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ABSTRACT

This study examines the opportunities, benefits, and challenges of integrating wind energy into Nigeria’s
energy sector, with a particular focus on its role in diversifying the energy portfolio and reducing
dependence on fossil fuels. A mixed-methods approach was employed, combining survey questionnaires
administered to staff of the Energy Commission of Nigeria (ECN), focus group interviews, and secondary
data analysis. Descriptive statistics were used to evaluate perceptions of resource mapping, project
feasibility, and infrastructural barriers, while inferential analysis through One-Way ANOVA tested
hypotheses on wind energy’s contribution to diversification and decarbonization. Findings reveal that
inadequate wind resource mapping and the absence of domestic turbine manufacturing capacity remain
significant barriers to adoption. While respondents perceived offshore wind as technically feasible, focus
group discussions emphasized that onshore projects are more practical in the short term due to cost and
infrastructural realities. The ANOVA results confirmed a significant relationship between wind energy
integration, energy diversification, and reduced dependence on fossil fuels. The study concludes that
scaling up wind energy could accelerate Nigeria’s clean energy transition, enhance energy security, and
support Sustainable Development Goals 7 and 13. It recommends targeted investment in resource
assessment, local manufacturing, and clear policy incentives to unlock wind energy’s potential.
Keywords: Wind energy, Renewable energy, Decarbonization, Energy transition, sustainable
Development Goals

INTRODUCTION

The urgency of addressing climate change and meeting rising energy demands has intensified global
efforts toward decarbonization and renewable energy deployment (Saleh & Hassan, 2024; Suleiman et al.,
2025; Al-Amin et al., 2025; Olusola et al., 2025). Among the array of renewable options, wind energy has
emerged as a crucial pillar of clean energy transitions worldwide. With global installed wind capacity
surpassing 837 GW in 2021, the technology has proven its technical reliability, economic
competitiveness, and capacity to significantly reduce greenhouse gas emissions (Abdalla, 2024). As
nations pursue Paris Agreement commitments, wind power represents not only a low-carbon alternative to
fossil fuels but also a driver of sustainable industrial growth and energy diversification (Mutezo &
Mulopo, 2021).
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In Nigeria, the potential of wind energy remains underexplored, despite favorable conditions in specific
regions. Coastal areas exhibit average wind speeds of 4-6 m/s, while the northern highlands offer higher
potential with wind speeds ranging from 5.5-7 m/s (ECN, 2021). These natural resources provide
opportunities for utility-scale wind farms and decentralized hybrid systems that could complement solar
and hydropower generation. However, wind energy contributes less than 1% of Nigeria’s electricity mix,
reflecting deep structural and institutional challenges (NERC, 2022). Limited technical capacity, poor
grid infrastructure, weak regulatory frameworks, and investor uncertainty have constrained large-scale
wind deployment (Adewuyi, 2022).

Despite these obstacles, the opportunities are significant. Wind energy integration could diversify
Nigeria’s energy portfolio, reduce overdependence on fossil fuels, and provide cleaner, more reliable
electricity. Furthermore, expanding wind projects has the potential to create new industries, generate
green jobs, and foster rural electrification in underserved communities (IRENA, 2022). From a climate
perspective, wind energy can substantially cut emissions from Nigeria’s power sector, aligning the
country’s development trajectory with global decarbonization goals. This study investigates the role of
wind energy in Nigeria’s energy transition by evaluating its potential benefits for decarbonization while
also analyzing the systemic barriers to its integration. By assessing opportunities alongside
implementation challenges, the research seeks to provide evidence-based insights into how Nigeria can
leverage wind energy to build a more sustainable, resilient, and low-carbon energy future.

Statement of the Problem

Nigeria possesses considerable wind energy potential, particularly in coastal areas with average wind
speeds of 4-6 m/s and in the northern highlands where speeds reach 5.5-7 m/s (ECN, 2021). Despite this
potential, wind energy contributes less than 1% to the national electricity mix, reflecting a critical
underutilization of a renewable resource that could play a significant role in reducing carbon emissions
and diversifying the energy portfolio (NERC, 2022). This gap persists even as the country continues to
face chronic energy poverty, with 43% of Nigerians lacking access to electricity and millions more
enduring unreliable supply (World Bank, 2021).

While international experience shows that wind power is a proven, cost-competitive technology for large-
scale decarbonization (IRENA, 2022), Nigeria’s research and policy focus has largely concentrated on
solar energy, leaving wind potential relatively underexplored. Existing studies have not provided adequate
site-specific analyses of wind resources, grid integration challenges, or the economic viability of large-
scale projects (Ohunakin et al.,, 2019; Adewuyi, 2020). Furthermore, institutional weaknesses,
inconsistent policies, and inadequate financing mechanisms have slowed investment in wind
infrastructure, leaving the sector fragmented and underdeveloped (Onyeji-Nwogu et al., 2020; Tanko et
al., 2025; Magaji et al., 2025).

The absence of detailed empirical analysis on how wind energy can be integrated into Nigeria’s fragile
grid system also hinders progress toward Sustainable Development Goal 7 (SDG 7), which emphasizes
renewable energy expansion and access to clean, affordable power (United Nations, 2015). Without
robust evidence on the benefits and barriers of wind adoption, policymakers and investors lack the tools
to prioritize wind as part of Nigeria’s decarbonization strategy. This study addresses these gaps by
evaluating the benefits of integrating wind energy into Nigeria’s energy mix while examining the
systemic challenges that impede its implementation. By doing so, it aims to provide context-specific
insights into how wind energy can accelerate Nigeria’s clean energy transition in alignment with SDG 7
and SDG 13 (Climate Action).

Conceptual Review

Wind Energy and Decarbonization

Wind energy, a form of energy, is harnessed through the kinetic motion of air masses in the atmosphere.

It is one of the oldest sources of mechanical power used by humans. It is currently regarded as one of the

most promising sources of clean, renewable electricity in the global effort to transition toward sustainable

energy systems (Ajayi, 2019; Sadiq et al., 2025). Wind is created by the uneven heating of the Earth's
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surface by the sun, along with the rotation of the Earth and the irregularities of its surface. As air moves
across the surface, wind turbines convert this kinetic energy into mechanical energy, which is then
converted into electricity through the use of generators.

The primary advantage of wind energy is that it is abundant, inexhaustible, and environmentally benign.
Unlike fossil fuels, wind energy generation does not produce greenhouse gases (GHGs), water pollutants,
or toxic emissions during operation (International Renewable Energy Agency [IRENA], 2020). With the
increasing urgency of addressing climate change, alternative energy has gained prominence in global
energy policies as a cornerstone for decarbonising the power sector and reducing carbon footprints
(Ibrahim et al., 2025; Abiola et al., 2025).

Technologically, wind energy systems can be classified into onshore and offshore wind farms. Onshore
wind farms are built on land and are more prevalent due to lower costs and easier accessibility. Offshore
wind farms, on the other hand, are in water bodies typically seas or oceans where wind speeds are
generally higher and more consistent. In both settings, turbines are strategically installed to optimise wind
capture and energy vield (IEA, 2021). Advances in turbine technology, energy storage, and grid
integration are making wind energy increasingly reliable and cost-effective, even in regions where it was
once deemed marginal.

Wind power has been successfully deployed in numerous countries, including China, the United States,
Germany, and Denmark, significantly contributing to their renewable energy capacity. Globally, wind
power accounted for over 837 GW of installed capacity by 2021, and this figure continues to grow
annually (IRENA, 2022). The cost of wind-generated electricity has also declined sharply over the past
decade, making it competitive with, and in some cases cheaper than, coal and natural gas power.

In the African context, the adoption of wind energy is gradually gaining momentum, although it remains
underutilised compared to solar and hydropower sources. Countries such as Kenya, Morocco, and South
Africa have made notable strides in developing utility-scale wind projects. However, in Nigeria, despite
the presence of favourable wind corridors, particularly in the northern regions, wind energy remains
largely untapped due to infrastructural, financial, and policy barriers (Ohunakin, 2016).

Nevertheless, Nigeria's wind energy potential represents a valuable opportunity to diversify the national
energy mix, reduce dependence on fossil fuels, improve rural electrification, and contribute to global
decarbonization efforts. As the country faces growing energy demand and environmental degradation
from traditional energy sources, integrating wind energy becomes not just a technical solution, but also an
environmental and economic imperative.

Wind Energy Potential in Nigeria

Nigeria is endowed with moderate to significant wind energy potential, particularly in specific regions,
including the northern, central, and coastal areas. Studies have shown that areas such as Sokoto, Katsina,
Jos, Gombe, and parts of Lagos State exhibit average wind speeds ranging from 4.0 to 7.5 m/s at a height
of 10 meters, making them suitable for both small-scale and utility-scale wind energy deployment (Ajayi
et al., 2011). The country’s total exploitable wind energy capacity is estimated at over 10 GW, which, if
properly harnessed, can contribute substantially to the national electricity supply (Ohunakin et al., 2014).
Recent mapping by the National Renewable Energy Programme (NREP) confirms the existence of viable
wind corridors. While pilot projects, such as the Katsina Wind Farm (10 MW), face operational
challenges, they demonstrate viability. This project, though currently facing operational challenges,
illustrates the feasibility of wind energy development in Nigeria (Sambo, 2009). Technological advances
and cost reductions in wind turbines further enhance the prospects for scaling up wind energy in the
country.

Theoretical framework

The Diffusion of Innovation Theory was developed by Everett M. Rogers in 1962. It explains how new
technologies, ideas, or practices spread within a social system over time. According to Rogers (2003), the
rate and success of diffusion depend on five key factors: relative advantage, compatibility, complexity,
trialability, and observability. The theory categorises adopters into innovators, early adopters, early
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majority, late majority, and laggards, highlighting the different behavioural patterns and social influences
affecting the uptake of innovations.

In Nigeria, the theory is beneficial for analysing the low penetration of renewable energy technologies
despite their technical viability. Factors such as high upfront costs, limited technical support, socio-
cultural inertia, and inadequate awareness have slowed diffusion. Despite the proven benefits of wind
turbines, its widespread adoption remains limited due to factors such as high initial costs, lack of
awareness, cultural resistance, and absence of incentives. The theory emphasises the importance of pilot
projects, awareness campaigns, peer influence, and policy support in accelerating adoption (Obi et al.,
2018). In applying this theory, Nigeria’s renewable energy strategies must address behavioural barriers
and design context-specific programs that foster social acceptance and build trust in new technologies.
Empirical Reviews

Amulah (2022) developed an Energy PLAN simulation model to assess Nigeria’s energy system structure
and explore renewable integration scenarios. Using a 2017 baseline, the study simulated two future
pathways: the 2030 REMP scenario and the 2050 RE scenario. The findings showed that renewable
energy could constitute 37.88% of electricity generation by 2030 and 71.20% by 2050, if proper policies
and infrastructure are implemented. The study demonstrates the technical feasibility of a renewable-based
system, though it emphasizes that achieving these targets requires policy coherence, investment in
infrastructure, and long-term planning. While solar and biofuels received attention, wind energy was
underexplored, pointing to a lack of wind-specific modeling.

Adeshina et al. (2024) assessed Nigeria’s energy policies and integration strategies for renewable energy.
Their study highlighted the paradox of abundant energy resources versus chronic electricity shortages,
attributing the problem to systemic barriers such as inadequate funding, infrastructural decay, corruption,
and weak technical capacity. They projected that integrating renewables could supply up to 60% of
Nigeria’s energy demand by 2050, ensuring energy security, reducing environmental harm, and
enhancing socioeconomic equity. The authors recommended reforms of legal and regulatory frameworks,
strengthening public—private partnerships, and boosting off-grid renewable energy deployment. While
their policy reform framework is comprehensive, wind energy is mentioned only generally, leaving a gap
in understanding its unique policy needs and implementation challenges.

Amoo & Fagbenle (2014) provided an early but significant contribution by exploring hydrogen energy as
a long-term complement to Nigeria’s low-carbon energy future. They emphasized that hydrogen could be
produced from diverse raw materials available in Nigeria, including natural gas, coal, biomass, and even
ocean water, with solar and wind as primary enablers for green hydrogen. The study highlighted how
hydrogen could drive a climate-resilient hydrogen economy, though it did not fully analyze its economic
feasibility or sector-specific implications. This work underscores the need for renewable-based hydrogen
pathways, in which wind energy could play a strategic role.

Uzoma, Nnaji, and Nnaji (2012) examined the role of Nigeria’s energy mix in promoting sustainable
development. Using linear regression and Granger causality tests, they showed that the then-existing
energy mix (dominated by oil, coal, and inadequate electricity) failed to significantly contribute to
sustainable development. The study revealed that increased oil consumption correlated with increased
CO: emissions, stressing the urgent need to diversify Nigeria’s energy portfolio with renewable energy
sources. Though published over a decade ago, the study’s conclusions remain relevant—yparticularly its
call for renewable integration in off-grid areas. However, wind energy was not given a focused
evaluation, leaving its practical role in the national energy mix unaddressed.

The literature provides valuable insights into renewable integration and policy reforms, but there is
limited wind-specific research in Nigeria. Current studies either generalize wind as one among many
renewables or focus on solar, hydro, and biomass. Gaps remain in resource assessment, policy incentives,
grid integration, financing models, socio-economic impacts, and wind-hydrogen synergies. Addressing
these gaps is crucial for positioning wind energy as a key contributor to Nigeria’s decarbonized energy
future.
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METHODOLOGY

This study employs both qualitative and quantitative approaches to examine Nigeria's transition to
renewable energy for decarbonization comprehensively. The rationale for this design stems from the need
to capture both numerical trends and contextual insights across technical, policy, and socio-economic
dimensions of energy transition (Creswell & Creswell, 2018).

The study focuses particularly on three key geographical zones based on their renewable energy
characteristics. Northern Nigeria, comprising states such as Kano, Kaduna, and Sokoto, serves as the
focal point for solar energy analysis due to its high solar irradiation levels, averaging 5.5-7.0 kWh/m2/day
(ECN, 2022). A Krejcie & Morgan (1970) table (Appendix C) is used to determine the sample size from
the population (N=285 staff in the first six departments). For a 95% confidence level and 5% margin of
error, the required sample is 150 respondents, distributed proportionally across departments.

To comprehensively address the research objectives, data will be collected through a mixed-methods
approach that incorporates both quantitative and qualitative tools, ensuring robust and reliable findings.
Primary data collection focuses on gathering firsthand information from the staff of the Energy
Commission of Nigeria (ECN) through structured questionnaires, semi-structured interviews, and focus
group discussions. Secondary data is obtained from official ECN documents, national energy reports, and
international publications to provide contextual background and support primary findings (Creswell &
Creswell, 2018).

For data obtained from the structured questionnaires, descriptive and inferential statistical techniques are
applied. The responses are first cleaned and coded using IBM SPSS Statistics (Version 27) to ensure data
integrity. Descriptive statistics, including frequencies, percentages, means, and standard deviations, are
computed to summarise staff perceptions on renewable energy adoption, policy effectiveness, and
institutional barriers (Pallant, 2020).

DATA AND ANALYSIS

Descriptive Statistical Analysis

Wind energy is a critical but underutilised component of Nigeria’s renewable energy potential. As part of
broader efforts to decarbonise the energy sector, understanding the opinion of technical personnel
regarding wind resource mapping, project feasibility, and infrastructural limitations is essential. Table 1
provides empirical insights into the institutional readiness for wind energy integration based on
respondents' perspectives.

Table 1: Wind Energy Integration in Nigeria

Item STATEMENT SD D N A SA TOTAL

1. Nigeria's wind energy 59 (40.14%) 45(30.61%) - 24(16.33%)  19(12.93%)  147(100%)
potential is adequately
mapped  for  project
development.

2. Offshore wind projects 21(14.29%) 29(19.73%) - 53(36.05%)  44(29.93%)  147(100%)
are more feasible than
onshore  projects  for
Nigeria.

3. A lack of wind turbine 29(19.73%) 22(14.97%) - 38(25.85%)  58(39.46%)  147(100%)
manufacturing  capacity
is a significant barrier.

Source: Field survey, 2026.

As revealed in Table 1, in item 4, a majority of 59 (40.14%) strongly disagreed with the assertion that

Nigeria's wind energy potential has been adequately mapped for project development, while 45 (30.61%)

also disagreed. On the other hand, 24 (16.33%) agreed, and 19 (12.93%) strongly agreed. This significant
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level of disagreement indicates that wind resource assessments in Nigeria are still perceived as inadequate
and insufficiently detailed to inform large-scale or commercial project development. The lack of robust,
zone-specific wind data may discourage both public and private investments and delay the integration of
wind as a viable contributor to national renewable energy and decarbonization.
In Item 5, regarding the comparative feasibility of offshore versus onshore wind projects in Nigeria,
responses were more positive. A majority of respondents, totalling 97 (65.98%), agreed or strongly agreed
that offshore wind is more feasible. However, 21 respondents (14.29%) strongly disagreed and 29
(19.73%) disagreed. This may stem from the offshore wind energy available in Nigeria's rivers, which can
support the development of wind energy. Offshore projects, though capital-intensive, are perceived to
offer greater consistency in wind patterns
Responses to Item 6 reveal strong consensus on a critical supply-side challenge: the lack of domestic
wind turbine manufacturing. A total of 96 respondents (65.31%) agreed and strongly agreed that this
deficiency represents a significant barrier to wind energy integration. A total of 49 (34.7%) strongly
disagreed and disagreed. The lack of local manufacturing capacity inflates project costs, increases
Nigeria's dependence on imports, and reduces the country’s ability to scale up wind projects domestically.
It also limits the development of local expertise and restricts employment and industrialisation benefits
that typically accompany renewable energy value chains. Addressing this challenge would require
targeted industrial policy, technology transfer agreements, and the establishment of public-private
partnerships to build capacity.
Analysis of Focus Group Interviews
On wind resource development, stakeholders highlighted gaps in meteorological data, especially at higher
altitudes, and the lack of long-term feasibility studies. A technical adviser at ECN observed:

“Many potential wind sites remain unverified due to insufficient

site-specific data. This makes project financing very difficult.”
When asked whether Nigeria should prioritise onshore or offshore wind, most participants advocated for
onshore development due to lower cost, accessibility, and faster deployment timelines. One respondent
remarked:

“Given our inland wind corridors and limited maritime

infrastructure, onshore projects make more economic and

technical sense in the near term.”
This perspective reinforces the importance of strategically phased deployment aligned with Nigeria’s
current infrastructure realities.
Test of Null Hypothesis
Ho: Integrating wind energy into Nigeria’s energy mix does not significantly affect the diversification

of energy sources or reduce fossil fuel dependence.

A One-Way Analysis of Variance (ANOVA) was also employed to test this hypothesis, as the data
satisfied all the assumptions for the analysis. The results of the ANOVA are presented in Table 4.2.
Table 4.2: ANOVA Results for Integrating wind energy into Nigeria’s energy mix.

Source of Variation Sum of Degrees of Mean F- P-
Squares Freedom Square Value Value

Between Groups 4.445 5 0.928 1.296 0.026

Within Groups 654.972 915 0.816

Total 459.417 920

(F-critical = 1.296, P < 0.05)

From Table 4.2, the calculated F-value is 1.296, which represents the ratio of variance between the group
means to the variance within the groups. The P-value of 0.026 is less than the standard alpha level of
0.05, indicating that the null hypothesis is rejected. Based on these findings, we conclude that integrating
wind energy into Nigeria’s energy mix has significantly contributed to the diversification of energy
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sources and reduced the country's dependence on fossil fuels. This result suggests that Nigeria's wind
energy potential represents a valuable opportunity to diversify the national energy mix, reduce
dependence on fossil fuels, improve rural electrification, and contribute to global decarbonization efforts.

CONCLUSION

This study examined the opportunities, benefits, and challenges of integrating wind energy into Nigeria’s
energy mix, with a focus on its role in energy diversification and decarbonization. The descriptive
analysis revealed that Nigeria’s wind resource mapping remains inadequate, limiting confidence in
project development and discouraging investment. While offshore wind was perceived as more feasible
by a majority of respondents, focus group discussions suggested that onshore wind projects are more
practical in the near term due to lower costs, faster deployment, and existing infrastructure limitations.

A key challenge identified was the lack of domestic wind turbine manufacturing capacity, which inflates
project costs, increases dependence on imports, and restricts the economic and industrial benefits of
renewable energy development. Focus group insights further highlighted gaps in meteorological data, the
need for long-term feasibility studies, and the importance of strategic prioritization of project types.

The test of hypothesis confirmed that integrating wind energy into Nigeria’s energy mix significantly
contributes to diversifying energy sources and reducing fossil fuel dependence. This finding underscores
the potential of wind energy to support Nigeria’s decarbonization efforts, enhance energy security, and
expand rural electrification. However, realizing this potential requires targeted interventions to address
technical, infrastructural, and institutional barriers.

RECOMMENDATIONS
Based on the findings, the following recommendations are made:

i.  Government agencies, in partnership with research institutions and international organizations,
should invest in high-resolution, site-specific wind assessments and long-term feasibility studies
to build investor confidence.

ii.  Establishing wind turbine assembly and manufacturing facilities through public-private
partnerships and technology transfer agreements will reduce import dependence, lower project
costs, and stimulate local job creation.

iii.  Policymakers should implement clear incentives such as feed-in tariffs, renewable portfolio
standards, and tax breaks for wind energy investments. Regulatory certainty will encourage
private sector participation.
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