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The transportation sector is undergoing major changes driven by climate targets, stricter 

regulations, and increasing demand for more sustainable operations. Given that heavy-duty 

trucks (HDTs) play a critical role in freight transport contributing substantially to emissions, 

the need for cleaner fuel alternatives has become increasingly urgent. Fuel producers and 

suppliers are also in a new situation, as demands for renewable fuels increase. Biogas offers 

a domestic and renewable energy option in heavy road transport in Finland. While biogas 

technology is mature and HDTs are commercially available, its widespread adoption is still 

in progress. This study examines the diffusion of biogas in heavy road transport in Finland, 

focusing into drivers, barriers, and future outlook of biogas. The target groups of the study 

are transport companies and biogas suppliers. This study utilizes qualitative study 

framework. The empirical data in this research was collected through semi-structured 

interviews of nine transport companies and two biogas supplier companies.  

The research findings of the key drivers influencing the adoption of biogas in heavy road 

transport are operational aspects of biogas HVDs, customer demand, scarcity of other 

renewable energy sources for HDTs, domesticity of biogas and regulations. 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 factors influencing the future outlook of biogas in heavy road 

transport include competition with other renewable fuels, customer demand, finance and 

regulations, and collaboration and responsibilities. 
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Kuljetusalalla on käynnissä suuria muutoksia ilmastotavoitteiden, tiukentuvien säädösten ja 

kestävämmän toiminnan kasvavan kysynnän ohjaamana. Raskaat kuorma-autot ovat 

ratkaisevassa asemassa tavaraliikenteessä lisäten merkittävästi päästöjä, joten tarve ottaa 

käyttöön entistä puhtaampia polttoaineita on suuri. Kuljetusyritysten lisäksi myös 

polttoaineen tuottajat ja toimittajat ovat uudessa tilanteessa uusiutuvien polttoaineiden 

kysynnän kasvaessa. Biokaasu tarjoaa Suomessa kotimaisen ja puhtaan 

polttoainevaihtoehdon raskaalle tieliikenteelle. Vaikka biokaasuteknologia on jo riittävän 

kehittynyttä ja sitä käyttäviä ajoneuvoja saatavilla, biokaasu ei ole levinnyt laajaan käyttöön.  

Tässä tutkimuksessa kohteena on biokaasun käyttö raskaassa tieliikenteessä keskeisinä 

kysymyksinä käytön edellytykset ja esteet sekä tulevaisuuden näkymät. Laadullinen, 

puolistrukturoitu haastattelu, kohdistui sekä kuljetusyrittäjiin että biokaasun tuottajiin. 

Tutkimustulosten mukaan biokaasun käyttöönottoa edistävät siitä saadut myönteiset 

käyttökokemukset, asiakkaiden vaatimukset liittyen uusiutuvien polttoaineiden käyttöön, 

muiden vaihtoehtojen vähäisyys, kotimaisuusaste sekä säädökset. Keskeisiä esteitä ovat 

poliittisen päätöksenteon epävarmuus, taloudelliset tekijät, tankkausinfrastruktuuri, autojen 

saatavuus sekä tiedon puute. Tulevaisuuden näkymiin vaikuttaa kilpailu muiden uusiutuvien 

polttoaineiden kanssa, asiakkaiden odotukset, talous, säädökset, toimijoiden välinen 

yhteistyö ja vastuiden jakautuminen.  
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1  Introduction 

The transportation sector is undergoing major changes driven by climate targets, stricter 

regulations, and increasing demand for more sustainable operations. Heavy road transport 

has a significant effect on fuel consumption and greenhouse gas emissions, making emission 

reductions in this a necessity. Biogas is one of the renewable fuels with potential to lower 

emissions in freight transport offering a domestic and renewable energy option in Finland. 

However, the transition from fossil fuels to biogas as well as other renewables presents 

several challenges, including technical reliability, cost competitiveness, infrastructure 

requirements, and regulatory 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. Making the switch to biogas 

often requires careful strategic planning, access to reliable information, and confidence in 

both the fuel's performance and future markets. This study examines the current state of 

biogas adoption in Finland’s heavy-duty transport sector, with a focus on the main barriers 

and driving factors influencing its use. 

1.1  Background 

Climate change has a major impact on the environment. The continued growth in fossil fuel 

consumption increases harmful emissions, putting a strain on the environment. Fuel 

consumption in transportation is a major contributor to environmental challenges, 

particularly in the logistics sector (Abbasi & Nilsson, 2016; Deckert, 2020). 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 (European Union, 2018). For transport companies, 

it means adopting new, lower-emission technologies. Given that heavy-duty trucks (HDTs) 

play a critical role in freight transport contributing substantially to emissions, the need for 

cleaner fuel alternatives has become increasingly urgent. It is necessary to explore the 

advantages and disadvantages of different power sources as part of the transition to cleaner 
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transport, there is no single option, at least for now. In addition to EU and national regulatory 

pressure to reduce emissions, market dynamics are changing. As consumer awareness grows, 

companies face greater scrutiny over environmental practices and supply chain sustainability 

(Dey et al., 2011). Activism and corporate social responsibility initiatives are compelling 

logistics companies and fuel providers to seek low-emission alternatives (Hassini et al., 

2012). Transportation companies are also affected by the sustainable development 

requirements of their customer companies. The transport companies are undergoing a critical 

shift as sustainability requirements, regulatory mandates, and market dynamics drive the 

need for renewable fuels. Fuel producers and suppliers are also in a new situation, as 

demands for renewable fuels increase. 

Biogas offers both environmental and economic benefits for heavy transport, yet its adoption 

remains limited despite commercial availability. Concerns over technical readiness have 

slowed uptake, though biogas, especially liquefied (LBG) and compressed (CBG) forms, are 

rated at TRL 8–9, indicating high maturity (Héder, 2017). Broader adoption depends on 

financial incentives, infrastructure, and stable regulation (IEA, 2024). In Finland, biogas 

supports energy security and fossil fuel reduction, but faces barriers like user acceptance and 

operational uncertainty. Success hinges on policy support, economic viability, and market 

incentives (Inkinen & Hämäläinen, 2020). For transport companies, switching fuels requires 

long-term planning, technical reliability, and clarity on fleet adaptations, refueling, and 

maintenance. Biogas availability, distribution coverage, and pricing are key, making 

suppliers' roles critical. Given the financial burden, understanding subsidies and taxation is 

essential..  

1.2  Objectives and research questions 

This study examines the diffusion of biogas in heavy road transport in Finland, focusing into 

drivers, barriers, and future outlook of biogas. The target groups of the study are transport 

companies and biogas suppliers. The management of transport companies plays a key role 

in the introduction of biogas; decisions on the adaptation of biogas are made at the 

management level. The role of biogas suppliers is also significant, especially in factors 

related to availability of biogas. As existing research in this subject is scarce in Finland, the 

aim of the study is to provide additional information not only to transport entrepreneurs and 
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suppliers, but also to those responsible for decisions related to reducing greenhouse gas 

emissions in the transport sector in Finland. 

The research questions are outlined below:   

Q1. What are the key drivers influencing the adoption of biogas in heavy road transport? 

Q2. What are the key barriers influencing the adoption of biogas in heavy road transport? 

Q3. What is the future outlook of biogas in heavy road transport? 

1.3  Structure of the thesis 

The literature review examines both biogas as a renewable fuel and adoption of biogas in 

heavy-road transportation. The review of biogas begins with an examination of alternative 

and renewable fuels, followed by a discussion of biogas production and its role in heavy 

road transportation. The last part of this section will introduce the role of biogas in Finland. 

The adoption of biogas in heavy-road transportation explores the drivers of sustainable 

development in entrepreneurship, moving on to the adoption process of a new technology, 

biogas in this case. This section includes the key elements of adoption and drivers and 

barriers of biogas adoption. The aspects of policy will close the literature review. 

The empirical part starts by presenting the methodology, which is based on a qualitative 

approach. Data was collected from semi-structured interviews with nine representatives of 

transport companies and two representatives of biogas suppliers. A more detailed description 

of the process is introduced in chapter four. After that, the results are presented and 

discussed, and finally, the conclusions are drawn. 
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2  Biogas as a renewable fuel 

Transitioning to renewable fuels in the transport sector is essential in addressing the 

challenges of climate change. Significant uncertainty remains among experts regarding 

whether a single superior AFP technology will ultimately dominate in the HDT sector 

(Aguilar & Groß, 2022; Kluschke et al., 2019). In Finland, biogas currently represents a key 

option for heavy-duty transportation, largely due to the availability of domestic biogas 

sources. Compared to other alternatives, biogas is considered more technologically mature.  

Before moving to biogas in detail, this section provides an overview of other renewable and 

alternative fuels, based on the European Commission’s classification (AFI/EU, 2021). The 

classification divides fuels into three categories: 

1. Alternative fossil fuels for a transitional phase: natural gas, including compressed natural 

gas (CNG) and liquefied natural gas (LNG) 

2. Alternative fuels for zero-emission vehicles: electricity, hydrogen, and ammonia 

3. Renewable fuels: biomass-based fuels, including gaseous and solid fuels produced from 

biomass, and biofuels, defined as liquid transport fuels produced from biomass. 

2.1  Introduction to alternative and renewable fuels 

Natural gas, available as compressed natural gas (CNG) or liquefied natural gas (LNG), 

serves as an alternative fossil fuel during the transitional phase. (AFI/EU 2021). In the life-

cycle assessment (LCA) of diesel HDVs and natural gas HVDs, the conclusion was that 

natural gas provides only marginal GHG emission savings compared to diesel (O’Connell et 

al., 2023). LNG with high energy density offers a cost-efficient alternative to diesel for 

trucks, with lower pollutant and CO2 emissions. Natural gas has, in some cases, been 

cheaper than petrol and diesel. LNG is particularly suited to long-distance road freight 

transport (AFI/EU 2021). LNG in heavy transports has been more economic than diesel in a 

long perspective; the higher purchase price of LNG trucks can be amortized over their life 

cycle (LC) (Smajla et al., 2019). Compressed natural gas (CNG) vehicle technology is 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/diesel


12 

 

mature and has already a large market (AFI/EU 2021). However, the cost-efficiency relies 

heavily on what the corresponding fuel prices are.  

Alternative fuels for zero-emission vehicles are electricity, hydrogen and ammonia (AFI/EU 

2021). Electrical vehicles are considered favorable in road logistics due to available and 

affordable green electricity (Al-Mohannadi et al., 2024). The efficiency of electric motors is 

much greater than combustion engines (Al-Mohannadi et al., 2024; Frenzel et al., 2021). The 

main obstacles are the lack of comprehensive charging infrastructure (Al-Mohannadi et al., 

2024; Frenzel et al., 2021; Inkinen & Hämäläinen 2020.; Liimatainen et al., 2019). 

Commercial users need a comprehensive and fast charging network. In addition, limited 

range presents a significant challenge (Frenzel et al., 2021). Furthermore, electric vehicles 

are expensive. The main factors that make it cost-efficient are battery prices and 

improvements in battery technology. There are also production related challenges, 

particularly with batteries, due to limited availability of critical natural resources.  Battery-

powered vehicles are not totally CO2-free over their full life-cycle due to production and 

maintenance requirements (Inkinen & Hämäläinen 2020). In the LCA, battery electric HDVs 

correspond 63% emissions savings compared to ICE HDVs. The emissions savings would 

be 92% when using only renewable electricity (O’Connell et al., 2023). The use of electric 

vehicles (EV) is shifting towards urban logistics and captive fleets, where concerns over 

range and charging times are lower than for long-haul applications (Gray et al, 2021).  

Finland has very limited potential for using battery-electric trucks due to its challenging 

geography, which includes long driving distances and high daily mileage. Additionally, the 

heavy average loads of semitrailers and heavy capacity trucks (HCTs) further reduce the 

suitability of battery-electric solutions. Due to the use of long and heavy truck-trailer 

combinations, fast recharging infrastructure has a major effect on the potential of electric 

trucks. Trucks charging simultaneously would require charging power of tens of megawatts 

which effects to the electricity grid (Liimatainen et al., 2019).  

In addition to electricity, great expectations are placed on hydrogen. Hydrogen fuel cell 

vehicles have great specific energy (Cunanan et al., 2021). There are different levels of 

hydrogen depending on the production process. Hydrogen is called green, when it is 

produced from water by electrolysis using electricity from renewable resources. The 

cheapest hydrogen production is grey hydrogen, obtained via steam reforming of natural gas. 

Hydrogen is called blue, when the process is combined with carbon capture technology 
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where CO2 emissions are mitigated (Aguilar & Groß, 2022., de las Nieves Camacho et al., 

2022). It is estimated that if a HDV is powered by green hydrogen, the vehicle corresponds 

to GHG emissions savings of up to 89% relative to a conventional ICE HDV. When using 

fossil or grey hydrogen, savings are only 15%. (O’Connell et al., 2023.) 

 

A fuel’s energy storage capacity is important when companies choose a propulsion system, 

as it affects how far vehicles can travel. Diesel stores the most energy, while hydrogen and 

electricity store the least (Inkinen & Hämäläinen, 2020). Many barriers prevent the 

commercialization of heavy-duty fuel cell vehicles. The costs are high and hydrogen 

refueling infrastructure is not yet good enough or even existing (Aguilar & Groß, 2022., 

Cunanan et al., 2021; Ferrara et al., 2021). In Finland, both electricity and hydrogen, play an 

important role in the roadmap to fossil free transport (2020). The aim is that in 2045 at least 

35% of the total energy consumption of transport would be managed by electricity. The use 

of hydrogen in Finland’s transport sector is still low and there is a need for extensive 

investments in hydrogen distribution and transport infrastructure. Both electro fuels and 

possibly the direct use of hydrogen are considered to have major potential in transport in the 

longer term. By 2045, electro fuels and/or direct use of hydrogen could potentially replace 

about 4 TWh of fossil energy. (Ministry of Transport and Communications, 2020.) 

Renewable fuels include biomass fuels, which are gases and solids made from biomass, and 

biofuels, which are liquid transport fuels made from biomass (AFI/EU 2021). According to 

the IEA (2024), renewable biofuels are among the emerging solutions for decarbonizing the 

transport sector. Bioethanol, biodiesel, and biogas are considered the most prominent 

biomass-based fuels. First-generation biofuels are mainly derived from food crops such as 

sugarcane, corn, vegetable oils, and animal fats. Biodiesel and bioethanol are the most 

common examples of this category. Biodiesel is approximately 75% cleaner than petroleum 

diesel and can be used in diesel engines either blended with conventional diesel or on its 

own, without requiring engine modifications. Bioethanol is made from sugarcane, corn, 

grain crops, and cellulosic waste. At gas stations, it's mixed with gasoline to add oxygen. A 

common blend is 85% ethanol and 15% gasoline to make it usable as fuel. (Shukla et al., 

2020.) Consumers have been slow to accept biofuels because new fuel blends were 

introduced without enough coordination, clear technical standards, or information about 

whether the fuels work with their vehicles (European Union, 2021).  

https://www.sciencedirect.com/topics/engineering/fuel-cell-vehicle
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The transition to alternative fuels in heavy road transport is shaped by multiple 

technological, economic, and infrastructural considerations. Fossil-based alternatives such 

as LNG and CNG provide immediate emission reductions and potential cost advantages over 

diesel, but they remain transitional solutions dependent on natural gas supply chains. Zero-

emission alternatives, particularly battery-electric and hydrogen fuel cell technologies, hold 

significant long-term potential, yet their adoption is hindered by high investment costs, 

limited refueling or charging infrastructure, and challenges related to energy storage and grid 

integration. While electrification is making headway in urban logistics, its feasibility for 

long-haul freight transport remains constrained by vehicle range and charging infrastructure. 

Hydrogen, despite its high specific energy and potential for deep decarbonization, is still in 

its early stages of market development due to production costs and the need for extensive 

refueling infrastructure. In the Finnish context, the viability of each alternative is further 

influenced by long transport distances, high vehicle payloads, and the availability of 

renewable energy sources. As a result, while zero-emission fuels are critical for long-term 

sustainability, biogas stands out as a particularly promising renewable option due to its 

technological maturity, compatibility with existing natural gas infrastructure, and ability to 

be produced from domestic waste and agricultural residues. The following sections will 

explore biogas production, its application in heavy transport, and the key factors influencing 

its adoption. 

2.2  Biogas  

Biogas technology helps industries reduce greenhouse gas emissions and waste pollution, 

while also offering many ways to use renewable energy (Abanades et al., 2021). Current 

research is making strong efforts to improve the efficiency and flexibility of biogas 

upgrading, aiming to make biogas plants more economically viable as green electricity feed-

in tariffs expire (Milner et al., 2017). In the transition towards fossil-free transports, there is 

an increasing interest in upgraded biogas, or biomethane, as a vehicle fuel. Customer 

acceptance may be supported by increasing awareness that biogas produced using modern 

technologies is truly renewable. The development in the biogas sector in the EU has been 

uneven and biogas production is low in many countries. (Winquist et al., 2019.) Both Finland 

and Sweden have strong bioenergy sectors and a history of societal acceptance of bioenergy. 

They can serve as examples of the benefits of bioenergy for countries that are less advanced 
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in this area. This, in turn, can help drive an increase in the overall share of bioenergy within 

the EU. (Proskurina et al., 2023.) 

2.2.1  Production of biogas 

It is crucial to recognize the change that has been taking place in biogas production and 

consumption. Traditional biomass uses, like burning wood, crop waste, or dung for cooking 

or heating, are not counted as modern renewable energy (IAE, 2024). Biomethane is made 

up of about 89.9% methane, along with small amounts of ethane (4.8%), carbon dioxide 

(1.9%), nitrogen (1.7%), propane (1.3%), butane (0.2%), and i-butane (0.1% 

(Madhusudhanan et al., 2020). Upgraded biomethane can be used as fuel in two ways: by 

compressing it to 200 bar to make compressed biogas (CBG), or by cooling it to −162 °C to 

make liquefied biogas (LBG)  (Dahlgren, 2020; Gray et al, 2021). To turn biomethane into 

a liquid, an extra cleaning step may be needed to make it even purer. Some studies say that 

compressed biogas (CBG) is more advanced in terms of technology. CBG can also be more 

cost-effective on a small scale, which matters because biogas raw materials are often spread 

out in small amounts over wide areas. Right now, CBG and liquefied biogas (LBG) are the 

only types made commercially from biogas, and they are the most likely options for use in 

transport in the near future. (Dahlgren, 2020The differences between current upgrading and 

liquefaction technologies are small when looking at the full supply chain, especially if the 

gas has to travel a long distance. Liquefying the gas can become more cost-effective than 

transporting compressed gas in steel containers after 25–250 km, and it can lower climate 

impact after just 10–30 km. Using the gas grid is the best option when available and doesn’t 

require adding propane. Liquefaction also makes it possible to sell biogas over larger areas, 

and as the technology improves, it becomes cheaper even for small-scale production. 

(Gustafsson et al., 2020.) In addition, liquefied biogas (LBG) offers higher energy density 

compared to its compressed form, making it more suitable for long-distance heavy-duty 

transport. 

The technology used in the production of biogas is cost-effective and it can be started on a 

small scale with little investment (Kougias & Angelidaki, 2018, Shukla et al., 2020). Biogas 

is produced from biodegradable materials by anaerobic digestion. Common feedstock are 

organic materials such as biowaste, waste water treatment plant sludge and biomasses from 
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agriculture, for example dedicated energy crops and manure. (Madhusudhanan et al., 2020; 

Shukla et al., 2020; Miltner et al., 2017; Uusitalo 2014; Winquist et al., 2019). 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 (Winquist et al., 2019). The increasing 

use of waste feedstock is important in avoiding situation where the use of agricultural land 

for production will be unacceptable in the society (Frenzel et al, 2021, Uusitalo 2014). In 

Figure 1, adapted from EESI (2017), the production and refining process of biogas is 

described. 

 

 

 

Figure 1. Biogas production and refining process (EESI, 2017) 

 

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 (Kougias & 

Angelidaki 2018, Shukla et al., 2020, Uusitalo 2014). According to preliminary data from 

Statistics Finland, biogas production in 2023 totalled 3,310 terajoules (TJ). Of this, 2,940 TJ 

was consumed, while 370 TJ (11%) was flared. Compared to the previous year, the amount 
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of biogas delivered to end use declined by 1%. Production decreased by 10% at landfill 

collection sites and 6% at wastewater treatment plants, while on-farm agricultural biogas 

production increased significantly by 31%. (Statistics Finland, 2024.) 

2.2.2  Biogas in heavy-road transport 

Biomethane has strong potential in the transport sector because it can be used in different 

types of vehicles, including heavy-duty trucks (Uusitalo 2014). Biomethane is a well-

developed and mature way to cut transport emissions. It’s more energy potent than today’s 

batteries and offers a driving range similar to diesel, with only about a 3% loss in cargo 

capacity due to the added weight of the fuel system. (Gray et al, 2021). Biomethane can be 

used in gas-operated vehicles developed for natural gas (Uusitalo 2014.) When the use of 

LNG is increasing in heavy duty vehicles, it enables also the production and use of LBG 

(Dahlgren, 2020). LBG has more than twice as high energy density as CBG, which opens up 

the opportunity for use in heavy transports (Gustafsson et al, 2020). Most of the gas used in 

road transport in Finland is domestic biogas, approximately 98% in 2022 (Huttunen et al., 

2024). 

As discussed earlier, in the case of many alternative fuels, the lack of advanced 

infrastructure, including refueling, is problematic. For biomethane to become an attractive 

alternative for transport companies, a network of well-placed refueling stations is essential. 

The EU mandates that CNG (or CBG) refueling stations should be placed approximately 

within 150 km of each other and that there should be one refueling station for every 600 

CNG vehicles. Countries with extensive sustainable biomass resource may opt for 

biomethane as transport fuel to utilize existing infrastructure. (Gray et al, 2021.) While this 

supports CBG use in lighter vehicles and regional transport, countries with extensive 

sustainable biomass resources should also investigate investing in LBG infrastructure to 

support long-distance and heavy-duty transport, leveraging the higher energy density and 

compatibility with LNG systems. 

In the research sector, there is a limited number of research comparing the use of biogas with 

other fuels in heavy-truck transportation. Madhusudhanan et al. (2020) compared in the 

United Kingdom a conventional diesel-fueled heavy truck with one that runs on compressed 

gas (CG), either CNG or biomethane. The transport performance, carbon emissions, and total 
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costs were evaluated. The emissions of CNG is 10% lower and biomethane 78% lower than 

the emissions of diesel. The CG trucks consume 22% more energy than diesel. When using 

biomethane the fuel costs are 30% lower than the costs by diesel. The break even period is 

2 years when considering the total cost of running the CG vehicle. The costs include fuel 

and capital costs, but not labor nor maintenance costs. Despite the good results of 

biomethane, the research stated that it would be difficult to run all trucks in the UK on 

biomethane.  The availability of biomethane is at too low a level. (Madhusudhanan et al., 

2020.) 

A compressed gas (CG) truck running on biomethane reaches the same total cost as a diesel 

truck after about two years. Even though biomethane trucks are less energy efficient than 

diesel ones, they are still cost-effective and produce much lower carbon emissions. Since 

CNG and biomethane cost about the same, a CG truck using CNG is also expected to break 

even with diesel around the same time (Madhusudhanan et al., 2020.) Lyng and Brekke 

(2019) used LCA methodology when comparing the environmental performance of biogas, 

natural gas, electricity fueled buses, biodiesel, and fossil diesel in bus transport. Based on 

the results, biogas is one of the fuels on the market with the lowest environmental impacts.  

Lyng and Brekke (2019) evaluated life cycle emissions from fuel production, vehicle 

manufacturing, and operation. They found that diesel, coal-based electricity, natural gas, and 

palm oil biodiesel produce the highest emissions per kilometer of bus transport. In contrast, 

electricity from hydropower, biogas from food waste, and HVO from waste cooking oil 

result in the lowest emissions. Diesel had the greatest impact on ozone depletion, while palm 

oil biodiesel showed the highest potential for smog formation due to palm oil mill operations. 

Rapeseed-based FAME had the largest acidification impact. The environmental impact of 

electric buses depends on the electricity source—ranging from low (hydropower) to high 

(coal), with actual results lying between those extremes. 

According to the research, upgraded biogas from food waste and manure shows relatively 

low environmental impact across all assessed categories compared to other fuel options. 

Biogas from manure has slightly higher impacts than that from food waste. Sensitivity 

analysis revealed that allocating some of the impact to the digestate reduces global warming 

potential from 0.28 to 0.26 kg CO₂ equivalents/km. When system expansion is used, 

accounting for the substitution of mineral fertilizers, the emissions can become net negative 

at −0.90 kg CO₂ eq/km. Further reductions are possible when considering that food waste 
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would otherwise be incinerated, resulting in net emissions of −0.19 kg CO₂ eq/km. When 

both substitution scenarios are included, total emissions can reach −1.54 kg CO₂ eq/km. 

(Lyng & Brekke, 2019.) 

 

Furthermore, when upgraded biogas from manure is used as a fuel, it can result in net 

negative greenhouse gas emissions due to reduced methane release from shorter manure 

storage times. Life cycle emissions for bus transport using manure-based biogas can range 

from −2.2 to −0.6 kg CO₂ eq/km. This highlights the value of a system expansion approach, 

which accounts for multiple benefits of the biogas value chain—waste treatment, fuel 

production, and fertilizer output—more comprehensively than traditional allocation 

methods. Sensitivity analysis shows that factors like transport distances and plant efficiency 

significantly affect emissions. For instance, including waste collection in the fuel system can 

increase emissions from 0.28 to 0.45 kg CO₂ eq/km for biogas from food waste, depending 

on transport efficiency and gas yield. Transporting manure over longer distances (20 km to 

50 km) raises emissions from 0.41 to 0.61 kg CO₂ eq/km. Methane leakage at biogas plants 

also has a strong impact—raising emissions for food waste-based biogas from 0.43 to 0.56 

kg CO₂ eq/km when leakage increases from 1% to 4%. These findings emphasize the 

importance of minimizing methane leakage and optimizing logistics. Even with added 

burdens, biogas still performs competitively or better than other fuels, especially when 

substitution benefits are included. (Lyng & Brekke, 2019.) 

2.2.3  Heavy-duty trucks 

Heavy duty vehicles (HDVs) are not uniformly defined by weight; there are different 

regional categorizations. The consequence is that one alternative fuels and powertrains 

(AFP) technology might be suitable for HDVs in one region but not in another due to weight 

and volume restrictions (Kluschke et al., 2019). According to the IEA (2017), most trucks 

worldwide are light-duty vehicles (under 3.5 tons), making up about 70% of the fleet. Heavy-

duty vehicles (over 12 tons) make up less than 15%. However, HDVs account for more of 

the total distance driven, since they are mainly used for long-distance transport (IEA, 2017.)  

HCTs are heavier and /or larger than normally allowed trucks and made to further increase 

the cost efficiency and reduce emissions. The results of a survey conducted in Finland 

https://www.sciencedirect.com/science/article/pii/S2352484719301167#b6
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indicate that HCTs have a 42% emission reduction potential in mass-based transport and a 

38% potential in volume-based transport compared to normal semitrailers. (Solakivi. & 

Ojala, 2024.) In Finland HCT trucks are one of the common types of heavy-duty trucks 

operating in commercial fleets. 

Innovative truck development will continue to be an essential part of emission reduction and 

control. At the moment, there is the limited availability of low emission trucks and the prices 

are high. After sales support systems and continuous product enhancement system based on 

the operational performance (e.g. malfunctions, fatigue) indicators and feedback are 

important to implement technological advancements (Inkinen & Hämäläinen, 2020). 

Payload, space, and daily driving range are key factors. For commercial users, fast refueling 

with renewable fuels is an advantage over electric vehicles (Frenzel et al., 2021). If 

renewable fuels require additional vehicle parts, deviations from standard service processes, 

or even a rapid-wear of vehicle parts, further maintenance know-how will be necessary. 

Services must be guaranteed when using renewable fuels (Frenzel & al. 2021). 

2.2.4  Biogas in Finland 

In Finland, biogas plays a significant role as an energy source. The Government is pursuing 

policies aimed at enhancing regional gas market cooperation, supporting increased gas 

consumption in transportation and diversifying gas supply sources. According to Huttunen 

& al. (2024), domestic renewable fuel production is higher than current demand. With 

existing capacity and planned investments, production is expected to meet most of the future 

distribution targets. Nearly all raw materials for bioliquids, like waste and residues from 

forests and other industries, come from within the country The share of domestic energy 

sources is increasing when the use of biogas in transportation is increasing. The objective is 

to increase the number of gas-powered lorries and busses to at least 7,400 by 2030. (Huttunen 

& al. 2024.) 

In heavy-duty vehicles biomethane has been underappreciated in Finland. Despite the 

technical potential the utilization rate has stayed modest (Pääkkönen et al., 2019). The main 

obstacles in increasing the production and use of biogas are the uncertain regulations and 

restrictions in state aid. The Government Programme from 16 June 2023 sets a lower target 

for renewable transport fuels between 2024 and 2027. Besides the overall goal, there’s also 
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a minimum requirement for advanced biofuels, biogas, and RFNBOs. This share is 2% for 

2021–2024, will rise to 3% in 2025, and reach 10% by 2030. (Huttunen & al. 2024.) A 

purchase subsidy for gas-powered trucks started in December 2020, and another for electric 

trucks and both electric and gas vans began in early 2022. The subsidy for gas trucks ranged 

from €2,000 to €14,000 per vehicle, while electric trucks received €6,000 to €50,000. 

Between 2022 and 2024, €12 million was allocated to these subsidies. (IEA, 2024.) 

However, since the beginning of 2025, subsidies have no longer been available. 

Expanding biogas production capacity requires broad support from society, including policy 

measures, funding, and technical expertise. The Finnish biogas support structure is 

complicated when each ministry has a different focus and rules for the support. Winquist et 

al. (2019) studied the biogas companies in Finland; both in industrial and farm scales. The 

greatest potential is seen in traffic fuels. Societal drivers may help in the growth but financial 

policy support is needed. Problem is that policies tend to treat biogas as an energy product 

and respond to it on the basis of its economic profitability and competitiveness on the energy 

market. Competent and solid co-investors (e.g. local energy companies) could ease the 

investment process which requires resources both financially and through new competencies 

(Winquist et al., 2019). In 2020 the Finnish gas sector became subject to EU legislation on 

gas market competition. Price regulation of piped gas was dropped and gas marketplaces 

and internal market rules were introduced. The new the transmission system operator, 

Gasgrid Finland, remains fully state-owned (Huttunen et al., 2024). 

 

2.3  Conditions for market expansion of biogas in heavy road transport 

Finland currently produces about 1.2 TWh of upgraded biogas annually, while the technical 

potential is estimated at over 10 TWh (Bioenergia ry, 2023). This means only a small share 

of available capacity is being utilized. One major constraint is that building new production 

plants requires significant investment and improved logistics for feedstock collection. 

However, demand is beginning to rise. According to SKAL’s Transport Barometer, the 

number of companies investing in gas-powered trucks nearly tripled in 2023 

(Kuljetusbarometri 1/2024). 



22 

 

Despite this growing interest, supply and infrastructure have not kept pace. For example, the 

Mustankorkea biogas station in Jyväskylä temporarily shut down due to high demand 

exceeding supply (Yle, 2022). While companies such as St1 and Gasum are expanding the 

network of compressed and liquefied biogas refueling stations, full nationwide coverage—

especially for long-haul routes—is still under development (St1, 2024; Gasum, 2025). 

Price uncertainty is also a major concern for transport operators. Unlike diesel, the price of 

biogas can fluctuate depending on feedstock availability and production costs. Although 

some suppliers have introduced fixed-price contracts, these are still uncommon (Gasum, 

2025). Without more predictable pricing, companies are reluctant to make long-term 

investments in gas-powered fleets. 

At the European level, the REPowerEU Plan aims to increase biomethane production to 35 

billion cubic meters by 2030. The European Commission sees biomethane as a key 

renewable fuel for reducing emissions in sectors such as heavy transport (European 

Commission, 2022). The European Biogas Association supports this view, highlighting that 

biogas is already a cost-effective and scalable solution for the sector (EBA, 2023). 

In Finland, the Central Union of Agricultural Producers and Forest Owners (MTK) and the 

Finnish Transport and Logistics Association (SKAL) have proposed a national biogas 

programme for 2023–2035. The programme aims to support rural biogas production and 

direct more of it toward transport use. The target is for biogas to cover 20–30% of the heavy 

transport sector’s energy needs by 2030 (MTK & SKAL, 2023). 

Still, biogas is not suitable for all transport scenarios. It is best suited for vehicles that return 

to a central base daily—such as waste collection trucks and urban delivery vehicles—since 

these operations can rely on a single refueling point.  

Looking ahead, both Finnish and EU-level strategies aim to scale up the use of renewable 

gases in transport. Finland’s Roadmap to Fossil-Free Transport estimates the country could 

produce up to 16 TWh of biogas annually. It sets targets of 2.5 TWh for transport use by 

2030, and 5 to 6 TWh by 2045. The roadmap also stresses the importance of closely 

monitoring the sector and adapting policies to support rapid and sustainable growth 

(Ministry of Transport and Communications, 2021). 

The transition to alternative fuels in heavy transport is driven by the need for sustainability 

and emissions reduction, but each option presents unique challenges. Fossil-based 
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alternatives such as LNG and CNG provide short-term reductions in emissions and fuel 

costs, but they remain transitional solutions due to their reliance on non-renewable gas 

supply chains. In addition to environmental considerations, energy security plays a critical 

role in the shift toward alternative fuels. Reducing the use of imported fossil fuels makes a 

country more resilient, protects the economy from global uncertainties, and helps build long-

term energy independence. Biogas, for example, offers a renewable and domestically 

producible energy source, making it a particularly attractive option for countries like Finland 

with access to local feedstocks. Zero-emission alternatives, including battery-electric and 

hydrogen fuel cell technologies, hold long-term promise but face barriers related to 

infrastructure, energy storage, and economic feasibility. While electrification is more 

common in urban logistics, long-haul heavy transport still requires high-energy-density 

solutions that can sustain long distances and heavy loads.  

Biogas can be considered as a viable renewable fuel as it is compatible with existing gas 

vehicle technology, has lower lifecycle emissions than fossil fuels, and can be locally 

produced from waste streams, enhancing energy security. Biomethane can be stored and 

transported as CBG or LBG, making it flexible for different transport uses. Also, research 

shows that biomethane trucks can match diesel costs in just a few years. However, 

infrastructure expansion, production scalability, and policy incentives remain key factors 

influencing its broader adoption. In the next chapter the focus shifts to how biogas is being 

adopted in the heavy transport sector, including the key drivers and barriers influencing its 

diffusion. The following chapter will explore market readiness, adoption dynamics, and the 

role of policy in accelerating the use of biogas and other renewable fuels in freight transport. 
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3  Adoption of biogas in heavy-road transport 

Heavy-road transport is often one factor in a logistic chain, where sustainable development 

poses demanding challenges. For many entrepreneurs, the situation is new and requires 

changes in operating methods. Adoption of sustainable technologies, as biogas, is one way 

to meet these demands. Adoption process is challenging for a transport company. Technical 

factors concerning the fleet and its’ maintenance as well as economical aspects must be 

managed sufficiently as a basis for decision-making. The entrepreneur must also identify 

expectations of the society and business partners both now and to anticipate in the future.  

3.1  Drivers of sustainable development in entrepreneurship 

The logistics service providers (LSPs), including transport entrepreneurs, are important 

actors when improving environmental sustainability. According to Deckert (2020), the 

concept of Sustainable Logistics is a part of Sustainable Supply Chain Management, where 

Green Logistics aims at the alignment of the logistical functions with the targets of 

environmental sustainability, i.e., improvement of resource efficiency and reduction of 

emissions. Parameters of sustainable transportation include e.g. average length of haul, 

energy efficiency of transport vehicle, and emissions per unit of energy.  Development of 

environment-friendly propulsion technologies is one of the key elements. (Deckert, 2020.) 

Next, the study briefly describes sustainable entrepreneurship to create a broader picture of 

sustainable development in the operating environment in which the companies under study 

operate. This section is followed by an introduction to factors that influence a transport 

entrepreneur's process of adapting new technology, in this case biogas. 

Research of entrepreneurship that supports sustainable development has identified some key 

factors. The commitment and values of the management forms the basis for sustainable 

operations. Sustainable entrepreneurs are committing their companies towards an 

outstanding, competitive position. One element is the adoption of sustainable product which 

gives a competitive advantage. Acting as a role model is possible when undertaking 

sustainability initiatives as a market leader. (Kraus et al., 2018, Saeed & Kersten, 2019.) 

Some uncertainty exists on how LSPs can turn environmental management into competitive 



25 

 

advantage. Based on a Finnish national logistics survey and financial reporting data from 

266 LSPs, Laari et al. (2018) examined their competitive strategies and green supply chain 

management (GSCMLeading logistics service providers (LSPs) with strong operations and 

brands are ahead in using green supply chain management (GSCM) compared to those 

without clear strengths. GSCM helps improve environmental performance, but not 

necessarily financial performance. Still, managers shouldn’t be discouraged by the lack of 

short-term financial gains, since GSCM can help create future competitive advantages. 

(Laari et al., 2018.) Sustainable entrepreneurs are ready to imply disagreement with 

prevailing paradigms and implement a more long-term focus (Kraus et al., 2018). 

On the organizational level, a small and medium sized enterprise’s internal culture is critical 

for adopting a sustainable entrepreneurial orientation (Kraus et al., 2018). Cost-related 

pressures, and operational/economic performance are important factors. These include 

setting sustainability policies, training employees for sustainability, and providing resources 

for implementing sustainability initiatives. In large organizations, market and regulatory 

pressures may have a greater influence than in smaller organizations where competitive 

pressure may have more influence. (Saeed & Kersten, 2019.) 

External drivers exert most of the pressure; the regulatory pressure cluster (regional, national 

and international regulations), is the most essential. Organizations undertake sustainability 

initiatives to avoid penalties or developing a bad reputation in spite of the fact that they might 

cause, in the short run, poor economic performance in terms of the investment recovery. 

Important cluster is also the market pressure cluster, where customer pressure and reputation 

were identified as primary reasons for adopting sustainability practices customer pressure 

being an important diver. There are pressures from societal groups and public communities 

to adopt sustainability practices. (Saeed & Kersten, 2019.) 

Abbasi and Nilsson explored (2016) logistics service providers themes and challenges in 

developing environmentally sustainable logistical activities. Plans and objectives for 

sustainable development, internal resources efficiency, effectiveness, and utilization, 

measurement and assessment, the need for innovation for sustainable development, energy- 

and fuel efficiency were the main themes. Cooperation with other stockholders on 

organizational, national, and international levels to increase the awareness about the 

dimensions and importance of sustainable logistics was important. The challenges were 

customer priorities, managerial complexity, network imbalance, and technological and 
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legislative uncertainties. Cost and time were prioritized more than environmental 

friendliness. (Abbasi & Nilsson, 2016.) 

The link between environmental and financial performances of a company is more enhanced 

when the explorative orientation is strong.  Ambidexterity in logistics operations refers to 

the simultaneous act of exploiting existing competences and exploring new opportunities in 

logistics management and collaboration with supply chain partners. Financial resources and 

environmental investments need to be coupled to find new, innovative solutions.  This 

orientation helps companies meet divergent stakeholder expectations. For SMEs, this might 

be challenging due to lack of knowledge concerning the environmental impacts as well as 

financial resources. An explorative attitude may increase the awareness and provide impulse 

to environmentally friendly outcomes. Investments in new technologies to improve logistics 

operations promotes this approach. (Rintala et al., 2022.) The company must develop 

dynamic capabilities that enhance the potential to modify methods of operations. It is 

necessary in order to adapt to changing business environment. Innovations help companies 

fortify abilities which affect positively also to risk management capability (Sabahi & Parast, 

2020). 

The research results create a picture of an entrepreneur who is committed to sustainability 

both at the strategic and operational level and the long-term aims are accepted and clear. An 

entrepreneur also has the courage to make solutions that deviate from the mainstream and 

act as a pioneer. Identifying the requirements and expectations set by society and customers 

guides operations. The introduction of new, less polluting technology is an essential part of 

these operations. Examining the process of adopting new technology, biogas, increases 

understanding of the situation in which many transport entrepreneurs are at the moment. 

 

3.2  Adoption of new technology 

3.2.1  The process of adoption of new technology 

Research is surprisingly scarce concerning transport company managers process of adopting 

new technology, especially renewable fuel. Deciding on the most appropriate action, 

especially when it involves investing in new technologies, is challenging. There is a need for 

https://www.sciencedirect.com/science/article/pii/S092552732200072X#bib74
https://www.sciencedirect.com/science/article/pii/S092552732200072X#bib74
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clear specifications on how new technical and sustainable alternatives are suitable for 

different purposes and target groups. It is particularly important for companies with limited 

resources to have a task force for innovation (Frenzel et al., 2021). Transport companies face 

many challenges when upgrading and maintaining the fleet in respect of the capacity, 

propulsion, maintenance, finance e.g. The key question is whether renewable fuels can be a 

real alternative to internal combustion engines for users. There's also limited research on 

how biogas is spreading as a transport fuel. (Takman & Andersson-Sköld, 2021).  

The process of adopting new technologies, user acceptance, form the basis of the theoretical 

framework in some of the research papers. Frenzel et al. (2021) studied identification of 

early adopter, user acceptance, and policy implications utilizing group discussions with 

commercial fleet operators in Germany. Users are more likely to accept a new product or 

innovation if it offers clear advantages over what's already on the market. Research shows 

that several key factors affect acceptance of new fuel technologies: environmental 

awareness, how useful and easy the technology is to use, the company’s image, and the 

availability of fueling stations (Frenzel et al., 2021).  

Bae et al., (2021) studied in California the factors influencing alternative fuel adoption 

decisions in heavy-duty vehicle fleets. The researchers used existing literature and new 

empirical data to create an initial theoretical framework that conceptually explains the 

adoption behavior. The adoption process has five stages. The first stage is awareness, where 

an organization acknowledges alternative fuel technology(ies) creating a need for adopting 

AFV(s). The second stage is consideration, when decision makers consider AFVs with the 

purpose of achieving their goals. At the third stage managers decide whether or not to adopt 

the AFV(s). Stage four is implementation and the last stage confirmation. The theoretical 

framework at the decision-making level includes perceived technology characteristics of 

AFVs compared to conventional vehicles, organizational characteristics and past experience 

with AFVs. Technology suppliers, governments, and social networks also affect AFV 

adoption. At the individual acceptance level includes attitudes of key individuals towards 

AFVs. To encourage positive attitudes, drivers can be given education and training. People 

who are naturally open to new ideas are more likely to view alternative fuel vehicles (AFVs) 

positively. Also, hearing about the pros and cons of AFVs from peers who have used them 

can influence how individuals feel about adopting them. (Bae et al., 2021.)  
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A theoretical framework of barriers and enablers by Mohammed et al. (2020) synthesizes 

and analyses factors affecting companies’ adoption of AFVs. Their theoretical framework 

on Firm Adoption of Sustainable Technologies (FAST) integrates several technology 

adoption models with the attribute of ‘perceived risk’. Companies adopting AFVs are 

influenced by a combination of technical, contextual, social, cognitive, and emotional 

factors. Factors are: perceived risk, management involvement, training for the innovation, 

performance expectancy, effort expectancy, social influence, environmental factors, 

organizational factors, attitudes and emotions. (Mohammed et al., 2020.) 

3.2.2  Drivers and barriers of biogas adoption 

Adopting renewable fuels in heavy road transport offers many opportunities but there are 

also barriers. Introducing current research papers will give a deeper understanding of the 

situation, but only a few discuss biogas. A considerable amount of the studies are qualitative; 

the main argument for this relies on the novelty of the phenomenon under study (Abbasi & 

Nilsson 2016, Axsen & Pickrell-Barr 2024, Bae et al. 2021, Fenton & Kanda 2016, Frenzel 

& al. 2021, Takman & Andersson-Sköld 2021). Additional documents used in some papers 

are mentioned when discussing them in detail. Although the studies used in this context were 

conducted in different countries, the results were very similar. 

The theoretical background of the analyzed papers differs somewhat from each other. Both 

Takman and Andersson-Sköld (2021) and Fenton and Kanda (2016) utilize partially a 

framework based on Mignon and Bergek (2016). In their research, Takman and Andersson-

Sköld created a framework for barriers, opportunities, and potential solutions for renewable 

energy diffusion; exemplified by liquefied biogas for heavy trucks. The researchers 

combined the frameworks created by Browne et al. (2012) and Mignon and Bergek (2016). 

The researchers, after making some minor changes, ended up to the following categories: 

financial barriers, technical, commercial, and physical barriers, policy barriers, public 

acceptability and interaction challenges and market structure (Takman & Andersson-Sköld, 

2021). Fenton and Kanda assessed barriers to the diffusion of biogas for transportation from 

a system and actor perspective using document studies and interviews. They used the 

synthesis of system- and actor-level factors by Mignon and Bergek (2016) as well as adding 

some elements from other appropriate research findings. Synthesis of factors influencing the 
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diffusion of environmental technologies include the following factors: System-level 

challenges, actor-level challenges and business aspects (Fenton & Kanda, 2016). 

Axsen & Pickrell-Barr (2024) studied organizations' perceived barriers and motivators for 

alternative-fuel vehicles of several types of fleet operators. Based on literature review they 

identified five thematic categories. The first key theme is financial factors, which affect 

whether a company can or wants to use alternative fuel vehicles (AFVs). The second is the 

organizational context—things outside the company’s control, like regulations or market 

conditions. Third are the practical aspects of AFVs that affect daily operations, which the 

company can influence to some extent. Fourth is internal dynamics, such as company 

culture, values, and internal processes like how they make purchases. The last theme is 

knowledge—what the company already knows about AFVs or how easily it can learn and 

share that knowledge. (Axsen & Pickrell-Barr, 2024.) 

The above introduced papers describe several drivers for alternative fuel, including biogas, 

adoption. The role of changing customer behaviors is one of the key drivers promoting 

sustainable logistics (Abbasi & Nilsson 2016, Saeed & Kersten, 2019.) Understanding 

customer behavior in one element in competitive advantage, which is seen as a driver. 

Sustainability is one of the drivers, the most mentioned opportunities were 

climate/environmental benefits (Takman & Andersson-Sköld, 2021). Axsen & Pickrell-Barr 

(2024) note that fleets adopt alternative fuels partly for sustainability branding. 

Environmental gains is one of the primary enablers of the adopt (Mohammed et al., 2020). 

The adoption of sustainable product gives a competitive advantage (Kraus et al., 2018, Saeed 

& Kersten, 2019). Takman & Andersson-Sköld (2021) emphasize financial incentives as a 

positive driver due to taxation structures in Sweden which make biogas nearly cost-

competitive with diesel. Potential profitability is seen as an opportunity. Mohammed et al., 

(2020) see economic gains as a driver. Axsen et al. (2024) mention operations and 

maintenance savings and vehicle purchase incentives as motivators as well as positive 

history of alternative fuel vehicle use.  Financial incentives have assisted HDV fleet 

alternative fuel adoption (Bae et al., 2021). 

In addition to the previously mentioned benefits, subsequent studies also strongly 

highlighted technical aspects. Bae et al. (2021) highlight that key factors influencing 

adoption include how well the technology works, its cost, the availability of fuel stations, 

and the reliability and safety of the vehicles. Organizational values also play a big role—
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such as a company’s commitment to social responsibility, reducing diesel emissions, or 

being open to testing new technologies. Business strategy is another strong driver. Frenzel 

et al. (2021) found that long-distance trucking, especially by transport companies, is most 

likely to adopt renewable fuels early. They identified three main focus areas: how practical 

renewable fuels are to use (like how ready the vehicle technology is and how much users 

know), the environmental effects of making these fuels, and how renewable fuels compare 

to electric vehicles. 

There are many barriers to the adoption of biogas. Biogas, like other renewable fuels, is still 

relatively unknown even to some transport entrepreneurs. It is not surprising that many 

information-related factors have emerged as barriers to adoption. Lack of knowledge and 

uncertainty concerning functionality are common (Abbasi & Nilsson 2016; Bae et al. 2021; 

Mohammed et al. 2020; Takman & Andersson-Sköld 2021). There are question rising 

concern safety issues (Bae et al. 2021; Fenton & Kanda 2016). Many companies choose not 

to adopt AFVs because they think certain types, like electric or hydrogen trucks for specific 

heavy-duty jobs, aren't available on the market yet (Bae & al. 2021). At the operational level 

a lack of fueling infrastructure was the most common barrier (Abbasi & Nilsson 2016; Axsen 

et al. 2024; Bae et al. 2021; Fenton & Kanda 2016; Frenzel et al.; 2021; Takman & 

Andersson-Sköld 2021).  

Commonly cited barriers were financial issues, e.g. high capital cost of vehicles and 

relatively higher prices of biogas (Abbasi & Nilsson 2016; Axsen et al. 2024; Bae et al. 2021; 

Fenton & Kanda 2016; Mohammed et al. 2020; Takman & Andersson-Sköld 2021). 

Transport companies would need financial support when switching to lower-emission HDTs 

in the form of tax subsidies and purchase subsidies. However, political decision-making is 

perceived as problematic. Unstable regulations and policies were very commonly identified 

as one of the most problematic factors (Abbasi & Nilsson 2016; Fenton & Kanda 2016; 

Frenzel et al. 2021; Takman & Andersson-Sköld 2021). The role of politics is important, it 

ought to enable the diffusion of renewable energy. Conflicting political priorities and shifting 

strategic objectives do not contribute to the situation. Mixed signals concerning the role and 

viability of biogas for transportation do not facilitate company decision-making (Abbasi & 

Nilsson 2016). The final theoretical section examines, among other things, key rules and 

political policies concerning Finnish transport companies. 
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3.3  Policies 

The EU’s Sustainable and Smart Mobility Strategy sets goals for cleaner transport. By 2050, 

almost all cars, vans, buses, and new heavy-duty vehicles should produce no emissions. To 

reach this goal, the EU plans to promote zero-emission vehicles, renewable and low-carbon 

fuels, and the infrastructure needed to support them (European Union, 2021). Advanced 

biofuels and biogas made from specific feedstocks must make up at least 0.2% of transport 

energy use by 2022, at least 1% by 2025, and at least 3.5% by 2030 (European Union, 2018). 

It is not easy for the EU to reach its emissions targets. EU net GHG emissions were 3.2 

billion tonnes of CO2 equivalent in 2022.  This is 31% lower than in the reference year 1990. 

The agreed target for 2030 is as demanding as a 55% reduction and for 2050 a 100% 

reduction. A positive sign is that the share of renewable energy is steadily growing in energy 

consumption as seen as. The share is highest in Sweden (66.4%) and second highest in 

Finland (50.8%). Transport activities consumed 32% of energy in Eu in 2023. (Eurostat, 

2025.) 

The EU requires companies to report on sustainable development, they must include 

sustainability reporting in their annual reports. As part of the EU’s Green Deal Plan (2022), 

Corporate Sustainability Reporting Directive (CSRD) entered into force in January 2023. It 

replaced Non-Financial Reporting Directive (NFRD). The goal is to give investors and other 

stakeholders enough information to understand how companies affect the environment and 

society. When a company must start reporting depends on its size, specifically, the number 

of employees, yearly revenue, and value of its assets (European Commission 2023). 

Anyhow, Commission gave a press release in February 2025 informing some changes. 

Around 80% of companies are removed from the scope of CSRD. The focus of the 

sustainability reporting obligations will be on the largest companies. The aim is to ensure 

that sustainability reporting requirements on large companies do not burden smaller 

companies. The reporting requirements for companies currently in the scope of CSRD is 

postponed until 2028 (Commission press corner 2025). 

In Finland, in the Climate Act (2022) the objective is that anthropogenic greenhouse gas 

emissions decrease so that the combined anthropogenic greenhouse gas emissions to the 

atmosphere from the effort sharing and emissions trading sectors decrease by at least 60 per 

cent by 2030 and by at least 80 per cent by 2040 compared to the 1990 levels. The aim is 
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that the reduction is of 95 per cent by 2050 compared to the 1990 levels (Climate Act 

423/2022). Transport emissions 2023 (excluding CO2 emissions from domestic aviation) 

have decreased by around 3.3 Mt CO2-eq since 2005, decreasing by 0.4 Mt CO2 eq year on 

year. This change has been affected partly by the increase in the share of biofuels. The aim 

is to reduce transport emissions by 50 % by 2030 compared to the 2005 level (Ministry of 

the Environment, 2024).  "In 2022, the previous government raised the 2030 target for the 

share of biofuels in road transport to 34%. However, the targets were lowered to 12% for 

2022 and 13.5% for 2023. A 10% sub-target can be met using biofuels, biogas from specific 

feedstocks, and renewable fuels of non-biological origin (RFNBOs). By 2030, at least 3.5% 

must come from advanced biofuels. The current government, in office since 20 June 2023, 

may update these targets. As of June 2023, the law requires that renewable fuels make up 

34% of road transport fuels and that 10% of light fuel oil use is replaced by bioliquids by 

2030 (Huttunen et al., 2024).  

The annual assessment of global ZEV policies and market developments by The 

International Council on Clean Transportation (ICCT) sees some positive signs. Supply-side 

vehicle regulations are increasing in the major vehicle markets accelerating ZEV adoption. 

For HDVs regulations have paved the way for ZEV sales shares of 100% in California by 

2036 and 77% in the European Union by 2040. Fiscal incentives could be one way to 

increase ZEV adoption at the company level (Sen et el., 2025). At the end of June 2024, in 

Finland were 97,363 trucks in traffic, and the vast majority of them, approximately 96%, 

were diesel-powered. The share of alternative power sources was 0.6%. Compared to June 

of the previous year, the number of gas-powered trucks has decreased by 144 vehicles. In 

turn, the number of electric-powered trucks has increased by 40 vehicles and a few vehicles 

running on high-blended ethanol (Traficom, 2024). Subsidization for clean-tech and bio-

based fuels and change in taxation legislation are the most important actions to implement 

the technological advancements in heavy duty transportation (Inkinen & Hämäläinen, 2020).  

Largest domestic energy sources in Finland in 2023 were biofuels and waste, 45%, and 

nuclear, 40%. In transport, consumption by source, oil products had a share of 82%, biofuels 

and waste 14,4% like presented in Figure 2 (IAE, 2024.)  
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Figure 2. Final energy consumption by source in the Finnish transport sector, 2022 

(IAE, 2024) 

 

The amount of energy a fuel can store affects how far vehicles can travel. In large countries 

like Finland, where transport distances are long, diesel heavy-duty trucks are currently the 

most common for freight—and this is expected to continue for several more years (Inkinen 

& Hämäläinen, 2020).  

Figure 3 (Statistic Finland, 2025) shows energy consumption of road transport, TJ per year, 

between 2010 and 2023. 

 

Figure 3. Energy consumption of road transport, TJ per year, per fuel type between 2010 

and 2023 (Statistic Finland, 2025). 
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Diesel is the most the most used fuel in Finland, although the trend is slightly downward. 

The use of biogasoline and biodiesel has increased.  The greatest growth has occurred in the 

renewable fuels; biogas and electricity. Diesel will likely maintain its position for some time 

despite high emissions due to cost levels and comprehensive refueling infrastructure 

(Cunanan et al., 2021, Kluschke et al., 2019, Navas-Anguita et al., 2019.) If no political 

actions (e.g. subventions) are taken to support the diffusion, the 2050 climate targets will not 

be met. 
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4  Research design and methodology 

This study employs a qualitative study approach to examine the key drivers and barriers 

influencing LBG adoption as well as measures facilitating the market expansion in Finland. 

The diffusion of liquefied biogas (LBG) in heavy duty transport (HDT) involves many 

factors related to transport companies and biogas operators. The semi-structured interviews 

are used in the data collection followed by analysis, and interpretation, prioritizing 

information-rich analysis over statistical generalization. 

4.1  Overview of Methodology 

This study utilizes qualitative study framework. Understanding the adoption of biogas, as 

still quite new fuel for HDTs, this framework captures real-world complexities. 

Comprehensive literature review in chapters 2 and 3, establish a foundational understanding 

of biogas adoption in HDTs. Explored technological aspects and production of biogas, 

demands of sustainable logistics, adaptation of new technologies and policy frameworks, 

defined the core themes. By integrating literature-based insights with empirical findings, this 

study contributes to renewable energy transition research while offering practical 

recommendations for advancing biogas adoption. The study concludes with strategic 

recommendations, emphasizing the key results. By integrating stakeholder perspectives with 

theoretical insights, the research provides a holistic understanding of biogas diffusion in 

Finland’s HDT sector.  

When conducting qualitative business research, one can focus on the complexity of business-

related phenomena in their contexts. New information is produced about how things work 

in real-life business and why they work in a particular way. Qualitative research can open a 

critical and reflexive view about the core processes of the business.  Companies and 

corporations are the main sources and sites for research questions and for empirical data. 

(Eriksson & Kovalainen, 2008.) In this study new information is produced about the 

diffusion of biogas in heavy-duty road transport. The real-life data is gathered from the 

transport companies and biogas suppliers concerning the drivers, barriers and future 

prospects of the diffusion. A case study is closely connected to real-life situations, making 
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it possible to explore and apply ideas as events unfold in practice. Strengths of case studies 

include strong understanding of concepts, deep insight into context and processes, ability to 

explain why something happens, and clear links between causes and effects. 

Weaknesses include limited knowledge about how common the findings are in a larger 

population, and unclear or unknown statistical significance. (Flyvbjerg, 2011.) A case study 

design enables an in-depth exploration of how transport companies and biogas suppliers 

engage with biogas adoption. This study does not aim for statistical significance. 

4.2  Data 

In qualitative research methods of data collection include e.g. interviews and observation, 

methods of data analysis include e.g. thematic analysis. The data gathering and data 

analyzing processes are closely related with each other. Interviews are a popular way to 

collect data serving as research vehicles. The goal of the interview is to produce empirical 

material about the phenomenon being studied. In most interviews, talk has been organized 

in a way where interviewers ask questions and interviewees provide answers. (Eriksson & 

Kovalainen, 2008.) The empirical data in this research was collected through semi-structured 

interviews. According to Galletta (2013), although this method has great potential, it is still 

underutilized. A semi-structured interview is both flexible and sufficiently structured to 

answer the research questions. The method leaves it up to the research participants to bring 

out new meanings related to the topic under study. It gives space for the narrative to unfold, 

but also includes questions posed by the theory. To capture real-world, semi-structured 

interviews serve as the primary data collection method, allowing participants to elaborate 

phenomenon to be studied. (Galletta, 2013.) Thematic interviews use themes prepared based 

on previous research and familiarization with the topic, themes being the same for all 

interviewees (Hirsjärvi & Hurme 2008). Semi-structured interviews with transport operators 

and biogas suppliers offer a context-rich exploration of biogas adoption as a relatively new 

experience. Focusing only on numbers could miss key information. Both the themes and 

questions drew on relevant theory presented in Chapters 2 and 3. The research focuses first 

on identifying drivers and barriers (e.g., cost factors, policy instruments, technological 

readiness); second, on analyzing measures required to expand biogas market presence. 

Interview questions align with these themes while allowing flexibility for emerging insights. 

Some questions integrate rating scales to compare stakeholder perspectives on critical 
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adoption factors. The structure of the thematic interview is described in the interview guide 

(Appendix 1: Interview guide).  

In a thematic interview, the order of the questions can be varied (Hirsjärvi & Hurme 2008). 

Despite a preprepared outline of themes, it is possible to react with the wording and order of 

questions in each interview. In this way, the materials are somewhat systematic and 

comprehensive, while the tone of the interview is fairly conversational (Eriksson & 

Kovalainen, 2008). The researcher should prompt the participant and rephrase questions 

when needed. One should also be prepared to be flexible and make changes according to the 

interview situation. It is important to notice points where clarification is needed as well as 

points which to return for elaboration (Galletta, 2013). When conducting the interviews, the 

key principles described above were followed.  

In qualitative business studies, access to companies can be problematic. It is common to use 

convenience sampling procedures like the previous contacts of the researcher (Eriksson & 

Kovalainen, 2008). In a case study, there are several strategies for the selection of cases. The 

expectations about the information content of the cases are determinant. In information-

oriented selection, the aim is to maximize the utility of information from small samples and 

single cases. In maximum variation cases it is relevant to obtain information about the 

significance of various circumstances for case process and outcome. This may mean three 

to four cases which differ from each other in one dimension: e.g. size, form of organization, 

location or budget (Flyvbjerg, 2011). A diverse range of stakeholder perspectives is crucial 

for understanding biogas adoption. This study follows a strategic selection process to ensure 

insights from varied industry experiences. Participants include transport companies with 

different levels of biogas experience, size ranging from small local companies to large 

national and international companies, as well as biogas suppliers. The selection process 

relied on industry networks as well as professional associations. Nine semi-structured 

interviews were organized with transport companies and two semi-structured interviews 

with the representatives of biogas supplier side, representing two key distribution companies.  
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The list of interviewees from the transport company side can be seen in Table 1. 

 

Table 1. Transport company interviewees 

Number 
Position of 

interviewee 
Size Fleet Composition 

1 Owner Large Biogas, Diesel, Electric 

2 Owner Small Diesel 

3 Owner Medium Biogas, Diesel  

4 CEO Medium Biogas, Diesel 

5 CEO Small Biogas, Diesel 

6 CEO Small Biogas, Diesel  

7 CEO Medium Biogas, Diesel 

8 Top Management Large Biogas, Diesel, Electric 

9 Owner Small Diesel 

 

Key customer segments of the transport companies include central wholesalers, grocery 

retailers and heavy industry. For the biogas suppliers, key customer segments are logistics 

companies, grocery retailers and industrial transporters. 

Informed consent is important ethical element. The basic information of the study including 

the purpose of the study, the role and identity of researcher and the future use of data are 

important for the consent. In addition, the offer to answer further questions are important 

information for the possible participants. (Eriksson & Kovalainen, 2008). Interviews were 

individually agreed upon with each interviewee by e-mail. The purpose and ethical basis of 

the research were discussed beforehand. In business research, the confidentiality of the 

information e.g. of business operations concerns companies, using pseudonyms of 

organizations in research report is one way on safeguarding (Eriksson & Kovalainen, 2008). 

Concerning confidentiality, it was agreed that identifying interviewees is not possible at any 

stage of the process. Participants are in this study referred to as interviewees. Code R means 

a representative of a transport company, code S a representative of a biogas supplier. 
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All interviews took place in February and March 2025. Interviews were conducted via 

Microsoft Teams, recorded with participant consent, and transcribed verbatim. According to 

Braun and Clarke, transcription informs the early stages of analysis. It is important to check 

them against the original audio recordings. (Braun & Clarke, 2006.) Initial notes were made 

during and after transcription to support thematic analysis. The notes proved to be a valuable 

source of additional information. Interviews were translated in English. It proved to be 

important to follow both Finnish and English transcribes when describing and analyzing the 

results so that all the nuances could be recognized. 

Saturation of the data means a situation where new cases no longer provide new information. 

Even a relatively small amount of data can be used to draw conclusions that are more general 

than just about the data in question, when the data begins to repeat itself. For a researcher, it 

is important to see the data in a diverse way while collecting the data (Hirsjärvi et al., 2009).  

In this study, the number of interviewees was sufficient from a saturation point of view. All 

the interviewees were representing management level having a broad and deep 

understanding of the phenomenon under study which could affect saturation. The 

interviewees of biogas suppliers represent the main suppliers in Finland. 

Thematic analysis is a widely used and theoretically-flexible method for identifying, 

analyzing, and reporting themes within qualitative data. Themes emerge from interviews 

capturing the key elements in relation to the research questions. It’s a process of moving 

back and forward between the data and coded extracts and the analysis were where writing 

goes along with it all the time. When the data has been collected by the researcher through 

interactive means, primary knowledge already exists. Active and repeated reading is 

necessary to search for meanings and patterns before coding. (Braun & Clarke, 2006.) In this 

research, the interviews were conducted by the researcher. The interview situations created 

a solid foundation for the analysis of the data. This was also supported by the transcription 

and the reviews of the material due to the translation. Coding was made manually. 

According to Braun and Clarke (2006), coding a theory-driven data may take place by coding 

around specific questions. The list of initial codes was based in the semi-structured interview 

where answers to the open-ended questions were gathered under each theme. Some potential 

new themes were identified during this process. The analysis follows a dual approach: first, 

description-focused coding systematically categorizes stakeholder perspectives, ensuring an 

objective presentation of findings. Second, interpretation-focused coding explores deeper 
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connections, linking the main themes (Nowell et al., 2017). Qualitative data analysis is an 

ongoing and iterative process where analysis accompanies data collection. It requires careful 

reading of the interview transcripts and returning frequently to the information provided in 

the interview. Specific thematic codes and patterns emerge and take on increased meaning 

and theoretical weight. Finally, themes are synthesized toward interpretation and theory 

building (Galletta, 2013). The approach described above guided both the collection and 

analysis of the data. 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. Since the study does not quantify findings, stakeholder insights highlight shared 

experiences and challenges rather than implying statistical consensus. 
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5  Results 

This chapter presents the main themes of the results of interviews with transport companies 

and biogas suppliers. The chapter is divided into three sections according to the research 

questions: 1. The key drivers influencing the adoption of biogas in heavy road transport. 2. 

The key barriers influencing the adoption of biogas in heavy road transport. 3. The future 

outlook of biogas in heavy road transport. 

 

5.1  Drivers for biogas adoption 

Divers for biogas adoption are operational aspects of biogas HVDs, customer demand, 

scarcity of other renewable energy sources for HDTs, domesticity and regulations (Figure 

4). 

  

 

Figure 4. Drivers for biogas adoption. 
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Operational aspects 

Seven of the transport companies interviewed have already incorporated biogas HDTs into 

their operations, while two are exploring the option. In two companies, biogas is in use 

already in 18–30% of their fleets. “Last year, we upgraded seven of our trucks from diesel 

to biogas, and now over 30% of our fleet operates on biogas” (R7). “We are one of the 

largest users of biogas in the transport sector in Finland—probably only Posti has more 

gas-powered trucks. Currently, around 18% of our truck transport mileage is operated with 

biogas” (R4).  In the two of the smallest companies all HDTs are using diesel but a change 

is taking place. The other one of them will have the first biogas HDT in summer 2025 and 

the other one has had an unsuccessful experience earlier but it hasn’t affected the interest in 

biogas, at the moment, “the attitude towards it is very positive” (R9). This company is now 

exploring the possibilities of biogas. The decision to buy a biogas HDT was preceded by the 

acquisition of information. “We have been exploring it for several years, we introduced our 

first biogas truck last autumn” (R6). 

Transport companies have had largely positive experiences with the use of biogas. Some of 

the interviewees say that initially gas-powered HDTs were somewhat underpowered but 

there is no such problem anymore. Biogas vehicle technology is considered mature for 

HDTs. “The vehicle technology has been improving over the last few years. The technology 

is mature, and maintenance is comparable to diesel” (R6).  “Yes, we have not encountered 

any major technical issues—only the usual wear and tear similar to diesel trucks” (R5). One  

advantage is that LBG provides a greater driving range (about 1000 km) compared to CBG 

(about 300–400 km). “The range of the biogas trucks is a bit shorter, which can be a 

problem, but now I know Scania is introducing a new biogas truck with a much better range” 

(R8). Both biogas suppliers say that improvements in engine technology and infrastructure 

contribute to adoption. “For long-haul transport, biogas is seen as the most effective solution 

for reducing emissions” (R4). Positive experiences have supported purchasing decisions and 

old biogas HDTs are replaced due to high mileage with new ones.  

 

Refueling and safety aspects are important for the transport company. Refueling 

infrastructure emerged as both a driver and a barrier, depending on the operational area of 

the company. “Biogas has been a natural choice for us because the fueling infrastructure is 
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well developed in our operating area” (R5). “The refueling network is well-developed, 

especially in the capital region” (R3). “We have not faced major supply shortages at 

refueling stations” (R6). When comparing experiences of CBG and LBG, CBG is 

considered easier for drivers to refuel, but it takes longer time than refueling LBG. Special 

protective equipment during refueling is needed when refueling LBG. It is not considered as 

a barrier once drivers have become accustomed to its use. “Liquefied petroleum gas (LBG) 

when it's one hundred and sixty degrees below zero, you have to have all the training and 

protective equipment when you go to refuel, meaning you have to wear long sleeves and a 

face mask and big gloves, because the splash is so cold that it burns through the skin” (R1). 

“The driver of a gas truck must be motivated and active. He must understand the technology 

and be able to perform the driving checks” (R1). One more safety aspect was mentioned. 

Authorities have required clear labeling of fuel types on trucks for accident response 

purposes. “Well, the authorities said that the car must be marked with what kind of 

powertrain it has, so that if there is a crash, for example, the fire department or rescue 

personnel will know whether it is a gas or electric car” (R3). This is seen as a positive safety 

factor. 

The interviewees also compare diesel and biogas to each other in connection with this theme. 

Every interviewed company use also diesel trucks but the transition to lower emissions 

HDTs is taking place. “But those emissions targets are driving the diesel to the point where 

it will always remain in bronze, so to speak, and will be the last one” (R3). Refueling time 

of biogas is the same as for diesel, and not any operational differences has been noticed. In 

winter conditions, biogas HDT is reliable with fewer technical problems than diesel HDTs. 

When comparing to biodiesel, biogas is significantly more cost-effective and preferred by 

the customers. One interviewee discuss diesel fuel theft which is not a problem with gas and 

electric vehicles, which improves security. “So it's kind of a safety factor for the driver, 

making it easier to choose a parking spot, not having to worry about where you'll be robbed 

or your studs stolen” (R3). 

 

Scarcity of other renewable energy sources for HDTs 

An important driver for biogas adoption is the scarcity of other renewable energy sources 

for HDTs. This new theme was formulated when the interviewees evaluated the potential of 
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other renewable fuels. Only two of the transport companies have electric vehicles at the 

moment, both of them are the largest companies. Many barriers of electric vehicles are 

driving ahead the use of biogas. Interviewees point out the uncertainty around electric 

technology preventing the wider adoption in HDTs at the moment. “Because of the 

complexity with electrification, we see biofuels as a very important bridge technology that 

will be with us for a very long time” (R8). One barrier for the adoption of electric HDTs is 

that currently they cannot handle the same transport tasks as biogas HDTs. Especially in the 

Nordic countries biogas is more cost-effective than electricity and better suited for long-haul 

transport. At the moment, biogas offers better range and operational reliability than electric 

HDTs. “We are very open to testing new technologies. However, due to our long transport 

distances, we haven’t yet considered electric trucks” (R5.) Electrification of transportation 

is now possible with smaller vehicles operating shorter distances than HDTs. “The maturity 

to go over to electricity is different in the different segments. If we look at the small vehicles 

like parcel vehicles, that sector is ready to use battery-electric vehicles. But if we look at the 

heavy vehicles, it's more complex” (R8). The development of refueling infrastructure is one 

critical factor at the moment. Also charging of an electric HDT takes quite a long time, which 

takes up work time.  “The company must now agree locally on the charging time for the 

electric car, whether it is the driver's working time or waiting time” (R3). Electric HDTs are 

still too expensive. “In the future, what will the banks do, when they of course want to finance 

green values, but when it's like double the price of electric cars” (R3). None of the 

interviewees use hydrogen vehicles at the moment. Hydrogen is often discussed, but its 

development is still in progress. Technological advancements of hydrogen could impact its’ 

competitiveness in the future. 

 

Customer demand 

Customer demand emerged as a very significant theme. Every interviewee considers it an 

important driver. “Customers increasingly demand lower-emission transport solutions, 

which strongly influences our decisions. Sustainability goals are closely linked to customer 

expectations, and we aim to reduce emissions annually” (R6) “We see a growing 

requirement for lower emissions, so our approach is that every new truck we acquire will be 

biogas-powered” (R5).  “Customer demands are a significant driver. Whatever is ordered 

must be delivered accordingly” (R9). Customers’ sustainability goals steer strongly the 
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interest in biogas by setting sustainability requirements for transport company. “Our 

customers have strong sustainability requirements. We see a growing requirement for lower 

emissions, so our approach is that every new truck we acquire will be biogas-powered” 

(R5). Some customers communicate their own emission reduction targets to the transport 

companies and request certain deliveries to be handled with biogas-powered trucks. Vehicle 

selection is made in some cases in collaboration with customers since the operational 

lifespan of HDT is long (about five years). Customer demand is also considered strong driver 

on the biogas suppliers’ side. “Many businesses require low-emission transport solutions. 

Demand is driven by corporate sustainability mandates rather than organic market forces.”  

(S1). Both interviewees representing suppliers value emission reduction targets as important 

drivers. They also notice circular economy benefits as an important driver.  

Sustainability as part of the marketing and brand was connected to the customer demand. 

The transport companies involved in this study consider meeting environmental expectations 

essential for the company's future. “If you fall behind in this area, you will definitely lose in 

the long run” (R1). Business opportunities arise when a transport company demonstrates to 

be a modern company with strong environmental values. It is seen as a form of proactive 

marketing and staying competitive. “Climate change is affecting the whole world, and our 

customers want us to take charge. For us, if we want to make money in five years and ten 

years, we need to be on top of this” (R8). “I drive a diesel car, a gas car and an electric car 

in that yard, so no layman can tell the difference between those cars, because it requires, so 

to speak, taping or something like that, attention. So, by taping, you have to bring that 

visibility to that biogas or electricity” (R1). “We also want to stand out from competitors 

and demonstrate concrete green actions through emissions reporting, external 

communications, and marketing” R7. Larger companies highlight the importance of biogas 

use in marketing activities more strongly than small and medium sized companies. 

 

Biogas as a domestic fuel 

A new theme as a driver for biogas use is domesticity. Both of the interviewed biogas 

suppliers discuss the importance of domestic production; part of their business is also in 

production sector.  “Biogas supports waste management and domestic energy production” 

(S1). One interviewee from the transport side also brings up domesticity. “Reduced 
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dependence on imported fuels make it an attractive option” (R9). Domesticity did not 

receive any other comments from the transport companies.  

 

Regulations 

Regulations as drivers are pointed out. “Legislation is playing an increasingly significant 

role. Especially as larger companies must now report their emissions. One of our clients has 

already asked us to provide emission data for their sustainability reporting” (R5). For 

biogas suppliers, regulations supporting sustainable development are important drivers. 

“Policies play a critical role in market growth. EU’s reporting requirements force 

companies to act on sustainability commitments, making biogas a cost-effective way to 

reduce emissions" (S1). 

 

5.2  Barriers to biogas adoption 

Barriers to biogas adoption are policy uncertainty, financial constraints, refueling 

infrastructure, availability of biogas HDTs and lack of knowledge (Figure 5). 

 

 

Figure 5. Barriers of biogas adoption 

BARRIERS OF 
BIOGAS 

ADOPTION

Policy 
uncertainty

Financial 
constraints

Lack of 
knowledge

Availability of 
HDTs

Refueling 
infrastructure 



47 

 

 

Policy uncertainty  

Policy uncertainty is among the most frequently mentioned barriers to biogas adoption. 

Uncertainty prevents long-term strategic planning. There is frustration over shifting 

government priorities and inconsistent incentives, making it difficult to assess the long-term 

competitiveness of biogas. As one interviewee 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” (R4). The companies discuss regulatory frameworks, unstable tax incentives, and 

inconsistent policy support making investment in biogas infrastructure and fleets 

challenging. Biogas suppliers see policy uncertainty and regulatory inconsistencies 

challenging. “Fluctuations in government incentives create unpredictability” (S2). “Policy 

instability remains a major challenge, affecting investment confidence” (S1). 

 

Financial constraints  

Financial constraints are connected to the policy uncertainty remaining a significant 

challenge, particularly the high purchase price of biogas trucks. “The absence of purchase 

subsidies is a significant barrier. The price difference compared to diesel trucks is still 

around €40,000–50,000” (R2). HDT prices have raised suspicions of collusion between car 

dealerships. When an entrepreneur requests a quote, the prices are close to each other, raising 

suspicions of a cartel. There is also a need for better compensation for the additional costs 

of running biogas vehicles. “Some clients have been reluctant to pay a premium for biogas-

fueled transportation. It took us two years to negotiate additional compensation with one 

client before they agreed, and now we have two biogas trucks running for them” (R5). 

Financial factors are challenging also for biogas suppliers. “High production costs and 

capital investments.” (S1). For suppliers, fuel prices are a challenge. "One of the biggest 

issues is aligning biogas pricing with diesel when their cost structures are fundamentally 

different" (S1). 
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Refueling infrastructure 

Refueling infrastructure being a barrier depends on the operational area. Due to an 

insufficient refueling network, it is not always possible to fulfill customer orders. “The 

customer says to go to Lappeenranta and then I say that I can't really go because there's not 

enough gas there, so both of us have to understand what we can do with that car. You can't 

bring more gas with a jerry can when it runs out” (R3). If a company would plan to 

significantly increase the HDT fleet, the network would need to be denser. Planning 

refueling stops for a fleet of 100+ gas trucks would be challenging. When the limited 

refueling network restricts route planning, it affects investment decisions. However, 

experiences concerning the infrastructure differ. “The biggest obstacle is the limited 

refueling infrastructure. Expanding the refueling network would significantly increase the 

usability of biogas trucks. The most challenging areas are Northern and Central Finland, 

Kainuu and Northern Savo, Oulu region, Rovaniemi, Kemi, and Tornio” (R6). Some of the 

companies operate in areas where the infrastructure is sufficient.  “Our fueling infrastructure 

is not a challenge, as we have access to sufficient stations, and our trucks are equipped with 

large tanks allowing a range of 1,200–1,300 km” (R5). Biogas suppliers point out that 

infrastructure gaps are becoming less of a challenge as Finland’s refueling network expands. 

 

Availability of biogas HDTs 

Some barriers concern the HDT. Biogas-powered trucks do not yet support 76-ton 

combinations.    Limited availability of fully weight-compliant gas-powered HDT’s is 

challenging, at the moment only one manufacturer offers them. In HCT (High-Capacity 

Transport) vehicle configurations gas trucks are slightly longer, reducing trailer length and 

overall cargo capacity.  One interviewee mentioned higher maintenance costs of biogas 

HDTs compared to diesel HDTs among the barriers, adding that the difference is 

manageable.  

Lack of knowledge 

Lack of sufficient information can also be an obstacle. One of those companies using biogas 

HDTs says: “Here is still a general lack of awareness and misconceptions about biogas, 

which affects decision-making” (R6). Driver training was connected to safety by a supplier: 

“Biogas refueling requires additional safety protocols.” (S2). 
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5.3  The future outlook of biogas in heavy road transport 

Competition with other renewable fuels 

The potential of other renewable fuels has important role for the diffusion of biogas in the 

future. Electricity is seen as a preferable option. “What we want in the long term is to use 

renewable electricity, sun, wind, and water. That is the preferable option” (R8). Biogas 

remains especially in heavy road transport as a cost-effective and technically viable 

alternative compared to electricity. “If you have two economically feasible options—one 

electric and one biogas—electricity will always win. But biogas will play an enormously 

important part for the next 40 years” (R8). Many interviewees estimate that fuel taxation 

and policy decisions will heavily influence future competitiveness of electricity. The 

attention that electricity has received in public debate and also in political policies was 

highlighted by the interviewees. “Biogas is a technically viable solution, but politically and 

in the media, electricity receives more attention. However, gas-powered trucks are more 

reasonable investments, and the cost difference compared to diesel is smaller than that of 

electric trucks” (R3). “Customer demands have fluctuated over the years. Initially, there 

was interest in gas trucks, but then attention shifted to electric trucks. Now, gas trucks are 

regaining interest as companies realize that the investment costs of electric trucks are too 

high” (R1). 

The overall attitude towards renewable fuels is positive among all interviewees. Interviewees 

actively follow the development of potential powertrains. “We are working with all options 

and monitoring the pros and cons and the developments for every option in order to make 

the best business decisions in the right country and in the right context” (R8). “We constantly 

monitor the situation and its development, including fleet considerations regarding how 

realistic it is to operate with such vehicles” (R1). One of the largest companies is active in 

the development of electricity use in transport. At the same comment, the position of the 

Nordic countries in sustainable transport is brought up. “We have several electrification 

projects. Within Europe, specifically in the Nordics, we are the region that is the furthest 

ahead” (R8).  
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Customer demand 

Customer demand takes on a new dimension from an obligation perspective. “Stronger 

customer commitment – Customers need to integrate sustainability into long-term contracts, 

not just short-term expectations” (R6). Clarity is expected from the government's actions. 

“A consistent and predictable regulatory framework would help with investment planning” 

(R4). “The government should take a leadership role in setting clear and stable policies. 

Current policy discussions seem to lack consistency and focus, which creates uncertainty for 

businesses” (R6). One interviewee believes that increasing regulatory requirements would 

push adoption forward in the future.  

Finance and regulations 

Finance and regulations are perceived as a significant influence for the future. Policy support 

should be stronger. “Current regulations don’t drive the transition strongly, but if stricter 

emission limits were introduced, this could change” (R6).  Reducing vehicle purchase prices 

is the most critical factor. This could be achieved with tax benefits. Restoring investment 

subsidies is mentioned as a significant help. Investment support would encourage smaller 

operators to transition to biogas. A purchase subsidy would make the investment feasible. 

“Reducing biogas taxation would also make a significant difference” (R5). If biogas is to 

compete with diesel, either cost incentives or stricter emissions regulations will be needed. 

Expanded refueling network will make biogas a feasible nationwide option. A reduced fuel 

price compared to diesel, would also be beneficial. Financial incentives are crucial, as 

transport companies cannot bear the entire cost burden alone. The ability to pass costs on to 

end customers is not always feasible. The situation in the gas market sparked comments. 

More competition in the gas market would help prevent price fluctuations that follow diesel 

trends. “Also, if more distributors enter the biogas market, prices could drop. Right now, 

biogas prices are tied to diesel, and no one really knows what the 'correct' price should be” 

(R5). “Financially, everything is about reaching break-even and trying to get a profitable 

transport solution as soon as possible” (R8). 
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A surge in demand of biogas 

Biogas is seen having a role in the transition. “Because of the complexity with electrification, 

we see biofuels as a very important bridge technology that will be with us for a very long 

time. We want to decarbonize land transport and we use all available options. But biofuel is 

very important to have in the transition as well” (R8). In some companies, the transition to 

renewable fuels is taking place according to a long-term plan. “We are increasing the 

number of gas and electric trucks annually in line with our goals” (R3). It is also estimated 

that use will increase on the biogas supplier side. “According to industry estimates, biogas 

trucks could represent up to 20% of the fleet in a few years" (S2). “Biogas demand in heavy 

transport is growing in Finland, driven by sustainability commitments from logistics clients 

and favorable cost comparisons with diesel” (S1). 

Interviewees are willing to expand their biogas fleet if they see that there are no major cost 

or efficiency barriers. The largest companies replace about 25-30 vehicles each year. It is 

possible to scale up biogas usage relatively quickly if conditions remain favorable. 

“Historically, biogas has been the option where we have been, for the long haul, closest to 

reaching break-even the fastest way depending on the price of HVO” (R8). “Yes, when the 

mileage is high enough, investing in gas-powered trucks becomes financially viable. Biogas 

can achieve a cost level similar to diesel” (R4). A surge in demand of biogas in heavy 

transport was mentioned by both interviewees of the biogas suppliers. In Finland, this has 

taking place later than in Sweden and Norway. "In Sweden, the adoption of gas-powered 

trucks has skyrocketed, with hundreds registered annually. Norway followed a similar 

trajectory, driven by strong government incentives" (S1). "Interest is increasing rapidly, and 

we see biogas as a key solution for reducing transport emissions” (S2). They bring up 

several policy and support measures for biogas. Finland lags behind Sweden and Norway in 

biogas-related subsidies, influencing infrastructure expansion decisions. Effective policies 

include incorporating biogas in Finland’s fuel distribution obligations and penalizing fossil 

fuel use rather than subsidizing alternatives. Inconsistent regulations, such as changes in 

Finland’s fuel blending mandates, have disrupted investments. "Finland has recently 

committed to supporting biogas, but past policy fluctuations—such as changes in diesel 

blending mandates—have created uncertainty" (S2). Vehicle purchase subsidies should be 

reintroduced to boost adoption. The state should grant investment support for production 

facilities and refueling stations. Continued tax advantages for biogas compared to diesel 



52 

 

would further accelerate adoption. Suppliers’ estimation is that the adoption rate for HDTs 

is 20-25% adoption by 2030. "Finland’s transport association predicts that up to a quarter 

of new heavy-duty vehicles will run on biogas within five years" (S1). "We see biogas as a 

key long-term solution, particularly for long-haul transport where electrification is less 

viable" (S2). Competition from other renewable fuels is acknowledged. However, 

uncertainties remain regarding EU policies on combustion engines post-2040, which may 

impact long-term investments. 

Collaboration and responsibilities 

Collaboration and responsibilities were discussed with the interviewees. Mutual cooperation 

between transport companies, for example in sharing information and experiences, was 

highlighted. “By sharing information and ideas, this thing progresses and it's important for 

our industry that we are open. One or the other developing this thing. That way, maybe it 

will help us all” (R1). Most interviewees pointed out a shared responsibility between 

companies, government, fuel suppliers, and customers to promote the use of biogas. “All 

stakeholders—companies, the government, fuel producers, and customers—must 

participate” (R4). The government's role was emphasized by the interviewees. “In my 

opinion, the government should take the lead. The strategy needs to come from policymakers. 

It’s not enough to just state that something "would be nice"—there need to be real decisions 

and actions” (R3). The government should set clear targets, fair regulations as well as give 

guidance. It is also expected that the authorities analyze how much biogas can be produced 

in Finland and how it should be used strategically. The market drives change, as customers 

demand better environmental values from their partners. “However, the main push should 

come from government policies and customer demand” (R5). One interviewee (R1) 

assumed: “But maybe that would require Europe to be more interested in this gas. That's 

where the volume is. We Finns can only buy 10 cars a year, so it probably doesn't affect 

anyone's decision-making right now.” The production and use of biogas is low in most of 

the rest of Europe, which is suspected to also affect the low interest of Finnish decision-

makers. 

The cooperation between different stakeholders in promoting biogas use is considered 

important but currently insufficient. “Communication between stakeholders is lacking. Since 

the war in Ukraine, there has been a stronger focus on costs rather than sustainability. 

Before the war, customers were more willing to pay for biogas transport services; now, it’s 
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a tougher negotiation” (R5). There is lack of collaboration with the truck manufacturers and 

gas suppliers. All in all, cooperation is slowly developing. A company operating in the 

international market has a view of the Swedish situation. “It’s different in different countries. 

In Sweden, we have a lot of platforms where different stakeholders meet and discuss. In 

Finland, we haven’t come to the same place yet, but there is a growing interest in facilitating 

these types of dialogues” (R8). 
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6  Discussion 

This chapter discuss 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: operational aspects of biogas HVDs, customer demand, scarcity of other 

renewable energy sources for HDTs, domesticity of biogas and regulations.  

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.  

Research results show that good experiences with operating biogas HDTs are a strong driver 

encouraging the adoption and use of biogas. Vehicle technology has improved performance. 

Same results can be found in earlier research. The technology of biogas is mature, e.g. Gray 

et al (2021), Madhusudhanan et al. (2020). The high technical maturity of biogas (TRL 8-9) 

has been reported also by IEA (2024). Energy density provides a similar range to diesel with 

only a 3% decrease in payload capacity caused by the extra weight associated with the fuel 

storage system (Gray et al, 2021). Refueling infrastructure was sufficient for those 

companies which were operating in the southern and western parts of Finland. Many 

interviewees cited the importance of lower emissions. Upgraded biogas from food waste and 
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manure is among the best options (Madhusudhanan et al., 2020., Lyng and Brekke, 2018). 

Reducing emissions is required by the government, the EU, and the customers.  

The driving force behind biogas adoption is closely connected to sustainable transportation.  

Transport service buyers increasingly set sustainability requirements. Customer demand is 

among the key drivers. Many companies reported that business-to-business (B2B) clients 

were setting stricter sustainability targets, pushing companies to seek more sustainable 

alternatives. The increased demands are likely related to Corporate Sustainability Reporting 

Directive (CSRD) which is a requirement set by the EU. Sustainability was seen as a 

competitive advantage which is strengthening the brand of the company.  A similar result 

was also revealed in the studies of Kraus et al. (2018) and Saeed and Kersten (2019). 

Additionally, corporate sustainability commitments played a significant role, with several 

companies adopting biogas as part of their long-term environmental strategies. Abbasi and 

Nilsson (2016) and Saeed and Kersten (2019) highlight similar results in their own studies. 

Saeed and Kersten (2019) assume, based on their research, that in large organizations, 

market and regulatory pressures may have a greater influence than in smaller organizations 

where competitive pressure may have more influence. All companies considered sustainable 

development important from their company's perspective; the size of the company had no 

impact on this. In this respect, the result differs from the study by Kraus et al. (2018) where 

result showed that a small and medium sized enterprise’s internal culture is critical for 

adopting a sustainable entrepreneurial orientation.  

While competitive positioning in tenders and brand differentiation was mentioned as 

potential benefits, some companies noted that differentiation was limited due to widespread 

adoption of similar sustainability policies across the industry. However, change cannot be 

ignored, otherwise a company will fall behind. As also Rintala et al. (2022) and Sabahi and 

Parast (2020) emphasized in their studies, investments in new technologies and enhancing 

the potential to modify methods of operations are necessary in order to adapt to changing 

business environment. 

Some companies find that customer sustainability expectations remain inconsistent or 

insufficient to justify large-scale investment. While customers express interest in sustainable 

transport, they are not always willing to pay extra for it, which complicates investment 

decisions. When Laari et al. (2018) studied the competitive strategy and green supply chain 

management (GSCM) of Finnish logistic companies, they pointed out that managers should 
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not be discouraged by the apparent absence of short-term financial benefits of GSCM 

practices. Those practices could enhance future differentiation opportunities. (Laari et al., 

2018.) In a B2B situation, this may concern both parties. 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. Legislative pressure was another factor influencing adoption, though 

respondents expressed concerns that current policies remained insufficient to drive large-

scale change. In table 2 the main drivers and finding from this and previous research are 

described. 

Table 2. The main drivers 

Drivers for 

Biogas 

Adoption 

Findings from This Study Findings from Previous Research 

Technology 

readiness 

Biogas is estimated a mature 

technology, positive 

experiences with the use of 

biogas. 

Gray et al (2021), Madhusudhanan et al. (2020). The high 

technical maturity of biogas (TRL 8-9) has been reported 

also by IEA (2024). 

Customer 

Demand 

B2B customers demand low-

emission transport solutions, 

influencing adoption 

decisions. 

Abbasi and Nilsson (2016) highlight the role of changing 

customer behaviors in promoting sustainable logistics. 

Saeed and Kersten (2019) point out the pressures from 

societal groups and public communities to adopt 

sustainability practices. 

Competitive 

Advantage 

Companies use biogas for 

brand positioning and 

tenders. 

Axsen & Pickrell-Barr (2024) note that fleets adopt 

alternative fuels partly for sustainability branding. Kraus 

et al. (2018) and Saeed and Kersten (2019) revealed 

similar results. 

Financial 

Incentives 

Subsidies and tax incentives 

play a key role, but some 

companies invest in biogas 

even with reduced support. 

Takman & Andersson-Sköld (2021) emphasize that 

taxation structures in Sweden make biogas nearly cost-

competitive with diesel. 

Regulations Companies expect tighter 

emissions regulations, but 

current policies are 

insufficient to drive large-

scale adoption. 

According to Bae et al. (2021) governments affect AFV 

adoption.  
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These findings align with previous research. Takman and Andersson-Sköld (2021) identified 

climate and environmental benefits, profitability potential, and newly introduced policies as 

opportunities for biogas adoption, reinforcing the experiences reported in this study. 

Similarly, Mohammed, Niesten, and Gagliardi (2020) emphasized efficiency, 

environmental, economic, and strategic gains as key enablers for companies transitioning to 

alternative fuel vehicle fleets.  

Abbasi and Nilsson (2016) stressed the importance of changing customer behavior and 

sustainability commitments, echoing the significance of B2B client requirements observed 

in this study. Additionally, Bae et al. (2021) noted that organizations considered functional 

suitability, infrastructure availability, and cost factors when adopting heavy-duty alternative 

fuel vehicles, which closely aligns with the perspectives of Finnish transport operators. 

Furthermore, Axsen and Pickrell-Barr (2024) found that internal sustainability goals, 

maintenance savings, brand reputation, and financial incentives were major motivators for 

fleets to transition to alternative fuels, mirroring the findings of this study.  

Financial considerations remain a major challenge, particularly the high investment costs of 

biogas trucks compared to diesel alternatives. The high purchase costs of biogas trucks posed 

a substantial financial barrier.  In Sweden, the financial situation is better. The cost estimates 

showed that given current taxes and policies, the costs of using LBG-trucks are only 

marginally higher than those of using conventional diesel trucks (Takman & Andersson-

Sköld, 2021).  

Based on research, the total cost of owning a CG truck, fueled with biomethane, breaks even 

with that of a diesel truck approximately two years from purchase (Madhusudhanan et al. 

(2020). This research was conducted in the United Kingdom, economic factors are not 

directly proportional to each other in different countries. 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. While 

biogas can be cost-effective in the long run, the initial investment is a major hurdle. Some 

interviewed companies have benefited from past financial support, but unfortunately a 

subsidy for purchasing gas-powered HVD was in use only during the period 2022–2024. 

This reduced the acquisition of biogas HVDs. In June 2024, in Finland 96% of trucks were 



58 

 

diesel-powered and the share of alternative power sources was 0.6%. The number of gas-

powered trucks has decreased and the number of electric-powered trucks has increased 

(Traficom, 2024). Current incentives are insufficient. Many interviewees, both in transport 

companies and suppliers, suggested that reinstating purchase subsidies and lowering biogas 

taxation would help accelerate adoption. Many companies expressed also concerns over 

biogas fuel pricing, as its cost remained tied to fluctuations in the diesel market, creating 

uncertainty for long-term investment planning. Financial policy support would be needed 

also in the biogas production sector as also a result of Winquist et al. (2019) shows. Biogas 

as a fuel produced in Finland was arising as a new theme. This aspect was brought to 

discussion by both interviewees in the supplier sector and one in the transport company 

sector. According to statistics, most of the gas used in road transport in Finland is domestic 

biogas, approximately 98% in 2022 (Huttunen et al., 2024). 

Refueling infrastructure was seen either as a driver od a barrier, depending on the operational 

area of the transport company. A barrier it is especially in the eastern ja northern parts of 

Finland. The same barrier was expressed also in the research papers by Abbasi and Nilsson 

(2016); Axsen et al. (2024); Bae et al. (2021); Fenton and Kanda (2016); Frenzel et al. (2021) 

and Takman and Andersson-Sköld (2021).  

Expanding the biogas infrastructure network is essential to ensuring feasibility for a broader 

segment of the industry. 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. The regional disparity in refueling station coverage restricted the viability of 

biogas for long-haul and high-capacity transport, making route planning more complex. For 

companies relying on high-capacity transport (HCT) combinations, concerns extend beyond 

refueling infrastructure. Both of the biogas suppliers commented the infrastructure is 

developing fast at the moment. Some respondents questioned the suitability of biogas trucks 

for very heavy loads (75t+), citing engine performance and driving range as potential 

limitations.  
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In table 4. the main barriers and finding from this and previous research are described. 

Table 3. The main barriers 

Barriers to 

Biogas 

Adoption 

Findings from This Study Findings from Previous Research 

Infrastructure 

Readiness 

Refueling infrastructure gaps, particularly 

in Northern and Central Finland, hinder 

widespread use. 

Abbasi & Nilsson (2016); Axsen et al. 

(2024); Bae et al. (2021); Fenton & Kanda 

(2016); Frenzel et al. (2021) and Takman & 

Andersson-Sköld (2021) report 

infrastructure gaps as a major obstacle in 

heavy-duty AFV adoption. 

Fuel Price 

Volatility 

Biogas prices are linked to diesel, creating 

cost uncertainty and affecting long-term 

planning. 

Fenton & Kanda (2016) highlight price 

uncertainty as a challenge, reflecting 

concerns found in this study. 

Early Adoption 

Trends 

Large and medium size companies have 

integrated biogas into 18–30% of their 

fleets; two of the small companies are in 

the decision-making phase. 

Frenzel et al. (2021) suggest large 

companies are more likely to adopt 

alternative fuels due to financial capacity. 

Economic 

Barriers 

High vehicle investment costs and 

financing challenges remain significant 

barriers. 

Takman & Andersson-Sköld (2021) and 

Bae et al. (2021) highlight that vehicle costs 

remain a major challenge globally. 

Policy Short-term policies create uncertainty; 

stable, long-term support is needed for 

increased adoption. 

Frenzel et al. (2021) argue that markets with 

long-term policies see higher alternative 

fuel adoption. 

 

Despite the strong drivers for biogas adoption, significant barriers remain. The 

unpredictability of political decision-making has many consequences for entrepreneurs. It 

prevents long-term strategic planning due to difficulties when assessing the long-term 

competitiveness of biogas. There is frustration over shifting government priorities and 

inconsistent incentives. The industry is calling for clearer regulatory frameworks, stable tax 

incentives, and consistent policy support to facilitate investment in biogas infrastructure and 

fleets.  

The future of the diffusion of biogas in the HDT sector was seen quite positive. At the 

moment, the other potential renewable fuels are not yet competitive with biogas. Electricity 

is more technically mature than hydrogen but there are still many obstacles.  
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There are many measures to facilitate the market expansion of biogas in heavy road 

transport. Increasing cooperation between different actors and clarifying responsibilities is 

one of the foundations. Promoting the use of biogas was largely seen as the responsibility of 

political decision-makers. This is understandable, as many economic factors are related to, 

for example, various subsidies and taxation. Current policy does not promote increased use 

of biogas. Electricity and hydrogen are considered more important than biogas, although 

they are not yet at a sufficient level of development for HDTs.  

The importance of political guidance was highlighted. It was hoped that the regulation would 

be clear and fair. The regulations were not heavily criticized. In that sense, the results differ 

from, for example, the study of Saeed and Kersten (2019), where most of the pressure is 

caused by the regulatory cluster, organizations undertake sustainability initiatives to avoid 

penalties or developing a bad reputation. Could it be that our regulations supporting 

sustainable development are insufficient in some respects?  

A shared responsibility and collaboration between companies, government, fuel suppliers, 

and customers to promote the use of biogas was brought up. Abbasi and Nilsson concluded 

that there is a great need for a holistic perspective where LSPs and product owners together 

analyze and design future setups (2016). The companies are not satisfied with the level of 

cooperation, although it has increased slightly. The study supports the importance of 

collaboration between different parties. Swedish research by Takman and Andersson-Sköld 

(2021) brought up that working together throughout the biogas value chain is important for 

accelerating a sustainable renewable fuel diffusion. One interviewees experiences from 

Sweden describe the platforms where different stakeholders meet and discuss. Similar 

activities would also benefit Finnish operators.  

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. Suppliers’ 

estimation is that the adoption rate for HDTs is 20-25% adoption by 2030. 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. Suppliers 

have 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. They also point out that policy 

uncertainty and changes in the market hinder this development. The necessity for 
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government commitment to biogas, including determined, long-term decisions, subsidies, 

tax incentives, and infrastructure development, has been emphasized by interviewees as a 

crucial factor in ensuring sustained adoption. 

The interviewees are actively following the development of renewable fuels, especially 

electricity. They also referred to the current strong government interest in electricity and 

hydrogen. When discussing electric HDTs, if they cannot yet handle the same transport tasks 

as biogas HDTs, the choice on a biogas HDT is obvious. As technology develops, HDTs 

will also be used in addition to smaller vehicles. Interviewees raised similar challenges as in 

previous studies, refueling infrastructure being one critical factor. The lack of 

comprehensive charging infrastructure is among the main obstacles in the papers of Al-

Mohannadi et al., 2024; Frenzel et al., 2021; Inkinen & Hämäläinen 2020 and Liimatainen 

et al., 2019. Electric HVDs are also expensive compared to biogas HVDs. When it comes to 

electricity, it is worth monitoring the full LC as e.g. Inkinen and Hämäläinen (2020) and 

O’Connell et al. (2023) have pointed out. None of the companies interviewed had hydrogen 

HDT in use but technological advancements could impact its’ competitiveness. Inkinen and 

Hämäläinen (2020) point out the low energy storage characteristics of both electricity and 

hydrogen. There are still many barriers in the use of hydrogen in HDTs; vehicle prizes are 

high and hydrogen refueling infrastructure is not yet good enough according to Aguilar and 

Groß (2022), Cunanan et al. (2021) and Ferrara et al. (2021). 

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 by Al-Mohannadi et al. (2024) 

supports this outlook, with the argument that biogas will dominate as a transition fuel as 

hydrogen and electric solutions continue to develop. 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-competitive 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. 
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Biogas is of great importance as a renewable fuel especially in the Nordic countries. As e.g. 

Pääkkönen et al. (2019) point out, biogas is underappreciated HDTs in Finland. In spite of 

the technical potential the utilization rate is low. Both interviewees of the biogas suppliers 

noted that in Finland a surge in demand of biogas in heavy transport takes place later than in 

Sweden and Norway. One reason for the backtracking is related to political decisions.  

Changes in Finland’s fuel blending mandates have disrupted investments. Suggestions were 

made for effective policies, including incorporating biogas in Finland’s fuel distribution 

obligations and penalizing fossil fuel use rather than subsidizing alternatives. The state 

should grant investment support for production facilities and refueling stations. Continued 

tax advantages for biogas compared to diesel would further accelerate adoption.  
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7  Conclusion 

The aim of this theses was to identify the key drivers and the key barriers influencing the 

adoption of biogas in heavy road transport and the future outlook of biogas in heavy road 

transport in Finland. Diffusion of sustainable fuels e.g. biogas in heavy road transport is one 

important factor in sustainable development. Both transport companies and fuel producers 

and suppliers are facing demands for renewable fuels. Biogas offers a domestic and 

renewable energy option in heavy road transport in Finland. Widespread adoption of biogas 

is still in progress so more information is needed to support the diffusion. This study utilized 

qualitative study framework where the empirical data was collected through semi-structured 

interviews. The target groups of the study were transport companies and biogas suppliers   

highlighting the importance of understanding the perspectives of key decision makers and 

actors when examining the diffusion of biogas in heavy road transport.  

Theoretical Implications 

The main drivers, barriers and future aspects have been identified, offering insights into both 

practical experiences and strategic decision-making. The findings strengthen existing 

literature while providing new context-specific knowledge from Finland. For researchers 

and policymakers, the results underline the need to address policy stability, financial 

feasibility, and infrastructure development to support the wider use of biogas as a transitional 

low-emission fuel. 

The absolute prerequisite for the diffusion of biogas use in HDTs is its operational strength.  

Biogas was considered mature in terms of its technical properties for HDTs. This experience 

of the study participants is supported by IEA (2024). In their report the maturity of biogas is 

at the level of TRL 8-9. Research results of Gray et al (2021) and Madhusudhanan et al. 

(2020) have reached the same conclusion. Due to positive user experiences, transport 

companies are increasing their purchases of biogas HDTs. It can be assumed that the role of 

biogas will remain significant as long as competing renewable power sources are not at a 

similar stage of development, e.g. electricity and hydrogen.  

The refueling network must be extensive for long distances in Finland. Views on its 

adequacy depended on the transport company's area of operation. There are refueling 
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infrastructure gaps, particularly in Northern and Central Finland, hinder widespread use. 

According to biogas suppliers, the network in Finland is expanding rapidly.  

A strong driver was customer demand for low-emission transport solutions. This has a close 

connection to brand positioning and tenders, using biogas is seen by the companies as 

competitive advantage. Sustainable development appeared to be significant for all 

companies, regardless of the company's size. Even those companies that did not yet have a 

bigas HDT, were positive about purchasing one, with one even having already made a 

decision. Company size did not affect the importance of these factors in this study. There 

are certainly many factors involved in the differences in results. Finland is a fairly small 

economic area where transport companies compete for some of the same customers. The 

requirements from the ordering company are therefore the same for every transport 

company. The size of the transport company was anyhow seen in the early adoption trends. 

Large and medium size companies were early adopters and small companies were now in 

the decision-making phase. Frenzel et al. (2021) suggest large companies are more likely to 

adopt alternative fuels due to financial capacity.  

Economic factors had a variety of influences on the acquisition. Subsidies and tax incentives 

played an important role, but some companies invested in biogas even with reduced support. 

High vehicle investment costs and financing challenges were significant barriers. Takman 

and Andersson-Sköld (2021) and Bae et al. (2021) highlight that vehicle costs remain a major 

challenge globally. Biogas prices are linked in Finland to diesel which created cost 

uncertainty and affected long-term planning. In Sweden taxation structures make biogas 

nearly cost-competitive with diesel (Takman & Andersson-Sköld, 2021). Economy has been 

pointed out by Fenton and Kanda (2016), who highlighted price uncertainty as a challenge, 

reflecting concerns found in this study.  

Many economic factors have a direct connection to political decisions. Short-term policies 

create uncertainty; stable, long-term support is needed for increased adoption of biogas. 

Frenzel et al. (2021) argue that markets with long-term policies see higher alternative fuel 

adoption. When discussing the future with the interviewees, promoting the use of biogas was 

largely seen as the responsibility of political decision-makers. Many current political trends 

do not support the increase in the use of biogas. According to the companies participating in 

the study, electricity and gas are the key renewable fuels considered by decision-makers. 
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This is despite the fact that they are not yet at a sufficient level of development for HDTs. It 

is anticipated that there will be a considerable increase in the adoption of biogas over the 

coming five to ten years. It requires strengthening enabling factors and reducing or 

eliminating emerging barriers. Cooperation between all actors is necessary to increase the 

use of biogas. 

Managerial Implications 

The participation of the management and ownership levels of transport companies in the 

research was valuable. Managers are responsible for the sustainable development of their 

own company and must also meet the demands and expectations of their customers. The role 

of biogas suppliers is as well significant, especially in factors related to the availability of 

biogas. There is little research on this area in Finland. The aim of the study is to provide 

additional information not only to transport entrepreneurs and suppliers, but also to those 

responsible for decisions related to reducing greenhouse gas emissions in the transport sector 

in Finland. 

The findings reinforce established theories that highlight technical maturity, customer 

demand, financial incentives, and regulatory support as key drivers of sustainable fuel 

transitions. This study corroborates the findings of earlier studies introduced in chapter 3. in 

the Finnish context. 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 HDTs and slower 

market uptake. These findings add nuance to existing literature by illustrating how adoption 

challenges vary depending on regional market maturity and policy frameworks. 

Companies consider a mix of regulatory, economic, and operational factors in their fuel 

transition decisions. Moreover, 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. 
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The findings of this study offer practical insights for transport companies, policymakers, and 

biogas suppliers. For transport companies, aligning sustainability goals with evolving market 

expectations is increasingly essential. Customer demand for low-emission transport is 

growing, positioning biogas as a competitive differentiator. Companies adopting biogas can 

enhance brand reputation and mitigate regulatory risks, particularly as emissions policies 

become stricter. However, given fuel price volatility and infrastructure constraints, a 

diversified energy strategy remains advisable. Biogas suppliers play a central role in 

addressing infrastructure challenges. The development of refueling stations, particularly in 

underserved regions such as Northern and Central Finland, is critical to overcoming 

logistical constraints. Strengthening supply reliability and fostering industry-wide 

collaboration between logistics companies, policymakers, and energy providers will be key 

to scaling biogas adoption in the transport sector. 

For policymakers, long-term policy stability is essential in enabling large-scale biogas 

adoption. While financial incentives and subsidies have played a role in adoption, they 

should be complemented by clear legislative roadmaps and infrastructure investment to 

ensure sustained market growth. Predictable regulatory frameworks, including taxation 

models and emission standards, would provide companies with the confidence to invest in 

biogas at scale. The lack of strong government incentives in Finland has contributed to 

reduced biogas HDT sales, indicating that policy frameworks must evolve to support a more 

predictable investment environment.  

In this research, both interviewees from the supplier sector and only one interviewee from 

transport companies mentioned that to reduce dependence on imported fuels, makes biogas 

an attractive option. In the Swedish research this perspective emerged more strongly among 

the respondents. One of the advantages of biogas was the importance of local raw material 

leading to increased energy security (Takman & Andersson-Sköld 2021). One explanation 

for the difference may be that biogas plays a more significant role in Sweden than in Finland, 

not only on the company level but also at the political level. It should be remembered that 

biogas is produced in Finland, creating business for many different sectors of the economy. 

The domestic nature of biogas should also be appreciated from the perspective of security of 

supply in the energy sector. There are strong arguments for increasing production and use.  
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Limitations and Further Research 

While this study provides valuable insights into the adoption of biogas in Finnish heavy 

transport, several limitations must be acknowledged. The research focused primarily on 

transport companies and biogas suppliers, leaving out perspectives from policymakers, and 

transport customers as well as truck manufacturers. Future research should incorporate these 

viewpoints to provide a more holistic understanding of biogas adoption dynamics. 

The study is also context-specific, reflecting the regulatory and market conditions in Finland. 

While some findings may be transferable to other regions, comparative studies across 

different markets would be useful in identifying universal and region-specific adoption 

drivers and barriers. Expanding research beyond a single country would provide broader 

insights into global biogas adoption patterns and allow for a better understanding of how 

policy differences impact uptake rates in different regulatory environments. A comparative 

study between the experiences of Finnish and Swedish transport companies would provide 

information that would broaden the views of all parties. 

Additionally, this study relied on qualitative interviews, which offer rich insights but may 

not capture industry-wide trends at scale. Future research could integrate quantitative 

methods, such as surveys or econometric modeling, to measure the relative impact of various 

adoption factors. Bae et al. (2021) also highlight the need for larger quantitative studies to 

validate qualitative insights, reinforcing the value of mixed-method approaches in this field. 

Further research should explore the economic and environmental implications of biogas 

adoption, particularly its life-cycle emissions and cost competitiveness relative to other 

alternative fuels. Understanding non-adoption behaviors is also critical, as Bae et al. (2021) 

emphasize that both active and passive non-adoption warrant further investigation. 

Identifying strategies to increase awareness and encourage trial adoption among hesitant 

fleet operators could contribute to broader market uptake. This study contributes to the 

ongoing discourse on sustainable fuel transitions by highlighting the factors influencing 

biogas adoption in heavy transport. Addressing the identified research gaps will support 

long-term decision-making, help overcome adoption barriers and reinforce the role of biogas 

in the decarbonization of the transport sector. 
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Appendix 1. Interview guide  

Interview Questions for Biogas Suppliers and Distributors 

Introduction: 

This interview is part of a research project examining the conditions and challenges of adopting 

renewable fuels—particularly biogas—in Finland’s logistics sector. The discussion will focus on 

your organization’s perspectives, experiences, and the factors influencing biogas supply, 

distribution, and market development. 

 

1. Background Information on the Organization 

1.1 Could you briefly describe your organization’s operations in the biogas industry? 

1.2 What role does your organization play in the biogas supply chain? (e.g., production, 

distribution) 

1.3 What types of biogas products does your organization currently provide (e.g., compressed 

biogas (CBG), liquefied biogas (LBG))? 

1.4 How has your organization’s involvement in renewable transport fuels evolved over time? 

 

2. Market Demand and Customer Engagement 

2.1 How would you describe the current demand for biogas in Finland’s heavy road transport 

sector? 

2.2 Which customer segments (e.g., logistics companies, municipalities, industry) show the most 

interest in biogas? 

2.3 What factors have influenced customer interest in biogas as a transport fuel? 

2.4 How does your organization engage with transport companies to promote biogas use? 

 

3. Drivers for Biogas Market Growth 

3.1 What factors are driving growth in the biogas market for heavy-duty transport? 

3.2 How important are the following drivers for your organization? Please rate on a scale of 1–4 (1 

= not important, 4 = very important): 

• Government policies and emission reduction targets 

• Customer demand and corporate sustainability goals 

• Cost competitiveness compared to fossil fuels 

• Technological advancements in biogas production and distribution 

• Circular economy benefits (e.g., waste management, domestic production) 

 

3.3 What kinds of opportunities does your organization see in the future for biogas in the 

logistics sector? 

 



 

4. Barriers and Challenges in Biogas Distribution 

4.1 What are the main challenges or obstacles that your organization faces in supplying biogas to 

the transport sector? 

4.2 How significant are the following barriers from your organization’s perspective? Please rate on 

a scale of 1–4 (1 = not significant, 4 = very significant): 

• High production costs and capital investments 

• Limited infrastructure (e.g., refueling stations, transport logistics) 

• Policy and regulatory uncertainty 

• Fluctuations in demand and market size 

• Competition from other alternative fuels (e.g., electric, hydrogen) 

 

4.3 What actions is your organization taking—or planning—to address these challenges? 

 

5. Infrastructure and Technology Development 

5.1 How would you describe the current state of Finland’s biogas refueling infrastructure for 

heavy-duty transport? 

5.2 What factors have influenced infrastructure development in the biogas sector? 

5.3 What technological advancements are needed to improve the efficiency of biogas production 

and distribution? 

5.4 How does your organization approach decisions about expanding infrastructure (e.g., new 

refueling stations)? 

 

6. Policy Environment and Support Measures 

6.1 How have Finnish and EU-level policies impacted your organization’s operations and 

investments? 

6.2 Which policy instruments (e.g., subsidies, tax benefits, mandates) have been most effective in 

supporting biogas market development? 

6.3 What additional policy measures or regulatory adjustments would help accelerate biogas 

adoption in heavy-duty transport? 

6.4 How does your organization perceive the predictability and stability of current biogas-related 

policies? 

 

7. Collaboration and Industry Partnerships 

7.1 How does your organization collaborate with transport companies, policymakers, and other 

stakeholders? 

7.2 What kinds of partnerships or joint initiatives could support the wider diffusion of biogas in 

logistics? 

7.3 In your view, what role should each of the following actors play in promoting biogas use? 

• Government and policymakers 



 

• Transport companies 

• Biogas suppliers and distributors 

• Research institutions 

 

8. Future Outlook 

8.1 How does your organization view the future of biogas in Finland’s heavy-duty transport sector? 

8.2 What factors will most significantly influence the growth of the biogas market in the next 5–10 

years? 

8.3 How do you expect biogas to compete with other renewable alternatives like electric and 

hydrogen vehicles? 

8.4 In your opinion, what would be required for Finland to become a leader in biogas-based 

transport in Europe? 

 

9. Additional Comments and Open Feedback 

9.1 Are there any other observations or insights you would like to share about biogas adoption in 

the logistics sector? 

9.2 How could this research support your organization’s efforts to promote biogas use? 

 

Closing the Interview 

 

Interview Structure: 

 


