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Abstract

This review looks at how wind power, one of the most efficient renewable energy sources, could be better used in
Nigeria’s oil and gas industry, moving beyond what current research has covered. While studies from 2020 to 2024 have
focused a lot on solar and hybrid systems, wind energy hasn’t been given much attention, especially for oil operations.
Areas like powering offshore platforms, remote oil sites, and using wind power alongside carbon capture to cut
emissions are still underexplored. There’s also not enough research on the technical constraints specific to Nigeria, such
as connecting wind power to the existing grid and dealing with storage challenges. Asides that, the economic feasibility
and the policies needed to support wind energy adoption in this sector haven’t been thoroughly analyzed. This review
addresses these gaps by suggesting new ways to use wind power, such as offshore wind farms for oil operations, using
wind energy to reduce gas flaring, and combining wind energy with carbon capture systems. It also emphasizes the
importance of new policies and industry cooperation to tackle technical and financial obstacles. Ultimately, wind energy
could play a big role in making Nigeria’s oil and gas industry more efficient and sustainable, opening up new
opportunities for energy transition via this review.
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1. Introduction

The Nigerian oil and gas sector remains a cornerstone of the country’s economy, contributing significantly to GDP and
national revenue [1]. However, it faces increasing pressure to transition towards more sustainable practices due to
global climate goals and rising environmental concerns [2]. The integration of renewable energy into oil and gas
operations has emerged as a critical solution for reducing emissions and minimizing environmental impacts [3]. Among
various renewable energy sources, wind power has garnered attention for its high efficiency and potential to generate
clean energy [4]. Despite its global success, the application of wind energy in Nigeria’s oil and gas industry remains
underexplored, particularly compared to more widely studied renewables like solar [5]. Wind power is recognized as
one of the most efficient forms of renewable energy, capable of producing significant amounts of electricity with minimal
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environmental impact [6]. Wind turbines, particularly in offshore environments, can generate continuous energy due
to the consistent wind patterns in coastal regions [7]. In global oil and gas operations, wind energy has been
implemented to support drilling operations, power offshore platforms, and reduce reliance on fossil fuels [8]. However,
the application of wind power in Nigeria’s oil and gas sector has yet to be fully developed or adopted at scale [9]. With
Nigeria's oil and gas industry accounting for a substantial share of the nation's greenhouse gas emissions, there is a clear
need to explore renewable energy solutions that can reduce this footprint [10]. Wind power presents a promising
alternative, particularly for offshore operations and remote oil fields where access to the grid is limited [11]. However,
current research lacks comprehensive studies on how wind energy can be applied specifically to meet the unique energy
demands of Nigeria’s oil and gas industry. This review seeks to address these gaps by examining novel wind power
applications that can optimize energy use in the sector [12]. The primary objective of this review is to explore innovative
ways in which wind power can be integrated into Nigeria’s oil and gas operations, distinct from existing applications
seen in global contexts [13]. This includes investigating how wind energy can support offshore platforms, reduce gas
flaring, and power carbon capture technologies [14]. The review will also assess the technical, economic, and policy
challenges that may arise from wind power adoption and offer recommendations for overcoming these barriers to
facilitate a more sustainable energy transition in Nigeria’s oil and gas sector.

2. Current State of Wind Power in Energy Systems

2.1. Global Integration of Wind Power

Wind power has become a dominant renewable energy source globally, particularly in countries with robust offshore
and onshore wind infrastructure [15]. As of 2024, wind energy accounts for a substantial portion of renewable
electricity generation, with leading markets in Europe, the United States, and China [16]. Technological advancements
in turbine efficiency, grid integration, and storage solutions have significantly improved wind energy's competitiveness,
making it an increasingly viable option for large-scale industrial applications [17]. Offshore wind farms, in particular,
have gained traction for their ability to produce consistent energy due to stronger and steadier wind conditions
compared to onshore installations [18]. Despite these advances, the application of wind power in oil and gas operations
remains relatively niche, with most efforts focused on grid power generation or hybrid systems combining wind with
solar or energy storage technologies [19].

2.2. Wind Power in Oil and Gas Operations

Existing research between 2020 and 2024 shows a growing interest in using renewable energy within oil and gas
operations, yet the focus largely remains on solar energy and hybrid systems [20]. Wind energy has seen limited but
notable applications in offshore oil platforms, primarily in regions like the North Sea, where wind patterns are favorable
and infrastructure supports integration [21]. In these cases, wind turbines have been used to power drilling operations,
offshore rigs, and on-site energy needs, reducing reliance on fossil fuels and lowering operational carbon footprints
[22]. Despite these developments, there is a lack of comprehensive studies on how wind power can be tailored to regions
like Nigeria, which face different geographic, technical, and economic conditions.
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Figure 1. Schematic representation of wind energy development in oil and gas operations [23].
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2.3. Renewable Energy Integration in Nigeria

Nigeria’s renewable energy sector is still in its early stages, with solar energy being the primary focus of both research
and implementation. The country’s renewable energy policies and programs have predominantly concentrated on
expanding solar power to address rural electrification and reduce the national grid's reliance on non-renewable sources
[24]. However, Nigeria’s coastal regions and offshore oil and gas fields present an untapped potential for wind energy
[25]. Coastal areas have favorable wind conditions that could be harnessed to power oil and gas operations, yet there is
little research or practical development in this area [26]. This gap is even more apparent when considering offshore
wind power, which has the potential to revolutionize energy usage in Nigeria’s offshore oil platforms.

2.4. Challenges in Wind Power Adoption in Oil and Gas

While wind power offers significant potential for reducing the environmental impact of oil and gas operations, several
challenges limit its widespread adoption. Technological barriers, such as integrating wind power with existing oil and
gas infrastructure, and the cost of building offshore wind farms, remain substantial hurdles [27]. Moreover, issues like
intermittency, energy storage, and transmission from offshore wind sites to onshore facilities complicate the integration
process [28]. There is also a notable lack of policy frameworks specifically designed to encourage wind energy adoption
within the oil and gas sector, both globally and in Nigeria [29]. Without government support and industry incentives,
the upfront costs and technical complexities of implementing wind power in oil and gas remain deterrents for
companies [30].

2.5. Existing Research Gaps

Although wind energy is globally recognized for its efficiency, there is a clear gap in research concerning its use in
Nigeria’s oil and gas industry. Most studies focus on wind power's integration into the national grid or its hybridization
with solar energy [31]. Little attention has been given to how wind energy can directly support oil and gas operations,
such as powering offshore platforms, reducing gas flaring, or complementing carbon capture technologies [32].
Moreover, research has yet to explore the unique technical and economic challenges that Nigeria faces in adopting wind
power in this sector. Bridging these gaps could lead to a more sustainable and efficient energy future for Nigeria’s oil
and gas industry.

3. Offshore Wind Power for Oil Platforms
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Figure 2. Different Floating Offshore Wind Turbines design concepts [33]
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Nigeria’s offshore oil fields, particularly in the Niger Delta and coastal areas, hold substantial potential for integrating
offshore wind power. Offshore wind turbines can provide a steady and reliable energy source for oil platforms, drilling
rigs, and related infrastructure. Coastal regions typically experience stronger and more consistent wind patterns than
inland areas, making them ideal for generating wind energy. By replacing diesel generators commonly used on these
platforms with wind power, companies can significantly lower their operational carbon emissions. Offshore wind farms
have already been used successfully in areas like the North Sea, but Nigeria has yet to fully capitalize on this opportunity.
Adapting global models to fit Nigeria’s unique conditions could transform the energy landscape for offshore oil
operations.

3.1. Wind-Powered Carbon Capture Systems

Another promising application of wind power is its use to support carbon capture and storage (CCS) technologies in
Nigeria’s oil and gas sector. CCS plays a key role in reducing carbon emissions worldwide, and wind energy could be
harnessed to power the energy-intensive process of capturing and storing carbon. By integrating wind power into CCS
projects, Nigeria could significantly reduce the environmental impact of its oil and gas activities. This approach is
particularly relevant for areas where CCS initiatives are already being planned or implemented, as wind energy offers a
sustainable, low-carbon power source to boost the efficiency of carbon capture efforts.

3.2. Wind Energy for Flaring Reduction

Gas flaring is a persistent problem in Nigeria, resulting in both the wastage of valuable natural gas and the release of
harmful greenhouse gases. Wind power offers a potential solution by providing an alternative energy source for on-site
power generation, which could help reduce the need for gas flaring. In many cases, gas is flared due to the lack of
infrastructure to capture or transport it efficiently. Wind turbines could be installed to generate clean energy for oil
extraction operations, reducing the need to flare excess gas. This solution not only helps preserve natural gas but also
aligns with Nigeria’s commitment to reducing its carbon emissions under international climate agreements, especially
in remote areas where connecting to the grid is not feasible.

3.3. Wind Power for Remote Operations

Many of Nigeria’s oil fields, especially in the Niger Delta and northern regions, are located in remote areas with limited
access to the national grid. These operations often rely on diesel generators, which are both expensive and high in
emissions. Wind power presents a cleaner, more sustainable energy option for these off-grid locations. Small-scale, on-
site wind turbines could generate enough electricity to power key operations like drilling rigs, water injection pumps,
and processing facilities. This would reduce fuel costs and logistical challenges associated with transporting diesel to
remote areas. Additionally, combining wind power with energy storage solutions could ensure a steady power supply
even during periods of low wind activity.

3.4. Hybrid Systems with Solar and Wind Power

Nigeria’s rich solar resources complement wind power, making hybrid energy systems a viable option for oil and gas
operations. By combining wind and solar power, these hybrid systems can offer continuous energy production, with
solar power compensating for lower wind speeds, particularly during Nigeria’s dry season when sunlight is abundant.
Hybrid systems are especially valuable for remote or off-grid oil fields where a stable and reliable energy supply is
essential. By integrating both wind and solar technologies, the oil and gas sector in Nigeria could enhance its energy
security, reduce reliance on fossil fuels, and move towards a more sustainable energy future.

3.5. Economic and Environmental Benefits

The integration of wind power into Nigeria’s oil and gas sector provides significant economic and environmental
benefits. While the initial investment in wind energy infrastructure may be substantial, the long-term savings from
reduced fuel consumption and carbon emissions are considerable. Wind power can also help avoid financial penalties
related to gas flaring and give Nigerian companies a competitive edge as global markets increasingly favor low-carbon
operations. Environmentally, wind energy helps lower the sector’s overall carbon footprint, supporting Nigeria’s
commitments to national and international climate goals. The combination of lower greenhouse gas emissions and
reduced dependence on fossil fuels is crucial for Nigeria’s transition to a more sustainable energy future.

4. Comparative Analysis with Existing Renewable Energy Solutions

Wind power is highly efficient, particularly in coastal and offshore areas with consistent wind speeds, making it more
reliable than solar energy, which depends on sunlight and weather conditions. Offshore wind turbines can generate the
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large-scale energy required for oil platforms, outperforming solar in marine environments. Although wind power has
higher initial setup costs, especially offshore, it offers long-term cost savings due to lower operational expenses, and its
declining global costs improve its economic feasibility for Nigeria’s oil and gas sector. Wind energy also provides
significant environmental benefits, such as reducing emissions and gas flaring, making it more suitable for offshore
applications than solar. However, implementing wind power faces challenges like the need for specialized infrastructure
and high upfront investment, while solar remains more widely adopted due to its lower installation costs and ease of
deployment. Nigeria's renewable energy policies currently favor solar, but targeted incentives and regulatory
frameworks for wind energy are needed to promote its adoption in the oil and gas industry.

5. Challenges and Limitations of Wind Power in Nigeria’s Oil and Gas Sector

The adoption of wind power in Nigeria’s oil and gas sector faces significant challenges, particularly technical, economic,
and regulatory obstacles. Offshore wind farms require advanced infrastructure, such as underwater foundations, which
Nigeria's current capabilities lack, and integrating wind energy with existing oil platforms is difficult due to reliance on
diesel generators. High upfront costs, compounded by the need to import wind technology and a lack of local supply
chains, make wind power less attractive compared to solar energy. Additionally, Nigeria's regulatory frameworks are
underdeveloped for wind energy, with no clear incentives or policies supporting its adoption in the oil and gas sector.
While coastal regions like the Niger Delta have wind potential, inland areas are less suitable, and offshore projects may
pose environmental risks to marine ecosystems. Resistance from the oil and gas industry, driven by conservatism and
a focus on short-term profits, further hinders wind power adoption. Government incentives, awareness campaigns, and
targeted policies are needed to address these barriers and promote wind energy in the sector.

6. Barriers to Wind Power Adoption in Nigeria’s Oil and Gas Sector

Emerging technologies offer solutions to the challenges of integrating wind power into Nigeria's oil and gas sector.
Advanced energy storage systems, such as batteries and hydrogen storage, can address wind intermittency by providing
backup power, while floating wind turbines, suited for deeper waters, present a viable option for offshore wind
development near Nigeria's oil operations. To accelerate wind power adoption, the Nigerian government must
implement policies that incentivize wind energy, including tax breaks, subsidies, and financing for renewable projects.
Streamlining regulatory approvals for wind farms, particularly offshore, and supporting hybrid wind-solar systems will
further drive adoption. Public-private partnerships will be key in providing financial and technical support for large-
scale wind energy integration.

7. Recommendations for Future Research

Future research should focus on assessing Nigeria's wind energy potential, particularly in offshore and coastal regions,
by studying wind patterns, environmental impacts, and the feasibility of floating wind turbines. Hybrid solutions
combining wind and solar power, especially for remote oil fields, and the integration of wind energy with carbon capture
and storage (CCS) technologies could greatly reduce the carbon footprint of oil and gas operations. Research into the
economic benefits, including long-term cost savings and environmental impacts, could further support wind energy
investment. To drive adoption, awareness campaigns, pilot wind projects, and partnerships with global wind energy
experts are essential. Incentives like environmental credits or carbon penalties could motivate the sector to adopt wind
power. With strong policy support, wind energy could become a key part of Nigeria's oil and gas operations, enhancing
energy resilience and aligning with global sustainability trends.

8. Conclusion

This review underscores the significant potential of wind power as a sustainable energy solution for Nigeria's oil and
gas sector, particularly in offshore and coastal areas. Wind energy offers a reliable and efficient alternative to fossil fuels,
helping to lower operational costs, reduce carbon emissions, and mitigate environmental issues like gas flaring. Its
ability to complement solar energy further ensures a continuous and clean power supply for remote and offshore
operations. However, challenges such as high upfront costs, technical hurdles, and inadequate regulatory support
hinder its widespread adoption. For Nigeria's oil and gas industry, adopting wind power aligns with global sustainability
trends, enhances competitiveness, and reduces reliance on diesel generators. Achieving this potential will require
government and industry collaboration, investment in infrastructure, and supportive policies, positioning wind energy
as a key component of Nigeria's sustainable energy future.

2439



World Journal of Advanced Research and Reviews, 2024, 23(03), 2435-2441

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1]

[2]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Mulyaman D, Sitepu YW, Sontany RA. THE EAST ASIA-AFRICA RELATION DYNAMICS: THE IMPLICATIONS OF
PRC-NIGERIA ECONOMIC COOPERATION THROUGH (FOCAC) FOR REGIONAL DEVELOPMENT PROGRESS. Jurnal
Asia Pacific Studies. 2022 Dec 1;6(2):127-38.

Mondejar ME, Avtar R, Diaz HL, Dubey RK, Esteban ], Gdmez-Morales A, Hallam B, Mbungu NT, Okolo CC, Prasad
KA, She Q. Digitalization to achieve sustainable development goals: Steps towards a Smart Green Planet. Science
of The Total Environment. 2021 Nov 10;794:148539.

Onwuka OU, Adu A. Sustainable strategies in onshore gas exploration: Incorporating carbon capture for
environmental compliance. Engineering Science & Technology Journal. 2024 Apr 7;5(4):1184-202.

Khurshid H, Mohammed BS, Al-Yacoubya AM, Liew MS, Zawawi NA. Analysis of hybrid offshore renewable energy
sources for power generation: a literature review of hybrid solar, wind, and waves energy systems.
Developments in the Built Environment. 2024 Jul 4:100497.

Ukoba K, Olatunji KO, Adeoye E, Jen TC, Madyira DM. Optimizing renewable energy systems through artificial
intelligence: Review and future prospects. Energy & Environment. 2024 May 22:0958305X241256293.

Roga S, Bardhan S, Kumar Y, Dubey SK. Recent technology and challenges of wind energy generation: A review.
Sustainable Energy Technologies and Assessments. 2022 Aug 1;52:102239.

Li J, Wang G, Li Z, Yang S, Chong WT, Xiang X. A review on development of offshore wind energy conversion
system. International Journal of Energy Research. 2020 Oct 10;44(12):9283-97.

Ilojianya VI, Umoh AA, Etukudoh EA, Ibekwe KI, Hamdan A. Renewable energy technologies in engineering: A
review of current developments and future prospects. International Journal of Science and Research Archive.
2024;11(1):952-64.

Boadu S, Otoo E. A comprehensive review on wind energy in Africa: Challenges, benefits and recommendations.
Renewable and Sustainable Energy Reviews. 2024 Mar 1;191:114035.

Chanchangi YN, Adu F, Ghosh A, Sundaram S, Mallick TK. Nigeria's energy review: Focusing on solar energy
potential and penetration. Environment, Development and Sustainability. 2023 Jul;25(7):5755-96.

Fernandez-Guillamén A, Das K, Cutululis NA, Molina-Garcia A. Offshore wind power integration into future power
systems: Overview and trends. Journal of Marine Science and Engineering. 2019 Nov 7;7(11):399.

Balasubramanian K, Thanikanti SB, Subramaniam U, Sudhakar N, Sichilalu S. A novel review on optimization
techniques used in wind farm modelling. Renewable Energy Focus. 2020 Dec 1;35:84-96.

Emeka-Okoli S, Nwankwo TC, Otonnah CA, Nwankwo EE. INTEGRATING SUSTAINABLE DEVELOPMENT GOALS
INTO OIL & GAS OPERATIONS: A COMPREHENSIVE REVIEW. International Journal of Management &
Entrepreneurship Research. 2024 Mar 16;6(3):660-77.

Voldsund M, Reyes-Lua A, Fu C, Ditaranto M, Neksd P, Mazzetti M], Brekke O, Bindingsbg AU, Grainger D,
Pettersen ]. Low carbon power generation for offshore oil and gas production. Energy Conversion and
Management: X. 2023 Jan 1;17:100347.

McKenna R, Pfenninger S, Heinrichs H, Schmidt ], Staffell I, Bauer C, et al. High-resolution large-scale onshore
wind energy assessments: A review of potential definitions, methodologies and future research needs. Renew
Energy. 2022; 182:659-84.

Cacciuttolo C, Navarrete M, Atencio E. Renewable wind energy implementation in South America: A
comprehensive review and sustainable prospects. Sustainability. 2024;16(14):6082.

Usman FO, Ani EC, Ebirim W, Montero D]P, Olu-lawal KA, Ninduwezuor-Ehiobu N. Integrating renewable energy
solutions in the manufacturing industry: Challenges and opportunities: A review. Eng Sci Technol ]J.
2024;5(3):674-703.

2440



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

World Journal of Advanced Research and Reviews, 2024, 23(03), 2435-2441

Khalid O, Hao G, Desmond C, Macdonald HD, McAuliffe FD, Dooly G, et al. Applications of robotics in floating
offshore wind farm operations and maintenance: Literature review and trends. Wind Energy. 2022;25(11):1880-
99,

Homa M, Patac A, Zotadek M, Figaj R. Small-scale hybrid and polygeneration renewable energy systems: Energy
generation and storage technologies, applications, and analysis methodology. Energies. 2022;15(23):9152.

Falope T, Lao L, Hanak D, Huo D. Hybrid energy system integration and management for solar energy: A review.
Energy Convers Manag X. 2024:100527.

Wiegner JF, Andreasson LM, Kusters JEH, Nienhuis RM. Interdisciplinary perspectives on offshore energy system
integration in the North Sea: A systematic literature review. Renew Sustain Energy Rev. 2024; 189:113970.

Al Mubarak F, Rezaee R, Wood DA. Economic, societal, and environmental impacts of available energy sources: A
review. Eng. 2024;5(3):1232-65.

Nazir MS, Ali N, Bilal M, Igbal HM. Potential environmental impacts of wind energy development: A global
perspective. Current Opinion in Environmental Science & Health. 2020 Feb 1;13:85-90.

Adelaja AO. Barriers to national renewable energy policy adoption: Insights from a case study of Nigeria. Energy
Strategy Rev. 2020; 30:100519.

Boadu S, Otoo E. A comprehensive review on wind energy in Africa: Challenges, benefits and recommendations.
Renew Sustain Energy Rev. 2024; 191:114035.

Alharbi FR, Csala D. Gulf cooperation council countries’ climate change mitigation challenges and exploration of
solar and wind energy resource potential. Appl Sci. 2021;11(6):2648.

Vetters ], Thomassen G, Van Passel S. Sailing through end-of-life challenges: A comprehensive review for offshore
wind. Renew Sustain Energy Rev. 2024; 199:114486.

Ali SW, Sadiq M, Terriche Y, Naqvi SAR, Mutarraf MU, Hassan MA, et al. Offshore wind farm-grid integration: A
review on infrastructure, challenges, and grid solutions. IEEE Access. 2021; 9:102811-27.

Adelaja AO. Barriers to national renewable energy policy adoption: Insights from a case study of Nigeria. Energy
Strategy Rev. 2020; 30:100519.

Satpute AV, Kumar EV. Current scenario of wind power in India, government policies, initiatives, status and
challenges. Int ] Energy Sect Manag. 2021;15(1):209-26.

Ahmed SD, Al-Ismail FS, Shafiullah M, Al-Sulaiman FA, El-Amin IM. Grid integration challenges of wind energy: A
review. IEEE Access. 2020; 8:10857-78.

Castiblanco SA. The role of oil and gas companies in a low-carbon transition: Strategic and technological point of
view. 2021.

Barooni M, Ashuri T, Velioglu Sogut D, Wood S, Ghaderpour Taleghani S. Floating offshore wind turbines: Current
status and future prospects. Energies. 2022;16(1):2.

2441



