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Abstract. This study explores the renewable energy trajectories of Lithuania, Europe, and Africa, focusing on their strategies,
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1. Introduction

The transition to renewable energy has emerged as a critical global priority, spurred by the urgent need to combat
climate change and bolster energy security. For nations like Lithuania, this shift is not only an environmental
imperative but also a strategic move to lessen dependence on imported fossil fuels and diversify energy sources
(A. Adesina and G. Demas 2022; European Commission 2021a; Lietuvos Respublikos energetikos ministerija
2024). Lithuania's commitment to renewable energy positions it as a key player in the Baltic region’s energy
transformation, aligning with broader European objectives to cut greenhouse gas emissions and achieve climate
neutrality (A. Adesina 2022; International Energy Agency 2023b; IRENA 2023).

Lithuania's renewable energy trajectory is marked by ambitious targets and significant progress. The country has
made considerable investments in wind, solar, and biomass energy (CAN Europe 2024; European Environment
Agency. 2022), reflecting its determination to reduce its carbon footprint and enhance its energy independence.
By adopting a forward-thinking energy strategy, Lithuania aims to balance its renewable energy portfolio while
navigating the challenges of a smaller national energy market (REN21 2022; World Bank Group 2004).

As Lithuania pursues its renewable energy goals, it is crucial to evaluate how its achievements and challenges
measure up against the broader European landscape. This article delves into Lithuania’s renewable energy
journey, comparing its progress with that of other European nations (bp 2023; European Commission 2023a). We
will explore the drivers behind Lithuania's energy policies, assess the implications of its successes and setbacks,
and consider how its experience fits into the larger European context (Artelys 2018; United Nations Environment
Programme 2022).

Furthermore, to provide a comprehensive view of the global renewable energy movement, this article will also
offer a comparative perspective on Africa's renewable energy landscape. Africa, with its vast potential for solar
and wind energy, presents both opportunities and obstacles that parallel those faced by Lithuania (Alex 2022;
SolarPower Europe 2023). By examining these diverse contexts, we aim to contextualize Lithuania's renewable
energy efforts within a global framework and highlight the interconnected nature of the renewable energy
transition (Ramirez, Fraile, and Brindley 2019; Kou 2023; European climate foundation 2024; Murphy 2022).

2. Lithuania’s Renewable Energy Landscape

Lithuania, a small Baltic nation, has made commendable progress in renewable energy development, particularly
given its historical reliance on imported energy sources. The closure of the Ignalina Nuclear Power Plant in 2009
marked a significant turning point, leading Lithuania to prioritize energy security and sustainability. This shift has
been marked by a focused effort to increase the share of renewables in its energy mix. As of 2023, Lithuania
generates about 50% of its electricity from renewables, a significant achievement for a country with a relatively
small energy market (Gecevi¢ius and Kavaliauskas 2021; Jorgenson et al. 2024; Klevas, Streimikiene, and
Grikstaite 2007). This section details Lithuania's renewable energy achievements and future targets as shown in
Figure 1.

Wind Energy

Wind energy has emerged as the most successful renewable source, with wind farms generating 11.5% of the
nation’s electricity in 2021(Lietuvos vejo elektriniu asociacija 2022). Lithuania’s investment in onshore wind
farms, particularly along the Baltic Sea coast, has leveraged favorable wind conditions that bolster their efficiency
(Wind 2024). Wind power is the largest contributor, producing approximately 25% of the nation's electricity
(Janelitinas 2021; Jankevi¢iené and Kanapickas 2023).
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Biomass Energy

Biomass has also become a cornerstone of Lithuania’s renewable energy strategy, especially in the heating sector.
Biomass, sourced from local wood waste and agricultural residues, now accounts for 70% of district heating,
significantly reducing dependence on imported natural gas and supporting local job creation (Jonynas et al. 2020).
Biomass, leveraging Lithuania’s agricultural and forestry byproducts, provides about 20% of the country’s
energy, demonstrating its crucial role in the national energy mix (Varnagiryte-Kabasinskiene et al. 2019).

Solar Energy

Solar energy, while less prominent due to lower solar irradiance compared to southern Europe, has been growing
steadily (Guigaité and Jakubavicius 2022). As of 2023, solar power contributes approximately 7% to Lithuania's
electricity generation, supported by increasing residential and commercial installations (Gecevicius and
Kavaliauskas 2021; Kozlovas et al. 2023).

Future Targets

The Lithuanian government has been proactive in fostering renewable energy through policies like the National
Energy Independence Strategy, which aims for 100% renewable electricity consumption by 2050, and
advancements in energy storage technologies like the Kruonis Pumped Storage Plant with a capacity of 165 MW
(European Investment Bank 2024; Lietuvos Respublikos energetikos ministerija 2018; Media 2020). Additionally,
decentralized energy production is on the rise, with increasing installations of solar panels supported by
government incentives (Katinas and Markevicius 2006; Vezzoli et al. 2018).

100%

70% I

11.5% 7%
W— —
Wind Energy Solar Energy Biomass Contribution Future Target of
Contribution of Contribution of to District Heating  renewable electricity
Lithuania’s electricity Lithuania’s electricity by 2050
(2021) generation (2023)

Figure 1. Lithuania’s Renewable Energy Statistics and Target
Source: Lietuvos vejo elektriniu asociacija (LVEA) and International Renewable Energy Agency (IREA)

3. Renewable Energy in Europe

Europe has been a global leader in the adoption of renewable energy, driven by the urgency of addressing climate
change, reducing greenhouse gas emissions, and enhancing energy security. The European Union (EU) has
implemented several pivotal policies to spearhead this transition, with the European Green Deal being a
cornerstone (Sandri et al. 2023). This ambitious initiative aims to make Europe the first climate-neutral continent
by 2050, with a target of increasing the share of renewable energy in gross final energy consumption to at least
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40% by 2030 (European Commission 2022; European Parliament 2022). This section reviews Europe’s overall
renewable energy progress, key contributors, and challenges.

Renewable Energy Share

By 2022, the EU had made significant strides, with renewable energy sources accounting for approximately
22.1% of its total energy consumption, a considerable increase from just 9.6% in 2004 (Fig.2.b) (Eurostat Statistic
Explainer 2024). The rapid growth of wind and solar power has been a notable success story (Fig.2.a). Wind
energy alone contributed 16% to the EU's electricity generation in 2020 (European Commission 2023b), while
solar power accounted for nearly 6% (International Renewable Energy Agency 2024). This growth has been
underpinned by robust national policies, generous subsidies, and the establishment of an integrated European
energy market that facilitates cross-border electricity trade. The EU’s €1.8 trillion investment under the European
Green Deal Investment Plan underscores its commitment to this green transition, positioning Europe as a global
leader in environmental sustainability (European Commission 2021b).

Figure 1. Wind and solar energy contribution in EU electricity generation (a), the evolution of renewable energy share during years (b)
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Source: European Commission, Eurostat, and European parliament.
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Country-Specific Insights

Denmark is a frontrunner in wind energy, with wind turbines supplying nearly 50% of the country’s electricity in
2022, thanks to extensive investments in both onshore and offshore wind farms (Agnolucci 2007). Spain and Italy
are key players in solar energy (Fig.3.a), with Spain boasting over 20 GW of installed solar capacity and Italy
surpassing 25 GW as of 2023, driven by supportive policies and favorable weather conditions (Ferrara et al. 2024;
International Energy Agency 2023a; Red Eléctrica 2024). Hydropower remains a cornerstone of renewable energy
in countries like Sweden and Austria, where it supplies approximately 40% and 60% of their electricity needs,
respectively, owing to their abundant water resources and advanced hydropower infrastructure (Wagner et al.
2015; Wang 2006; Zhong, Bollen, and Roénnberg 2021) (Fig.3.b). This rich tapestry of renewable energy sources
across Europe not only highlights the region's commitment to reducing greenhouse gas emissions and improving
energy security but also underscores its leadership in technological innovation and sustainability practices.

Nonetheless, Europe faces substantial challenges in achieving its renewable energy goals. The recent energy
crisis, exacerbated by geopolitical tensions such as the war in Ukraine, has highlighted vulnerabilities in Europe’s
energy supply chains and the urgent need to accelerate the shift towards domestically produced renewable energy
(Kuzemko et al. 2022; Skalamera 2023). While countries like Germany and Spain are making notable progress,
the pace of transition varies significantly across the EU, with some nations still heavily reliant on coal and other
fossil fuels (Eyl-Mazzega and Mathieu 2020).

Hydropower

(@) W 25GW (b) I
20GW

Figure 2. Solar energy potential in Spain and Italy (a), Hydropower production in Sweden and Austria (b)
Source: International Energy Agency, and IEA

4. Africa's Diverse Renewable Energy Resources

Africa’s renewable energy potential is vast, encompassing solar, wind, hydropower, biomass, and geothermal
energy (Fig.4). This section explores Africa’s progress, key projects, and challenges.

Solar Energy

Solar energy is a major focus, with Africa’s high solar irradiance enabling significant solar power projects. For
instance, Morocco’s Noor Ouarzazate Solar Complex, with a capacity of 580 megawatts (MW), is one of the
world’s largest solar installations and demonstrates the continent’s solar potential (Cantoni and Rignall 2019;
World Bank Group, African Development Bank, and European Investment Bank 2017).
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Wind Energy

Wind energy is also expanding, particularly in regions with favorable wind conditions. Kenya’s Lake Turkana
Wind Farm, the largest in Africa, boasts a capacity of 310 MW and plays a crucial role in the country’s energy
mix (Mukhtar et al. 2023; Simberg-Koulumies 2024).

Hydropower

Hydropower remains a significant component, with the Grand Ethiopian Renaissance Dam expected to provide
approximately 6,450 MW, substantially increasing regional energy capacity (Ahmed et al. 2024; Liersch, Koch,
and Hattermann 2017), (Jiregna Tadese 2020).

Biomass and Geothermal Energy

Biomass energy, derived from agricultural residues and wood, supports rural energy needs and small-scale
industries. Geothermal energy, while less developed, shows considerable promise in the East African Rift region,
with Ethiopia and Kenya leading exploration efforts. Ethiopia’s Aluto Langano Geothermal Plant contributes 70
MW to the national grid, showcasing the potential for geothermal development (Benti et al. 2023; Samrock et al.
2020). Together, these renewable sources address critical energy access issues and position Africa as a key player
in the global clean energy transition.

44%

17%

4%

HYDRO SOLAR WIND

Figure 3. Top Renewable Energy Sources in Africa (2022)
Source: International Renewable Energy Agency (IRENA)

5. Comparative Analysis

Comparing Lithuania’s renewable energy achievements with those of other European countries and Africa reveals
differing levels of progress and potential. Lithuania and Europe are both advancing in the realm of renewable
energy, though their approaches and achievements reflect their unique contexts. In Lithuania, approximately 50%
of electricity is derived from renewable sources, with wind power and biomass. Solar energy, while expanding,
remains limited due to the country’s lower solar irradiance compared to sunnier regions. This mix is largely
shaped by Lithuania’s geographic advantages for wind and biomass resources and the ongoing efforts to enhance
its solar infrastructure (Eurostat n.d.; Janelitinas 2021). In contrast, Europe's renewable energy landscape is more
varied and advanced (Fig.5). Denmark stands out with wind power generating approximately 50% of its
electricity, thanks to extensive investments in both onshore and offshore wind farms (Danish Energy Agency
2023). Additionally, hydropower plays a significant role in northern and central Europe (International Energy
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Agency 2022). Europe’s broader renewable energy portfolio is supported by comprehensive policies and
substantial investments from the EU and member states, enabling a more diversified approach to renewable
energy (European Commission 2021b). Germany, despite its challenges with phasing out nuclear power and reducing
coal dependence, has made substantial progress. By 2022, Germany generated 40% of its electricity from
renewables, with wind and solar power being pivotal (Agora Energiewende n.d.). The Energiewende policy has been
crucial in this achievement, establishing Germany as a major player in the global renewable energy market (Hake et
al. 2015). In contrast, Lithuania’s progress is more modest, though impressive given its size and economic capacity.
Among the Baltic states, Lithuania is leading in renewable energy development, with Latvia heavily reliant on
hydropower (about 40% of its energy mix) (Streimikiene and Klevas 2007) and Estonia still depending on oil shale,
although efforts to diversify with wind and biomass are underway (Miskinis et al. 2020). Lithuania’s focus on wind
and biomass provides a balanced approach, but challenges remain, particularly in expanding offshore wind and
solar energy capacity (Lietuvos véjo elektriniy asociacija 2022). In summary, while Lithuania focuses on harnessing
wind, biomass, and gradually increasing its solar capacity, Europe leverages its diverse geography to support a
wide array of renewable technologies, bolstered by robust policy frameworks and significant investments.

0%
0%

1%
1%

DENMARK GERMANY LATVIA LITHUANIA

{
{

4
4

Figure 4. Electricity generation from renewable sources in 2022
Source: International Hydropower Association (IHA), Bundesnetzagentur (German Federal Network Agency), Danish Energy Agency,
Eurostat

Comparing Europe's renewable energy landscape with Africa’s reveals a stark contrast in progress and potential.
Europe, with its advanced infrastructure and substantial financial investments, has made significant strides in
renewable energy. In contrast, Africa, despite having abundant renewable resources like solar and wind, faces
different challenges. In Africa, solar energy presents a significant opportunity, given the continent’s high solar
irradiance levels. Countries like Morocco and South Africa are leading the way, with Morocco’s Noor Ouarzazate
Solar Complex and South Africa’s Renewable Energy Independent Power Producer Procurement Programme
(REIPPPP) demonstrating substantial investments in solar power (Ministry of Youth, Culture and Communication 2016).
However, the continent’s overall renewable energy capacity remains underdeveloped compared to Europe’s
advanced infrastructure. As of 2022 (Fig.6), renewables accounted for about 21% of Africa's total energy
generation, with a strong emphasis on hydroelectric power, which constitutes a large portion of the continent’s
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renewable energy mix (OECD 2022). Comparing Lithuania with Africa shows that Africa has significant
renewable potential, particularly in solar and wind, but faces challenges such as financial constraints and
infrastructure gaps (Amoah et al. 2020; Global Renewables Outlook 2020).

23.02%

21%

Europe Africa

Figure 5. Europe and Africa's Renewable Energy Share of 2022
Source: Eurostat, International Renewable Energy Agency (IRENA)

Challenges in Africa include limited financial resources, inadequate infrastructure, and political instability, which
can hinder the development and deployment of renewable energy projects. Additionally, many African countries
face significant energy access issues, with a large portion of the population lacking reliable electricity (Gabrah,
Amoako, and Ampong 2023). Despite these challenges, there is a growing recognition of the potential for
renewables to drive economic development and improve energy access across the continent (Juju et al. 2020).
Initiatives such as the African Renewable Energy Initiative (AREI) aim to mobilize investment and support large-
scale renewable energy projects, reflecting a commitment to harnessing the continent’s renewable potential
(Maged 2023).

Conclusions

Lithuania’s advancements in renewable energy are notable, yet they must be viewed within a broader European
and global context that showcases the diverse strategies and outcomes in the transition to sustainable energy.
Lithuania has made significant strides, particularly in wind and biomass energy, which are crucial to its national
energy strategy and reflect its commitment to reducing carbon emissions and enhancing energy security.
However, its progress is part of a larger European landscape where nations have adopted varied approaches to
meet ambitious climate goals. Europe’s advanced renewable energy portfolio, characterized by leading
technologies and extensive infrastructure investments, contrasts with the emerging but challenging renewable
energy landscape in Africa. While Africa holds vast potential for solar and wind energy, its development is
hindered by infrastructural limitations and financial constraints. This comparative analysis highlights the
complexity of global energy transitions, emphasizing that the path to sustainability is not uniform but shaped by
regional contexts and capabilities. It underscores the need for continued investment in renewable technologies,
supportive policy frameworks, and strengthened international collaboration to drive progress and overcome
barriers. By addressing these challenges collectively, the global community can better support diverse
approaches and enhance the overall advancement of renewable energy development worldwide.
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