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Abstract: The global shift to renewables — especially Offshore Wind (OW) — drives cli-
mate action, economic growth, and sustainability, notably in emerging countries. Despite
positive developments and prospects, many countries, especially developing and emerging
countries, face various complex challenges, such as ensuring regulatory support and ad-
dressing environmental concerns. This study employs a critical literature review to evalu-
ate OW's strategic role in promoting low-carbon energy, job creation, and ecosystem pro-
tection. While progress is evident, challenges like regulatory gaps and environmental con-
cerns remain. The findings highlight OW's potential and underscore the need for strong
government cooperation and supportive frameworks to overcome barriers and guide
long-term development. Findings provide comprehensive insights and understanding of
the strategic direction for OW projects and their long-term impacts, as well as address the
influence of framework conditions on implementation.

Keywords: Offshore Wind; Emerging Markets; Renewable Energy; Sustainability,
Clean Energy

INTRODUCTION

According to the World Meteorological Organization (WMO), 2024 is pro-
jected to be the warmest year on record, marking the end of a decade characterized
by extreme heat driven by human activities. The year experienced 151 record-break-
ing weather events, leading to at least 550 disasters, including heatwaves, floods,
storms, droughts, and wildfires, which have been intensified or made more frequent
by global warming (Carrington 2025).The impact of global climate change on de-
veloping countries is profound. These nations are the most vulnerable to climate
change, already experiencing eight times more natural disasters than they did in the
1980s (Bhargawa and Bhargava 2023). These countries, which have limited resourc-
es and lower adaptive capacity, experience significantly higher relative damage to
GDP from climate extremes compared to industrialized nations (Ravindranath and
Sathaye 2002, p. 248). Sustainable green electricity technologies, especially OW,
are significant technical solutions to handle global climate change. Those energy
sources are crucial for reducing greenhouse gas emissions, a major reason for cli-
mate impacts, by replacing fossil fuel-based energy production with clean electricity
with minimal environmental impact (Devadasa and Laxminarayana 2023, p. 1019).
OW energy, for instance, can provide significant amounts of electricity near load
centers, reduce greenhouse gas emissions, and complement other renewable sourc-
es while lowering the overall cost of achieving climate targets (Cranmer and Baker
2020, p. 2). Therefore, the research question is how OW energy can be established
as a central component for sustainable growth in emerging markets.
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RESEARCH METHODOLOGY
This paper analytically reviews existing literature on renewable energy with a fo-
cus on OW, highlighting key insights, research gaps, and integrating reputable sources.

RESULTS

Assessing the role of OW expansion in climate change across global mar-
kets:

The publication “Future Global Offshore Wind Energy Under Climate Change
and Advanced Wind Turbine Technology” (Jung, Sander and Schindler 2024, pp.
1-2) analyzes OW growth, finding technology more influential than climate shifts,
with capacity and space for key future output.

The study analyses 33 nations, identifying key regions across six continents.

The study shows that OW’s capacity factors will decline 80% of sites by 2054,
especially under high emission scenarios. Brazil sees slight increases, while China
may lead in yield by 2030. Location and turbine choice, particularly the NREL
model, are key, with minimal impact from climate events (Jung, Sander and Schin-
dler 2024, pp. 15-16).

Key gaps include climate impacts on OW infrastructure, limited data on ad-
vanced turbines, and effects on marine ecosystems.

Climate benefits and economic viability & challenges and opportunities
for OW:

The study “The Global Climate Value of Offshore Wind Energy” (Cranmer and
Baker 2020) proposes an strategy to aligning emission reduction costs and efficien-
cy in OW, tackeling greenhouse cuts and economic gains across policy and technol-
ogy scenarios.

The study uses a GCAM model to compare total costs with and without the
technology, considering emissions and climate damage. Even with conservative
assumptions, OW shows strong returns, $24.6 billion to $2.5 trillion. Its value in-
creases with technological advances and cost reductions, while regional and policy
differences influence benefits. The findings emphasize the need for investments in
R&D, as climate benefits far outweigh costs.

Further studies should incorporate a regional component.

An important study was carried out by Wu et al. (2018) aiming to identify ob-
stacles to OW development in China through literature analysis, using the Grey-DE-
MATEL method, to model complexity, assess causality, and prioritize challenges.

The study highlights the challenges in China’s OW developments, including
fragmented coordination, lack of financial incentives, inadequate standards, and la-
bor shortage. Barriers are grouped into causes - like policy gaps and skill deficits —
and effects driven by external factors such as high capital costs.

Further studies should expand research on global trends and long-term policy
strategies.
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A study by Gonzélez et al. (2024) analyzes OW developent in emerging mar-
kets like Brazil, South Africa, India, Poland, and Turkey, proposing a supply chain
framework from literature and case analysis to guide policymakers.

Based on 107 articles it compares mature and new markets, mapping growth
factors across the OW life cycle. The findings stress that political support, local
capacity, and public-private collaboration are key to OW success. The framework
guides investments, infrastructure, and policy for sustainable growth.

Future research should focus on addressing key ecological, social, and regional
challenges.

Guiding strategic development for OW industrialization in emerging
markets:

A study by Satriano et al. (2024) provides an analysis for 30 developing coun-
tries from 1998-2022, examining the impact of renewable energy, environmental
quality, and energy consumption on economic growth.

The study finds that sustainable energy ecological quality boosts growth, while
generall energy use and natural gas show no significant impact. Positive effects stem
from foreign investment nd population growth, while trade openness and work-
force size show limited influence, underlining the importance of strategic infrastruc-
ture investment and clean energy policies.

Future research should explore the economic, political, and infrastructure fac-
tors on sustainability.

Synergies between renewables, innovation, and sustainable development:

A study by Fang et al. (2025) analyses how renewables, innovation and ecolog-
ical quality interact with SDG’s in developing countries, using South Africa 1990-
2018 as a case to explore causual links via DARDL model and spectral tests and
support sustainable policy strategies (Fang et al. 2025, pp. S61-564).

The Synergy Effects study shows that renewables, innovation, and ecological
quality together promote sustainable development in developing countries, calling
for low-carbon economies via supportive policies, tech investments, and clean en-
ergy-

Further research should explore regional and socio-economic variations, and
external global factors like geopolitics, that shape renewable energy sustainability.

Social Acceptance and Economic Impact:

The study “Investment in Offshore Wind Energy in Poland and Its Impact
on Public Opinion” (Choma¢-Pierzecka 2024) reveals that 68% of respondents
support the OW project, a 5% increase from the previous year. 65% see econom-
ic benefits like lower energy costs, while 53% believe that OW drives regional
job growth.

Support is strongest among people under 30 and logistic regression shows
strong links between OW support and broader energy transition. Despite its lim-

649



ited geographic scope, the findings underscore the growing acceptance of OW as a
sustainable and economical source.

Further research should expand the scope, regional insights, and economic
analysis.

Environmental and regulatory dimension:

The study “Environmental Impacts of Global Offshore Wind Energy Develop-
ment until 2040” (Li et al. 2022) aims to asses OW’s ecological impact through
2040, focussing on emissions, ecosystems, ressource use, and technologiesthat mi-
grates environmental effects.

The study finds that by 2040, OW could reach 342-562GW capacity, cutting en-
vironmental impact per MWh, about 20% and reducing lifecycle smissions through
6-9% gain from recycling, despite 2.6-3.6Gt CO2e projected emissions. (Li et al.
2022).

A deeper analysis of political and regulatory frameworks could clarify global
demand for recycled OW materials across their lifecycle.

Policies, challenges and regional potential:

A report by RCREEE (2024) aims to provide a comprehensive overview of
the current regulatory framework, strategic plans, and policies for OW in the Med-
iterranean region by analyzing the national regulations and strategies, underlining
growth opportunities and regional potential, how effective policies can be adopted,
and how OW contributes to a sustainable energy transition (RCREEE 2024, p. 6).

The study combines a environmental, economic, and social aspects, and na-
tional regulations to benchmarks OW against other marine renewables. It identifies
OW fixed-butten turbines as cost-effective, floating platforms as emerging, and OW
as promising, despite ecological risks and investment gaps.

Building on these studies, it could be examined how regularitarian and political
strategies are harmonized in the context of the Regional Approach, especially with
regard to different political frameworks and regulations.

Structural design and implementation strategies:

The study “Future Obstacles and Possible Solutions for Offshore Wind Facili-
ties“ (Deb, Rana and Agili 2024) explores OW turbine evolution, focusing on fixed
and floating foundations, and layout optimization using static, frequency-based as-
sessments and temporal-domain analysis, supported by recent studies to develop a
comprehensive roadmap (Deb, Rana and Agili 2024, pp. 9-10).

The study emphasises OW’s growing role in CO2 reduction and energy security,
while addressing technical, economic, and environmental challenges through inno-
vations in design, floating foundation systems, modularity, hydrogen integration, and
workforce development. Site selection is highlighted as a crucial factor that, when
guided by a multidisciplinary approach based on physical, political, and global reg-

ulations, can reduce conflicts, balance maritime interests, and speed up approvals.
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CONCLUSION
On the basis of the reviewed literature, we can make the following conclu-
sions:

1. Climate and environmental impact:

OW is vital for climate goals, economic growth, and socio-economic develop-
ment in emerging countries, offering a low-CO?2 electricity as a sustainable fossil

fuel alternative.

2. Economic and industrial development and market expansion:

OW offers a sustainable alternative to fossil fuels, supports marine conserva-
tion, and fosters economic development. At the same time, positive perception, job
creation, and regional investment drive regional development.

Figure 1 outlines a strategy for developing the OW sector in new markets, de-
tailing four life cycle phases that reveal key challenges, opportunities, and stake-
holder connections.
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Figure 1. Framework for industrial development of the offshore wind sector in new
markets. (Gonzdlez et al. 2024)

3. Socio-economic advancements:

The study “The Synergy of Renewable Energy Consumption, Technological
Innovation, and Ecological Quality: SDG Policy Proposals for Developing Coun-
tries” shows how technological progress improves living standards and social de-
velopment.

4.Technological and regulatory challenges:

Challenges remain in developing regulatory frameworks. However, new ap-
proaches to floating wind turbine technologies for deeper waters (still in their early
stages), paired with improved supply chains could drive long-term advances in OW
technologies.

Policy recommendations and future directions:

The findings show that OW can drive sustainable growth and climate protec-
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tion in emerging countries. Required is greater intergovernmental cooperation on
site planning, technology, and policy support.
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OPINOPHA BATDHPHA EHEPTUA HA KPBbCTOITDBT: AHAAN3
HA Bb3MOXXHOCTUTE, IIPEAN3BUKATEACTBATA 11
CTPATEITHYECKHUTE IIOAXOAHN

Pestome: Thobarnusm npexod kom 6v3006H08semu eHepeutinu UMouHUYU — 0c0beHO
ouwopnama esmopra enepeus (OW) - nacspuasa Oelicmeusma 3a kiumama,
UKOHOMUMECKUS. PACMENC U YCMOUHUBOMO pa3sumue, 0cobeHo 8 passusaiyume ce
cmpanuy. Benpeku noioxcumernomo passumue u nepcnekmusu, MHo20 0wbpicasi,
0cobero passusawyume ce u H0B08B3HUKBAUYU NA3APU, e COABCKBAM C PASAUHHU CAOHCHU
npedu3suKamMescmed, Kamo oCUYPIBaAHe HA PezyAamopHa nodkpenda u Cnpassue ¢
exorozuuHy npobaemu. Hacmosujomo uscaedsane u3nossa kpumuuen npezed Ha
Aumepamypama, 3a 0a oyenu cmpamezuseckama pors na OW 6 nacepuasanemo
HA HUCKO0BBZAEPOOHA eHepaus, cb30asanemo HA pabomuu mecma u ona3eawemo Ha
exocucmemume. Benpexu nanpedeka ocmasam npedussuxameicmsd, Kamo nponycku
8 pezyrdyuume u eKoro2udHU puckose. Pesyamamume nodvepmasam nomeHyuara Ha
OW u Heobx00umocmma om CUAHO NPABUMEACIBEHO CHMPYOHUMECBO U NOOKPeNUfU
pamku 3a npeodorsieane Ha Oapuepu u Hacousane kum 0vA20cpouHo passumue. Te
npedocmassm 3adeaboueHo pasbupare 3a cmpamezuueckomo nianupare na OW
NPOEKMU U BAUSHUEIMO HA UHCIUMY YUOHAAHUME YCAOBUS BBPXY MIXHAMA PEANUSAUUS.
Katouosu dymu: opuiopra 8smspHa enepausy; passusauju ce nasapu; 66306Hossema
eHepeusl; YCMOUUBOCH; 4Ucma eHepeus
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