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Findings – The results reveal significant variation in transition performance despite common 
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tion model, reaching a 20.3% share of RES in transport in 2024 while steadily reducing road 
transport GHG emissions. Estonia shows rapid recent improvement, whereas Latvia and 
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1.	Introduction 

The transition towards RES has become a central pillar of sustainable economic development 
and climate policy. The transport sector plays a particularly critical role in this transformation, 
as it remains one of the largest contributors to Greenhouse Gas (GHG) emissions and one 
of the most structurally difficult sectors to decarbonise. While renewable energy penetration 
has progressed steadily in electricity and heating sectors, the shift towards RES in transport 
has been comparatively slower and uneven across EU countries.
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Sustainable development requires balancing economic growth with environmental pro-
tection. While economic expansion increases resource use and environmental pressures, it 
also enables investment in cleaner technologies and innovation (Kagan, 2016; Kubba, 2010; 
Olijslagers, 2022; Ryszka, 2016). Expanding renewable energy sources is therefore a key strat-
egy for reducing GHG emissions and mitigating climate change. Sustainable RES development 
requires coordinated policy approaches that integrate economic and environmental objec-
tives (Chygryn et al., 2026). This need is especially pronounced in the transport sector, which 
remains heavily dependent on fossil fuels.

Significant reductions in GHG emissions require a reduction in the use of fossil fuels. 
However, this is a challenging task because fossil fuels have historically been the primary 
sources of energy for electricity generation, transportation, and industrial processes due to 
their energy density and ease of use (Rivard et al., 2019). 

Changes in GHG emissions are closely linked to total transport activity, also known as 
transport performance or transport volume. Transport volumes, especially road transport, 
have been increasing for many years and have only slightly declined, with temporary reduc-
tions observed during periods of economic slowdown and external shocks, including the 
COVID-19 pandemic and subsequent geopolitical disruptions, as reduced economic activity 
leads to lower transport demand. The uncertain geopolitical situation, persistent supply prob-
lems, and sharp increases in energy prices – particularly for oil and gas – have had major 
economic, social, and political implications, while the economy and the energy sector have 
not yet fully recovered from the COVID-19 pandemic and the increased uncertainty follow-
ing the Russian invasion of Ukraine (Siksnelyte-Butkiene & Streimikiene, 2022). More recent 
geopolitical developments further contribute to uncertainty in energy markets. As economic 
activity declines, less freight transport is needed, which is reflected in short-term decreas-
es in GHG emissions from fuel combustion. Based on Eurostat (n.d.) data, GHG emissions 
from most sectors have shown a declining trend, whereas emissions from fuel combustion 
in transport remain persistently high, confirming that road transport is the most important 
mode of transport and the dominant source of transport-related emissions throughout the 
2000–2023 period (Figure 1).
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Figure 1. GHG emissions from fuel combustion in transport in EU, 2000–2023 
(Thousand tonnes) (source: Eurostat, n.d.)
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The EU renewable energy policy framework has evolved progressively over time. Directive 
2009/28/EC (European Parliament & Council of the European Union, 2009) (RED I) established 
the first binding target requiring EU Member States to achieve a 10% share of renewable 
energy in transport by 2020, providing the foundation for subsequent policy development. 
This framework was strengthened under the Renewable Energy Directive RED II (Directive 
(EU) 2018/2001) (European Parliament & Council of the European Union, 2018), which ex-
tended binding renewable energy targets beyond 2020 and introduced more comprehensive 
sustainability criteria. More recently, RED III (Directive (EU) 2023/241) (European Parliament 
& Council of the European Union, 2023). further reinforced renewable energy obligations, 
particularly in hard-to-abate sectors such as transport, in line with the European Green Deal 
and the Fit for 55 package, which aims to reduce net GHG emissions by at least 55% by 2030 
(European Commission, 2019, 2021; Council of the European Union, 2022).

Although numerous studies analyse renewable energy development, transport decarbon-
isation, or the effectiveness of specific policy instruments, existing research rarely combines 
quantitative transition performance indicators with a structured comparative evaluation of 
policy architecture in the Nordic-Baltic region. Comparative studies often focus on aggre-
gate renewable energy shares (Miškinis et al., 2021; Sichigea et al., 2024; Tutak et al., 2020) 
or single-country case analyses (Liu et al., 2022; Wesseling & Van der Vooren, 2017), leaving 
limited understanding of how differences in policy design translate into measurable variation 
in transport-sector outcomes. Moreover, the debate on the effectiveness of policy instru-
ments and the persistence of divergence within EU regions remains insufficiently addressed 
in transport-specific analyses.

Finland and the Baltic States – Estonia, Latvia, and Lithuania – provide a relevant compar-
ative setting. These countries share geographic proximity, EU membership, and similar ex-
ternal regulatory obligations, yet they differ in economic structure, historical energy systems, 
infrastructure development, and policy approaches. Such variation offers an opportunity to 
examine how national policy design, institutional consistency, and structural conditions influ-
ence renewable energy integration in road transport.

The aim of this paper is to conduct a structured comparative evaluation of renewable 
energy transition performance in the road transport sector of Finland and the Baltic States. By 
combining quantitative transition indicators with comparative analysis of policy instruments, 
the study seeks to contribute to the literature on renewable energy policy effectiveness and 
regional divergence within the EU. The analysis and evaluation of the results can guide policy 
makers in planning future sustainable transport development strategies and measures in the 
selected countries.

This paper consists of several sections. Scientific literature review on research topics is 
conducted in Section 2. Section 3 introduces the methodology and data for the assessment. 
Section 4 presents the results and findings from the comparative assessment of the transi-
tion to RES deployment in the transport sector in Finland and the Baltic States, and factors 
stimulating further development. Discussion based on research results in Section 5 and in 
Section 6 presented concluding remarks.
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2.	Literature review

Based on the literature review, renewable energy is essential to meet future energy-related 
challenges. Reliable energy sources such as RES will play a vital role in improving the standard 
of life and supporting renewable energy-based development. The need for a new energy 
model was studied by Kaltschmitt et al. (2007) and Jefferson (2000) decades ago.

Over the last decade, energy transition has been at the center of research and social 
concern, because of the urgent need to decarbonise, slow the pace of global climate change 
and strike a balance between environmental protection and economic development. Different 
studies have shown that renewable energy systems are technically and economically feasible 
across different regions and sectors (Bogdanov et al., 2021; Hansen et al., 2019; Štreimikienė, 
2024). Sustainable energy is not limited to renewable energy sources alone but encompasses 
economic and social dimensions, including improvements in citizens’ quality of life (Tutak 
et al., 2020). Together, these studies show that the renewable energy transition involves en-
vironmental, economic, and social aspects.

Fatima et al. (2021), Heshmati et al. (2015), and others analyse key factors influencing 
the development of renewable energy sources, highlighting the role of economic conditions, 
technological progress, and institutional frameworks. Recent modelling-based research fur-
ther demonstrates that renewable energy development follows dynamic and uneven growth 
trajectories across countries (Li, 2023). Many studies indicate that green investment is one of 
the main drivers providing the financial base for sustainable development (Dalevska et al., 
2019). 

From an economic perspective, declining costs of renewable energy technologies have 
significantly improved their competitiveness. In particular, the rapid cost reduction of renew-
able electricity has accelerated substitution of fossil fuels in the power sector and is increas-
ingly influencing transition pathways in other energy-consuming sectors (Kåberger, 2018). 
However, despite technological progress and cost reductions, renewable energy development 
across the EU remains uneven and RES still represents only a small share of the EU’s total en-
ergy consumption (Barak, 2022). Differences in economic structure, historical energy systems, 
and institutional capacity contribute to persistent disparities in renewable energy deployment.

These studies show that despite technological progress and cost reductions, renewable 
energy transition outcomes still differ across countries due to economic conditions, financial 
support, and policy frameworks.

Although there is no universally codified definition of “green investment” in the literature 
(Liu et al., 2022; Magalhães, 2021; Tran et al., 2020; X. Zhang & Yousaf, 2020), its general us-
age is quite straightforward. It mainly refers to investments aimed at environmental sustain-
ability and the circular economy, including activities that mitigate or adapt climate change 
and address environmental degradation throughout the life cycle of investment projects. 
Such investments may include the promotion of greener production processes, development 
of green products, adoption of green technologies, and implementation of environmentally 
oriented business practices. 

A large part of green investment is devoted to disseminating and deploying renewable 
energy technologies that could reduce GHG emissions (Chang & Shieh, 2017; T. Zhang et al., 
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2023). Finance is widely recognised as a critical driver for renewable energy infrastructure 
development. To achieve sustainable development goals, investment in renewable energy 
must be scaled up through new financial instruments and new policies such as green bonds, 
green banks, carbon market instruments, fiscal policy tools, and green finance initiatives 
(Sachs et al., 2019; Wang et al., 2022; Zhao et al., 2022). These instruments are known as green 
finance. Policies supporting renewable energy are often justified by the presence of positive 
externalities and market failures, which lead to underinvestment without public intervention. 
To boost renewable energy-based development, it is important to promote policies that help 
producers overcome market barriers (Azhgaliyeva et al., 2018). These studies underline the 
importance of policy design and financial instruments in overcoming market barriers and 
accelerating renewable energy-based development.

The literature consistently identifies transport as one of the most challenging sectors for 
decarbonisation, requiring targeted and sector-specific policy interventions. Energy consump-
tion in transport has increased in line with the growth in transport activity. Overall, transport 
fuel efficiency has barely increased. Almost all fuels used in the transport sector are petroleum 
products with a largely unchanged fuel mix, and the shift towards RES in transport is marginal 
compared to other sectors. Various approaches to reducing transport emissions have been 
proposed, including improving efficiency of existing technologies (Olabi et al., 2020), devel-
oping new low-impact technologies (Olabi et al., 2021; Sayed et al., 2021), and transitioning 
to renewable energy sources (Hussain et al., 2017; Olabi & Abdelkareem, 2022). Fossil fuels 
remain attractive due to their energy density and ease of use, further complicating rapid 
transition in the transport sector (Rivard et al., 2019).

Comparative assessments of energy efficiency and renewable energy development have 
been conducted across EU countries (Karasek et al., 2023; Tutak et al., 2020). Studies also 
analyse sustainable development of road transport using multi-criteria approaches (Siksne-
lyte-Butkiene & Streimikiene, 2022). Research on the Baltic States indicates that renewable 
energy plays an important role in reducing energy-related GHG emissions, yet outcomes 
differ significantly across countries (Miškinis et al., 2021).

Despite extensive research on renewable energy development, policy instruments, and 
transport decarbonisation, limited research integrates transport-specific renewable energy 
performance indicators with structured comparative analysis of national policy frameworks. 
In particular, the Nordic-Baltic region remains underexplored in terms of explaining variation 
in transport-sector renewable energy outcomes under a common EU regulatory framework.

3.	Data and methodology

The transition to RES in the transport sector relies on various indicators and metrics to meas-
ure progress and ensure a successful shift towards sustainability. The main approach applied 
in this paper is comparative analysis, which consists of two complementary parts. First, a 
comparative analysis of selected quantitative indicators relevant to both Finland and Baltic 
States is conducted (Table 1). Second, a comparative analysis of main policies and instruments 
to support renewable energy-based development in selected countries is carried out (Ta-
ble 2). The quantitative indicators of RES deployment and transport emissions were selected 
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from Eurostat (n.d.) and the European Environment Agency (2025) based on data availability, 
consistency, and cross-country comparability. The information used for the comparative as-
sessment of the transition to RES in the transport sector in Finland and the Baltic States is ob-
tained mainly from Eurostat (n.d.). Because the availability of Eurostat datasets differs across 
indicators, the analysis applies the longest comparable period available for each dataset.

The key indicators presented in Table 1 are used to evaluate the progress and effective-
ness of the transition towards renewable energy-based sources in the transport sector in 
Finland and the Baltic States. These indicators enable a systematic comparison of transition 
performance across countries over time and provide an evidence base for assessing the out-
comes of policy interventions supporting renewable energy-based development.

The selected indicators were chosen to capture multiple dimensions of the transport 
energy transition. These include energy system transformation, measured by the share of 
renewable energy sources in total and transport energy consumption; environmental out-
comes, reflected by GHG emissions from transport; structural characteristics of transport 
demand, represented by passenger car ownership; and technological transition dynamics, 
assessed through the composition of newly registered passenger cars by type of motor en-
ergy. Together, these indicators enable a comprehensive assessment of transition progress 
and outcomes and support the identification of transition dynamics and structural differences 
among countries operating under a common regulatory framework.

Table 1. Key indicators (source: made by authors)

Indicator Description of indicator Unit of 
measurement

Share of RES in the 
gross final energy 
consumption

Measures the share of renewable energy in total gross final 
energy consumption across all sectors. This indicator reflects 
the overall progress of the national energy system towards 
renewable energy transition.

%

Share of RES in 
the gross final 
consumption of 
energy in transport

Measures the percentage of energy used in the transport 
sector that comes from renewable sources, including biofuels, 
renewable electricity, and other renewable fuels. This 
indicator captures sector-specific progress towards transport 
decarbonisation.

%

GHG emissions 
reduction

Measures changes in greenhouse gas emissions from the 
transport sector over time, reflecting the environmental 
outcomes of the transition towards cleaner and renewable 
energy sources in transport.

A million 
tonnes (Mt 

CO₂-eq)

New passenger 
cars by type of 
motor energy

Shows the distribution of newly registered passenger cars 
by propulsion technology, including internal combustion 
engine vehicles, hybrid vehicles, plug-in hybrids, and battery 
electric vehicles. This indicator reflects technological transition 
dynamics in road transport and the influence of policy 
incentives and infrastructure development.

#

Passenger cars per 
1000 inhabitants

Measures the level of passenger car ownership relative to 
population size, reflecting the structural demand for road 
transport and the pressure exerted on energy consumption 
and emissions in the transport sector.

#
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Table 2. Main policies and instruments to support renewable energy-based development 
(source: made by authors based on literature review and analysis)

Policy/instrument Description

Regulations and standards Regulatory frameworks and technical standards that support renewable 
energy deployment while ensuring safety, reliability, and environmental 
protection.

Renewable energy 
mandates

Regulatory requirements obligating energy producers or suppliers to 
generate or use a specified share of energy from renewable sources.

Public procurement Government purchasing policies that prioritise renewable energy 
technologies or low-emission solutions in public sector activities.

Green certificates Market-based instruments representing the environmental benefits of 
renewable energy generation and enabling renewable energy trading 
schemes.

Direct investments and 
investments to research 
and development (R&D)

Public investments and R&D funding supporting the development and 
deployment of renewable energy technologies.

Grants, loans, and 
subsidiaries

Financial instruments that reduce investment costs and encourage 
renewable energy adoption by individuals, companies, and institutions.

Feed-in tariffs and feed-in 
premiums

Policy mechanisms providing financial support to renewable energy 
producers through guaranteed payments or market premiums.

Carbon prices and tax 
reductions 

Economic instruments that increase the cost of carbon-intensive energy 
and improve the competitiveness of renewable energy sources.

Table 2 presents the main categories of policy instruments supporting renewable ener-
gy-based development identified from the literature. These instruments include regulatory 
measures, financial incentives, market-based mechanisms, and support for innovation and 
infrastructure development. The table serves as a conceptual framework for identifying and 
classifying policy instruments that can support the transition toward renewable energy in the 
transport sector. The identified policies are used as a reference structure for the comparative 
assessment of national policy measures presented in the Results section. In the empirical 
analysis, these instruments are evaluated according to their presence and relative maturity 
in Finland and the Baltic States. The comparison therefore focuses on policy orientation and 
implementation maturity rather than financial scale or budgetary intensity. Although all an-
alysed countries operate within a common EU regulatory framework, differences in national 
implementation, institutional capacity, and strategic priorities influence the way these instru-
ments are applied. Consequently, the analysis identifies similarities and differences in policy 
approaches while acknowledging that variations in financial allocations and policy intensity 
are not systematically quantified in this study.

While the selected indicators provide a consistent and comparable basis for assessing re-
newable energy transition performance in Finland and Baltic States, several limitations should 
be acknowledged. First, the analysis relies on aggregated national-level indicators, which do 
not capture regional variation within countries or differences in local policy implementation. 
Second, although the study compares policy instruments qualitatively, it does not system-
atically quantify differences in financial allocations or budgetary intensity across countries, 
which may influence observed transition dynamics. Third, the comparative approach allows 
for the identification of associations between policy design and transition outcomes, but it 
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does not establish causal relationships between specific policy instruments and observed 
changes. Finally, the analysis focuses primarily on road transport, and results may not be 
directly transferable to other transport subsectors.

4.	Results

The gross final consumption of renewable energy shall be calculated in accordance with the 
requirements of Article 5 of Directive 2009/28/EC (European Parliament & Council of the 
European Union, 2009 Table 3).

Table 3. Calculation of the share of energy from renewable sources (Source: made by authors 
based on Directive 2009/28/EC (European Parliament & Council of the European Union, 2009)

  

 
  

Energy from renewable 
sources for heating and 
cooling

Electricity from RES Energy from renewable 
sources in transport

The gross final consumption of energy from renewable sources in each EU Member State shall be 
calculated as the sum of gross final consumption of:

The comparative analysis of the selected indicators shows positive trends towards re-
newable energy-based development. The share of RES in gross final consumption of energy 
shows the overall impact of RES deployment in all sectors in Estonia, Latvia, Lithuania and 
Finland in 2024 (Table 4). All selected countries perform above the EU average in total share 
of RES in gross final consumption, but the share of RES in the transport sectors in Latvia 
and Lithuania are below the EU average and all three Baltic countries are below obliged 
10% by Directive 2009/28/EC (European Parliament & Council of the European Union, 2009) 
respectively 7.3 % in Estonia, 4.8 % in Latvia and 5.2 % in Lithuania. Finland demonstrated a 
significant shift to RES in transport since 2010, increasing the share by 15.9% and showing 
significantly higher performance compared to EU average in 2024 by reaching 20.3% of RES 
in transport sector. 

The results of this study show that the share of RES in transport compared with gross final 
energy consumption varied across the selected countries, with particularly large differences 
in the Baltic countries (Table 5). The highest use of RES in the transport sector was in 2015, 
when they accounted for 62.6% of Finland’s total RES consumption, reaching 24,6% of total 
final energy consumption in transport. Since then, Finland has been among the EU leaders 
in terms of the share of RES in transport, well ahead of Baltic States (Figure 2). Estonia has 
demonstrated a steady and, at times, rapid increase in the share of RES in transport since 
2010, reaching a peak of 40.5% of total RES consumption in 2020, followed by a decline 
in subsequent years, resulting in the lowest share of RES in transport among the analysed 
countries in 2024. The slowest shift in the share of RES in gross final energy consumption in 
transport is observed in Latvia, where the share increased by 4.8 % between 2010 and 2024, 
compared to 5.2 % in Lithuania, 7.3 % percentage points in Estonia, and a substantially larger 
increase of 15.9% in Finland (Table 4).
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Table 5. Share of RES in transport compare with share of RES in gross final energy consumption 
in selected countries 2010–2024 (%) (source: Eurostat, n.d.)

2010 2015

Share of RES Share in transport 
of total RES

Share of RES Share in transport 
of total RESTotal Transport Total Transport

EU-27 14.4 5.5 38.2 17.8 6.8 37.9
Estonia 24.6 0.4 1.8 29 0.4 1.4
Latvia 30.4 4 13.1 37.5 3.6 9.7
Lithuania 19.6 3.8 19.3 25.7 4.6 17.8
Finland 32.2 4.4 13.6 39.2 24.6 62.6

2020 2024

EU-27 22 10.3 46.5 25.2 11.2 44.4
Estonia 30.1 12.2 40.5 42.2 7.7 18.2
Latvia 42.1 6.7 16 45.5 8.8 19
Lithuania 26.8 5.5 20.6 35.4 9 25.4
Finland 43.9 14.3 32.6 52.1 20.3 39

Table 4. Change of the share of RES in gross final consumption (total and transport sector) in 
the selected countries 2010–2024 (%) (source: Eurostat, n.d.)

Total Transport

2010 2024 Change % 2010 2024 Change %

EU-27 14.4 25.2 10.8 5.5 11.2 5.7
Estonia 24.6 42.2 17.7 0.4 7.7 7.3
Latvia 30.4 45.5 15.2 4 8.8 4.8
Lithuania 19.6 35.4 15.8 3.8 9 5.2
Finland 32.2 52.1 20 4.4 20.3 15.9

Figure 2. Share of RES in the gross final consumption of energy in transport 2010–2024 (%) 
(source: Eurostat, n.d.)
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In 2023, the EU emitted 757.1 million tonnes of GHG from fuel combustion in road trans-
port, confirming that road transport remains one of the largest contributors to transport-
related emissions despite ongoing decarbonisation efforts. A clear divergence in emission 
trends is observed across the analysed countries. Finland shows a sustained decline in GHG 
emissions from road transport fuel combustion, reducing the amount from 11.8  million 
tonnes in 2010 to 8.9 million tonnes in 2023, indicating effective integration of renewable 
energy use with structural and technological measures. In contrast, Estonia and Latvia show 
stable emission levels, as higher transport activity offsets efficiency gains and renewable 
energy use. Lithuania shows a different trend, with GHG emissions increasing by 1.87 million 
tonnes over the same period, pointing to growing transport demand and slower structural 
adjustment in the road transport sector (Table 6).

Table 6. GHG emissions from fuel combustion in road transport 2010–2023 (a million tonnes) 
(source: Eurostat, n.d.)

EU-27 Estonia Latvia Lithuania Finland

2010 768.5 2.1 3 4.1 11.8
2011 761.3 2.1 2.6 4.1 11.6
2012 734.1 2.2 2.5 4.1 11.4
2013 730.5 2.1 2.6 4.1 11.2
2014 736.3 2.2 2.7 4.6 10.2
2015 755.6 2.2 2.9 4.9 10.2
2016 771 2.3 3 5.2 11.4
2017 781.8 2.4 3.1 5.5 10.8
2018 787.8 2.4 3.1 5.8 10.9
2019 790.6 2.4 3.1 6 10.5
2020 688.5 2.2 3 5.9 9.9
2021 745.3 2.3 3.1 5.9 9.5
2022 765.1 2.4 3 5.9 9.3
2023 757.1 2.4 3.1 6 8.9
Change vs 2010 (%) –11.4 0.3 0.1 1.9 –2.9

To further explain the observed GHG emission trends, the structure of newly registered 
passenger cars by type of motor energy is examined to provide insight into technological 
transition dynamics in road transport (Table 7). Finland shows the most advanced shift, char-
acterised by a sharp decline in diesel registrations and a strong increase in electrified vehicles. 
By 2024, hybrids, plug-in hybrids, and electric vehicles together accounted for a substantial 
share of new registrations, with electric vehicles reaching 29.5%, aligning with the observed 
decline in GHG emissions from road transport. In the Baltic States, Estonia, Latvia, and Lith-
uania also demonstrate a gradual move away from diesel vehicles and increasing adoption 
of hybrid and electric cars, particularly after 2020. However, petrol vehicles remain dominant. 
This slower change in vehicle fleet composition is consistent with stable GHG emission levels 
in Estonia and Latvia and increasing emissions in Lithuania. EU-level data are not reported, 
as disaggregated information on newly registered passenger cars by motor energy type is 
largely unavailable or incomplete for most categories before 2020, limiting consistent com-
parison across years.
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Table 7. Newly registered passenger cars by type of motor energy 2013–2024 (%) (source: 
Eurostat, n.d.*)

Petrol Diesel Hybrid Plug-in hybrid Electricity

Estonia 2013 62.0 37.3 1.0 – 0.7
2015 66.9 33.0 1.7 – 0.1
2020 68.2 26.6 13.4 – 1.8
2024 71.5 22.8 40.4 4.8 5.1

Latvia 2013 – – – – 0.0
2015 50.5 48.4 0.1 – 0.1
2020 60.9 35.5 0.6 – 2.6
2024 68.7 21.7 37.3 4.6 7.5

Lithuania 2013 42.7 57.3 0.4 – 0.05
2015 43.6 55.9 0.7 – 0.2
2020 80.5 17.2 19.6 – 4.4
2024 71.5 19.6 41.3 6.0 29.5

Finland 2013 62.1 37.4 – – 0.05
2015 63.8 35.7 2.6 0.4 0.2
2020 78.6 15.1 18.0 13.3 4.4
2024 64.9 5.4 29.9 19.8 29.5

Note: *Percentages are calculated relative to total newly registered passenger cars in each country and year. Due to 
Eurostat motor-energy classifications and transitional reporting categories, shares may not sum exactly to 100%.

While changes in the vehicle fleet affect emissions only gradually due to slow fleet turn-
over, the structure of new registrations provides important insight into transition dynamics 
and the future trajectory of road transport emissions.

While the composition of newly registered passenger cars reflects technological transition, 
overall emission outcomes are also shaped by the size of the vehicle fleet and car ownership 
levels. The highest number of cars per thousand inhabitants in 2024 was in Finland – 666, and 
consequently 635 in Estonia, 598 in Lithuania, 424 in Latvia. The number of passenger cars 
has grown over the years in all selected countries, but the most rapid growth was recorded 
in Estonia, where the number of passenger cars increased by 52.6 % in 2024 compared to 
2010, compared to 18.7 % of the total EU average (Table 8). The continued growth in passen-
ger car ownership, particularly in Estonia and Latvia, increases overall transport activity and 
helps explain why reductions in GHG emissions remain limited despite the growing share of 
electrified vehicles.

The results and achievements of road transport development and the transition to RES in 
Finland and the Baltic States differ. Historical evidence shows that all countries have achieved 
significant results, but not enough to tackle climate change. It is therefore important to track 
progress and accelerate the transition to RES in the transport sector through a range of pol-
icies and measures that equally consider economic, social and environmental development.

The comparative overview of policy instruments shows that Finland and the Baltic States 
rely on a broadly similar policy framework supporting the transition toward renewable energy 
in the transport sector. At the same time, the maturity and emphasis of policy implementation 
differ across countries (Table 9).
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Table 8. Passenger cars per 1000 inhabitants 2010–2024 (source: Eurostat, n.d.)

2010 2015 2020 2024 Change vs 
2010 (%)

EU-27 487 508 555 578 18.7
Estonia 416 514 608 635 52.6
Latvia 307 345 390 424 38.1
Lithuania 554 430 557 598 7.9
Finland 535 590 652 666 24.5

Table 9. Policy instruments supporting renewable energy transition in the road transport sector 
in Finland and the Baltic States (source: made by authors based on literature review and analysis)

Policy 
category Policy instrument Finland* Baltic 

States* Description

Regulatory 
instruments

Regulatory framework 
and emission standards

Established Established National and EU regulations 
promote cleaner vehicles and 
fuels.

Promotion of renewable 
fuels (biofuels)

Established Advanced Fiscal and regulatory measures 
encourage renewable 
transport fuels.

Economic 
and financial 
incentives

EV purchase incentives Established Advanced Financial incentives reducing 
the purchase cost of electric 
vehicles.

Tax incentives for low-
emission vehicles

Established Advanced Reduced vehicle taxation and 
registration fees encouraging 
adoption of low-emission 
vehicles.

Public transportation 
subsidies

Established Advanced Financial support for public 
transport systems encouraging 
sustainable mobility.

Incentives for fleet 
electrification

Advanced Developing Support measures 
encouraging companies and 
public fleets to adopt low-
emission vehicles.

Innovation 
and 
technological 
support

Research and 
development support

Advanced Developing Public funding supports 
innovation in renewable 
energy and transport 
technologies.

Hydrogen fuel 
development

Developing Limited Development and pilot 
deployment of hydrogen 
technologies in transport.

Infrastructure 
and system 
integration

Charging infrastructure 
development

Advanced Developing Expansion of EV charging 
networks supporting vehicle 
electrification.

Integration with 
renewable energy 
sources

Advanced Developing Integration of transport 
electrification with renewable 
energy generation systems.
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Policy 
category Policy instrument Finland* Baltic 

States* Description

Behavioral 
and mobility 
measures

Eco-driving and energy 
efficiency programs

Advanced Developing Programs encouraging energy-
efficient driving behavior.

Environmental labelling Advanced Developing Labelling systems inform 
consumers about the 
environmental impact of 
vehicles.

Public awareness and 
education

Advanced Developing Campaigns promote 
sustainable mobility choices.

Shared mobility and 
smart transport solutions

Developing Advanced Promotion of car-sharing, 
ride-hailing and smart mobility 
systems.

Active mobility 
infrastructure

Advanced Advanced Development of cycling and 
walking infrastructure to 
reduce car dependence.

Public sector 
leadership

Green public 
procurement

Established Advanced Public authorities prioritising 
low-emission vehicles in public 
fleets.

International 
coordination

International cooperation 
and partnerships

Advanced Advanced Collaboration with 
international organisations and 
stakeholders to align policies.

Public 
transport 
transition

Public transport 
electrification

Advanced Advanced Electrification of buses and 
other public transport fleets.

Notes: * Policy maturity levels used in the table are defined as follows: established – widely implemented policy instru-
ment forming part of the national policy framework; advanced – well-developed and actively promoted policy measure 
with substantial implementation; developing – policy instrument under expansion or partial implementation; limited – 
early-stage policy measure with relatively narrow application.

Several core instruments, including regulatory frameworks and emission standards, EV 
purchase incentives, tax benefits for low-emission vehicles, green public procurement, and 
the promotion of renewable fuels, are already well established across the analysed countries. 
This reflects the influence of common EU climate and energy policies. 

However, differences emerge in the maturity and emphasis of policy implementation. 
Finland demonstrates a higher concentration of established and advanced policy instruments, 
particularly in areas related to renewable fuel promotion, public transport support, and the 
integration of renewable energy sources with transport electrification. Infrastructure-related 
measures, such as charging network development and fleet electrification incentives, are also 
more advanced in Finland. In contrast, many of these measures remain in the developing 
stage in the Baltic States, particularly in areas such as research and development support, 
charging infrastructure expansion, and the integration of renewable energy systems with 
transport electrification.

At the same time, the Baltic States show stronger emphasis on certain mobility-related 
policies, including shared mobility services and smart transport solutions, which are increas-
ingly promoted as part of broader sustainable mobility strategies. These differences indicate 
that although the overall policy architecture is largely similar due to common EU regulations, 
national priorities and implementation dynamics vary across countries.

End of Table 9
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It should be noted that the comparison presented in Table 9 primarily reflects the direc-
tion and maturity of policy instruments rather than their financial scale or effectiveness. Com-
parable cross-country data on the financial resources allocated to these measures, including 
funding volumes and sources, are not consistently available across countries. Therefore, the 
analysis focuses on identifying the presence and relative development of key policy instru-
ments that shape the transition toward renewable energy-based transport systems.

Overall, the results suggest that while Finland and the Baltic States apply largely similar 
policy instruments, the degree of policy maturity, coordination, and integration with support-
ing infrastructure differs. These differences in policy maturity and coordination help explain 
the variation in renewable energy deployment and GHG emission trends observed across the 
analysed countries.

5.	Discussion

Although all the countries analysed are in the Baltic Sea region, Finland and the Baltic coun-
tries are pursuing sustainable transport transformation, differences in economic development, 
geographical location, infrastructure and political factors determine the pace and nature of 
sustainable transformation. The scale of sustainable transformation in each country depends 
on the priorities and policies in place. The results of this study show that despite operating 
within the same EU regulatory framework, countries demonstrate different transition dynam-
ics in renewable energy deployment and emission reduction in the transport sector.

The findings of this study revealed some differences in prioritising governmental sup-
port measures and applying policies to support transition to renewable energy-based de-
velopment in the transport sector in Finland and the Baltic States. Numerous studies focus 
on renewable energy policy instruments. Siksnelyte-Butkiene and Streimikiene (2022) and 
other authors point out that purchase subsidies and tax incentives for EVs help to increase 
the uptake of electric vehicles by reducing the price differential between EVs and Internal 
Combustion Engine (ICE) vehicles. Such instruments can also contribute to economies of 
scale in the EV and battery industries and stimulate technological innovation. However, it is 
essential to emphasise that even by actively supporting and incentivising EVs to reduce the 
upfront cost of buying an electric car, the share of electrified vehicles in newly registered 
passenger cars has increased gradually but still represents a relatively small part of the total 
vehicle fleet in most analysed countries. At the same time, the number of passenger cars 
per 1000 inhabitants has increased significantly since 2010, particularly in Estonia and Latvia, 
which partly offsets the environmental benefits achieved through vehicle electrification and 
improvements in energy efficiency. 

These results suggest that technological change in the vehicle fleet alone is not suf-
ficient to significantly reduce emissions if overall transport demand and car ownership 
continue to grow. Therefore, policy effectiveness depends not only on incentives support-
ing low-emission vehicles but also on broader structural measures addressing transport 
demand, infrastructure development, and integration with renewable energy systems.

Ensuring sustainable economic development and GHG reductions through economic 
policy is a key issue for policymakers. This includes policies that subsidise investment in 
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R&D and tax carbon dioxide emissions to enable appropriate technical changes to reduce 
GHG emissions (Moosavian et al., 2022; Nordhaus, 2019). Moosavian et al. (2022) argued 
that by taxing fossil fuel consumption and subsidising R&D, the private sector is incentiv-
ised to develop renewable energy systems, making renewable energy cost-competitive with 
fossil fuels. The large-scale development of renewable energy systems does not have an 
economic rationale due to the low cost of fossil fuels. These findings are consistent with 
the results of this study, which indicate that policy instruments combining fiscal incen-
tives, regulatory measures, and infrastructure development are important for accelerating 
the transition toward renewable energy in the transport sector. The comparative analysis of 
Finland and the Baltic States shows that countries with more coordinated policy frameworks 
and stronger integration of renewable fuels, infrastructure development, and vehicle electri-
fication demonstrate more consistent progress in increasing the share of renewable energy 
in transport and reducing transport-related emissions.

Overall, the results suggest that differences in policy maturity, institutional capacity, and 
long-term policy coordination contribute to the variation in renewable energy deployment 
and emission reduction outcomes across the analysed countries. These findings highlight the 
importance of coordinated policy approaches that combine technological development, infra-
structure expansion, and stable regulatory frameworks to support the transition toward sus-
tainable transport. The implications of these results are discussed in the concluding section.

6.	Conclusions

The transport sector has a significant role to play in the decarbonisation of the EU energy 
system. Increasing transport activity has a strong dependence on the increase in energy con-
sumption in transport sector. Overall, improvements in fuel efficiency in transport have been 
limited, and the sector remains highly dependent on petroleum products. As a result, the 
fuel mix has not evolved as favourably towards renewables as in other sectors. Most sectors 
have seen declining GHG emissions, while emissions from fuel combustion in transport re-
main comparatively high, highlighting the challenges of decarbonising this sector. Significant 
reductions in GHG emissions require a reduction in the use of fossil fuels. However, this is a 
challenging task, as the products resulting from fossil fuels are not only energy carriers but 
also primary energy sources for transport systems.

This paper presented a comparative assessment of key indicators and policy instruments 
supporting the transition towards renewable energy-based development in the transport sec-
tor in Finland, Estonia, Latvia and Lithuania. The analysis applied a structured set of indicators 
reflecting renewable energy deployment, emission dynamics, vehicle fleet transformation, and 
transport demand. Such a framework enables systematic monitoring of transition progress, 
identification of leading practices, and detection of structural differences influencing transport 
decarbonisation outcomes. 

A comparative analysis of the indicators reveals that Finland and the Baltic States demon-
strate different transition dynamics towards renewable energy development in transport. All 
analysed countries perform above the EU average level in the overall share of renewable 
energy in gross final consumption. However, the share of renewable energy in transport 
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remains lower in Latvia and Lithuania, remaining below EU targets established by Directive 
2009/28/EC (European Parliament & Council of the European Union, 2009). Finland and Es-
tonia demonstrate more pronounced progress in renewable energy deployment in transport, 
with Finland reaching one of the highest shares of renewable energy in transport among the 
analysed countries, while Estonia shows a rapid increase over last decade. These differenc-
es illustrate how national policy frameworks, infrastructure development, and technological 
adoption influence transition performance.

The analysis also highlights the importance of vehicle fleet transformation and transport 
demand dynamics in shaping emission outcomes. Growth in passenger car ownership across 
most analysed countries increases transport activity and partly offsets emission reductions 
achieved through renewable energy deployment and vehicle electrification. At the same time, 
the increasing share of electrified vehicles and the diversification of motor energy types in 
newly registered passenger cars indicate gradual technological change in the transport sector. 
These trends suggest that technological change alone is insufficient to significantly reduce 
emissions without broader structural measures addressing transport demand and infrastruc-
ture development.

Policies aiming to support and promote the use of renewable energy seek to reduce the 
existence of market barriers and address positive externalities, such as pollution reduction, 
improved energy security, and energy source diversification. Based on literature analysis, 
the policies and instruments supporting renewable energy development include regulatory 
frameworks and standards, renewable energy mandates, public procurement, market-based 
mechanisms, research and development support, financial incentives, and carbon pricing in-
struments. 

Recent EU policy initiatives, including the Renewable Energy Directive II (Directive (EU) 
2018/2001) (European Parliament & Council of the European Union, 2018), the revised Re-
newable Energy Directive III (Directive (EU) 2023/241) (European Parliament & Council of the 
European Union, 2023), and the Fit for 55 package, further strengthen renewable energy and 
decarbonisation targets for the transport sector. In addition, sector-specific initiatives such as 
ReFuelEU and FuelEU aim to accelerate the adoption of sustainable fuels in transport. These 
policy developments highlight the increasing importance of coordinated policy frameworks 
and technological innovation in achieving long-term decarbonisation goals.

While Finland has made substantial progress in transitioning to RES during the last dec-
ade, it’s important to note that each country’s transition pathway remains shaped by its spe-
cific economic conditions, infrastructure development, and policy priorities. The results of this 
study suggest that countries with more integrated policy frameworks, stronger infrastructure 
development, and greater policy coordination tend to demonstrate more consistent progress 
in renewable energy deployment and emission reduction in the transport sector.

This study contributes to the literature by combining quantitative indicators of renewable 
energy transition performance with a comparative analysis of policy instruments in Finland 
and the Baltic States. The results highlight how differences in policy maturity, infrastructure 
development, and institutional capacity influence the dynamics of transport decarbonisation 
across countries operating under a common EU regulatory framework. Future research could 
further investigate the interaction between policy instruments, infrastructure investment, and 
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technological adoption in shaping transport decarbonisation pathways. More detailed analy-
sis of financial allocations and policy effectiveness across countries could also provide deeper 
insights into the mechanisms driving successful energy transitions in the transport sector.

AI acknowledgement

During the preparation of this manuscript, the authors used OpenAI’s ChatGPT, based on 
GPT-5.5 Thinking, as a supporting tool for language editing, grammar checking, sentence 
restructuring and improving the overall readability of selected parts of the text. The AI tool 
was not used to generate the research idea, conduct data analysis, interpret results, or draw 
conclusions. All content, data, arguments, interpretations and conclusions were critically re-
viewed and verified by the authors, who take full responsibility for the accuracy and integrity 
of the manuscript.

References

Azhgaliyeva, D., Belitski, M., Kalyuzhnova, Y., & Romanov, M. (2018). Policy instruments for renewable 
energy: An empirical evaluation of effectiveness. International Journal of Technology Intelligence and 
Planning, 12(1), 24–48. https://doi.org/10.1504/IJTIP.2018.094409

Barak, D. (2022). The impact of income inequality, renewable energy consumption, non-renewable energy 
consumption and per capita income on poverty: Evidence from BRICS economies. Ekonomika, 101(1), 
62–83. https://doi.org/10.15388/Ekon.2022.101.1.4

Bogdanov, D., Gulagi, A., Fasihi, M., & Breyer, C. (2021). Full energy sector transition towards 100% re-
newable energy supply: Integrating power, heat, transport and industry sectors including desalination. 
Applied Energy, 283, Article 116273. https://doi.org/10.1016/j.apenergy.2020.116273

Chang, M.-C. & Shield H.-S. (2017). The relations between energy efficiency and GDP in the Baltic Sea 
region and non-Baltic Sea region. Transformations in Business & Economics, 16(2), 235–247.

Chygryn, O., Ziabina, Y., Štreimikienė, D., & Bilan, Y. (2026). Outcomes of innovative technologies and 
smart transformation of the energy sector. Journal of Innovation & Knowledge, 12, Article 100910. 
https://doi.org/10.1016/j.jik.2025.100910

Council of the European Union. (2022). Environment Council, 28 June 2022 – Main results. Retrieved Feb-
ruary 24, 2026, from https://www.consilium.europa.eu/en/meetings/env/2022/06/28/ 

Dalevska, N., Khobta, V., Kwilinski, A., & Kravchenko, S. (2019). A model for estimating social and econom-
ic indicators of sustainable development. Entrepreneurship and Sustainability Issues, 6(4), 1839–1860. 
https://doi.org/10.9770/jesi.2019.6.4(21)

European Commission. (2019). The European Green Deal. Retrieved February 24, 2026, from https://
commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en 

European Commission. (2021). European Green Deal: Commission proposes transformation of EU econ-
omy and society to meet climate ambitions. Retrieved February 24, 2026, from https://ec.europa.eu/
commission/presscorner/detail/en/ip_21_3541 

European Environment Agency. (2025). Analysis and data. Retrieved February 24, 2026, from https://
www.eea.europa.eu/data-and-maps 

European Parliament & Council of the European Union. (2009). Directive 2009/28/EC of the European 
Parliament and of the Council of 23 April 2009 on the promotion of the use of energy from renewable 
sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC (2009, 
April 23, No. 32009L0028). Official Journal, L140/16. Retrieved February 24, 2026, from https://eur-
lex.europa.eu/eli/dir/2009/28/oj/eng

European Parliament & Council of the European Union. (2018). Directive (EU) 2018/2001 of the Europe-
an Parliament and of the Council of 11 December 2018 on the promotion of the use of energy from 

https://doi.org/10.1504/IJTIP.2018.094409
https://doi.org/10.15388/Ekon.2022.101.1.4
https://doi.org/10.1016/j.apenergy.2020.116273
https://doi.org/10.1016/j.jik.2025.100910
https://www.consilium.europa.eu/en/meetings/env/2022/06/28/
https://doi.org/10.9770/jesi.2019.6.4(21)
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_21_3541
https://ec.europa.eu/commission/presscorner/detail/en/ip_21_3541
https://www.eea.europa.eu/data-and-maps
https://www.eea.europa.eu/data-and-maps
https://eur-lex.europa.eu/eli/dir/2009/28/oj/eng
https://eur-lex.europa.eu/eli/dir/2009/28/oj/eng


18 E. Norgren, J. Stankevičienė. Green transformation in Finland and the Baltic States: comparative analysis of renewable...

renewable sources (2018, December 11, No. 32018L2001). Official Journal of the European Union, 
L328/82. Retrieved February 24, 2026, from https://eur-lex.europa.eu/eli/dir/2018/2001/oj/eng

European Parliament & Council of the European Union. (2023). Directive (EU) 2023/2413 of the Europe-
an Parliament and of the Council of 18 October 2023 amending Directive (EU) 2018/2001, Regulation 
(EU) 2018/1999 and Directive 98/70/EC as regards the promotion of energy from renewable sources 
(2023, October 18, No. 32023L2413). Retrieved February 24, 2026, from https://eur-lex.europa.eu/
eli/dir/2023/2413/oj/eng

Eurostat. (n.d.). Database. Retrieved February 24, 2026, from https://ec.europa.eu/eurostat/data/da-
tabase

Fatima, N., Li, Y., Ahmad, M., Jabeen, G., & Li, X. (2021). Factors influencing renewable energy generation 
development: A way to environmental sustainability. Environmental Science and Pollution Research, 
28, 51714–51732. https://doi.org/10.1007/s11356-021-14256-z

Hansen, K., Breyer, C., & Lund, H. (2019). Status and perspectives on 100% renewable energy systems. 
Energy, 175, 471–480. https://doi.org/10.1016/j.energy.2019.03.092

Heshmati, A., Abolhosseini, S., & Altmann,  J. (2015). Summary and conclusion. In The development of 
renewable energy sources and its significance for the environment (pp. 147–155). Springer. 
https://doi.org/10.1007/978-981-287-462-7_8

Hussain, A., Arif, S. M., & Aslam, M. (2017). Emerging renewable and sustainable energy technologies: 
State of the art. Renewable and Sustainable Energy Reviews, 71, 12–28. 
https://doi.org/10.1016/j.rser.2016.12.033

Jefferson, M. (2000). Energy policies for sustainable development. In World energy assessment: Energy and 
the challenge of sustainability (pp. 416–452). UNDP. https://www.undp.org/sites/g/files/zskgke326/
files/publications/World%20Energy%20Assessment-2000.pdf

Kåberger, T. (2018). Progress of renewable electricity replacing fossil fuels. Global Energy Interconnection, 
1(1), 48–52. 

Kagan, M. S. (2016). Issues in Climate Change Economics: Uncertainty Renewable Energy Innovation and 
Fossil Fuel Scarcity. Vrije Universiteit Amsterdam/Tinbergen Institute.

Kaltschmitt, M., Streicher, W., & Wiese, A. (2007). Renewable energy: Technology, economics and environ-
ment. Springer. https://doi.org/10.1007/3-540-70949-5

Karasek, A., Fura, B., & Zajączkowska, M. (2023). Assessment of energy efficiency in the European Union 
countries in 2013 and 2020. Sustainability, 15(4), Article 3414. https://doi.org/10.3390/su15043414

Kubba, S. (2010). Introduction. In Green construction project management and cost oversight (pp. 15–27). 
Butterworth-Heinemann. https://doi.org/10.1016/B978-1-85617-676-7.00014-2

Li,  J. (2023). Evaluation of dynamic growth trend of renewable energy based on mathematical model. 
Energy Reports, 9, 48–56. https://doi.org/10.1016/j.egyr.2022.11.139

Liu, L., Zhao, Z., Zhang, M., & Zhou, D. (2022). Green investment efficiency in the Chinese energy sector: 
Overinvestment or underinvestment? Energy Policy, 160, Article 112694. 
https://doi.org/10.1016/j.enpol.2021.112694

Magalhães, N. (2021). The green investment paradigm: Another headlong rush. Ecological Economics, 190, 
Article 107209. https://doi.org/10.1016/j.ecolecon.2021.107209

Miškinis, V., Galinis, A., Konstantinavičiūtė, I., Lekavičius, V., & Neniškis, E. (2021). The role of renewable 
energy sources in dynamics of energy-related GHG emissions in the Baltic States. Sustainability, 13(18), 
Article 10215. https://doi.org/10.3390/su131810215

Moosavian, S. F., Borzuei, D., Zahedi, R., & Ahmadi, A. (2022). Evaluation of research and development 
subsidies and fossil energy tax for sustainable development using computable general equilibrium 
model. Energy Science & Engineering, 10(9), 3267–3280. https://doi.org/10.1002/ese3.1217

Nordhaus, W. (2019). Climate change: The ultimate challenge for economics. American Economic Review, 
109(6), 1991–2014. https://doi.org/10.1257/aer.109.6.1991

Olabi, A. G., Elsaid, K., Rabaia, M. K. H., Askalany, A. A., & Abdelkareem, M. A. (2020). Waste heat-driven 
desalination systems: Perspective. Energy, 209, Article 118373. 
https://doi.org/10.1016/j.energy.2020.118373

https://eur-lex.europa.eu/eli/dir/2018/2001/oj/eng
https://eur-lex.europa.eu/eli/dir/2023/2413/oj/eng
https://eur-lex.europa.eu/eli/dir/2023/2413/oj/eng
https://ec.europa.eu/eurostat/data/database
https://ec.europa.eu/eurostat/data/database
https://doi.org/10.1007/s11356-021-14256-z
https://doi.org/10.1016/j.energy.2019.03.092
https://doi.org/10.1007/978-981-287-462-7_8
https://doi.org/10.1016/j.rser.2016.12.033
https://www.undp.org/sites/g/files/zskgke326/files/publications/World Energy Assessment-2000.pdf
https://www.undp.org/sites/g/files/zskgke326/files/publications/World Energy Assessment-2000.pdf
https://doi.org/10.1007/3-540-70949-5
https://doi.org/10.3390/su15043414
https://doi.org/10.1016/B978-1-85617-676-7.00014-2
https://doi.org/10.1016/j.egyr.2022.11.139
https://doi.org/10.1016/j.enpol.2021.112694
https://doi.org/10.1016/j.ecolecon.2021.107209
https://doi.org/10.3390/su131810215
https://doi.org/10.1002/ese3.1217
https://doi.org/10.1257/aer.109.6.1991
https://doi.org/10.1016/j.energy.2020.118373


Business, Management and Economics Engineering, Article in press 19

Olabi, A. G., Abdelkareem, M. A., Wilberforce, T., & Sayed, E. T. (2021). Application of graphene in energy 
storage device – a review. Renewable and Sustainable Energy Reviews, 135, Article 110026. 
https://doi.org/10.1016/j.rser.2020.110026

Olabi, A. G., & Abdelkareem, M. A. (2022). Renewable energy and climate change. Renewable and Sus-
tainable Energy Reviews, 158, Article 112111. https://doi.org/10.1016/j.rser.2022.112111

Olijslagers, S. (2022). The economics of climate change: On the role of risk and preferences. Rozenberg. 
OpenAI. (2026). ChatGPT [Large language model]. https://chatgpt.com/ 
Rivard, E., Trudeau, M., & Zaghib, K. (2019). Hydrogen storage for mobility: A review. Materials, 12(12), 

Article 1973. https://doi.org/10.3390/ma12121973
Ryszka, K. A. (2016). Resource extraction and the Green Paradox: Accounting for political economy issues 

and climate policies in a heterogeneous world [Doctoral dissertation, Vrije Universiteit Amsterdam]. 
Tinbergen Institute.

Sachs,  J. D., Woo, W. T., Yoshino, N., & Taghizadeh-Hesary, F. (2019). Importance of green finance for 
achieving sustainable development goals and energy security. In Handbook of green finance (pp. 3–12). 
Springer. https://doi.org/10.1007/978-981-13-0227-5_13

Sayed, E. T., Abdelkareem, M. A., Bahaa, A., Eisa, T., Alawadhi, H., Al-Asheh, S., Chae, K.-J., & Olabi, A. G. 
(2021). Synthesis and performance evaluation of various metal chalcogenides as active anodes for 
direct urea fuel cells. Renewable and Sustainable Energy Reviews, 150, Article 111470. 
https://doi.org/10.1016/j.rser.2021.111470

Sichigea, M., Cîrciumaru, D., Brabete, V., & Barbu, C. M. (2024). Sustainable transport in the European 
Union: Exploring the net-zero transition through confirmatory factor analysis and Gaussian graphical 
modeling. Energies, 17(11), Article 2645. https://doi.org/10.3390/en17112645

Siksnelyte-Butkiene,  I., & Streimikiene, D. (2022). Sustainable development of road transport in the EU: 
Multi-criteria analysis of countries’ achievements. Energies, 15(21), Article 8291. 
https://doi.org/10.3390/en15218291

Štreimikienė, D. (2024). Renewable energy penetration in Nordic and Baltic countries of the EU. Journal 
of International Studies, 17(1), 97–107. https://doi.org/10.14254/2071-8330.2024/17-1/6

Tran, T. T. T., Do, H. N., Vu, T. H., & Do, N. N. M. (2020). The factors affecting green investment for sus-
tainable development. Decision Science Letters, 9(3), 365–386. https://doi.org/10.5267/j.dsl.2020.4.002

Tutak, M., Brodny, J., Siwiec, D., Ulewicz, R., & Bindzár, P. (2020). Studying the level of sustainable energy 
development of the European Union countries and their similarity based on the economic and demo-
graphic potential. Energies, 13(24), Article 6643. https://doi.org/10.3390/en13246643

Wang, S., Sun, L., & Iqbal, S. (2022). Green financing role on renewable energy dependence and energy 
transition in E7 economies. Renewable Energy, 200, 1561–1572. 
https://doi.org/10.1016/j.renene.2022.10.067

Wesseling, J. H., & Van der Vooren, A. (2017). Lock-in of mature innovation systems: The transformation 
toward clean concrete in the Netherlands. Journal of Cleaner Production, 155, 114–124. 
https://doi.org/10.1016/j.jclepro.2016.08.115

Zhang, T., Liu, J., & Sun, S. (2023). Technology transition from traditional oil and gas reservoir simulation 
to the next generation energy development. Advances in Geo-Energy Research, 7(1), 69–70. 
https://doi.org/10.46690/ager.2023.01.08

Zhang, X., & Yousaf, H. M. A. U. (2020). Green supply chain coordination considering government in-
tervention, green investment, and customer green preferences in the petroleum industry. Journal of 
Cleaner Production, 246, Article 118984. https://doi.org/10.1016/j.jclepro.2019.118984

Zhao, T., Zhou, H., Jiang, J., & Yan, W. (2022). Impact of green finance and environmental regulations on 
the green innovation efficiency in China. Sustainability, 14(6), Article 3206. 
https://doi.org/10.3390/su14063206

https://doi.org/10.1016/j.rser.2020.110026
https://doi.org/10.1016/j.rser.2022.112111
https://chatgpt.com/?utm_source=chatgpt.com
https://doi.org/10.3390/ma12121973
https://doi.org/10.1007/978-981-13-0227-5_13
https://doi.org/10.1016/j.rser.2021.111470
https://doi.org/10.3390/en17112645
https://doi.org/10.3390/en15218291
https://doi.org/10.14254/2071-8330.2024/17-1/6
https://doi.org/10.5267/j.dsl.2020.4.002
https://doi.org/10.3390/en13246643
https://doi.org/10.1016/j.renene.2022.10.067
https://doi.org/10.1016/j.jclepro.2016.08.115
https://doi.org/10.46690/ager.2023.01.08
https://doi.org/10.1016/j.jclepro.2019.118984
https://doi.org/10.3390/su14063206

