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Abstract

This article explores how user demand influences the development of biogas supply chains in Finnish heavy road transport,
showing that beyond transport companies themselves, the demand from their customer companies in sectors such as retail and
industry emerges as a key driver. Beyond identifying adoption drivers and barriers, the study highlights how companies adapt
their operations, investment decisions, and long-term strategies in response to biogas opportunities. This adaptation process
includes gradually integrating biogas-powered vehicles into fleets, redesigning routes around refuelling infrastructure, aligning
corporate sustainability targets with customer expectations, and managing cost risks in volatile energy markets. Drawing on
interviews with transport companies and biogas suppliers, the study identifies how customer expectations, such as sustainability
targets, and operational needs of the transport companies influence decisions around biogas adoption. While biogas technologies
are technically mature and capable of supporting low-emission logistics, uptake remains constrained by high vehicle costs, price
volatility, limited infrastructure, and inconsistent policy support. The findings reveal a growing mismatch between user-driven
demand and the readiness of supply systems, especially in production capacity and distribution networks. Biogas is most viable
in high-mileage logistics where emission reduction is a competitive advantage, yet broader adoption requires synchronized
efforts across policy, production, and infrastructure planning. This research contributes to the discourse on industrial symbiosis
by highlighting the role of transport companies in shaping fuel transitions and offers a forward-looking perspective on how
demand-side pressure can accelerate circular energy integration in logistics.
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1. Introduction

Heavy road transport (HRT) plays a central role in freight logistics in Finland and contributes significantly to
greenhouse gas (GHG) emissions. In the European Union, transport accounts for approximately 25% of total
emissions, and the EU aims to reduce these by 90% by 2050 [1]. The target requires actions from transport companies,
and in this context, biogas has emerged as a technically mature, domestically produced renewable fuel that supports
both emission reduction and circular economy goals [2,3].

Despite its environmental and energy security advantages, large-scale adoption of biogas in logistics remains
limited. Key barriers include high vehicle costs, uneven infrastructure coverage, price volatility, and inconsistent
regulatory support [4,5]. For transport companies, these barriers translate into practical concerns—refueling certainty,
cost competitiveness, and return on investment. At the same time, customer demand for low-emission logistics and
corporate climate strategies are emerging as powerful drivers that increasingly shape fuel decisions and long-term fleet
planning [6,7].

This article investigates how demand-side factors influence the development of biogas supply chains in the Finnish
logistics sector, however the research on biogas adoption in heavy road transport remains limited. By focusing on the
perspective of transport companies, the study explores how operational needs and sustainability commitments are
driving interest in biogas— and how this demand interacts with current situation of production capacity, fuel
availability, price volatility, and policy frameworks.

2. Background and Conceptual Framing

Biogas, produced through anaerobic digestion of organic matter, offers multiple benefits for sustainable logistics.
As a domestically available and renewable energy source, it contributes to energy security, reduces reliance on fossil
imports, and supports circular economy goals by utilizing agricultural residues, municipal waste, and industrial side
streams [8]. In the context of industrial symbiosis, biogas embodies the transformation of waste into energy,
representing a key pathway toward integrated and sustainable production systems.

There is an ongoing transition to more sustainable material sources in biogas production. Biogas production
increasingly includes the usage of various waste materials and side streams, such as municipal sewage sludge and
biowaste, agricultural residues and manure. In Finland, the biogas production relies strongly on waste- and side-
streams and only a small fraction of energy crops (mainly grass silage) is used [9]. The increasing use of waste
feedstock is important in avoiding a situation where the use of agricultural land for production will be unacceptable
in society [10], [3]. One of the advantages is the use of material remaining after the generation of biogas. It is highly
enriched with organics, which can be used to replace chemical fertilizers [11], [12], [3].

In Finland, the use of biogas in heavy-duty transport is facilitated primarily through two fuel forms: compressed
biogas (CBG) and liquefied biogas (LBG). LBG, due to its higher energy density, is particularly suitable for long-haul
logistics operations, where refueling flexibility and range are essential. Technologically, both CBG and LBG are
classified at TRL 8-9, indicating readiness for commercial deployment [13].

Despite its technical maturity, biogas adoption is constrained by economic, logistical, and institutional barriers.
Studies highlight the total cost of ownership (TCO), infrastructure availability, policy volatility, and price fluctuations
as primary obstacles for fleet operators [10], [11]. Furthermore, the Finnish biogas market has experienced production
fluctuations due to changing feedstock policies and limited long-term investment frameworks [14]. These factors
directly impact the price stability and supply reliability needed for transport companies to scale up their use of biogas.

From a conceptual standpoint, this study builds on technology adoption theory and industrial symbiosis
frameworks. Technology adoption literature emphasizes the role of early adopters, risk perception, and market
incentives in shaping the uptake of renewable fuels [15]. Meanwhile, industrial symbiosis focuses on inter-
organizational collaboration, resource efficiency, and the systemic integration of secondary outputs—such as waste-
derived fuels—into value chains [16].

In this study, transport companies are positioned as key actors in the transition, not only as consumers but also as
agents influencing fuel production and infrastructure development through their purchasing power and logistics
strategies. Understanding their decision-making processes, operational constraints, and future expectations is crucial
to advancing industrial symbiosis in transport fuel systems.
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3. Methodology

This study employs a qualitative research approach to examine the key drivers and barriers influencing liquefied
biogas (LBG) adoption, as well as measures facilitating market expansion in Finland. The diffusion of LBG in heavy-
duty transport (HDT) involves factors related to transport companies and biogas suppliers. Semi-structured interviews
serve as the primary method of data collection, followed by iterative analysis and interpretation. The focus is on
information-rich insights rather than statistical generalization.

Understanding the adoption of biogas as a still relatively new fuel for HDTs requires a framework that captures
real-world complexity. A comprehensive literature review established knowledge on biogas production, sustainable
logistics, new technology adoption, and policy frameworks. By integrating these insights with empirical findings, this
study contributes to renewable energy transition research while offering practical recommendations for advancing
biogas adoption.

Qualitative research enables deep exploration of business realities and decision-making. It provides insight into
how things work in practice and why. Companies are primary sources for data collection, and a case study design
supports in-depth exploration of how transport companies and biogas suppliers engage with biogas [17]. The strengths
of case studies include conceptual validity, process understanding, and the ability to link causes to outcomes [18].
This study is exploratory in nature and does not aim for statistical generalization.

3.1. Data Collection and Interview Process

The primary empirical data was collected through semi-structured interviews with transport company executives
and representatives from biogas suppliers. Semi-structured interviews allow for both thematic consistency and
flexibility, enabling participants to elaborate on issues such as costs, infrastructure, and future expectations [19], [20].
Interview questions were guided by themes derived from the literature and aligned with the study’s research questions.

Nine interviews were conducted with representatives from transport companies of various sizes and fleet
compositions. Two interviews were conducted with representatives of biogas suppliers. Interviewees held decision-
making positions, such as CEO or owner, and were involved in strategic planning of the company. All interviews
were conducted via Microsoft Teams in February—March 2025. Participants gave informed consent, and interviews
were recorded, transcribed, and translated into English. Confidentiality was guaranteed; interviewees are anonymized
as R1-R9 (transport companies) and S1-S2 (suppliers). Table 1 provides information about the interviewees.

Table 1. Overview of Interviewed Transport Companies

Numb
umber Position of Size Fleet Composition T ft ¢
interviewee ype ol transpor
1 Owner Large Biogas, Diesel, General cargo transport, heavy industry bulk transport,
Electric temperature-controlled and non-temperature-controlled
transport
2 Owner Small Diesel Mainly food transport
Owner Medium Biogas, Diesel Food, general cargo, bulk materials, earth materials,
pharmaceuticals transport
4 CEO Medium Biogas, Diesel Parcel freight transport, food transport
5 CEO Small Biogas, Diesel Food products
6 CEO Small Biogas, Diesel Primarily food transport
7 CEO Medium Biogas, Diesel Food industry and central wholesalers
8 Top Large Biogas, Diesel,
Management Electric

9 Owner Small Diesel Mainly food transport, also infrastructure-related logistics
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A strategic selection ensured variation in company size, location, and experience with biogas. This aligns with
maximum variation sampling, where the goal is to understand the significance of different organizational conditions
[18].

3.2. Data Analysis

Thematic analysis was used to identify recurring patterns in the data. The approach followed Braun and Clarke’s
six-phase model: familiarization, coding, theme development, theme review, definition, and reporting [21]. Coding
was both deductive (based on interview themes) and inductive (allowing new insights to emerge).

The analysis followed a dual approach: description-focused coding categorized stakeholder perspectives, while
interpretation-focused coding explored deeper drivers and structural linkages [22]. Manual coding was used, and the
iterative process of data collection and analysis ensured saturation was achieved—no significant new information
emerged after the final interviews.

The researcher’s active involvement in data collection enhanced interpretation by allowing contextual
understanding of stakeholder experiences [23]. Transcripts were cross-checked to ensure accuracy and to retain key
nuances in translation. While the study does not aim for statistical generalization, it highlights shared experiences and
challenges relevant to transport companies across Finland.

4. 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 toward sustainable heavy road transport.

To support comparison across companies and themes, each interviewee was asked to score the relevance of specific
drivers and barriers influencing biogas adoption. The scoring system ranged from 0 to 9 and was designed to capture
the perceived importance of each factor:

e 9 = High relevance — strongly influences decision-making
e 3 = Moderate relevance — has some influence
e 1 = Little relevance — plays a minor role
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e 0 =Not applicable (N/A) — not relevant or not experienced

These scores denote how each respondent viewed the significance of various factors. The tables below present the
average scores across all respondents, as well as the standard deviation (SD), which indicates how much variation
there was in the responses.

This structured rating approach enables both quantitative comparison and qualitative interpretation, making it easier
to identify shared concerns and diverging views. The logic of this method is emphasized on data-based evaluation
where the rating system reflects its focus on identifying key process drivers and constraints through structured input.

4.1. Drivers for adoption

Among the companies interviewed, seven had already incorporated biogas trucks into their operations, while two
were actively considering it. Table 1 presents the key drivers for biogas adoption based on respondents' ratings.
Transport companies reported satisfaction with the technical maturity of biogas vehicles and expressed intentions to
expand their biogas HDT fleets.

Table 2. Drivers for Adoption

Drivers Rl R2 R3 R4 RS R6 R7 R8 R9 Avg Standard

Dev
Environmental and corporate responsibility 9 9 3 9 9 9 9 9 9 83 2,0
Competitive advantage and brand strengthening 9 3 3 9 9 9 9 9 9 1,7 2,6
Supporting policies 9 3 3 9 9 3 9 9 9 7,0 3,0
Customer and stakeholder requirements 9 1 9 9 9 1 1 9 1 5.4 4.2
Legislation and regulations 3 9 9 3 9 3 1 3 3 48 3,2

The most consistent driver was environmental and corporate responsibility, with an average relevance score of 8.3
and low variation across respondents. This reflects a shared commitment to sustainability and emission reduction
goals. However, customer and stakeholder requirements, while frequently mentioned in interviews, showed more
variation in the table (average 5.4, SD 4.2). This indicates that while client expectations are a strong driver for some
companies, they are not yet universal across the sector. One executive noted, “If our clients demand lower-emission
transport, we must respond. It’s a business necessity.”

Competitive advantage and brand strengthening also scored high (7.7), suggesting that biogas use is increasingly
linked to company image and market positioning. Supporting policies (average 7.0) were appreciated, though some
respondents noted inconsistency or uncertainty in their availability. Interestingly, legislation and regulations had the
lowest average relevance (4.8), pointing to a perceived lack of binding or incentivizing policy measures.

Beyond these rated drivers, interviewees highlighted practical and strategic benefits of biogas trucks. These
included reliable range performance, familiar maintenance practices similar to diesel vehicles, and suitability for high-
mileage, centralized-fueling operations. Biogas was also perceived as a secure, domestic energy source, supporting
national circular economy objectives and strengthening Finland’s energy independence.

4.2. Barriers to Adoption

The barriers for biogas adoption are described in Table 2. While policy uncertainty was the most frequently cited
issue in interviews—undermining long-term planning and investment decisions—it was not directly included in the
rated categories. Instead, this theme emerged qualitatively through comments such as: “One year biogas is supported,
the next it’s all about electricity. That makes it impossible to plan.”
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Table 3. Barriers for Adoption

Barriers Rl R2 R3 R4 RS R6 R7 R8 R9 Avg Standard
Biogas price vs traditional fuels 9 9 1 3 3 3 9 3 9 54 dev3,4
Refueling infrastructure coverage 9 3 1 0 0 9 9 3 3 41 3.9
Vehicle investment costs 3 3 3 1 3 9 3 3 3 34 2,2
Maintenance costs, tech constraints & insurance 9 1 1 1 3 9 3 3 1 34 3,3
Fuel availability & supply reliability 9 3 1 1 0 1 3 1 1 22 2,7

Among the rated barriers, the biogas price relative to traditional fuels received the highest average score (5.4) and
was mentioned consistently, reflecting concerns about financial feasibility. Companies noted that biogas trucks are
considerably more expensive than diesel vehicles and that volatile fuel prices—combined with limited ability to
transfer costs to customers—create a significant adoption barrier.

Refueling infrastructure coverage was the second highest concern (avg. 4.1, SD 3.9), with respondents highlighting
regional disparities. While biogas refueling stations are adequate in southern urban areas, large parts of Finland—
especially in the north—remain underserved. This limits the potential for biogas adoption in long-haul or high-capacity
transport, where reliable access to fuel is essential.

Maintenance and operational costs, including technical constraints and insurance, scored moderately (avg. 3.4),
with some variation across companies. In contrast, vehicle investment costs (avg. 2.2) were perceived as a less critical
barrier by several companies, potentially due to comparisons with the higher relevance of fuel prices and operational
expenses.

Lastly, fuel availability and supply reliability had the lowest average score (2.2), though some operators expressed
concern over potential supply bottlenecks or regional shortages. This factor may gain more relevance as demand
increases and supply chains are tested.

Overall, these results highlight that economic and infrastructural barriers remain central concerns, particularly in
the absence of consistent policy support. While many companies are open to transitioning towards biogas, adoption
depends heavily on financial viability, infrastructure development, and long-term regulatory clarity.

4.3. Future Outlook

Despite the above challenges, many companies remain optimistic about the future role of biogas. Several
respondents reported plans to scale up biogas use—contingent on improved incentives, infrastructure expansion, and
policy clarity. One participant noted, “We’re ready to go bigger with biogas, but only if the playing field becomes
more predictable.”

Biogas is increasingly seen as a bridge technology, particularly for long-haul logistics where electrification remains
technically or economically unfeasible. Some companies are actively monitoring developments in electric and
hydrogen trucks, but view biogas as the most realistic near-term option for decarbonization.

Biogas suppliers also confirmed rising demand from logistics clients and projected growth in fleet adoption.
However, they stressed the need for supportive policies to enable production scale-up and cost reductions.

Collaboration emerged as a key theme in future development. Many respondents called for stronger cooperation
between transport operators, fuel providers, vehicle manufacturers, and the public sector to ensure the alignment of
supply and demand. Interviewees viewed government coordination as essential in defining biogas’ role within the
national transport strategy and in aligning incentives across sectors.

As this ecosystem matures, the alignment of logistics needs with renewable energy production and infrastructure
investment is likely to deepen—strengthening the foundations for industrial symbiosis in the Finnish transport sector.
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5. Discussion

This chapter discusses the key results and their implications, followed by a comparison with literature on biogas
adoption in heavy road transport. The research findings of the key drivers influencing the adoption of biogas in heavy
road transport are: Technical readiness, domesticity of biogas, customer demand and the limited technical maturity
and market availability of other renewable fuels for HDTs. The key barriers influencing the adoption of biogas in
heavy road transport are: Policy uncertainty, financial constraints, Refueling infrastructure, Availability of HDTs and
Lack of knowledge. The research findings of the future outlook of biogas in heavy road transport include the following
themes: Competition with other renewable fuels, Customer demand, Finance and regulations, and Collaboration and
responsibilities.

The results describe the perspectives of the interviewed transport companies and suppliers All but one of the
interviewees of transport companies were CEOs who, due to their positions, had insight into all aspects of the industry.
The companies had varying sizes of fleet, and their operations were across transport sectors. Many used a combination
of fuel types. This diversity is indicative of Finland's logistics industry and the varying degrees of commitment to
biogas adoption

5.1. Drivers for adoption

The research findings of the key drivers influencing the adoption of biogas in heavy road transport are described
in Table 4. as well as the findings from previous research.

Table 4. Comparison of Key Drivers

Drivers Key Findings
Findings from This Study Findings from Previous Research

Customer demand B2B clients demand low-emission | Reference [1] highlights the role of changing
transport solutions, influencing adoption | customer behaviors in promoting sustainable
decisions. logistics.

Financial Incentives Subsidies and tax incentives play a key | Reference [11] emphasize that taxation
role, but some companies invest in biogas | structures in Sweden make biogas nearly cost-
even with reduced support. competitive with diesel.

Competitive Advantage Companies use biogas for brand | Reference [12] note that fleets adopt alternative
positioning and tenders, but differentiation | fuels partly for sustainability branding

is limited.

Legislative Influence Companies expect tighter emissions | Reference [9] identify large logistics firms as
regulations, but current policies are | early adopters but note unstable policies as a
insufficient to drive large-scale adoption. | barrier.

Approximately 90% of the companies reported that B2B clients were setting stricter sustainability targets, pushing
transport companies to seek greener alternatives. Additionally, corporate sustainability commitments played a
significant role, with several firms adopting biogas as part of their long-term environmental strategies.

While competitive positioning and brand differentiation were also noted, some companies indicated that
differentiation was limited, as sustainability policies are becoming industry standard. Legislative pressure and
emission reporting requirements emerged as additional influencers, although many respondents noted that current
regulations are insufficient to drive large-scale adoption. Financial incentives such as tax exemptions and investment
grants were seen as crucial enablers, though some firms pursued biogas adoption even without them.

5.2. Barriers for adoption

Despite the strong drivers for biogas adoption, significant barriers remain. These, as well as findings from previous
research, are presented in Table 5.

Table 5. Comparison of Key Barriers
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Barriers

Key Findings

Findings from This Study

Findings from Previous Research

Infrastructure Readiness

Refueling  infrastructure  gaps,
particularly in Northern and Central
Finland, hinder widespread use.

References [10] and [12] report
infrastructure gaps as a major obstacle
in heavy-duty AFV adoption.

Fuel Price Volatility

Biogas prices are linked to diesel,
creating cost uncertainty

Reference  [27]  highlight price
uncertainty

Technology Suitability

Companies report no major concerns
about vehicle reliability but
acknowledge higher purchase costs.

Reference [10] emphasizes vehicle
suitability concerns, including fuel
infrastructure and safety.

Early Adoption Trends

Large firms and early adopters have
integrated biogas into 18-30% of
their fleets; smaller firms are more
hesitant.

Reference [9] suggests large firms are
more likely to adopt alternative fuels
due to financial capacity.

Economic Barriers

High vehicle investment costs and

References [11] and [10] highlight that

financing challenges remain  vehicle costs remain a major challenge
significant barriers. globally.

Policy Support Short-term policies create  Reference [9] argues that markets with
uncertainty;  stable, long-term long-term policies see higher alternative
support is needed for increased fuel adoption.
adoption.

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 decisions e.g. shifting
energy strategies and changing national or EU policies as a deterrent to committing fully to biogas investments.

5.3. Future outlook

Adoption of biogas is expected to grow over the next five to ten years, particularly in long-haul operations.
Companies regard biogas as a feasible transition fuel, given its technological maturity and established distribution
network. However, without policy consistency and adequate financial support, its competitiveness could wane.

Some firms view biogas as the most pragmatic low-emission alternative currently available, while keeping an eye
on future developments in hydrogen and electric technologies. Several operators called for stronger governmental
commitment—through investment subsidies, tax advantages, and stable regulatory frameworks. Competition in the
biogas market and expanded infrastructure were also identified as critical to support future scale-up.

Interviewees estimated that biogas-powered trucks could account for up to 25% of Finland’s heavy-duty fleet
within five years. This is contingent upon supportive national policy and sustained customer demand. Stakeholder
cooperation and clearer guidance from authorities were cited as necessary for achieving national emission reduction
targets and realizing the full potential of biogas.

Ultimately, the future of biogas in heavy-duty logistics depends on cost-effectiveness, clear regulatory support, and
collaboration across the transport ecosystem.

6. Conclusion

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

6.1. 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 strategy e.g. Return On Investment (ROI)
horizon. 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.

6.2. Practical 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 due to the link with diesel price as well as lack of competition, 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.
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6.3. Limitations and Further Research

The qualitative method offered valuable insights into biogas adoption in heavy road transport focusing on transport
companies and biogas producers. Further research could integrate the views from other parties e.g. policymakers,
truck manufacturers 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.

Future research could combine quantitative methods like surveys or econometric models to validate findings and
measure the impact of different adoption factors [10]. It would also be interesting to explore non-adaptor companies
to enrich the understanding of resistance factors. 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 fleet companies to adopt biogas. By addressing these research gaps, future
studies can refine strategies to overcome adoption barriers and strengthen biogas’ role in decarbonizing the transport
sector.

These findings also illustrate the early dynamics of industrial symbiosis in the Finnish heavy transport sector. As
transport companies create growing demand for renewable fuels, their investments in biogas fleets and collaboration
with suppliers on refueling infrastructure drive parallel developments in production capacity, distribution networks,
and policy support. This co-evolution of supply and demand, supported by cross-sector co-investment, reflects an
emerging symbiotic system where logistics, energy, and policy actors align to accelerate the transition toward
sustainable and circular fuel systems.
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