS

Results

Drivers
IRI|R2|R3|R4|R5|R6|R7|R8|R9|Avg|St Dev

Environmental and

91319(9(9(1919]9]183| 20
corporate responsibility

Competitive advantage

and brand strengthening S22 |07

Supporting policies 91313(19(19(3(9]19]9]70]| 3,0
Custpmer and stakeholder ol1lololol1|1]o]1|sal a2
requirements

Legislation and

. 3191913 (9(3|1|3]|3]48]| 32
regulations

Additionally, while competitive advantage and brand
strengthening ranked higher, with an average score of 7.7,
some companies indicated that the business case for biogas
adoption remains highly dependent on whether customers are
willing to support higher costs. This uncertainty, combined
with policy inconsistencies and financial challenges, means
that many transport operators remain cautious about long-term
investments in biogas technology.

B. Barriers to adoption

The most frequently mentioned barrier to biogas adoption
is policy uncertainty, which prevents long-term strategic
planning. Many respondents expressed frustration over
shifting government priorities and inconsistent incentives,
making it difficult to assess the long-term competitiveness of
biogas. As one executive explained: “The problem is not just



the lack of support, but that policies keep changing. One year,
biogas is encouraged; the next, the focus shifts entirely to
electricity. We need long-term decisions, not short-term
political cycles.”. The industry is calling for clearer regulatory
frameworks, stable tax incentives, and consistent policy
support to facilitate investment in biogas infrastructure and
fleets. These barriers are presented in Table 3.

TABLE III. MOST RELEVANT BARRIERS

Results

Barriers
R1 [R2|R3|R4|R5|R6|R7|R8|R9 [Avg|St Dev

Biogas price vs

traditional fuels ? G133 3]19]3]9 544 34

Refueling

infrastructure 9 3{1(010(191(913]|3]411] 39
coverage

Vehicle investment 3 3131 3lol3]3]3[344] 22
costs

Maintenance costs,
tech constraints & | 9 1113193 ]3]|1/(3,44] 33
insurance
Fuel availability &
supply reliability

9 |31 (1L [O]|1 |3 ]1]1]|222] 27

Financial constraints remain a significant challenge,
particularly the high purchase price of biogas trucks. With an
average score of 3.4, respondents highlighted that while
biogas can be cost-effective in the long run, the initial
investment is a major hurdle. Some companies have benefited
from past financial support, but others believe current
incentives are insufficient. One executive emphasized: “Even
if fuel costs are lower, the upfront investment is a big hurdle.
We need better financing options.”. Many respondents
suggested that reinstating purchase subsidies and lowering
biogas taxation would help accelerate adoption.

Infrastructure limitations are another key barrier, with
refueling station coverage scoring 4.1 and showing high
variability, 3.9, in responses. Companies operating near major
cities benefit from a more developed biogas network, while
those in rural areas and long-haul operations struggle with
refueling gaps. One transport manager stated: “It’s not just
about having stations—it’s about having them in the right
locations for our routes.”.

For companies relying on HCT combinations, concerns
extend beyond refueling infrastructure. Some respondents
questioned the suitability of biogas trucks for very heavy
loads, citing engine performance and driving range as
potential limitations. As one long-haul operator put it: “We
need assurance that biogas trucks can handle the same
workload as diesel before we commit to a fleet-wide shift.”.

Finally, fuel availability and supply reliability, while rated
as the lowest barrier (2.2), remains a concern in regions with
limited biogas production and distribution networks. Some
operators reported stable fuel supply, but others noted regional
inconsistencies that impact their ability to rely on biogas for
daily operations.

C. Future perspectives

Despite the challenges, many companies remain open to
expanding their biogas fleets, provided that financial
conditions improve, and infrastructure expands. A strong
expectation exists that greater collaboration within the
industry is needed to accelerate biogas adoption. One
executive emphasized: “If we want biogas to become

mainstream, we need better cooperation between transport
companies, fuel suppliers, and policymakers.”.

At the same time, some companies are keeping their
options open regarding alternative fuels, particularly
hydrogen and electricity. However, these technologies are not
yet considered mature enough for widespread use in heavy-
duty transport. A respondent summarized this view: “Biogas
is the most realistic low-emission option for now, but we are
monitoring hydrogen and electric developments closely.”.

V. DISCUSSION

Results highlight drivers and barriers to adoption. While
policy uncertainty, financial constraints, and infrastructure
challenges are often cited, this study also identifies key
enabling factors. The interviewed companies had varying
sizes of fleet. Their operations were across different sectors.
Many used a combination of fuel types. This diversity is
indicative of logistics industry and the varying degrees of
commitment to biogas adoption. The companies reported
positive experiences with biogas, particularly as vehicle tech
has improved performance and narrowed the cost gap. Many
cited lower emissions and potential for favorable operational
costs. The growth in fueling stations has also increased the use
of biogas, but there are still big differences between regions,
especially in the north and middle of the country. While
certain companies use biogas for between a quarter and half
of their fleets, others are not there yet because of money or
practical issues. Even so, most companies would like to use
more biogas, so long as it doesn't cost too much and there are
enough infrastructure options.

A. Drivers for adoption

A key driver, presented in Table 4, of biogas adoption was
increasing customer demand for low-emission transport
solutions. Many companies reported that Business-To-
Business (B2B) clients were setting stricter sustainability
targets, pushing transport companies to seek greener
alternatives. ~ Additionally,  corporate  sustainability
commitments played a significant role, with several
companies adopting biogas as part of their long-term
environmental strategies.

TABLE V. KEY FINDINGS ON DRIVERS
Key Findings
Drivers Findings from This Findings from Previous
Study Research
B2B clients demand Reference [1] highlights the
Customer low-emission transport role of changing customer
demand solutions, influencing behaviors in promoting

adoption decisions. sustainable logistics.

Subsidies and tax
incentives play a key
Financial role, but some

Reference [11] emphasize that
taxation structures in Sweden
make biogas nearly cost-

Incentives companies invest in competitive with diesel.

biogas even  with

reduced support.

Companies use biogas | Reference [12] note that fleets

for brand positioning | adopt alternative fuels partly

.. and  tenders, but | for sustainability

Competitive . S - .

differentiation is | branding
Advantage ..

limited.

Companies expect Reference [9] identify large
Legislative tighter emissions logistics companies as early
Influence regulations, but adopters but note unstable

current policies are policies as a barrier.




Key Findings

Drivers Findings from This

Study

Findings from Previous
Research

insufficient to drive
large-scale adoption.

While competitive positioning in tenders and brand
differentiation were also mentioned as potential benefits,
some companies noted that differentiation was limited due to
widespread adoption of similar sustainability policies across
the industry. Legislative pressure was another factor
influencing adoption, though respondents expressed concerns
that current policies remained insufficient to drive large-scale
change. Financial incentives, such as tax exemptions and
investment grants, were seen as crucial enablers, yet some
companies indicated that they continued to invest in biogas
even in the absence of strong financial support mechanisms.

B. Barriers for adoption

Despite the strong drivers for biogas adoption, significant
barriers remain. These are presented in Table V. The most
pressing concern for many transport operators was the limited
availability of refueling infrastructure, particularly in rural
areas. The regional disparity in refueling station coverage
restricted the viability of biogas for long-haul and high-
capacity transport, making route planning more complex. The
high purchase costs of biogas trucks, which are approximately
€40,000-50,000 more expensive than diesel alternatives, also
posed a substantial financial barrier. Many companies
expressed concerns over biogas fuel pricing, as its cost
remained tied to fluctuations in the diesel market, creating
uncertainty for long-term investment planning. A lack of long-
term government policy and financial support was another
recurring concern, with respondents citing instability in
political priorities as a deterrent to committing fully to biogas
investments.

TABLE V.KEY FINDINGS ON BARRIERS

Key Findings
Barriers Findings from This Findings from Previous
Study Research
Refueling References [10] and [12]
infrastructure  gaps, | note infrastructure gaps
Infrastructure particularly in | as a major obstacle in
Readiness Northern and Central | heavy-duty AFV
Finland, hinder | adoption.
widespread use.
Biogas prices are | Reference [27] highlight
Fuel Price | linked to  diesel, | price uncertainty
Volatility creating cost
uncertainty
Companies report no | Reference [10]
major concerns about | emphasizes vehicle
Technology . [ A
Suitability vehicle rehablht)_f but .su1tab1_11ty concerns,
acknowledge higher | including fuel
purchase costs. infrastructure and safety.
Large companies and | Reference [9] suggests
early adopters have | large companies are more
Early . ; . . .
Adoption integrated biogas into | likely to adopt alternative
18-30% of'their fleets; | fuels due to financial
Trends . .
smaller companies are | capacity.
more hesitant.
High vehicle | References [11] and [10]
. investment costs and | emphasize that vehicle
Economic - . .
. financing challenges | costs remain a major
Barriers . Lo
remain significant | challenge globally.
barriers.
Short-term  policies | Reference [9] identifies
Policy Support create uncertainty; | that markets with long-
¥y Supp stable, long-term | term policies see higher
alternative fuel adoption.

Key Findings
Findings from This Findings from Previous
Study Research
support is needed for
increased adoption.

Barriers

C. Future outlook

It is anticipated that there will be a considerable increase
in the adoption of biogas over the coming five to ten years,
notably within the context of long-haul transport. This
viewpoint is held by numerous operators, who regard biogas
as a predominant transition fuel, whilst concurrently
anticipating the advancement of electric and hydrogen
technologies. It has been observed that several transport
enterprises have indicated that biogas currently offers the most
pragmatic and scalable low-emission alternative for heavy-
duty operations, given the prevailing infrastructure and
vehicle availability as well as the TRL. Nevertheless, policy
uncertainty and changes in the market hinder this
development. The necessity for government commitment to
biogas, including determined, long-term decisions, subsidies,
tax incentives, and infrastructure development, has been
emphasized by companies as a crucial factor in ensuring
sustained adoption along with the continuously growing
customer demand. The potential impact of alternative fuel
technologies on investment decisions has also been
highlighted, with some companies considering the possibility
of delay or reconsideration without consistent policy support.
Research conducted in [28] supports this outlook. This finding
is consistent with industry perspectives, as many transport
operators are closely monitoring technological advancements
in alternative fuels but recognize that full-scale electrification
or hydrogen adoption in heavy road transport is not yet viable.

Ultimately, ensuring that biogas remains cost-effective
will be pivotal to securing long-term adoption. Transport
companies emphasized that competitive fuel pricing,
supportive policies, and continued infrastructure expansion
are necessary to maximize the potential of biogas as a
sustainable transport solution in the coming years.

VI. CONCLUSION

The transport sector is undergoing a critical shift as
sustainability pressures, regulatory mandates, and market
dynamics drive the need for alternative fuels. This study
examined the diffusion of biogas in heavy road transport,
focusing on the perspectives of transport companies. The
findings provide insights into the economic, infrastructural,
and policy-related factors shaping biogas adoption. While
biogas presents a technically viable and environmentally
sustainable fuel alternative, its widespread adoption is
constrained by financial barriers, infrastructure gaps, and
policy uncertainty. The lack of consistent government
incentives has further impacted adoption rates, contributing to
decreased sales of biogas trucks and slower market uptake.

A. Theoretical Implications

In this research, companies reported largely positive
experiences with biogas. Improvements in vehicle technology
have led to better performance. This result confirms the
studies reported by [8] and [7] on the high technical maturity
of biogas (TRL level 8-9), meaning Biogas is suitable for



heavy duty trucks [15], [29], [30]. However, this study
challenges certain
assumptions made in earlier research regarding the primary
barriers to adoption. While prior studies have
often pointed to technological readiness and knowledge gaps
as major hurdles [28], [10], the transport companies largely
perceive biogas technology as mature and operationally
reliable. These findings add nuance to existing literature by
illustrating how adoption challenges vary
depending on regional market maturity and policy
frameworks. The integration of biogas into long-term fleet
strategies suggests that companies are not solely motivated by
short-term  incentives but are also incorporating
sustainability into their corporate planning. These insights
support the need for future research on fleet
expansion strategies and the role of policy consistency in
fostering long-term investment confidence.
The increasing customer demand for low-emission transport
solutions is the most important driver to adopt
biogas. B2B clients are setting stricter sustainability targets,

pushing logistics providers
to seek greener alternatives. According to [4] when consumer
awareness grows, companies face

greater scrutiny over environmental practices and supply
chain sustainability. Based on a Finnish national
logistics survey and financial reporting data from 266
Logistics Service Providers (LSPs), leading LSPs with
operational excellence and strong brands are more advanced
in terms of Green Supply Chain Management
(GSCM) than LSPs that do not excel in any competitive
priority. GSCM  practices could enhance future
differentiation opportunities [31]. Customer demand is an
important perspective which also
challenges  researchers in  the transport sector.
A lack of long-term government policy and financial support
is a recurring concern, with respondents citing
instability in political priorities as a deterrent to committing
fully to biogas investments. Achieving large-scale
adoption remains contingent on financial incentives and
regulatory stability [8]. This demand is
important due to other research findings. Reference [27]
identified institutional challenges in their research, including
unstable regulations and policies; conflicting and changing
political priorities. Similarly, [11] and [1] identified four
categories of challenges, one of which was legislative.
Previous studies emphasized the role of external pressures,
including changing market
expectations and policy measures, in shaping company-level
sustainability decisions [1], [11]. This study corroborates
these findings in the Finnish
context, demonstrating that companies view biogas adoption
as both a response to  market demands
and a strategic investment in long-term sustainability.
Sustainable entrepreneurship in transportation
offers a wide range of important research possibilities.

B. Managerial Implications

This research offers practical insights for transport
companies, policymakers, and biogas suppliers. For transport
companies, aligning sustainability with market demands is
crucial. Customer demand for low-emission transport is
growing, positioning biogas as a competitive advantage. The
positive experiences reported in this study signal a promising
future for biogas adoption, particularly in terms of lower

emissions and improved vehicle performance. However, fuel
price volatility and infrastructure challenges highlight the
need for a diversified energy strategy. For policymakers, long-
term policy stability is essential to enable large-scale biogas
adoption. While financial incentives are helpful, they must be
supported by clear legislative roadmaps and investments.
Predictable regulatory frameworks, including taxation models
and emission standards, will give companies the confidence to
invest in biogas on a scale. For biogas suppliers, expanding
the refueling network is crucial to overcoming logistical
barriers, also keeping in mind the pricing of biogas. Increased
collaboration between logistics companies, policymakers, and
energy providers is key to ensuring fuel availability and
accelerating adoption.

C. Limitations and Further Research

While this study provides valuable insights into biogas
adoption in heavy road transport, several limitations exist. It
focused solely on transport companies, excluding perspectives
from policymakers, biogas producers, and B2B customers.
Future research should integrate these views for a more
comprehensive understanding of biogas adoption dynamics.

The study is context-specific to Finland, and while some
findings may apply elsewhere, comparative studies across
regions are needed to identify universal and regional adoption
drivers and barriers. Expanding research internationally
would shed light on how policy differences influence adoption
rates.

Additionally, the reliance on qualitative interviews offers
deep insights but may not capture industry-wide trends. Future
research could combine quantitative methods like surveys or
econometric models to validate findings and measure the
impact of different adoption factors [10]. Furthermore,
exploring life-cycle emissions and cost competitiveness of
biogas relative to other fuels will enhance understanding.
Investigating non-adoption behaviors is also crucial to identify
strategies that encourage hesitant transport companies to
adopt biogas. By addressing these research gaps, future
studies can refine strategies to overcome adoption barriers and
strengthen biogas’s role in decarbonizing the transport sector.

Match and contribution:

“Diffusion of Sustainable Fuel in Heavy Road Transport:
Drivers and Barriers in Biogas” aligns with the IEEE TEMS
research objectives by: Addressing the Management of
Emerging Technology, Providing Practical Frameworks,
Analyzing Implementation Challenges and Focusing on
Value Creation. The target group of the study are transport
companies in Finland. Companies are undergoing major
changes driven by increasing demand for more sustainable
operations and climate targets. Biogas was considered a
mature renewable fuel for heavy road transport. However,
adopting a new technology presented several challenges,
including cost competitiveness, infrastructure requirements,
and policy uncertainty. For transport entrepreneurs, these
challenges present themselves as practical concerns, such as
long-term investment risks, fleet compatibility, fuel
availability, and unclear support policies. The aim of the
study was to provide additional information concerning the
drivers and barriers not only to transport entrepreneurs, but
also to those responsible for decisions related to reducing
greenhouse gas emissions in the transport sector in Finland.
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