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Harnessing wind energy: Can it become a strategic driver of          

national energy security and the global energy transition? 
 

The pursuit of unconventional energy sources is not a recent phenomenon. 

However, in the contemporary era, the advancement of research and de-

velopment in green technologies has become not only politically feasible 

but also increasingly economically advantageous (Balcerzak et al., 2025; 

Kędzior-Laskowska et al., 2025). With global energy demand continuing to 

rise and fossil fuel reserves diminishing, which is accompanied by escalat-

ing extraction costs, consequently, higher costs of conventional energy 

sources (Pavláková Dočekalová et al., 2024), there is an urgent need to identi-

fy alternative energy sources capable of meeting future consumption re-

quirements. These alternatives include wind, solar, geothermal, tidal, hy-

dropower, and biomass energy (Liu, 2026; Dincă et al., 2025). 

Among these sources, wind energy, despite its relatively high final cost 

and the problem of instability, has emerged as one of the most technologi-

cally mature and industrially scalable solutions. Its scalability makes it 

particularly suitable for integration into energy-intensive industrial pro-

cesses (Sharma et al., 2026). Furthermore, from a technological standpoint, 

wind energy can be effectively utilized to produce green hydrogen via 

electrolysis, thereby enabling long-term energy storage and supporting the 

decarbonization of emission-intensive industries. In this way, wind energy 

may serve a strategic role by linking renewable electricity generation to 

broader industrial transformation processes (Sten et al., 2024; Balcerzak et 

al., 2024). 

Increasing the share of renewable energy in a national energy mix, 

while maintaining system stability, enhances energy security, reduces reli-

ance on imported fuels, and helps preserve conventional energy reserves 

(Igliński et al., 2024; Jin, 2025; Nihal et al., 2024). This becomes particularly 

critical in an era of heightened geopolitical volatility, which undermines 

the energy security of nations worldwide. 

From an economic perspective, the transition toward renewable energy 

sources may, under favorable conditions, strengthen national competitive-

ness and innovation capacity. It can stimulate the adoption of technological 

and organizational innovations within energy-related sectors (Tian et al., 

2025; Zábojník & Branch, 2025; Wang et al., 2025). In addition, the expan-

sion of renewable energy provides significant environmental benefits by 

reducing emissions of pollutants associated with fossil fuel combustion and 
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supporting natural ecosystem preservation, thereby facilitating progress 

toward low-carbon economic structures (Hasan et al., 2026; Yavuz et al., 

2025; Trinh, 2025). 

The global energy transition represents one of the most formidable chal-

lenges confronting the international community in the 21st century 

(Popescu et al., 2025). Governments and societies worldwide are imple-

menting policies aligned with the Sustainable Development Goals, despite 

the considerable costs of transforming carbon-intensive economies (Chen & 

Guang, 2026; Bai et al., 2024). The primary objective, however, should be 

a just transition, one that safeguards national security, avoids deepening 

energy poverty, prevents social degradation at local and regional levels, 

and ensures environmental protection (Mariev et al., 2025). Within this 

context, the energy transition should foster new opportunities for economic 

diversification, supporting the evolution of global industries, agriculture, 

and services, while simultaneously advancing the renewable energy sector 

(Wu et al., 2026; Delcea et al., 2024; Jareño et al., 2025). Ultimately, 

a well-executed energy transition is expected to stimulate economic devel-

opment and growth on an international scale (Pietrzak et al., 2021; Amin et 

al., 2024; Ghaffar et al., 2025). 

The expansion of renewable energy sources and the strategic manage-

ment of energy portfolios grounded in these technologies significantly rein-

force national energy security by reducing systemic vulnerability to disrup-

tions and crises (Xiong et al., 2025). Distributed renewable energy systems, 

in particular, provide high levels of supply security. In contrast to central-

ized energy infrastructures, which are dependent on a limited number of 

large-scale power plants and thus exposed to natural disasters, physical 

attacks, or cyber threats, distributed systems composed of numerous inde-

pendent energy units (e.g., biogas plants, wind turbines, photovoltaic in-

stallations) demonstrate considerably higher resilience. This resilience is 

analogous to the robust, decentralized architecture of the Internet, original-

ly designed to withstand partial system failures (Xie et al., 2025). 

Wind energy is especially important in this context due to its scalability 

and technological maturity. It is well-positioned to enhance and comple-

ment distributed energy architectures (Boadu & Otoo, 2024). Consequently, 

in highly distributed systems, the probability of a nationwide blackout 

becomes significantly lower (Etanya et al., 2025). As a result, wind energy 

has become one of the fastest-growing renewable technologies globally, 

driven by rising energy demand, decarbonization efforts, energy-security 
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imperatives, and technological innovations that facilitate smoother grid 

integration (Wang et al., 2024; Ahmed et al., 2025). 

An examination of global wind energy trends indicates that China 

maintains its dominant position in the international market, accounting for 

68.3% of all new capacity additions in 2024. Wind power projects were 

commissioned in at least 55 countries during the year, mirroring the geo-

graphical spread observed in 2023. Asia registered the most dynamic ex-

pansion, which was driven primarily by China’s large-scale deployment, 

while Africa and the Middle East achieved a doubling of their installed 

wind capacity. This latter growth was mainly driven by substantial in-

vestments in Egypt and Saudi Arabia, underscoring the growing strategic 

importance of wind energy in emerging regional markets (REN21, 2025; 

Zhu & Sigitov, 2025; Graham et al., 2025). 

In China alone, a record 79.8 GW of new wind capacity was connected 

to the grid in 2024, helping achieve regional renewable energy targets by 

the end of 2025. China’s share of global wind installations rose from 48.5% 

in 2022 to 65% in 2023 and 68.3% in 2024. By year’s end, the country’s total 

installed wind capacity had reached approximately 520.6 GW—

representing nearly 46% of the global total. Wind energy is estimated to 

have contributed around 10% of China’s electricity generation in 2024, up 

from 9.2% in 2023 (REN21, 2025; Zhu & Sigitov, 2025; Gau et al., 2026). 

Despite a deceleration in growth, the United States remained the sec-

ond-largest contributor to global annual and cumulative wind installations. 

In 2024, around 4.1 GW of new capacity was added, bringing the total to 

154.8 GW. The slowdown primarily resulted from prolonged permitting 

processes and delays in federal tax credit guidance. Nonetheless, onshore 

development increased modestly by 1%, and the number of new power 

purchase agreements rose by 31% compared to 2023 (Mayyas, 2023; Parton 

et al., 2024; REN21, 2025). 

India advanced to fourth place globally in new wind turbine installa-

tions in 2024. Following a 52% increase in 2023, an additional 21% growth 

(3.4 GW) was recorded in 2024, bringing total installed capacity to 48.2 GW. 

The rapid expansion of India’s wind sector is attributed to policy reforms, 

government incentives, strengthened domestic turbine manufacturing, and 

rising demand for renewable energy to meet Renewable Purchase Obliga-

tions (Kumar & Prakash, 2023; REN21, 2025; Shah, 2024). 

In Brazil, annual wind energy investment declined, causing the country 

to fall to fifth place after four consecutive years as the world’s third-largest 
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market. The primary obstacle to further development remains insufficient 

transmission infrastructure, which has not kept pace with new wind capac-

ity additions. Nonetheless, 3.3 GW of new capacity was connected to the 

grid in 2024, raising total installed capacity to 33.7 GW (REN21, 2025; Cac-

ciuttolo et al., 2025; Ferreira et al., 2023). 

As a region, Europe again ranked second globally in new wind power 

additions, installing 15 GW in 2024—83% of which were onshore. Total 

wind capacity in Europe reached 271.1 GW. Expansion was mainly driven 

by efforts to enhance energy independence and industrial decarbonization, 

although grid bottlenecks, administrative barriers, and restrictive financing 

conditions tempered growth (Wasilczuk et al., 2025; Wojtaszek et al., 2025). 

The European Union forecasts that wind energy will supply 43% of elec-

tricity consumption by 2030, up from the current 17%, necessitating the 

construction of approximately 35 GW of new capacity annually (Jung & 

Schindler, 2022). 

In 2024, several countries, including at least 9 in Europe and Uruguay, 

derived at least 25% of their electricity from wind energy. Denmark re-

mains the global leader, with wind providing 56% of its electricity supply. 

Overall, wind energy accounted for nearly 20% of electricity generation in 

the European Union in 2024 (Bórawski et al., 2020; REN21, 2025). 

Within Europe, Germany maintains its position as the regional leader in 

installed wind capacity, reaching 72.7 GW after adding more than 4 GW in 

2024, which gives an increase of 5.2% compared to 2023. The year marked a 

breakthrough in permitting and auction performance, driven by govern-

ment measures to reduce barriers to wind development. New installations 

increasingly supply energy-intensive industries, including steel and chemi-

cals, thereby facilitating decarbonization while sustaining industrial com-

petitiveness (REN21, 2025; Reichartz et al., 2025; Schrader et al., 2025). 

Following Germany, the highest capacity additions in Europe occurred 

in the United Kingdom, France, and Finland, ranking sixth to eighth global-

ly. In cumulative capacity, Germany remains first, followed by the United 

Kingdom (31.6 GW), Spain (31.2 GW), France (24.4 GW), and Sweden (17.2 

GW) (REN21, 2025; Wang et al., 2025; Pérez-Pérez et al., 2026). 

Globally, offshore wind energy has emerged as one of the fast-

est-growing segments of the renewable energy sector and is increasingly 

critical to the transition to low-carbon energy systems (Nagababu et al., 

2026). By the end of 2024, global offshore wind capacity reached 83.1 GW, 

with new installations concentrated in Europe, Asia, and North America. In 
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total, four Asian countries, three European countries, and one North Amer-

ican country added 7.9 GW of offshore capacity in 2024. Offshore systems 

accounted for 6.7% of new wind installations and 7.3% of total installed 

wind capacity, underscoring the rising significance of this technology in the 

global energy mix (Xue et al., 2026). 

Europe remains the largest offshore wind market, though growth 

slowed in 2024 compared to the record-setting year of 2023. Only 2.6 GW of 

new offshore capacity was added, primarily because of construction delays 

and grid connection challenges (Dedecca et al., 2016). All new installations 

occurred in the United Kingdom, Germany, and France, raising Europe’s 

operational offshore capacity by 78% to 36.7 GW. Several European states, 

including Denmark, Germany, and the UK, already generate substantial 

shares of electricity from wind, and the European Union intends to expand 

offshore capacity significantly so that wind energy will supply 43% of elec-

tricity demand by 2030 (Wind Europe, 2025). 

In Asia, the offshore wind sector continues to grow rapidly, led by Chi-

na, which holds 41.8 GW of installed capacity, which is more than half of 

the global total (Ren et al., 2026). Taiwan, Japan, and South Korea also con-

tribute to regional expansion, supported by strategic policy frameworks, 

long-term planning, and substantial investment. For the seventh consecu-

tive year, China accounted for more than half of global offshore additions, 

installing 4 GW in 2024 (Lin et al., 2026). 

Offshore wind in North America is still in its early stages, but growth is 

accelerating. In the United States, offshore capacity increased from 42 MW 

to 174 MW in 2024 following the commissioning of the country’s first 

large-scale offshore wind project. Nevertheless, policy adjustments in early 

2025 temporarily constrained sectoral momentum (Hansen et al., 2026). 

Technological progress has been central to offshore wind deployment. 

Innovations in turbine scale, floating foundation designs, and grid integra-

tion have facilitated access to deeper waters and more remote areas, signif-

icantly expanding global offshore wind potential. Floating wind technolo-

gies, in particular, are expected to unlock hundreds of additional gigawatts 

in regions characterized by deep coastal waters, including Japan, the U.S. 

West Coast, and parts of Europe (Xing et al., 2026). 

Offshore wind development also yields substantial economic benefits. 

Investments in offshore projects stimulate industrial activity, create em-

ployment opportunities, and build specialized capabilities in manufactur-

ing, construction, and maintenance. Moreover, economies of scale and 
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technological advancements reduce generation costs, enhancing offshore 

wind’s competitiveness relative to conventional power sources (Ferrarese et 

al., 2026). 

Offshore wind is also increasingly important for energy security. As 

coal and gas plants retire, offshore wind farms offer a stable, reliable source 

of renewable electricity. Fully harnessing offshore potential could provide 

hundreds of additional gigawatts of capacity globally, supporting green-

house gas reductions, grid stability, and the rising electricity demand asso-

ciated with economic development (Warder & Piggott, 2025). 

In the coming years, Europe and Asia intend to expand offshore wind 

substantially, while other regions, including North America and emerging 

economies, are also expected to accelerate project development. Achieving 

these targets will require effective policy support, streamlined administra-

tive procedures, and enhanced international cooperation. Offshore wind is 

poised to become a foundational element of the global energy system, un-

derpinning sustainable development, energy security, and long-term eco-

nomic resilience (Yang et al., 2025). 

Wind energy, both onshore and offshore, has therefore become a fun-

damental component of the global energy mix, playing a pivotal role in the 

energy transition, decarbonization, and strengthening national energy se-

curity (Guo et al., 2026). Over the long term, the coordinated development 

of both onshore and offshore wind technologies will be central to achieving 

decarbonization targets, advancing sustainable development, and facilitat-

ing the global energy transition (Yang et al., 2024). 

The global wind energy sector is undergoing an unprecedented trans-

formation, revealing both its vast untapped potential and its rapidly in-

creasing strategic importance for the international energy transition. As 

demonstrated throughout this editorial, the scale and pace of wind energy 

expansion, across both onshore and offshore segments, underscore that 

wind power has evolved from a supplementary component of national 

energy strategies to a fundamental pillar of modern, secure, and 

low-carbon energy systems. At the same time, this dynamic expansion 

introduces complex challenges that extend beyond engineering and techno-

logical considerations. 

The anticipated scale of future wind deployment demands robust gov-

ernance frameworks that support long-term planning, efficient regulatory 

systems, and transparent permitting procedures. Policymakers must bal-

ance energy security objectives with social acceptance and environmental 
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protection while ensuring regulatory flexibility in response to rapidly 

evolving technologies and market conditions. Simultaneously, national and 

regional institutions are increasingly required to coordinate strategic in-

vestments in modern grid infrastructure, strengthen supply chains, and 

manage the growing interconnections between energy, industrial, and cli-

mate policies. 

The academic sector faces a correspondingly expanding research agen-

da. Addressing persistent uncertainties related to grid integration, resource 

variability, environmental impacts, and socio-economic implications re-

quires interdisciplinary collaboration that spans energy engineering, eco-

nomics, environmental science, data analytics, and public policy. Emerging 

challenges, such as large-scale energy storage, sector coupling, digitaliza-

tion of energy systems, and the development of resilient offshore infra-

structure, further underscore the need for strengthened cooperation be-

tween universities, industry stakeholders, and public authorities. Academic 

research will be indispensable for informing evidence-based policies, guid-

ing long-term investment strategies, and supporting the just and inclusive 

character of the global energy transition. 

In conclusion, the remarkable potential of wind energy, which is com-

bined with the accelerating pace of its global deployment, opens substan-

tial opportunities for sustainable economic development, industrial innova-

tion, and enhanced energy security. However, realizing this potential re-

quires coordinated action across policy, institutional, and scientific do-

mains. Only through an integrated, forward-looking, and collaborative 

approach can wind energy fully realize its transformative role in shaping 

the future global energy landscape. 
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