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Abstract: Energy is often described as the lifeblood of a nation’s economy, and the world
energy trilemma calls for collaboration and innovative solutions at the national level. This is
where Education for Sustainable Development (ESD) plays a crucial role, helping integrate
the achievement of the United Nations Sustainable Development Goals (SDGs) while
addressing the challenges posed by the energy trilemma. Europe’s strong commitment to
transitioning to sustainable energy is evident in its response to geopolitical changes and
climate targets. Notably, the Baltic States have taken decisive action in response to the war in
Ukraine, choosing to completely halt electricity imports from Russia and Belarus. This shift
was supported by increased energy imports via interconnectors from Finland, Sweden, and
Poland, with electricity imports rising to 13,053 GWh—an increase of 2.6% in 2023 compared
to the previous year. Latvia, which holds the highest green energy potential in the Baltic Sea
region, has nevertheless lagged behind its Baltic counterparts in terms of implementation.
In 2021, Latvia ranked third among European Union (EU) countries for renewable energy
share in final energy consumption, with 42.1%, significantly higher than the EU average of
21.8%. However, further progress is needed to meet Latvia’s 2030 target of 14% renewable
energy use in transport. The Baltic States aim to produce 98–100% of their electricity
from renewable sources by 2050. The Baltic States should be regarded as a unified energy
system, with a coordinated strategy for achieving sustainable energy development through
collaboration and joint planning. This analysis highlights the complexities of managing
energy markets amidst global and regional challenges, emphasizing the importance of
well-designed public interventions to secure long-term benefits. The study concludes with a
call for enhanced interagency cooperation to reform ESD and create a new interdisciplinary
sector dedicated to “Sustainable Development”.

Keywords: energy trilemma; renewable energy; education; Baltic states; sustainable
development goals

1. Introduction
UNESCO defines sustainability science as “science about sustainability, to understand

how complex physical, biological, and social systems function; and it is science for sus-
tainability, to support sustainable policies and positive social transformations” [1]. The
topic of sustainable development is frequently discussed in various publications, and the
educational content and approaches in sustainable development studies evolve over time,
including new trends brought by technological progress and political policies [2–6].

Like education aimed at fostering sustainable development, the United Nations’ Sus-
tainable Development Goals (SDGs) serve as benchmarks for society as it seeks to tackle a
variety of urgent issues.
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It is important to highlight that one cannot speak in isolation about one specific Sus-
tainable Development Goal. Sustainable Development Goal 7 (SDG7) calls for “affordable,
reliable, sustainable, and modern energy for all” by 2030, with the following target areas:
SDG 7.1—access to energy, SDG 7.2—renewable energy, SDG 7.3—energy efficiency [7,8].

Balancing energy security, energy equity, and environmental sustainability is essen-
tial for enhancing energy sustainability and facilitating a clean and fair transition to a
new energy system. Each country needs to navigate the three critical components of
the energy trilemma—affordability and accessibility, energy security, and environmental
sustainability—to establish a strong basis for prosperity and competitiveness.

The relevance of the topic is underlined by the fact that the Baltic countries have
the potential to become a significant player in the European energy market, being able to
cooperate and create a common Baltic energy hub that would integrate renewable energy
from both land and sea sources, while ensuring stable transmission capacity for Central
Europe. This can be considered a gap in this study.

Regarding the contributions of other authors to this topic, this article does not aim
to revisit the questions of whether renewable energy is sustainable or its impact on each
Sustainable Development Goal (SDG) [9,10]. Instead, based on the research and theoretical
insights of others, the focus will be on examining potential scenarios for advancing renew-
able energy through Education for Sustainable Development (ESD), specifically within the
context of the Baltic States and the 2024 World Energy Trilemma Index publication [5,11–13].

The ongoing energy crisis, exacerbated by Russia’s actions in Ukraine, has highlighted
the urgent need for the EU to reduce its dependency on Russian fossil fuels. Diversifying
and securing energy sources, while prioritizing cleaner alternatives like renewable energy,
is now more critical than ever. Additionally, the EU’s commitment to leading the green
transition in response to the climate emergency is paramount [14].

The Renewable Energy Directive, a central component of the Green Deal [15–19],
emphasizes the importance of leveraging the experiences of others to extract valuable
insights for improving the energy economies of countries and regions.

The World Energy Council’s Energy Trilemma framework has become an essential tool
for policymakers and stakeholders navigating the energy transition [17–19]. The framework
evaluates countries across three dimensions [20].

• Energy Security: Ensuring reliable, stable, and resilient energy supply amidst global
and regional disruptions.

• Energy Equity: Ensuring affordable energy access for all socio-economic groups,
particularly vulnerable populations.

• Environmental Sustainability: Reducing greenhouse gas emissions and environmental
impacts by promoting renewable and low-carbon energy sources.

The 2024 Trilemma Report emphasizes how recent geopolitical conflicts have high-
lighted vulnerabilities in Europe’s energy security. In response, European nations have
implemented strategic measures to reduce reliance on Russian natural gas, ramp up renew-
able energy production, and enhance grid resilience. However, these measures have also
led to short term challenges related to affordability and grid stability, intensifying issues of
regional energy equity. The report provides a valuable baseline for assessing progress in
sustainable development and SDGs.

The research framework includes the following questions for exploration:

• RQ1: Bibliographic analysis of Education for Sustainable Development (ESD) vs.
World Energy Trilemma.

• RQ2: The role of renewable energy in sustainable development and the renewable
energy policy and transition in Europe.

• RQ3: Developing the World Energy Trilemma Index for the Baltic States.
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• RQ4: The potential for positive change through Education for Sustainable Development.

This study is part of a series that advocates for the establishment of the Science of
Sustainable Development. It seeks solutions for integrating Sustainable Development Goals
(SDGs) and ESD in academic curricula. The research continues with an in-depth review of
key industries and introduces a methodology for an open-access index that enables rapid
comparisons of nations’ positions on the energy trilemma (energy security, energy equity,
and environmental sustainability). This index will serve as a foundation for comparative
case studies within the Baltic Sea region.

By exploring the latest literature and data, this paper aims to identify strategic path-
ways for promoting renewable energy adoption while addressing barriers to a sustainable
energy future. It also underscores the interdisciplinary nature of sustainable develop-
ment. The findings are expected to be valuable for a wide audience, including educational
program developers, educators, policymakers, and industry practitioners.

2. Theoretical Framework
To gather evidence supporting the establishment of a field of sustainable development

science, a research sequence, outlined in Figure 1, was developed. The first step involves
conducting a bibliometric analysis of the World Energy Trilemma, both at the global and
regional levels.
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Figure 1. Graphical representation of research.

Based on the literature identified through the bibliometric analysis, a comprehensive
description of the situation will be developed. Secondary data from existing studies will
serve as the foundation for understanding the connections and disparities between the
Baltic region and the global context. This approach will enable an informed assessment of
future efforts within specific countries, using data relevant to our own nation.

An important element of this work is the use of the Global Energy Trilemma frame-
work, which includes three key components: energy security, energy equity, and environ-
mental sustainability. However, the substantive application of this approach has proven to
be superficial, requiring in-depth analysis and a broader understanding of these concepts
in the context of the Baltic region.

Energy equity was considered mainly through the lens of energy affordability, which
is an important aspect but requires a more detailed approach. Energy equity encompasses
a much broader range of issues, such as regional disparities, social inclusion, and the
impact of energy policies on vulnerable groups. In the context of the Baltic States, these
issues are particularly relevant, as the region is characterized by significant differences in
development levels, economic situations, and social structures. It is important to consider
how different population groups, including the with low incomes, may be affected by the
energy transformation and rising energy prices.
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In order to more accurately and comprehensively assess energy equity in the Baltic
Sea region, it is necessary to include data on the social and economic context, as well as
on measures aimed at supporting socially vulnerable groups, in the analysis. As for envi-
ronmental sustainability, this aspect is presented in a rather limited context. Sustainability
requires not only a transition to renewable energy sources, but also taking into account the
geopolitical, enhanced, and environmental context of the Baltic Sea region, including the
impact of climate change, the transformation of energy infrastructure, and the possible im-
pact on biodiversity. It is important to analyze how these factors may affect environmental
sustainability in the long-term and what measures can be taken to minimize them.

The geopolitical situation in the Baltic Sea region, especially in light of events such as
the war in Ukraine, requires special attention to energy security issues. The instability of
supplies from Russia threatens not only energy security, but also the energy sustainability
of the entire energy system of the region. This requires comprehensive solutions that
ensure not only energy independence, but also a balance between economic efficiency,
environmental safety, and social justice.

2.1. The Methodological Approach to Bibliometric Analysis and Its Improvement

The choice of data analysis methods in this study is justified by the need to com-
prehensively explore the interrelationships between renewable energy, the Global Energy
Trilemma, and the broader Sustainable Development Goals (SDGs) in the context of the
Baltic States. In order to effectively address the research questions and fill the identified
research gaps, the selected methods provide robust tools for analyzing both qualitative and
quantitative aspects of the topic. The rationale for the selection of the key methods used in
this study is as follows:

1. Bibliometric analysis was chosen as the main method due to its ability to system-
atically analyze the vast amounts of academic literature and identify trends, key themes,
and knowledge gaps in a given field. This method is well suited to understanding the
evolution of renewable energy, energy security, and sustainable development research over
time, especially in the Baltic States. It also allows the identification of research clusters and
interrelationships between different topics, which is crucial for linking the energy trilemma
to the SDGs. By focusing on scientific articles, it provides a comprehensive understanding
of what was already studied and what still needs further research.

2. VOSviewer (Version 1.6.2.) was used to visualize the results of the bibliometric
analysis and create keyword co-occurrence networks as well as citation relationships. This
method is particularly useful for identifying emerging trends, frequency of relevant terms,
and key areas of research that intersect with renewable energy and the SDGs in the Baltic
States. The tool’s ability to visualize complex relationships between concepts in a clear way
helps to uncover potential interdisciplinary links between energy policy and other SDGs,
such as poverty reduction, education, and gender equality.

3. Secondary data analysis was included to use existing reports, indices, and publi-
cations, in particular from authoritative sources such as the World Energy Council, EU
reports, and Energy Trilemma indices. This method complements bibliometric analysis
by adding contextual depth, enabling comparison of academic findings with real-world
energy indicators and policy reports. Secondary data are particularly useful for assessing
how the Energy Trilemma framework applies in real-world contexts such as the Baltic
region and understanding the impact of energy transitions on energy security, equity,
and sustainability.

4. Qualitative content analysis was used to examine policy documents, reports, and
academic articles to highlight themes related to energy justice, sustainability, and secu-
rity. This method ensures that the research captures the nuanced perspectives of different
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stakeholders, including policymakers, researchers, and community representatives, on the
challenges and opportunities of renewable energy transition in the Baltic region. Content
analysis also helps to identify context-specific issues that are not fully captured by quantita-
tive methods, such as regional disparities, social justice issues, and the interconnectedness
of the SDGs.

For a more in-depth analysis of research in the field of sustainable development and
renewable energy sources, an important element is a methodological approach, including
bibliometric analysis. In this work, keywords such as “World Energy Trilemma”, “Sustain-
able Development”, “Renewable Energy”, and “Sustainable Development Goals” were
used to search for relevant publications in databases such as Scopus and Web of Science.
However, several shortcomings in the application of this approach were identified in the
early stages of the study, which required improvement.

First of all, it is necessary to justify the choice of keywords and data selection in more
detail. The previously used terms, although relevant, required additional explanation,
as they are directly related to the purpose of the study—the integration of sustainable
development principles into energy policy. These keywords were chosen in order to
identify the relationships between the global sustainable development goals and real
energy trends. Thus, improving the validity of the choice of keywords allows us to make
the research more transparent and substantiated.

As a result of the revision of the methodological approach, changes were made that
allow us to clearly identify the connection between the analyzed terms and current trends in
the energy fields, such as energy security, energy justice, and environmental sustainability,
which are central components of the World Energy Trilemma concept. This approach
allows us not only to study trends, but also to offer practical recommendations for the
development of a sustainable energy strategy.

The second important step was to improve the connection between bibliometric
results and strategic recommendations for energy policy, which allows us to move from
the description of existing problems to specific solutions. In particular, several directions
were proposed for increasing the sustainability of the energy system in the Baltic countries,
using a deeper integration of the principles of sustainable development into the national
energy sector.

Furthermore, the analysis showed the need for a more integrated approach to develop-
ing recommendations, including technological innovation, strategic government regulation,
and enhanced international cooperation. This provides a more comprehensive understand-
ing of how challenges related to energy transformation and the integration of renewable
energy sources in the Baltic States can be overcome.

Thus, the reworking of the methodological approach allowed us to improve the quality
of the analysis, making it more relevant to the current political and practical aspects of
sustainable energy development.

To mitigate climate risk, comprehensive assessments of energy systems and strategies
for a sustainable energy transition and sustainable development are gaining importance in
academic research. The topic of green transformation is becoming increasingly relevant
in the public debate. Climate neutrality policy goals were set globally and in Europe—
dependence on imported fossil fuels must be reduced, the use of local resources must be
promoted, and energy security and supply stability must be increased. It is important to be
aware of the readiness for change and to find out what research is already available and
what examples of experience were already published.
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To obtain a more detailed perspective on the concepts related to the topic, bibliometric
analysis is often utilized. Bibliometric analysis is a research method that has increasingly
been used in recent years for selecting and analyzing literature sources. Typically, biblio-
metric studies focus on analyzing networks of documents, keywords, authors, or journals
within a specific period. Mapping and clustering methods are usually applied to provide
insights into the network structure and to reveal certain correlations between the keywords
used [21,22].

First, the dynamics of the development of the topic in previously conducted studies
and publications were studied in order to determine the connections for the presentation of
the topic. Therefore, the decision was made to work with previously verified data from
Scopus, because it includes peer-reviewed publications from all over the world and is
compatible with VOSvieer.

VOSviewer is a complimentary software application designed for the construction and
visualization of bibliometric networks. These networks may consist of academic journals,
researchers, or specific publications and can be organized based on keywords, citations,
bibliographic coupling, or relationships of co-authorship and collaboration. VOSviewer
allows users to create and visualize co-occurrence networks of significant terms derived
from scientific literature databases [22,23]. Bibliometric networks are made up of nodes
and connections. Nodes can represent various entities, such as publications, journals,
researchers, or keywords, while connections illustrate the relationships between pairs of
nodes. The most frequently examined types of relationships include citation relationships,
co-occurrence of keywords, and co-authorship connections. Typically, bibliometric net-
works are weighted networks, meaning that connections not only show whether two nodes
are related but also represent the strength of their relationship [22,24].

By investigating the articles’ contents and analyzing their distributions over time,
researchers can identify key trends and outline a path for advancement in this critical
field [25–27].

In this write-up, an examination of studies on renewable energy sources as a whole
and specifically in the Baltic States was undertaken, using information from the Scopus
and Web of Science databases. At the outset of this data analysis, the following five key
terms associated with sustainability and resource management were selected: “World
energy trilemma”, “Sustainable development”, “renewable energy”, and “Sustainable
development goals”. These terms were employed to locate pertinent research articles in
the Scopus database, a comprehensive repository of scholarly publications. The materials
were chosen from the timeframe of 2018–2024 within the Baltic States. The results from
the search were refined to pinpoint the most pertinent studies. The chosen papers were
examined to extract information regarding when and where the research took place. The
data were exported into a CSV format and then visualized using a tool called VOSviewer
1.6.20 to create graphical depictions of research trends. Through the visualization of these
data, researchers can obtain a clearer insight into the present landscape of research and
discern potential gaps or areas for further investigation.

The choice of keywords stems from the purpose of the work and the achievement
of the result. To search for a set of keywords on the topic, first look at Figure 2 with the
result obtained by searching sources for the following keywords: “World energy trilemma”.
The visualization clearly shows that the most frequently used keywords are “sustainable
development”, “energy security”, “energy”, and “energy policy”.
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In Figures 4 and 5, when selecting documents, a set was already specified using the
following keywords: “World energy trilemma”, “Sustainable development”, “renewable
energy”, “Sustainable development goals”, or, respectively, “World energy trilemma” and
“renewable energy”. The number of articles and the frequency of citations reveal the
connections with related topics to be analyzed further.
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The bibliographic research of the literature confirms that the transition to renewable
energy in Europe, especially in the Baltic States, is motivated by global and regional
commitments to mitigate climate change and promote sustainable development. Central to
these efforts is the concept of the World Energy Trilemma, which emphasizes the balancing
of three interrelated goals: energy security, energy equity, and environmental sustainability.
In the European context, these principles are essential to achieve the ambitious goals of
the European Green Deal, which includes achieving net zero greenhouse gas emissions by
2050 and increasing the share of renewable energy to 42.5% of total energy consumption by
2030. The following sections explore the main frameworks and challenges of renewable
energy development in Europe and the Baltic region, with a particular focus on Latvia’s
unique opportunities and obstacles.

The energy trilemma is crucial for long-term planning as it helps prevent the tendency
to focus on one energy dimension at the expense of others. Just as energy is often considered
the lifeblood of a nation, the energy trilemma can be seen as the backbone of energy
strategy. It serves as a key tool when formulating energy policies. Cooperation is essential
in identifying both strengths and weaknesses, enabling the development of a unified energy
strategy within the Baltic region. Education acts as a vital connector, facilitating public
engagement, communication, and research activities. Consequently, further investigation
into the situation was conducted, and secondary data were thoroughly analyzed.

2.2. A Description of the Situation

Renewable energy resources are natural resources or energy sources that are available
in relatively infinite quantities and are renewed as a result of natural processes. They are
used to produce electricity, heat, and fuel. The most widely used types of renewable energy
resources are solar radiation, wind, water, and biomass. In 2015, 195 countries in the world
approved the first legally binding global climate agreement—the Paris Agreement. As
part of it, countries must reduce their greenhouse gas (GHG) emissions, which are mostly
generated by the combustion of fossil resources. The European Union has reinforced this
goal with an ambitious plan—the European Green Deal, which stipulates that by 2050 it
will become the first climate-neutral part of the world, or to balance the amount of GHG
emissions generated in the European Union with the emissions it absorbs. Generating
energy from renewable energy sources does not produce GHG emissions, which makes
them a more environmentally friendly way of generating energy than fossil resources.
Promoting the use of RESs will allow for a further reduction in emissions worldwide. In
order to promote the use of renewable energy, a large number of countries around the
world have also set ambitious goals for the decarbonization of the energy sector [28–30].

In order to track how effectively commitments are being achieved and to compare
the performance of countries, it is essential to analyze performance systematically and
obtain objective information. The World Energy Council offers the Energy Trilemma Online
Tool, which not only provides an interactive display of the current World Energy Trilemma
results, but also analyzes at regional and country levels, breaking down performance across
three dimensions: energy security, energy equity, and environmental sustainability [31,32].

Although the overall index ratings still position European nations as leading per-
formers, it is essential to recognize the difficulties encountered and the solutions being
pursued in response to the initial consumer-driven energy crisis triggered by the invasion
of Ukraine [31]. As shown in Figure 6, the tool presents the latest World Energy Trilemma
Index rankings, measuring a country’s overall performance, which can be seen by the
colors and analyzed in relation to previous periods. The coloring on the map is uniform,
with the highest scores for both the Nordic countries and all three Baltic States, indicating
good potential. Countries that excel in the World Energy Trilemma Index regularly rank
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highly in Sustainable Development Goals (SDGs) assessments as well, showcasing their
effectiveness in energy sustainability, commitment to sustainable development objectives,
and preparedness for the energy transition. The Nordic countries are particularly no-
table for their consistent results across all indices, demonstrating their robust strategies
for energy sustainability and effective policy frameworks. The impressive scores of the
Nordic countries also illustrate their commitment to tackling wider socio-economic and
environmental issues. The Baltic States are usually compared with each other, but the idea
of a Baltic trilemma index tool suggests viewing the Baltic States as a single region, as we
have similar climates, economic indicators, and related energy infrastructures.
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The amount generated from renewable sources continues to grow every year, both in
the world and in the European Union, including the Baltic States. The growth in the share
of renewable energy worldwide is relatively small, only 4% in the period from 2004 to 2019.
The growth rate is different in each region and country of the world [32].

With the adoption of the Paris Agreement, the global community committed to transi-
tioning to a low-carbon future. The European Union has established bold climate objectives,
and to reach our long-term decarbonization targets, renewable energy sources need to
supply at least 55% to 75% of our energy requirements by 2050. This is of course difficult to
achieve, but with strong actions and measures it is not impossible [33–35]. In addition to
geopolitical uncertainties, fossil fuels incur significant external costs to society, particularly
concerning health and environmental harm [36,37].

Although sustained low oil prices might influence the economic viability of renewables,
the future outlook for these sources remains quite bright. Renewable energy technologies
have become significantly more competitive. In numerous regions, renewable energy
sources are already effectively competing with the market prices of fossil fuel technologies.
Moreover, if energy costs could help lessen the environmental impacts of energy production
and consumption globally—such as emissions affecting air, water, and climate change—
renewable energy sources would clearly surpass traditional technologies [28,38].

While many countries are adopting low-carbon and renewable energy strategies,
Europe, particularly the European Union (EU), continues to lead the way with ambitious
policy measures and frameworks. Nevertheless, the implementation of an effective and
sustainable transition still faces obstacles in various dimensions that require balanced
analysis and strategic decision-making [39,40]
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Important attention was also paid to the assessment of sustainability in the energy
sector to achieve a balanced transition. Challenges to the energy transition are multidimen-
sional and include financial, regulatory, and infrastructural barriers that require integrated
approaches with knowledge, and how to integrate Sustainable Development Goals and
sustainable solutions [41–45].

The Baltic Sea has substantial potential not only for onshore, but for offshore wind
power, as well as with competitiveness varying across the region due to wind conditions,
connection costs, and market values. The Southern Baltic Sea, in particular, offers high-
value sites for wind generation. Regional cooperation could enhance the efficient use of
these prime locations. Market and grid modeling indicates that by 2030 offshore wind
power at optimal sites could already be competitive, contributing significantly to the
Baltic Sea’s energy transition under the EU’s decarbonization strategy aligned with the
Paris Agreement.

Cross-border renewable energy (RES) cooperation on offshore wind projects can yield
economic benefits by achieving renewable energy targets more cost-effectively. Regional
grid planning that includes all renewable energy, not only offshore wind power, could
further optimize investment efficiency, particularly through the early integration of grid
development with wind deployment. Advanced offshore hubs linking wind power to
multiple member states also merit exploration for added benefits.

Effective deployment of Baltic offshore wind resources requires addressing national
administrative and regulatory barriers, such as inefficient licensing and limited maritime
spatial planning data. Essential cooperative solutions include harmonized tendering, grid
connection cost-sharing, and integrated regional grid planning. For efficient, coordinated
development, a shared long-term vision is necessary to guide critical investments in gen-
eration and grid infrastructure, along with targeted measures and incentives to support
them [38,46].

The map in Figure 7 shows the “green” electricity potential of the EU countries, and
the situation of the Baltic States looks acceptable, even compared to the Scandinavian
countries. Solar and wind energy are now considered to be the dominant energy sources
in the European Union, with solar and wind energy exceeding fossil fuel energy for the
first time in the first half of this year. This change occurred despite a 0.7% increase in
consumption. The initial analysis was conducted at the NUTS2 (nomenclature of territorial
units for statistics) regional level and was subsequently aggregated and reanalyzed at
the NUTS0 national level to facilitate a more comprehensive evaluation of the potential
for green energy and associated techno-economic factors. Key findings indicate that RES
electricity potential exceeds national electricity demand, including hydrogen production, in
all analyzed countries. Most European regions possess an adequate amount of renewable
energy sources (RESs) potential for self-reliance, but densely populated areas and major
hydrogen-producing hubs pose challenges to meeting electricity and green hydrogen
production demands.

The Baltic region demonstrates significant renewable energy potential, particularly in
wind (both onshore and offshore) and solar energy, which could support green hydrogen
production and energy self-sufficiency. However, despite this potential, the region may face
challenges in scaling up infrastructure to meet both current energy demands and future
green hydrogen production targets.
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The Baltic States have exceptional potential for offshore wind energy, the numbers
do not lie, but it must be honestly admitted that, for example, Latvia has relatively the
highest green energy potential in the Baltic Sea region, but lags in implementation. If the
neighboring countries (Estonia and Lithuania) hurry to implement significant wind and
solar energy projects first, it may create a situation where it is no longer economically
useful to implement such projects in Latvia and they will become net importers for at
least a 30-year period, reducing our GDP and de facto sponsoring of the development of
neighboring countries (Figure 8).
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The Baltic States should be viewed as a single energy system; it is planned that in
2050, 98–100% of electricity in the Baltic States will be produced using renewable energy
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resources, specifically wind and solar energy [48–50]. The map in Figure 9 presents details
regarding the wind turbines located in the EU, Great Britain, and Norway, along with the
proportion of renewable energy in their overall energy usage, with a specific focus on the
Baltic States.
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Figure 9. WindEurope Q2 2024 renewable energy performance data, based on [51].

The World Energy Trilemma Index evaluates and ranks the energy performance of
127 nations based on three key aspects: energy security, energy equity, and environmental
sustainability. By utilizing this index, countries can pinpoint their difficulties in achieving
a balance within the Energy Trilemma and recognize potential areas for enhancement in
fulfilling present and future energy needs, economic prosperity, and sustainable develop-
ment objectives. Figure 10 shows in which categories the Baltic countries’ performances
differ globally.

Energies 2025, 18, x FOR PEER REVIEW 14 of 28 
 

 

 

Figure 10. Baltic countries’ performances in the World Energy Trilemma Index, and comparison 
across sections energy security, energy equity, and environmental sustainability, based on [52]. 

Latvia, Lithuania, and Estonia are usually compared to each other; however, in 
many aspects of development we fail to miss looking at the Baltics as one region, to reach 
larger goals together. Using various sources of information and databases, a new Baltic 
energy trilemma model is being developed—it is tailored to the Baltic situation—with the 
goal of this study being that all three countries must be evaluated as a whole, rather than 
separately. 

Also, it demonstrates the region’s collective strengths and weaknesses. For example, 
when Russia invaded Ukraine in 2022, we saw the Baltics’ fossil fuel dependence, par-
ticularly on natural gas, the need for new renewable energy generations, and grid-related 
questions become as important as ever before. We also included new indicators related to 
electrification, grid connection, and biodiversity, taking into account future trends and 
the importance of it in the future. 

2.3. Considerations and Trends on the Development of Renewable Energy in the Baltic States 

The Baltic States have already demonstrated good efforts to ensure energy inde-
pendence, including independence from energy imports, energy and carbon intensities, 
and the contribution of energy products to trade, taking into account their potential im-
pact on the economy. The Baltic States underwent an energy transition in the 1990s fol-
lowing their independence from the Soviet Union in 1991. Due to various economic fac-
tors and political shifts, total energy consumption dramatically declined (by nearly 50%) 
and there was a move towards the use of local renewable resources. Notably, their ac-
cession to the European Union in 2004 played a significant role in the sustainable de-
velopment of their economies and adherence to EU policies [45,53]. Figure 11 illustrates 
the overall energy share during the recent period, showing the situation of the Baltic 
States in comparison to the European average. 

Figure 10. Baltic countries’ performances in the World Energy Trilemma Index, and comparison
across sections energy security, energy equity, and environmental sustainability, based on [52].



Energies 2025, 18, 196 14 of 27

Latvia, Lithuania, and Estonia are usually compared to each other; however, in many
aspects of development we fail to miss looking at the Baltics as one region, to reach larger
goals together. Using various sources of information and databases, a new Baltic energy
trilemma model is being developed—it is tailored to the Baltic situation—with the goal of
this study being that all three countries must be evaluated as a whole, rather than separately.

Also, it demonstrates the region’s collective strengths and weaknesses. For example,
when Russia invaded Ukraine in 2022, we saw the Baltics’ fossil fuel dependence, partic-
ularly on natural gas, the need for new renewable energy generations, and grid-related
questions become as important as ever before. We also included new indicators related to
electrification, grid connection, and biodiversity, taking into account future trends and the
importance of it in the future.

2.3. Considerations and Trends on the Development of Renewable Energy in the Baltic States

The Baltic States have already demonstrated good efforts to ensure energy indepen-
dence, including independence from energy imports, energy and carbon intensities, and
the contribution of energy products to trade, taking into account their potential impact
on the economy. The Baltic States underwent an energy transition in the 1990s following
their independence from the Soviet Union in 1991. Due to various economic factors and
political shifts, total energy consumption dramatically declined (by nearly 50%) and there
was a move towards the use of local renewable resources. Notably, their accession to the
European Union in 2004 played a significant role in the sustainable development of their
economies and adherence to EU policies [45,53]. Figure 11 illustrates the overall energy
share during the recent period, showing the situation of the Baltic States in comparison to
the European average.
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Despite the Baltic region having a shared historical background and a long-standing
tradition of collaborative governance along with aligned national policies in accordance
with EU guidelines, the distinct structural characteristics of their energy and economic
systems, as illustrated in Table 1, result in varying attributes in primary energy supply
and planning.
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Table 1. Differences between Baltic States [38,55–61].

Country Description of the Situation

Estonia

Estonia intends to eliminate oil shale energy production by 2040 and increase the proportion of
renewable energy sources in its energy portfolio, focusing especially on offshore wind and solar
power.While the country boasts a high percentage of renewable energy in its final energy
consumption and the lowest energy dependence levels, it still faces challenges with high energy
intensity and carbon intensity across its economy and individual sectors. Nevertheless, notable
reductions in both energy intensity and carbon intensity were observed in the energy sector
during the analyzed period.

Latvia

Latvia demonstrates a relatively low level of political dedication to the energy transition, which
leads to limited incentives for the utilization of renewable energy. Despite a significant
proportion of renewable energy sources contributing to electricity generation and overall energy
consumption, this is largely due to favorable climatic conditions, well-established hydroelectric
power plants, and improved metrics of energy efficiency and carbon emissions, as well as better
figures for specific energy and carbon intensities in various economic sectors. However, the
country has the poorest energy dependence metrics, including those related to trade.

Lithuania

Lithuania exhibits a strong national political commitment to renewable energy, aiming to attain
full energy independence by the year 2050. Comprehensive policies are essential to enhance
energy efficiency, promote the utilization of renewable energy sources, and diversify fuels
thereby lowering energy dependence and minimizing vulnerability to fluctuations in energy
prices; the impact of energy trade on external product imbalances is significant.

The World Energy Trilemma framework, emphasizing energy security, equity, and en-
vironmental sustainability, offers a useful lens for understanding and managing these com-
plexities. It can be concluded that strong cooperation and understanding of the solutions
and possible measures of the situation are needed between the parties involved [57–59].

The Baltic States are rich in natural resources and have enormous potential to produce
green energy, providing lower prices for citizens and businesses, ensuring the region’s
competitiveness, and becoming a stable and sustainable energy export partner for Europe.
The Baltic governments have agreed on a joint study to assess the potential of establishing
a Baltic energy hub—a central point that would integrate renewable energy from both
onshore and offshore sources, while providing stable transmission capacity to Central
Europe, which could provide the Baltic States with a significant contribution to achieving
Europe’s decarbonization goals [58,59]. The transition to renewable energy in Europe,
especially in the Baltic States, shows the complex interrelationship between security, justice,
and sustainability. The World Energy Trilemma framework emphasizes that achieving a
balanced approach to energy requires not only technological innovation, but also strategic
policy-making that considers economic, environmental, and social dimensions. Future
efforts in the Baltic region will benefit from a complex of measures, such as policies that
improve grid resilience, promote local production, and address social justice in energy
access. Promoting regional energy independence is essential to promoting green energy
production, accelerating exports, and attracting energy-intensive industries that want to
receive green energy at a competitive price, as well as to produce new energy products,
such as green hydrogen and its derivatives, on a large-scale and at affordable prices [58–60].
In the Baltic States, the progress of the development of the Baltic National Energy and
Climate Plan, as well as the Baltic Energy Policy Goals until 2040, and infrastructure
resilience, is being developed and discussed at the government level, and a unified dialog is
being ensured on common challenges of the Baltic States, particularly in relation to energy
security and the growing importance of renewable energy.
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3. Discussion
3.1. Education for Sustainable Development as the Tool for Changes

The issues described in the previous chapter regarding the World Energy Trilemma
and the performance of the Baltic countries in the World Energy Trilemma Index are closely
related to the overall movement towards sustainable development at various levels.

The European Commission (2023) approved [62]’s implementation, which requires
companies across Europe to report on their impacts, risks, opportunities, sustainability
efforts, successes, and future goals. This has raised the issue of understanding sustainability,
the practical application of knowledge, and the compliance of educational programs within
the time requirements. The new ideals cannot be realized by maintaining the educational
methods and traditions of the 20th century. Therefore, it is essential to transform educa-
tion through a comprehensive institutional approach to teaching, learning, research, and
community involvement. Universities and other educational institutions must embrace
experimental and practical learning strategies for “education for sustainable development”
(ESD) to equip learners to tackle the significant socio-ecological issues of the 21st century.

Sustainability and sustainable development are among the most frequently debated
subjects [63–65]. Sustainability is generally divided into three fundamental components:
economic, environmental, and social. These components are collectively referred to as ESG
(Environmental, Social, and Governance).

ESG represents the criteria used to evaluate how effectively a company manages its
environmental impact, ensures fair treatment of its workers, and conducts its operations
responsibly. In the context of business, sustainability often aims to protect natural or
physical resources, ensuring their availability for future generations. The United Nations
(UN) offers a widely recognized definition of sustainability within the sustainable devel-
opment framework. Sustainability involves fulfilling the needs of the present without
jeopardizing the capacity of future generations to meet their own needs. [66] It underscores
the significance of responsible resource utilization, environmental conservation, and fair
development to secure a better future for everyone. For over four decades, sustainable
development (since the introduction of the term “sustainable development” as a global
priority in 1980 in the World Conservation Strategy [67]) has been a collective objective of
humanity and was extensively studied by the broader research community.

It is important to note that the connection between sustainable development, the
quality of educational, scientific endeavors, and socio-economic progress was recognized
only two decades later with the adoption of the Millennium Development Goals (MDGs)
in the United Nations Millennium Declaration.

Advancements of sustainability and sustainable development pose significant chal-
lenges for society in the present day [68–70]. Education for sustainable development [70]
in the broadest sense is meaningful education. At its center are questions of identity
and values, justice and responsibility, inspiration for curiosity and creativity, a call to be
open, courageous and sensitive, and an encouragement to use one’s social, emotional,
cognitive, and physical resources in building a hopeful future [71]. In 2019, the UNESCO
General Conference adopted the global action program “Education for Sustainable De-
velopment 2030” [72]. Which calls for a closer connection between education and the
Sustainable Development Goals and highlights the importance of education in achieving
all global goals. It continues the UN’s Decade “Education for Sustainable Development”
(2005–2014) [73] and the Global Action Program “Education for Sustainable Development”
(2015–2019) [74]. Higher education institutions are essential in facilitating the knowledge
needed for the transition to Sustainable Development Goals (SDGs) through their teaching
efforts, while also reskilling professionals to meet the evolving sustainability requirements.
To avoid monotonous tasks, educators must adopt technology to enhance efficiency and



Energies 2025, 18, 196 17 of 27

achieve better learning outcomes. Sharing experiences allows us to refine our academic
programs [75–77].

The Sustainable Development Goals (SDGs) outline the 2030 agenda aimed at trans-
forming our world by addressing various challenges that humanity faces to promote
well-being, economic growth, and environmental stewardship. Unlike traditional develop-
ment agendas that focus on a limited range of areas, the SDGs offer a comprehensive and
multidimensional perspective on development. Therefore, interactions between the SDGs
may lead to conflicting outcomes [78].

UNESCO [74] highlights the role of knowledge creation and science in solving today’s
most pressing economic, social, and environmental challenges and in achieving the UN
Sustainable Development Goals. UNESCO’s goal in the field of science is to strengthen
cooperation between scientists, national governments, and entrepreneurs, between higher
education institutions, research laboratories and society, which would promote not only
the transfer of knowledge, but also peace. To support the field of science more effectively in
the world, UNESCO implements its activities through natural sciences and social sciences
and humanities programs, where each sector has its own basic tasks and goals. The
aim of natural science programs is to promote the contribution of science to sustainable
development. Social sciences and humanities programs aim to address ethical challenges,
as well as to promote local cultural and social environmental research [79,80].

Every four years, each nation provides an update on how well they are implementing
the Sustainable Development Goals (SDGs). Energy system security refers to the ability to
satisfy present and future energy demands. Although the Baltic region performs well on the
WEC Energy Security Trilemma Index, even brief and targeted issues (such as interruptions
in gas supply or a shortage of regional generating capacity) can significantly impact overall
energy security and future growth since the global energy security index emphasizes oil
and other fossil fuels. Thus, it is crucial to prioritize and intentionally enhance concerns
regarding energy security.

In February 2025, Estonia, Latvia, and Lithuania are set to sever their electrical connec-
tions from the Russian and Belarussian systems (BRELL). The desynchronization process,
which has spanned nearly 20 years, will reach its conclusion, with all three Baltic countries
integrating into the Continental European (UCTE) grid. Recent incidents in the Baltic
Sea, including damage to gas and electricity infrastructure in 2023 and 2024, highlight
the importance of focusing not just on cybersecurity, but also on the physical protection
of critical infrastructure [81]. The idea of a Baltic Trilemma Index Tool may serve as an
innovative regional adaptation of the World Energy Trilemma Index, specifically tailored
to address the unique challenges and conditions faced by the Baltic States—Estonia, Latvia,
and Lithuania.

3.2. Obstacles, Barriers, and Expected Results

A research gap identified in the current study is the under-exploration of the relation-
ships between renewable energy, the Global Energy Trilemma, and the broader Sustainable
Development Goals (SDGs), especially in the context of the Baltic States. Although there is
considerable research on renewable energy policy and its impact on energy security, sustain-
ability, and equity, limited attention has been paid to how these elements are interconnected
in regional contexts and how they can be effectively implemented in practice.

In the Baltic States, which face unique geopolitical and economic challenges, the ap-
plication of the energy trilemma—balancing energy security, equity, and environmental
sustainability—remains under-explored. Existing research has mostly focused on indi-
vidual aspects of the trilemma, without fully integrating issues of social justice (such as
regional disparities and social integration) or critical sustainability issues, especially in
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relation to the specific geopolitical context of the Baltic region. Moreover, the link between
the transition to renewable energy sources and other SDGs, such as poverty reduction,
education, and gender equality, is often overlooked.

This gap highlights the need for a more integrated, interdisciplinary approach that
combines energy policy, sustainable development, and social aspects. It also highlights the
need for region-specific strategies tailored to the Baltic States, taking into account both their
unique challenges and untapped potential in renewable energy production. Closing this
gap will provide policymakers with a clearer understanding of the complexities of energy
transitions in the Baltic region, guiding more effective decision-making and facilitating
cross-border cooperation to achieve sustainable development.

This study therefore aims to bridge these gaps by offering a comprehensive analysis
of how the energy trilemma and the SDGs can be intertwined to shape a more sustainable,
sustainable, and inclusive energy future for the Baltic region.

In connection with the practical implementation of the Sustainable Development
Goals, it is important to look at the existing obstacles and challenges.

Table 2 lists the most common obstacles to the development of solar and wind power
plant projects in EU countries, which were compiled within the framework of the “Pow-
erPlant” project initiated by Eurelectric. The aim of the project is to identify the factors
hindering the development of RES, develop recommendations, and compile examples
of good practice and ideas for more successful integration of RES, taking into account
biodiversity, optimal territorial planning, and public interests.

The most common obstacles to the development of solar and wind power plant projects
in the EU.

For residents, one of the most important indicators is price, but with this trilemma
tool, you can create an understanding of how important safety and accessibility also are.
Looking at electricity prices for households in Baltic States (Figure 12), we can see why
both Lithuanian and Estonia are ranked higher by WEC in energy equity. So, the WEC
index can indicate particular countries or states compared to rest of the world, but it does
not provide a clear view on particular country’s progress, nor does it provide information
which could be used to analyze what should be conducted to improve the situation.

Table 2. The most common obstacles to the development of solar and wind power plants in the
EU [55,58,81–87].

Energy Type of Restrictions

Renewal energy

• Although various indices exist for measuring the energy trilemma, there is a lack
of quantitative tools for assessing the discursive side of the energy trilemma.

• The Baltic States compete with each other for the construction of RES, but the
infrastructure they are using is the same.

Solar energy

• Lack of a definition of “the dual use” at EU level uncertainty.
• Non-digitalized and lengthy process of harmonization and obtaining permits.
• Regulatory variability, affecting current and future investments for the public to

financially engage in the project.
• Lack of or low availability of environmental information, which is critical for

environmental studies of projects.
• Deficiencies in the cadastral/digital mapping of territories suitable for RES projects

at the national level.
• Negative attitude of the public towards the inclusion of solar photovoltaic cells in

the landscape.
• Lack of initiatives in the field of agriculture, promoting the optimization of

agricultural land use, including combining different types of land use.
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Table 2. Cont.

Energy Type of Restrictions

Wind energy

• Change and uncertainty of legal framework.
• Inconsistent investment approach in the environmental impact assessment process.
• Administrative restrictions for local communities to financially engage in the project.
• Complex and lengthy project coordination process.
• Lack of inter-institutional cooperation.
• Lack of cadastral/digital mapping of territories suitable for RES projects at the national

level.
• Unclear land status, resulting in changes to the plan/study.
• Complex process of developing territorial plans, overlapping with other processes.
• Overlapping land use purposes and legal obstacles to combining them.
• High proportion of protected areas (which will be increased by the upcoming EU Nature

Protection Law).
• Limited transmission network availability, unclear capacity reservation process, and

complicated coordination process for new infrastructure facilities.
• September 2024 infringement package prepared for 26 countries—because the RED III

directive was not transposed into local regulations—as a result, no go-to zones for RES, etc.
measures were defined to accelerate the receipt of permits for the construction of new RES;
this is especially painful for wind projects.
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Figure 12. Electricity prices in Baltic countries [88].

A successful case is Estonia, where the Estonian Energy Policy Development Plan
uses its position in the World Energy Trilemma Index as a key performance indicator (KPI).
The plan reflects current challenges in terms of sustainable development, in particular
due to the country’s dependence on oil shale. The Baltic trilemma is a vital guide for
policymakers, shedding light on the challenges and opportunities for improving energy
systems and achieving energy goals across the region. Although Latvia, Lithuania, and
Estonia are often compared, there is a tendency to overlook their joint regional efforts
towards broader energy goals. The Baltic trilemma tool is crucial for strengthening regional
cooperation, promoting joint infrastructure development, and creating a unified strategy for
the energy sector. This updated Baltic Energy Trilemma tool offers valuable information on
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the performance of energy systems in the region, considering all aspects both individually
and together [89,90].

Energy equity is essential for economic growth. It is important to know that our area
has had 100% technical access to electricity for decades. The primary objective of this study
was to add and evaluate future scenarios, keeping in mind that electrification, EVs, and
microgeneration are becoming part of our daily lives and are no longer just for a small
group of enthusiasts. In this situation, the cost and competitiveness of energy resources, as
well as the price and availability of new connections for households and producers, are
very important. New, adjusted indicators were made to measure the competitiveness of
the Baltic region, so that each country can reach its own plans and also work towards a
larger goal.

Baltic Energy Trilemma is a convenient and transparent tool, which highlights Baltic
States’ strengths and weaknesses. Figure 13 shows the trilemma as a foundation for a new
cooperation and science. It shows the prerequisites for how, based on the trilemma index
of the Baltic States, to further ensure energy independence. The next step would be to plan
sustainable development measures.
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Figure 13. The trilemma as a foundation for a new cooperation and science.

The Baltic Energy Trilemma tool highlights the Baltic States’ strengths and weaknesses
in each dimension. Kites fly best against the wind, not with it, so it is critical to boost
regional cooperation and collaborate on infrastructure development to achieve a unified
approach to energy sector strategy.

The author strongly believes that this adjusted Baltic Energetic Trilemma tool provides
insights into the Baltic region’s relative energy system effectiveness in each dimension
and together.

As a subsequent step, it is crucial to develop guidelines for managing and regulating
the quality of educational and scientific research systems in alignment with the Sustainable
Development Goals. Previous experience and research show that the quality of education is



Energies 2025, 18, 196 21 of 27

one of the key factors in achieving the Sustainable Development Goals. Several studies have
highlighted that curriculum and educators can play a huge role in creating awareness of
the concept of sustainability in practice [91–96]. This should be further promoted through
the educational process, diverse course offerings, encouraging research-oriented studies,
and fostering connections with industries.

This paper emphasizes the importance of expanding regional cooperation, but in fact,
the recommendations lack specific mechanisms and steps for implementation. Future
research and recommendations should detail specific actions, such as the following:

Creating interstate energy hubs that will combine renewable energy sources from
different countries in the region to ensure the stability of the energy supply.

Developing uniform regulations and standards for the integration of green technolo-
gies into existing infrastructures, taking into account the needs and characteristics of
each country.

Financing and subsidizing local projects for the introduction of renewable energy
sources in small- and medium-sized enterprises will ensure a decrease in the cost of energy
and the development of an environmentally friendly economy.

On the other hand, the article should expand the analysis of interdisciplinary connec-
tions, combining the issue of energy sustainability with other Sustainable Development
Goals (SDGs). For example, when promoting renewable energy sources, it is important to
consider the following:

• Poverty reduction by ensuring access to clean energy for vulnerable groups and
creating jobs in green sectors of the economy.

• Education aimed at raising awareness about the importance of switching to renewable
sources and implementing educational programs on sustainable energy practices.

• Gender equality by creating equal opportunities for women in the energy sector,
stimulating their participation in technological and engineering initiatives.

These specific recommendations will allow policymakers and stakeholders to be more
clearly guided towards practical steps to realize a sustainable energy future for the region.

4. Conclusions
The world is experiencing turmoil due to global energy disruptions resulting from

the intersection of crises: climate change, COVID-19, and conflict. The interplay of these
crises leads to cascading and uneven effects on energy that are experienced across all
segments of society. The energy trilemma provides a framework for understanding the
benefits and drawbacks of increasing decentralization in the energy system. The variations
in performance across the trilemma dimensions and contextual factors highlight the unique
and complex energy challenges faced by each country. A perspective that transcends
national boundaries is necessary because of the global nature of environmental issues and
energy markets.

The investigation into the World Energy Trilemma and sustainable development
has rapidly gained prominence, leading to a marked rise in annual publications. Global
collaborations among researchers have delved into various sustainability themes with
considerable depth and breadth by concentrating on the social, ecological, economic,
political, and cultural dimensions of sustainability.

This study examines the challenges and opportunities of renewable energy in Latvia
and the surrounding Baltic Sea region. The transition to renewable energy is an important
step not only to achieve sustainability, but also to minimize dependence on imported fossil
fuels, and to increase energy security in a rapidly changing geopolitical landscape. Building
on the World Energy Trilemma, which advocates for the integration of energy security,
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energy justice, and sustainability into energy policy and planning, would greatly assist
Latvia in its efforts to create a sustainable and equitable energy system of the future.

Latvia’s strategic location in the Baltic Sea region also opens up opportunities, includ-
ing hydropower and biomass, as well as a growing share of wind and solar energy. Thus,
Latvia has good potential for renewable energy. According to the latest data, Latvia was
able to meet approximately 38% of its total energy consumption from renewable sources,
with wind energy accounting for 12%, solar energy for 5%, and biomass and hydropower
for 21% of the energy balance. However, infrastructure, financial resources, and a regula-
tory framework are needed to fully develop this potential. The Latvian authorities, through
national strategies and other documents, aim to address both behavioral aspects to increase
energy efficiency in the short term and the introduction of modern technologies in the
long-term. These strategies are consistent with the principles of energy equity, providing
tangible benefits for households and businesses from efficient energy use in the short term,
while long-term development reduces overall energy consumption.

The performance of the Baltic countries in the World Energy Trilemma Index, along
with a comparison of the categories of energy security, energy equity, and environmental
sustainability, highlights areas where initiatives can be implemented through education for
sustainability. For example, Latvia scores 77.4% for energy security, 69.2% for energy equity,
and 68.5% for environmental sustainability, compared to regional averages of 75%, 70%,
and 66%, respectively. As shown in Figure 13, strong cooperation between stakeholders
will lead to increased performance.

A diversified energy strategy that combines renewables with modernized infrastruc-
ture and storage solutions is essential for Latvia to ensure a stable energy supply, reduce
carbon emissions, and achieve EU goals. Energy policy priorities in Latvia should include
incentives for investments in renewable energy, modernizing the network of public–private
partnerships, and regional cooperation with neighboring countries to ensure a strong inter-
connected energy system. A bibliographic review of the literature confirms the relevance of
the topic, and references for building cooperation indicate that the Global Energy Trilemma
needs to be considered alongside other policy actions.

Education for sustainable development can effectively address the implementation of
the Sustainable Development Goals and highlight their interrelationships. Latvia’s path
to a sustainable energy future will depend on the successful implementation of energy
efficiency strategies, diversification of renewable energy sources, and an approach that
balances economic, social, and environmental considerations. Through strategic policy
measures and continued commitment to the principles of the Global Energy Trilemma,
Latvia has the potential to make significant progress in creating a green, sustainable, and
inclusive energy system that meets the needs of both current and future generations.

The Baltic Energy Initiative embodies a shared vision for sustainable growth and
energy security in Northern Europe. By combining renewable energy capacity with a
large-scale transmission system to the continent, the Baltic States will strengthen their
resilience, contribute to Europe’s climate goals, and create a roadmap for cross-border
energy cooperation.

By combining renewable energy capacity with a large-scale transmission system for
the continent, the Baltic States will not only strengthen their resilience and contribute to
Europe’s climate goals but also promote the development of the Baltic Energy Trilemma
framework, which can serve as a blueprint for cross-border energy cooperation. This
initiative positions the region as a hub for innovation, fostering dynamic collaboration
between academia, industries, and governments to advance cutting-edge technologies that
support a low-carbon economy, enhance energy efficiency, and create sustainable economic
growth opportunities for the region.



Energies 2025, 18, 196 23 of 27

Funding: The research is financed by the Project No 5.2.1.1.i.0/2/24/I/CFLA/007 “Internal and
External Consolidation of the University of Latvia” of the second round of the Consolidation and
Governance Change Implementation Grants within Investment 5.2.1.1.i “Research, Development
and Consolidation Grants” under Reform 5.2.1.r “Higher Education and Science Excellence and
Governance Reform” of Reform and Investment Strand 5.2 of the Latvian Recovery and Resilience
Mechanism Plan “Ensuring Change in the Governance Model of Higher Education Institutions”.
Grant Nr.LU-BA-ZG-2024/1-0020 “The new paradigm in Education—changing values and integrating
Sustainable Development Goals into the study content”.

Energies 2025, 18, x FOR PEER REVIEW 24 of 28 
 

 

Grant Nr.LU-BA-ZG-2024/1-0020 “The new paradigm in Education—changing values and inte-
grating Sustainable Development Goals into the study content”. 

 

Acknowledgments: Kristīne Eglīte, World Energy Council—Future Energy Leaders in Latvia. 

Conflicts of Interest: The author declare no conflict of interest. 

References 
1. UNESCO. Available online: https://www.unesco.org/en/management-social-transformations-most-programme/sustainability 

(accessed on 12 September 2024). 
2. Boeve-de Pauw, J.; Gericke, N.; Olsson, D.; Berglund, T. The effectiveness of education for sustainable development. Sustaina-

bility 2015, 7, 15693–15717. https://doi.org/10.3390/su71115693. 
3. O’Flaherty, J.; Liddy, M. The impact of development education and education for sustainable development interventions: A 

synthesis of the research. Environ. Educ. Res. 2018, 24, 1031–1049. https://doi.org/10.1080/13504622.2017.1392484. 
4. Heasly, B.; Iliško, D.; Salīte, I.; Lindner, J. Looking beyond, Looking Together, Looking Collaborately, Facing the Future. Dis-

course Commun. Sustain. Educ. 2021, 12, 1–4, doi:10.2478/dcse-2021-0001.. 
5. Dincer, I. Renewable energy and sustainable development: A crucial review. Renew. Sustain. Energy Rev. 2000, 4, 157–175. 

https://doi.org/10.1016/S1364-0321(99)00011-8. 
6. Kopnina, H. Education for the future? Critical evaluation of education for sustainable development goals. J. Environ. Educ. 

2020, 51, 280–291. https://doi.org/10.1080/00958964.2019.1710444. 
7. McCollum, D.L.; Echeverri, L.G.; Busch, S.; Pachauri, S.; Parkinson, S.; Rogelj, J.; Krey, V.; Minx, J.C.; Nilsson, M.; Stevance, 

A.S.; et al. Connecting the sustainable development goals by their energy inter-linkages. Environ. Res. Lett. 2018, 13, 033006. 
https://doi.org/10.1088/1748-9326/aaafe3. 

8. Fuso Nerini, F.; Tomei, J.; To, L.S.; Bisaga, I.; Parikh, P.; Black, M.; Borrion, A.; Spataru, C.; Castán Broto, V.; Anandarajah, G.; 
et al. Mapping synergies and trade-offs between energy and the Sustainable Development Goals. Nat. Energy 2018, 3, 10–15. 
https://doi.org/10.1038/s41560-017-0036-5. 

9. Tian, J.; Culley, S.A.; Maier, H.R.; Zecchin, A.C. Is renewable energy sustainable? Potential relationships between renewable 
energy production and the Sustainable Development Goals. npj Clim. Action 2024, 3, 35. 
https://doi.org/10.1038/s44168-024-00120-6. 

10. Nastasi, B.; Markovska, N.; Puksec, T.; Duić, N; Foley, A. Renewable and sustainable energy challenges to face for the 
achievement of Sustainable Development Goals. Renew. Sustain. Energy Rev. 2022, 15, 112071. 
https://doi.org/10.1016/j.rser.2022.112071. 

11. Iliško, D.; Dedels, O. Dealing with climate change as a wicked issue via innovative approaches. In Climate Literacy and 
Innovations in Climate Change Education; Azeiteiro, U., Leal Filho, W., Aires, L., Eds.; Climate Change Management; Springer: 
Cham, Switzerland, 2018; pp. 285–297. https://doi.org/10.1007/978-3-319-70199-8_16. 

12. Østergaard, P.A.; Duic, N.; Noorollahi, Y.; Kalogirou, S. Renewable energy for sustainable development. Renew. Energy 2022, 
199, 1145–1152. https://doi.org/10.1016/j.renene.2022.09.065. 

13. Güney, T. Renewable energy, non-renewable energy and sustainable development. Int. J. Sustain. Dev. World Ecol. 2019, 26, 
389–397. https://doi.org/10.1080/13504509.2019.1595214. 

14. Eiropas Parlaments. Available online: 
https://www.europarl.europa.eu/topics/lv/article/20171124STO88813/atjaunigie-energoresursi-verienigu-merku-noteiksana-ei
ropai (accessed on 20 September 2024). 

Acknowledgments: Kristı̄ne Eglı̄te, World Energy Council—Future Energy Leaders in Latvia.

Conflicts of Interest: The author declare no conflict of interest.

References
1. UNESCO. Available online: https://www.unesco.org/en/management-social-transformations-most-programme/sustainability

(accessed on 12 September 2024).
2. Boeve-de Pauw, J.; Gericke, N.; Olsson, D.; Berglund, T. The effectiveness of education for sustainable development. Sustainability

2015, 7, 15693–15717. [CrossRef]
3. O’Flaherty, J.; Liddy, M. The impact of development education and education for sustainable development interventions: A

synthesis of the research. Environ. Educ. Res. 2018, 24, 1031–1049. [CrossRef]
4. Heasly, B.; Iliško, D.; Salı̄te, I.; Lindner, J. Looking beyond, Looking Together, Looking Collaborately, Facing the Future. Discourse

Commun. Sustain. Educ. 2021, 12, 1–4. [CrossRef]
5. Dincer, I. Renewable energy and sustainable development: A crucial review. Renew. Sustain. Energy Rev. 2000, 4, 157–175.

[CrossRef]
6. Kopnina, H. Education for the future? Critical evaluation of education for sustainable development goals. J. Environ. Educ. 2020,

51, 280–291. [CrossRef]
7. McCollum, D.L.; Echeverri, L.G.; Busch, S.; Pachauri, S.; Parkinson, S.; Rogelj, J.; Krey, V.; Minx, J.C.; Nilsson, M.; Stevance, A.S.;

et al. Connecting the sustainable development goals by their energy inter-linkages. Environ. Res. Lett. 2018, 13, 033006. [CrossRef]
8. Fuso Nerini, F.; Tomei, J.; To, L.S.; Bisaga, I.; Parikh, P.; Black, M.; Borrion, A.; Spataru, C.; Castán Broto, V.; Anandarajah, G.; et al.

Mapping synergies and trade-offs between energy and the Sustainable Development Goals. Nat. Energy 2018, 3, 10–15. [CrossRef]
9. Tian, J.; Culley, S.A.; Maier, H.R.; Zecchin, A.C. Is renewable energy sustainable? Potential relationships between renewable

energy production and the Sustainable Development Goals. npj Clim. Action 2024, 3, 35. [CrossRef]
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53. Štreimikienė, D.; Strielkowski, W.; Bilan, Y.; Mikalauskas, I. Energy dependency and sustainable regional development in the

Baltic states: A review. Geogr. Pannonica 2016, 20, 79–87. [CrossRef]
54. European Union. Available online: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_

statistics (accessed on 9 November 2024).
55. Zepa, I. From energy islands to energy highlands? Political barriers to sustainability transitions in the Baltic region. Energy Res.

Soc. Sci. 2022, 93, 102809. [CrossRef]
56. Mórawska, G. The Renewable Energy in Baltic States versus Russian Federation Political Interests. Energy Policy Stud. 2020, 1,

48–55.
57. Miskinis, V.; Galinis, A.; Konstantinaviciute, I.; Lekavicius, V.; Neniskis, E. Comparative analysis of energy efficiency trends and

driving factors in the Baltic States. Energy Strategy Rev. 2020, 30, 100514. [CrossRef]
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70. UNESCO. Latvijas Nacionālā Komisija. Available online: https://www.unesco.lv/lv/izglitiba-ilgtspejigai-attistibai-2030 (ac-
cessed on 11 November 2024).
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