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Abstract 
This study examines the intersection of climate change and energy security in Nigeria, with a particular 
focus on the role of renewable energy solutions in addressing these challenges. Nigeria’ s heavy reliance 
on fossil fuels has made its energy sector vulnerable to climate-related disruptions and global market 
volatility. The research explores the current state of energy security, highlighting the nation’ s dependency 
on oil and gas, and identifies the vulnerabilities exacerbated by climate change, such as disruptions in 
hydropower generation and the degradation of oil infrastructure. The study also evaluates Nigeria's 
untapped renewable energy potential, including solar, wind, hydropower, and biomass, and emphasizes 
their critical role in diversifying the energy mix, reducing greenhouse gas emissions, and improving energy 
access. However, it identifies several challenges impeding the development of renewable energy, including 
policy and regulatory barriers, financial constraints, and inadequate infrastructure. The paper concludes 
with policy recommendations to foster the growth of renewable energy in Nigeria, such as strengthening 
policy frameworks, encouraging investment, expanding off-grid solutions, and enhancing technical 
capacity. The findings underscore the urgent need for a multi-dimensional approach to harness renewable 
energy for Nigeria’ s sustainable development, energy security, and climate resilience.  
Keywords: Climate Change, Energy Security, Renewable Energy, Nigeria, Sustainability, Policy, Energy 
Transition 
 

 

1.1 Introduction  

Climate change and energy security represent two of the most significant global challenges, affecting both 

developed and developing nations alike. In Nigeria, these challenges are deeply interconnected, shaped by the 

country’ s reliance on fossil fuels and its vulnerability to climaterelated disruptions. Nigeria’ s energy sector is 

heavily dependent on oil and natural gas, which account for approximately 80% of electricity generation and 

contribute 90% of the nation’ s export revenue (International Energy Agency [IEA], 2020). While this fossil fuel 

dependence has historically underpinned Nigeria’ s economy, it has also exposed the country to the volatility of 

global oil markets, economic instability, and environmental degradation associated with a carbon-intensive 
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energy system. Nigeria's reliance on fossil fuels has not only entrenched its economic dependency on oil but has 

also exacerbated environmental degradation through significant greenhouse gas (GHG) emissions. As one of 

Africa's largest oil producers, Nigeria contributes substantially to GHG emissions through activities such as gas 

flaring, oil exploration, and deforestation. Gas flaring alone, a persistent challenge in Nigeria's oil industry, 

releases vast amounts of carbon dioxide (CO₂) and methane (CH₄), two of the most potent greenhouse gases 

responsible for driving climate change (Okonkwo & Eboh, 2020). According to the World Bank (2021), Nigeria 

remains one of the top gas-flaring nations globally, accounting for about 7% of the world’ s gas flares annually, 

leading to harmful emissions and adverse environmental impacts.  

Paradoxically, Nigeria is disproportionately vulnerable to the impacts of climate change despite its relatively 

modest per capita emissions compared to developed nations. Rising temperatures, erratic rainfall patterns, 

flooding, and extreme weather events have increasingly undermined Nigeria's socio-economic development. The 

Intergovernmental Panel on Climate Change (IPCC, 2021) highlights that sub-Saharan Africa, including Nigeria, 

faces heightened climate risks due to limited adaptive capacity and heavy dependence on climate-sensitive sectors 

such as agriculture. Agriculture, which provides employment for over 35% of Nigeria’ s labor force and 

contributes significantly to rural livelihoods, is particularly at risk. Prolonged droughts in the northern regions 

have led to soil degradation and desertification, reducing arable land and crop yields. Conversely, erratic and 

excessive rainfall in southern Nigeria has caused severe flooding, destroying farmlands, displacing communities, 

and threatening food security (Adelekan, 2022). For instance, the 2022 floods, regarded as one of Nigeria's worst, 

submerged vast areas of agricultural land, displacing millions and causing significant economic losses estimated 

at over $4 billion (ReliefWeb, 2022). These disruptions exacerbate existing poverty and food insecurity, 

particularly in rural communities where agriculture remains the cornerstone of livelihoods. Additionally, climate 

change has intensified water scarcity in Nigeria. The combined effects of prolonged droughts and rising 

evaporation rates have reduced water availability in key river basins such as the Niger and Benue. Water stress 

not only affects irrigation-dependent agriculture but also impacts energy generation, particularly hydropower, 

which contributes about 20% of Nigeria’ s electricity supply (Aliyu et al., 2018). Climate variability, therefore, 

compounds the challenges of both water and energy insecurity, posing a significant threat to Nigeria’ s socio-

economic stability.  

The impacts of climate change extend beyond agriculture and water resources to critical infrastructure. Extreme 

weather events, including storms and floods, have damaged transportation networks, power grids, and residential 

areas, impeding economic growth and deepening vulnerability. For example, the destruction of roads and bridges 

during heavy flooding disrupts supply chains and market access, particularly for rural farmers, thereby increasing 

postharvest losses and economic hardships (Adelekan, 2022). Ultimately, the intersection of environmental 

degradation, climate change, and fossil fuel dependence places Nigeria in a precarious position. The socio-

economic impacts—ranging from food insecurity and poverty to infrastructure damage and resource scarcity—
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highlight the urgent need for climate-resilient policies and a transition toward renewable energy sources. 

Addressing these challenges is crucial not only for mitigating climate change but also for enhancing Nigeria’ s 

adaptive capacity and long-term sustainability..  

Energy security—defined as the availability of reliable, affordable, and sustainable energy—has been 

significantly undermined by climate-induced challenges in Nigeria. The country’ s power infrastructure, already 

fragile and inadequate, has been further strained by floods, storms, and other extreme weather events. These 

climate-related disruptions exacerbate Nigeria's persistent energy supply challenges, resulting in frequent outages 

and unreliable energy delivery (Akinbami & Fagbenle, 2019). Nigeria's heavy reliance on a centralized and fossil 

fueldominated power grid makes it particularly vulnerable to climate shocks, as disruptions to critical 

infrastructure, such as power plants, transmission lines, and substations, often lead to widespread blackouts and 

economic losses (Aliyu et al., 2018). For instance, heavy rainfall and flooding in recent years have submerged 

power facilities and rendered major transmission lines inoperable. The 2012 and 2022 floods are prominent 

examples of extreme weather events that disrupted power generation and supply, leaving millions without access 

to electricity (ReliefWeb, 2022). These disruptions highlight the fragile nature of Nigeria’ s energy infrastructure 

and its limited resilience to climate variability. As extreme weather events become more frequent and intense due 

to climate change, Nigeria’ s energy sector faces mounting risks that threaten its capacity to deliver reliable and 

affordable energy.  

The challenge is compounded by inadequate investments in energy diversification and infrastructure maintenance. 

Nigeria’ s energy mix remains heavily skewed toward fossil fuels, with natural gas accounting for over 70% of 

electricity generation, while renewable energy sources such as solar, wind, and hydropower contribute minimally 

(International Energy Agency [IEA], 2021). This over-reliance on fossil fuels not only exacerbates environmental 

degradation but also leaves the power sector vulnerable to supply chain disruptions, such as pipeline vandalism, 

gas shortages, and fluctuating global oil prices (Ohiare, 2020). Moreover, poor governance, corruption, and 

regulatory inefficiencies have hindered much-needed investment in energy infrastructure, further perpetuating 

power sector deficiencies. Nigeria’ s transmission and distribution systems are also plagued by aging equipment 

and inadequate capacity. According to the World Bank (2020), the country’ s power sector loses approximately 

8.6 billion USD annually due to system inefficiencies, including transmission losses, equipment failures, and 

uncollected revenue. These shortcomings are exacerbated during extreme weather events, which intensify wear 

and tear on infrastructure and magnify operational challenges. For example, during severe storms, transmission 

towers are frequently damaged, and overloaded substations fail to withstand surges, leading to prolonged power 

outages (Adenle et al., 2017). Additionally, the growing energy demand driven by population growth, 

urbanization, and industrialization further stretches Nigeria’ s limited energy resources.  

With an estimated population of over 200 million and an annual growth rate of 2.5%, Nigeria’ s energy demand 

far exceeds its supply capacity (United Nations, 2022). Yet, the failure to diversify the energy mix and invest in 
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modernized infrastructure leaves the power sector illequipped to meet current and future energy needs. The lack 

of affordable, reliable energy stifles economic growth, hinders industrial development, and exacerbates energy 

poverty, with nearly 45% of Nigerians lacking access to electricity (IEA, 2021). Climate change further 

complicates the prospects for Nigeria’ s hydropower sector, which contributes around 20% of the country’ s 

energy generation. Prolonged droughts and reduced rainfall, particularly in regions dependent on hydropower 

reservoirs such as the Kainji and Shiroro dams, have led to significant reductions in energy output (Aliyu et al., 

2018). Conversely, excessive rainfall and flooding can overwhelm hydropower infrastructure, damaging turbines 

and disrupting operations. This variability underscores the urgent need for Nigeria to adopt a diversified and 

climate-resilient energy strategy that incorporates renewable energy technologies such as solar, wind, and 

biomass. At the heart of this crisis lies the dual imperative of achieving energy security while mitigating and 

adapting to the impacts of climate change. As the global community transitions toward cleaner, renewable energy 

systems to meet international climate goals, Nigeria must embrace a similar shift. Reducing its dependence on 

fossil fuels and investing in renewable energy alternatives such as solar, wind, and hydropower is not only critical 

for aligning with global climate commitments but also essential for ensuring long-term energy security and 

economic resilience.  

Despite its vast energy resources, Nigeria faces a paradox of energy poverty and climate vulnerability. Currently, 

nearly 45% of Nigerians lack access to electricity, and frequent power outages continue to hinder economic 

growth and industrial productivity (World Bank, 2021). Climate change exacerbates this situation by further 

undermining energy infrastructure, diminishing hydropower capacity, and intensifying resource scarcity. To 

address these challenges, renewable energy emerges as a viable pathway for Nigeria, offering opportunities to 

enhance energy security while contributing to climate change mitigation. This study aims to critically examine 

the intersection of climate change and energy security in Nigeria. The specific objectives are to:  

I. Evaluate the current state of energy security in Nigeria and its vulnerabilities to climate change.  

II. Assess Nigeria’ s renewable energy potential and its role in achieving sustainable energy security.  

III. Analyze the key challenges hindering the development of renewable energy in Nigeria  

and propose actionable policy solutions to promote its adoption and growth.  

By addressing these objectives, the study contributes to a deeper understanding of how renewable energy can 

support sustainable development goals (SDGs), enhance energy resilience, and mitigate the adverse impacts of 

climate change in Nigeria.  

1.1 Methodology   

This research employs a systematic review methodology to investigate the relationship between climate change 

and energy security in Nigeria, with a focus on the role of renewable energy solutions. A systematic review is a 

rigorous, transparent, and replicable approach to synthesizing existing evidence, enabling a comprehensive 

understanding of complex issues (Moher et al., 2009). This method is particularly suitable as it allows for a critical 
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evaluation of current research, the identification of knowledge gaps, and the synthesis of evidence-based solutions 

to Nigeria’ s energy and climate challenges.  

2. Energy Security and Climate Change in Nigeria  

2.1 The State of Energy Security  

Nigeria’ s energy sector faces significant challenges, including overreliance on fossil fuels, widespread energy 

poverty, and systemic inefficiencies within the power sector. These issues have contributed to an energy crisis 

that undermines economic development and social wellbeing.  

Overdependence on Fossil Fuels  

Nigeria’ s heavy reliance on fossil fuels, particularly oil and natural gas, is a defining feature of its energy sector, 

yet this dependency presents significant economic, environmental, and social challenges. Oil and gas account for 

over 80% of electricity generation and contribute 90% of export revenue, making the Nigerian economy highly 

susceptible to external shocks and price volatility (International Energy Agency [IEA], 2020). For instance, during 

the 2020 COVID-19 pandemic, global oil demand plummeted, causing severe fiscal stress in Nigeria as 

government revenues, largely dependent on oil exports, declined sharply (World Bank, 2021). This vulnerability 

highlights the risks associated with mono-product economic structures and overreliance on fossil fuels for energy 

generation and foreign exchange earnings. The fossil fuelbased energy infrastructure in Nigeria is outdated, 

inadequate, and geographically uneven. Energy generation and distribution infrastructure are heavily concentrated 

in urban centers, while rural and remote areas remain underserved. As a result, approximately 45% of Nigerians 

lack access to electricity, with rural electrification rates significantly lower than urban areas (International 

Renewable Energy Agency [IRENA], 2021). This disparity perpetuates energy poverty and exacerbates socio-

economic inequalities, as millions of rural residents are unable to access basic services such as lighting, 

healthcare, and education. Moreover, unreliable energy infrastructure has forced industries and households to 

resort to alternative sources, particularly diesel generators, which are not only costly but also contribute to 

increased greenhouse gas (GHG) emissions (Akinyele, 2020).  

The environmental consequences of Nigeria’s fossil fuel reliance are equally concerning. The dominance of oil 

and gas in Nigeria’s energy sector has accelerated greenhouse gas emissions, contributing to global climate 

change. According to the World Bank (2021), Nigeria is one of the top emitters of carbon dioxide (CO₂) in Sub-

Saharan Africa due to the combustion of fossil fuels for energy generation, transportation, and industrial 

processes. Additionally, the extraction and processing of oil in regions like the Niger Delta have caused 

widespread environmental degradation, including oil spills, deforestation, and soil and water contamination 

(Amnesty International, 2020). These activities have devastated local ecosystems, threatened biodiversity, and 

undermined the livelihoods of communities dependent on agriculture and fishing. Paradoxically, while Nigeria 

contributes to global climate change through emissions, it is also disproportionately vulnerable to its impacts. 

Climate-induced disruptions such as rising temperatures, erratic rainfall patterns, and extreme weather events 
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have exacerbated energy sector challenges. For instance, prolonged droughts reduce the availability of water for 

hydropower generation, while flooding and storms damage energy infrastructure, leading to frequent power 

outages and unreliable electricity supply (Aliyu et al., 2018). This dual challenge—being both a contributor to 

and victim of climate change—necessitates a re-evaluation of Nigeria’ s energy strategies, with an emphasis on 

cleaner and more sustainable alternatives. Furthermore, the reliance on fossil fuels has constrained Nigeria’ s 

ability to diversify its energy mix and explore renewable energy options. Despite the country’ s abundant 

renewable energy resources, including solar, wind, biomass, and hydro, investments in renewable energy 

infrastructure remain minimal due to policy inconsistencies, inadequate financing, and lack of political will 

(Sambo et al., 2012). Transitioning to renewable energy is critical not only for reducing emissions and 

environmental degradation but also for enhancing energy access, especially in underserved rural areas.  

Energy Poverty  

Despite Nigeria’ s abundant energy resources, energy poverty remains a significant challenge, with nearly 92 

million Nigerians, or approximately 45% of the population, lacking access to electricity (International Renewable 

Energy Agency [IRENA], 2021). This issue places Nigeria among the largest energy-poor nations globally, 

reflecting the country’ s struggle to provide universal energy access, despite its vast oil and gas reserves. A major 

contributor to this energy poverty is the insufficient infrastructure for power generation, transmission, and 

distribution, which limits electricity access, particularly in rural areas. Approximately 25% of rural households 

have access to electricity, compared to more than 70% in urban centers (International Energy Agency [IEA], 

2019). This rural-urban divide exacerbates inequality, preventing millions of Nigerians from benefiting from basic 

energy services such as lighting, refrigeration, and modern cooking technologies. The overreliance on diesel 

generators to supplement the national grid further deepens energy poverty. In the absence of reliable electricity 

supply, industries and households—especially in underserved areas—resort to using costly diesel generators to 

meet their energy demands. This reliance is particularly evident in micro, small, and medium enterprises 

(MSMEs), which make up more than 80% of Nigeria's workforce (Edomah et al., 2020). These businesses face 

high operational costs due to fuel expenses and frequent power outages, hindering their growth and productivity. 

Furthermore, the widespread use of diesel generators not only increases operating costs for businesses but also 

exacerbates air pollution and contributes significantly to Nigeria’ s carbon footprint (Akinyele, 2020). The 

environmental impact of these generators, coupled with the existing emissions from fossil fuel-based power 

plants, has worsened the country’ s climate crisis, adding a layer of complexity to the already challenging issue 

of energy security.  

Energy poverty also stifles economic productivity by limiting access to basic services such as healthcare and 

education. Inadequate electricity hampers the functioning of hospitals, clinics, and schools, particularly in remote 

areas, where power outages disrupt medical services, freeze vaccines, and prevent students from learning at night. 

Moreover, energy poverty disproportionately affects marginalized groups, including women and children, who 
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rely on traditional energy sources like firewood and kerosene for cooking, leading to respiratory diseases and 

unsafe living conditions (Akinyele, 2020). These barriers to development contribute to poverty, food insecurity, 

and economic stagnation in rural and underserved regions. The lack of reliable electricity also impedes 

industrialization and technological innovation in Nigeria. As a key driver of economic development, energy 

access is essential for modernizing industries, improving productivity, and creating jobs. However, energy 

insecurity limits Nigeria’ s ability to compete in the global economy and slows its transition toward a more 

diversified, knowledgebased economy. Without stable and affordable electricity, Nigeria’ s industrial base 

remains weak, and its potential for innovation and entrepreneurship is stifled (Edomah et al., 2020).  

Power Sector Inefficiency  

Nigeria’ s power sector is plagued by deep inefficiencies that severely impact its capacity to meet the energy 

needs of the population. These inefficiencies are primarily attributed to inadequate infrastructure, technical losses, 

and poor governance (Sambo, Garba, Zarma, & Gaji, 2012). The country's transmission and distribution systems 

suffer from significant losses, estimated to range between 20-30% of the total electricity generated, due to aging 

infrastructure, inefficient grid management, and lack of investment in modernization (Sambo et al., 2012). The 

Transmission Company of Nigeria (TCN), which manages the national grid, struggles to maintain grid stability, 

leading to frequent grid collapses and power outages that disrupt businesses and daily life. From 2015 to 2021, 

the grid reportedly collapsed more than 130 times, highlighting the vulnerability of Nigeria’ s power infrastructure 

to failure (Aliyu et al., 2022). The generation capacity in Nigeria, although substantial, is vastly underutilized due 

to a combination of gas supply constraints, pipeline vandalism, and poor maintenance of power plants. While 

Nigeria has an installed generation capacity of approximately 13,000 MW, only 4,000 to 5,000 MW is typically 

available for transmission and distribution (Sule et al., 2021). This underutilization is compounded by gas supply 

issues, with inadequate and often unreliable gas infrastructure disrupting the power generation process. 

Additionally, incidents of pipeline vandalism further constrain the supply of gas to power plants, worsening the 

gap between available generation capacity and the growing demand for electricity. Despite Nigeria’ s vast natural 

gas resources, the infrastructure to effectively transport and supply gas to power plants is insufficient, limiting 

the potential for reliable electricity generation (Aliyu et al., 2022).  

The poor maintenance of power plants also contributes significantly to the country’ s electricity deficit. Many of 

Nigeria’ s thermal power plants are aging and require substantial investment in upgrades and repairs to operate at 

full capacity. However, funding constraints and mismanagement have delayed necessary refurbishments, which 

has led to frequent breakdowns and shutdowns (Sule et al., 2021). The inefficiency of these plants means that 

Nigeria is unable to meet its electricity demand, which is over 25,000 MW, forcing the nation into a persistent 

energy deficit. As a result, Nigeria has been unable to keep pace with its growing population and industrial needs, 

leaving many households and businesses without reliable electricity. The poor governance in the energy sector 

also plays a critical role in perpetuating these inefficiencies. Inadequate policy frameworks, corruption, and 
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misallocation of resources undermine efforts to reform and modernize the energy sector (Sambo et al., 2012). The 

lack of accountability and transparency in managing the electricity sector has led to a failure to address long-

standing challenges such as infrastructure decay and mismanagement of resources, ultimately hindering the 

growth and development of the sector. As a result of these inefficiencies, Nigeria's power sector has become 

highly unreliable, leaving businesses and households with no choice but to rely on alternative energy solutions. 

The reliance on diesel generators, solar systems, and other off-grid solutions has not only led to higher costs for 

consumers but has also contributed to environmental degradation due to the continued use of fossil fuels 

(Akinyele, 2020). The costs of diesel and gasoline for private generators place a significant economic burden on 

households and businesses, particularly in underserved and rural areas, where access to the national grid is limited 

or absent. This dependence on alternative, often unsustainable energy solutions further exacerbates Nigeria’ s 

energy poverty and carbon emissions, perpetuating a vicious cycle of inefficiency and environmental degradation.  

Implications for Development and Energy Resilience  

The interplay between energy poverty, fossil fuel dependence, and power sector inefficiencies in Nigeria presents 

significant barriers to sustainable development. Unreliable energy access hinders industrialization, agricultural 

productivity, and human capital development, which are essential for the nation's growth. For instance, industries, 

particularly those in the small and medium-sized enterprise (SME) sector, face operational disruptions due to 

inconsistent power supply, which increases production costs and limits productivity (Edomah & Ndulue, 2020). 

Similarly, in the agriculture sector, which relies heavily on electricity for irrigation and processing, frequent power 

outages disrupt the entire supply chain, reducing food production and contributing to food insecurity (Edomah & 

Ndulue, 2020). Moreover, the lack of consistent electricity access affects human capital development, as 

healthcare facilities struggle to provide essential services such as surgeries, vaccine storage, and maternal care, 

due to frequent power cuts (Akinyele, 2020). Educational institutions are also severely affected, with students 

unable to study or attend online classes effectively without reliable lighting and power sources, further 

perpetuating socio-economic inequality (Edomah & Ndulue, 2020). The situation is compounded by Nigeria’ s 

vulnerability to climate change impacts. Rising temperatures, erratic rainfall patterns, and extreme weather events 

such as floods and droughts exacerbate the country’ s existing energy challenges. These climate-induced 

disruptions place additional strain on the already fragile energy infrastructure, affecting energy generation, 

transmission, and distribution. For example, hydropower plants, which provide a significant portion of Nigeria's 

electricity, are particularly vulnerable to changing rainfall patterns and droughts, which reduce water availability 

for power generation (IPCC, 2021). Thermal power plants, which depend on natural gas, are also impacted by 

supply chain disruptions, pipeline vandalism, and gas shortages, further hindering the sector's ability to meet the 

growing energy demand (Aliyu et al., 2022).  

Furthermore, the reliance on fossil fuels not only exacerbates the country’ s energy challenges but also contributes 

to environmental degradation and greenhouse gas emissions, which intensify the effects of climate change. The 
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use of diesel generators in both residential and industrial sectors to bridge the energy gap has increased Nigeria’ 

s carbon footprint, contributing to the very climate impacts that worsen energy security (Akinyele, 2020). The 

carbon-intensive energy mix is therefore not only unsustainable from an environmental perspective but also 

economically unviable in the long term due to the volatile nature of global oil prices and the increasing push for 

clean energy transitions globally (Sambo et al., 2012). Addressing these interlinked challenges requires strategic, 

multi-faceted solutions. First, Nigeria must invest in energy diversification to reduce its dependence on fossil 

fuels. This includes exploring the untapped potential of renewable energy sources such as solar, wind, 

hydropower, and biomass to create a more resilient and sustainable energy mix. The transition to renewable 

energy not only helps mitigate the effects of climate change but also ensures energy access for the marginalized 

and rural populations who currently suffer from energy poverty (IRENA, 2021).  

In addition, infrastructure upgrades are critical to improving the efficiency and reliability of the energy sector. 

Investment in modernizing the transmission and distribution networks would help reduce technical losses and 

improve grid stability, minimizing power outages and enhancing the quality of electricity supply across the 

country (Sule et al., 2021). Energy efficiency measures, such as the promotion of LED lighting, improved cooking 

stoves, and energy-efficient appliances, can also help reduce overall energy consumption while increasing access 

to affordable energy (Akinyele, 2020). Finally, robust policy frameworks that promote the adoption of renewable 

energy and encourage public-private partnerships are essential to driving these reforms. Policies must address 

market barriers and provide incentives for investments in renewable energy projects. Effective governance and 

regulation are crucial to ensuring that investments are well-managed and directed toward sustainable energy 

solutions, while also addressing issues of transparency and accountability in the energy sector (Sambo et al., 

2012).  

2.2 Climate Change Impacts on Energy Systems  

The impacts of climate change on Nigeria’ s energy systems are diverse, multifaceted, and increasingly severe, 

requiring urgent attention and intervention. These challenges affect key sectors, such as hydropower, oil 

infrastructure, and thermal power plants, with far-reaching consequences for the country’ s energy security and 

overall economic stability.  

Hydropower Disruption  

Hydropower plays a critical role in Nigeria's electricity generation, contributing approximately 20% of the 

country’ s total energy supply (International Energy Agency [IEA], 2020). The primary sources of hydropower 

in Nigeria are the Niger and Benue Rivers, which feed into major hydropower stations, including Kainji, Jebba, 

and Shiroro Dams. These water bodies, however, are highly vulnerable to climate variability, particularly the 

reduction in rainfall and droughts caused by climate change, which directly impacts the availability of water for 

electricity generation. The country’ s reliance on these rivers for hydropower generation makes the sector highly 

susceptible to climate-induced disruptions, threatening Nigeria's energy security. A notable example of how 
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climate change is disrupting hydropower generation is seen with the Kainji Dam. In 2019, the dam experienced a 

significant reduction in electricity production due to low water levels caused by reduced rainfall in the region. 

This led to a substantial shortfall in power generation, forcing the national grid to increase reliance on fossil fuel-

based sources to meet demand, which further exacerbated Nigeria's dependency on oil and gas. The situation at 

Kainji highlights the fragility of Nigeria’ s hydropower capacity in the face of climate-induced water scarcity 

(Sule et al., 2021). In addition to the direct impacts on energy generation, these disruptions have profound 

implications for the economic stability and socioeconomic development of the country, as reliable energy access 

is critical for industries, households, and essential services like healthcare and education.  

Projections for the future indicate that climate change will further exacerbate the vulnerability of  

Nigeria's hydropower sector. According to the Intergovernmental Panel on Climate Change (IPCC, 2021), Nigeria 

is expected to experience more frequent and prolonged droughts, which will reduce rainfall in critical river basins, 

including the Niger and Benue. These droughts will likely cause further fluctuations in water levels, diminishing 

the ability of hydropower stations to generate electricity consistently. Such disruptions are especially concerning 

for northern Nigeria, which relies heavily on hydropower for its electricity needs. The combined effects of 

increasing temperatures, changing precipitation patterns, and reduced river flows will create significant 

challenges for the country’ s hydropower sector, making it less reliable and further undermining the stability of 

the national energy grid. In regions where hydropower is the dominant source of electricity, the reduction in 

energy generation could lead to widespread power shortages, which would affect economic productivity, 

education, healthcare, and overall quality of life. Furthermore, a reduction in hydropower generation leads to an 

increased dependency on fossil fuel-based electricity (oil and gas), which is not only unsustainable but also 

climate-damaging due to the associated greenhouse gas emissions. This dependency perpetuates the cycle of 

environmental degradation and exacerbates energy poverty, as fossil fuels are both costly and environmentally 

damaging.  

Oil Infrastructure Vulnerability  

Nigeria’ s oil infrastructure is also under considerable threat from climate change impacts. The country’ s oil 

production and transport facilities, located predominantly in the Niger Delta region, are vulnerable to coastal 

flooding, rising sea levels, and storm surges. Studies have indicated that sea-level rise could inundate critical oil 

infrastructure, displacing refineries, storage facilities, and pipelines (Erdal & Kibaroglu, 2020). Additionally, 

extreme weather events such as heavy rainfall and storms are expected to become more frequent and intense, 

increasing the risk of flooding, oil spills, and pipeline vandalism (UNEP, 2020). These disruptions not only affect 

oil production but also hinder the transportation of oil through the Niger Delta's fragile waterways, raising the 

costs of energy production and transport. The reliance on oil revenues, which constitute over 90% of Nigeria's 

export earnings, means that any damage to oil infrastructure not only threatens energy security but also 

undermines the country's broader economic stability (World Bank, 2021).  
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Temperature Rise and Thermal Power Plant Efficiency  

Rising temperatures associated with climate change also significantly affect the efficiency of thermal power 

plants, which generate a substantial portion of Nigeria's electricity, primarily through natural gas. Thermal power 

plants depend on cooling systems, which use water from rivers or lakes to regulate the temperature of their 

operation. As ambient temperatures rise, the water temperature of these cooling sources increases, reducing the 

plant’ s ability to dissipate heat efficiently (Akinyele, 2020). This results in reduced energy output and increased 

operational costs, as plants must work harder to generate the same amount of electricity. Furthermore, the higher 

temperatures negatively impact the combustion process, reducing the overall efficiency of thermal power 

generation, thereby increasing the cost of electricity production (Sule et al., 2021). Additionally, climate-induced 

extreme heat events may necessitate the shutdown of plants during periods of high temperatures, further 

exacerbating energy shortages and disrupting electricity supply.  

Interconnected Challenges and the Need for a Resilient, Diversified Energy System  

The interplay of these climate-related challenges underscores the urgent need for a resilient, diversified, and 

sustainable energy system in Nigeria. The dependence on fossil fuels, combined with the vulnerabilities of 

hydropower and thermal power plants to climate impacts, highlights the necessity for a transition to renewable 

energy solutions that are less susceptible to climate variability. Expanding the use of solar, wind, and biomass 

energy could help diversify Nigeria’ s energy mix and reduce its reliance on climate-sensitive sources like 

hydropower and fossil fuels. Renewable energy sources are less vulnerable to climate-induced disruptions and 

offer a pathway to more stable, affordable, and environmentally sustainable energy solutions (IRENA, 2021). 

Moreover, climate-resilient infrastructure must be developed to safeguard existing energy assets. This includes 

upgrading power plants, reinforcing transmission networks, and building climateadaptive infrastructure to ensure 

that oil and gas production, as well as electricity generation and distribution, can continue even in the face of 

climate change (Aliyu et al., 2022). Finally, robust policy frameworks that integrate climate adaptation and 

mitigation strategies will be essential in shaping the future of Nigeria’ s energy sector and ensuring long-term 

energy security (Akinyele, 2020).  

3. The Role of Renewable Energy in Nigeria  

Nigeria’ s energy sector faces a significant challenge due to its heavy reliance on fossil fuels, which is exacerbated 

by climate change impacts and energy poverty. However, Nigeria is endowed with vast untapped renewable 

energy resources that could play a crucial role in advancing climate action, achieving energy security, and driving 

economic growth. By harnessing these renewable resources, Nigeria has the potential to diversify its energy mix, 

reduce greenhouse gas emissions, and provide sustainable, decentralized energy solutions, particularly for 

underserved rural areas.  
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3.1 Solar Energy in Nigeria  

Nigeria is considered one of the most favorable locations in the world for solar energy generation, due to its 

abundant solar resources. The country enjoys an average solar radiation of 5.5 to 7.0 kWh/m²/day, making it an 

ideal candidate for the deployment of solar power systems (International Renewable Energy Agency [IRENA], 

2021). The northern and central regions of Nigeria receive particularly high solar radiation, providing a significant 

opportunity for solar energy to become a key player in meeting the country’ s growing energy needs. As a result, 

solar energy is seen as one of the most promising solutions to address Nigeria's energy challenges, particularly in 

light of the country's vast energy poverty. Solar energy systems in Nigeria can be deployed at a variety of scales, 

from large utility-scale solar farms to small off-grid systems designed to serve individual households, businesses, 

or rural communities. The versatility of solar technology makes it a highly adaptable solution for Nigeria’ s 

diverse energy needs. While large-scale solar projects are capable of contributing significantly to the national 

grid, off-grid solar systems are especially critical for reaching remote areas where the national grid infrastructure 

is either absent or unreliable (Federal Ministry of Power, 2020). Off-grid solar solutions include solar home 

systems (SHS), solar-powered mini-grids, and solar-powered water pumps. These solutions provide reliable, 

clean electricity to rural and underserved areas, empowering communities with access to energy for lighting, 

communication, health services, education, and economic activities.  

The Solar Power Naija program, launched by the Nigerian government, exemplifies the growing commitment to 

harnessing solar energy for rural electrification. The initiative aims to deploy solar home systems and solar-

powered mini-grids across underserved communities, focusing on those areas where traditional grid expansion is 

either too expensive or impractical (Federal Ministry of Power, 2020). The program’ s goals include the provision 

of clean, affordable energy and the reduction of reliance on diesel generators, which are not only costly but also 

contribute to environmental pollution. Solar power, in contrast, offers a sustainable and clean energy alternative, 

thereby addressing both energy poverty and environmental concerns. The benefits of solar energy in Nigeria are 

far-reaching. First and foremost, solar energy provides a sustainable and affordable solution to the country’ s 

energy access issues. With nearly 92 million Nigerians lacking access to electricity, solar power presents an 

opportunity to significantly reduce energy poverty (International Renewable Energy Agency [IRENA], 2021). By 

utilizing local solar resources, Nigeria can drastically increase its energy access, particularly in remote and rural 

areas where grid infrastructure is lacking or inadequate.In addition, solar energy systems are environmentally 

friendly and contribute to climate change mitigation by reducing the reliance on fossil fuels, which are the primary 

sources of greenhouse gas emissions in Nigeria’ s energy sector. The widespread adoption of solar technology 

can therefore help Nigeria meet its commitments under the Paris Agreement to reduce carbon emissions and move 

towards cleaner energy sources.  

From an economic standpoint, the solar energy sector also offers significant potential for job creation. The 

development and expansion of solar energy infrastructure generate employment opportunities in manufacturing, 
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installation, and maintenance of solar panels and systems. These jobs can support local economies and provide 

income for communities that are currently underserved by the traditional energy sector. Furthermore, the adoption 

of solar power can help alleviate the financial burden on businesses and households that currently rely on diesel 

generators for electricity. The high cost of diesel and the frequent need for fuel deliveries make diesel generators 

a costly and unsustainable solution. In contrast, solar energy offers a much lower cost of operation once the initial 

investment is made, as it relies on free, abundant sunlight rather than imported fossil fuels. While the potential 

for solar energy in Nigeria is vast, several challenges remain in fully realizing its potential. One of the main 

barriers to widespread adoption is the initial capital investment required for solar systems, which can be 

prohibitively expensive for individuals and communities in energy-poor regions. However, initiatives such as 

pay-asyou-go (PAYG) solar models, where users can pay for solar systems in installments, have been effective 

in addressing this challenge and increasing access to solar power (IRENA, 2021).  

3.2 Wind Energy in Nigeria  

Wind energy represents another promising renewable resource in Nigeria, particularly in the northern and coastal 

regions where wind speeds are high enough to support viable energy production. Wind energy is an increasingly 

important component of a diversified energy mix, and its potential to provide a clean, sustainable alternative to 

fossil fuels makes it a key area of focus for Nigeria's energy future. According to Ogunlade and Ajayi (2020), 

studies on wind resources across Nigeria have shown that the northern and southeastern regions have favorable 

wind speeds, which could support the establishment of wind farms to produce electricity. Wind energy in Nigeria 

can be harnessed through both small-scale and large-scale systems. Smallscale wind turbines are particularly well-

suited for rural and off-grid communities, where access to the national electricity grid is limited or non-existent. 

These systems can provide reliable power for essential needs such as lighting, communication, and small 

businesses. In contrast, large-scale wind farms can generate substantial amounts of electricity to feed into the 

national grid, contributing significantly to energy security and helping to meet the growing demand for electricity 

in urban and industrial areas.  

The northern and coastal regions of Nigeria have distinct wind patterns that make them ideal locations for wind 

energy development. Areas like Kano, Bauchi, Yobe, and Sokoto in the northern region, as well as Lagos and 

Delta in the southern coastal zone, have wind speeds that consistently exceed the thresholds necessary for wind 

power generation (Ogunlade & Ajayi, 2020). Wind energy in these regions could play an essential role in 

diversifying Nigeria’ s energy mix and ensuring a more resilient and reliable power supply, especially during 

periods of climate-induced disruptions to other energy sources such as hydropower.Wind energy, when combined 

with other renewable sources like solar and hydropower, can provide a more stable and reliable energy system. 

Solar and wind resources tend to complement each other in terms of availability, as solar power is typically 

available during the day when the sun is shining, while wind speeds often increase during the night or in the 
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evening. This complementary relationship can help reduce intermittency and increase grid stability, ensuring that 

energy is available when needed, particularly in off-grid areas.  

Additionally, hybrid systems that combine wind and solar energy can be deployed in remote areas, reducing 

reliance on costly and polluting diesel generators. These systems can be coupled with energy storage technologies 

to further enhance reliability and ensure a continuous power supply, even when solar and wind resources are 

temporarily unavailable. As such, integrating wind energy into the broader energy mix will help Nigeria achieve 

a more diverse, resilient, and sustainable energy system. Technological advancements in wind turbine design and 

reductions in manufacturing costs over the past few decades have made wind energy increasingly costcompetitive 

with conventional fossil fuel-based power generation. Wind turbine efficiency has improved significantly, and 

the cost of wind energy has dropped substantially, making it a more attractive option for countries like Nigeria 

(IRENA, 2020). As the global wind energy market continues to grow and innovate, Nigeria can take advantage 

of these advancements to reduce the cost of establishing wind farms and make wind energy a more viable option 

for large-scale electricity generation. The local production of wind turbine components could also offer significant 

economic benefits for Nigeria, including the creation of jobs in manufacturing, installation, and maintenance. 

This would support local economic development while enhancing the long-term sustainability of the wind energy 

sector in the country.  

3.3 Hydropower in Nigeria  

Hydropower plays a critical role in Nigeria's energy mix, leveraging the country’ s extensive river systems, 

including the Niger and Benue Rivers, which offer substantial potential for electricity generation. Despite the 

development of large-scale hydropower projects such as the Kainji and Jebba Dams, the country still holds 

significant untapped potential for mini- and micro-hydropower systems, which can help bridge the gap in energy 

access, especially in rural areas. These smaller systems offer a decentralized, sustainable, and cost-effective 

alternative to traditional grid-based electricity, providing an opportunity for rural electrification and supporting 

local economic development. Mini-hydropower systems, which generate between 100 kW and 10 MW, have the 

capacity to power off-grid communities and small industries, particularly in remote areas where the expansion of 

the national grid is often cost-prohibitive (Edozie et al., 2021). These systems are highly suitable for Nigeria's 

rural regions, where river systems are abundant, and they can provide a reliable, clean, and affordable source of 

electricity. Unlike large hydropower plants, which require substantial investments and infrastructure, 

minihydropower projects are more flexible, can be implemented faster, and require less technical expertise. 

Additionally, mini-hydropower systems can be integrated into local infrastructure, enabling rural communities to 

benefit from sustainable energy without relying on fossil fuels.  

In a similar vein, micro-hydropower systems, which generate less than 100 kW, are ideal for individual 

households or very small communities. These systems are capable of supplying electricity to rural households, 

where access to the grid is limited or non-existent. Microhydropower systems can be used to power household 
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lighting, small appliances, and community services such as water pumping, thereby improving the overall quality 

of life in off-grid regions. By providing affordable and reliable electricity, these systems can foster improvements 

in key sectors such as health, education, and economic productivity, which are often hindered by the lack of 

electricity access (Edozie et al., 2021). The expansion of hydropower, particularly through mini and micro-

projects, offers a significant opportunity to reduce energy poverty and stimulate rural development in Nigeria. By 

enabling electricity access in rural areas, these projects can improve living standards by allowing for better 

healthcare (e.g., refrigerated vaccines, lighting for medical procedures), enhanced educational opportunities (e.g., 

access to electronic learning materials), and increased economic activity (e.g., powering local businesses and 

agricultural processing). Moreover, the development of these systems has the potential to create jobs in rural 

areas, supporting local economies by providing opportunities in installation, operation, and maintenance. 

Additionally, mini- and micro-hydropower systems offer environmental benefits by reducing reliance on fossil 

fuels. They provide a clean, renewable source of energy that helps to mitigate climate change by reducing 

greenhouse gas emissions associated with the use of diesel generators or other non-renewable power sources. 

This shift to cleaner energy also reduces the environmental degradation caused by fossil fuel extraction and use, 

which is particularly important in areas like the Niger Delta, where oil extraction has led to pollution and land 

degradation.  

3.4 Biomass Energy in Nigeria  

Nigeria is home to vast quantities of agricultural and municipal waste, much of which remains underutilized as a 

potential source of energy. Biomass energy, derived from organic materials such as crop residues, wood waste, 

and municipal solid waste, offers a sustainable and environmentally friendly alternative to traditional energy 

sources (Akinyele, 2020). The conversion of biomass into biogas, biofuels, or electricity provides a dual benefit: 

it not only helps in managing waste but also contributes to the generation of clean and renewable energy. Given 

Nigeria's significant agricultural sector, biomass energy has the potential to play a key role in addressing the 

country's energy access challenges, particularly in rural areas where energy poverty is most acute. Biomass energy 

can be generated from a variety of organic materials, including crop residues such as rice husks, sugarcane 

bagasse, and maize stalks, as well as wood waste and municipal solid waste. In addition, Nigeria's robust 

agricultural sector produces substantial amounts of biomass that can be harnessed for energy generation. The 

conversion technologies for biomass include biogas production, bioethanol, and biomass power plants, all of 

which can significantly reduce the reliance on fossil fuels while promoting waste recycling.  

In rural areas, where organic waste is abundant but access to electricity is limited, biomass energy provides a 

highly suitable solution for off-grid energy applications. Small-scale biomass plants can be set up to generate 

electricity for rural households and industries. For instance, smallholder farmers can process their crop residues 

into biogas to meet local energy needs. The potential for biogas production is particularly high because it provides 

a sustainable means of converting agricultural waste into usable energy while simultaneously addressing waste 
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disposal problems (Akinyele, 2020). In addition to electricity generation, biomass energy can be used in biogas 

form for cooking, providing an affordable, cleaner alternative to firewood and charcoal, which are commonly 

used in rural communities. The reliance on these traditional fuels contributes to deforestation, environmental 

degradation, and indoor air pollution, which is a significant health hazard, particularly for women and children 

(Ogunlade & Ajayi, 2020). By promoting the use of biogas stoves and other clean cooking technologies, biomass 

energy not only reduces the environmental impact of cooking but also improves health outcomes by mitigating 

indoor air pollution.  

The utilization of biomass for cooking also contributes to the fight against deforestation. Nigeria's forests are 

rapidly being depleted due to the increasing demand for firewood and charcoal for cooking and heating purposes. 

This deforestation exacerbates the country’ s climate change challenges, contributing to desertification and loss 

of biodiversity. Biomass energy, particularly biogas, offers an opportunity to reduce dependence on wood fuels, 

thereby contributing to sustainable forest management and the preservation of vital ecosystems. The development 

of biomass energy systems also presents an opportunity for economic growth and job creation, particularly in 

rural areas. Biomass production requires a significant workforce for harvesting, processing, and converting 

organic materials into energy, creating employment opportunities in agriculture, energy, and waste management 

sectors. Additionally, the establishment of biomass energy plants in rural areas can spur local economic 

development by providing a reliable source of energy for small and medium-sized enterprises (SMEs), boosting 

productivity and enhancing local industries, such as agriculture, food processing, and manufacturing. Moreover, 

Nigeria's biomass potential can be harnessed for biofuels production, providing an alternative to imported 

petroleum products. The production of bioethanol and biodiesel from agricultural residues or waste oils can reduce 

the country's dependence on fossil fuels while contributing to energy security and reducing greenhouse gas 

emissions. The development of the biofuels industry also opens up new opportunities for exporting biofuels to 

international markets, further diversifying Nigeria’ s energy portfolio.  

  

3.5 Benefits of Renewable Energy  

The transition to renewable energy in Nigeria offers multiple benefits that align with the country's sustainable 

development goals.  

• Energy Diversification: Investing in renewable energy reduces Nigeria’ s overdependence on oil and gas, 

enhancing the resilience and stability of the energy system. A diversified energy mix helps buffer the country 

from the volatility of global oil prices and external economic shocks (IEA, 2020).  

• Climate Mitigation: By reducing reliance on fossil fuels, renewable energy helps lower greenhouse gas 

(GHG) emissions, contributing to Nigeria’ s efforts to meet its Nationally Determined Contributions (NDCs) 

under the Paris Agreement (UNFCCC, 2021). The shift to clean energy solutions also helps mitigate the 

environmental degradation caused by fossil fuel extraction and consumption.  
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• Economic Growth: The renewable energy sector can stimulate economic growth by creating jobs in 

manufacturing, installation, and maintenance of renewable energy systems. It also provides new business 

opportunities for local communities, especially in rural areas (IRENA, 2021). The expansion of renewable energy 

infrastructure can stimulate job creation in the green economy while addressing pressing energy access needs.  

• Energy Access: Renewables, especially solar, wind, and biomass, offer affordable and decentralized 

energy solutions for Nigeria’ s rural communities, who are often excluded from the national grid. Off-grid and 

mini-grid systems allow for flexible, localised solutions that meet the unique needs of different communities. By 

improving energy access, renewable energy can enhance livelihoods, support education, improve healthcare, and 

boost economic productivity (Akinyele, 2020).  

4. Challenges to Renewable Energy Development in Nigeria  

The development of renewable energy in Nigeria holds immense potential for addressing the country’ s energy 

deficit and reducing its dependence on fossil fuels. However, significant challenges continue to impede progress 

in the sector. These challenges span across policy, financial, infrastructural, and technical dimensions.  

4.1 Policy and Institutional Gaps  

Policy and institutional challenges are among the major barriers to renewable energy development in Nigeria. 

Although the National Renewable Energy and Energy Efficiency Policy (NREEEP) was adopted to provide a 

framework for integrating renewable energy sources into the country’ s energy mix, implementation has been 

slow and inconsistent (Ohunakin et al., 2014). Weak policy enforcement, regulatory ambiguity, and overlapping 

institutional mandates have created inefficiencies and hindered progress. For example, the roles of the Federal 

Ministry of Power, the Nigerian Electricity Regulatory Commission (NERC), and other agencies are not well 

defined, leading to fragmented governance and coordination issues (Sambo et al., 2012).  

The inconsistency in policy direction further discourages private sector participation. While renewable energy 

policies have been introduced in Nigeria, changes in government administration often lead to policy abandonment 

or insufficient continuity. This inconsistency undermines investor confidence, as long-term policy stability is 

essential for fostering a conducive environment for investments in renewable energy infrastructure (Iloeje, 2014).  

4.2 Financial Constraints  

The financial barriers to renewable energy development in Nigeria are substantial. High upfront capital costs for 

deploying renewable energy technologies—such as solar photovoltaic systems, wind farms, and biomass plants—

pose a significant challenge. Nigeria’ s renewable energy sector struggles to attract investments due to a lack of 

adequate financing mechanisms and investor confidence. Potential investors often perceive the sector as high-

risk, largely due to policy uncertainties, low tariffs for renewable energy, and inadequate guarantees of return on 

investment (Ozoegwu et al., 2017). Additionally, access to financing for small- and mediumscale renewable 

energy projects is limited. Many local businesses and entrepreneurs lack access to credit facilities due to stringent 

lending requirements and high interest rates from financial institutions (Aliyu et al., 2015). This is further 
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compounded by the lack of government incentives, such as subsidies, tax breaks, and grants, which are necessary 

to make renewable energy projects economically viable. Nigeria’ s reliance on public financing has also 

contributed to the financial constraints, as budget allocations to the energy sector often prioritize traditional energy 

sources like oil and gas. Without alternative financing models—such as public-private partnerships, green bonds, 

and carbon credits—expansion of the renewable energy sector will remain slow (Akinyele & Rayudu, 2016).  

4.3 Infrastructure Deficiency  

The state of Nigeria’ s energy infrastructure poses a significant challenge to renewable energy integration. The 

existing national grid infrastructure is largely outdated and inadequate to accommodate large-scale renewable 

energy inputs. The grid is characterized by frequent failures, limited transmission capacity, and technical 

inefficiencies, which undermine efforts to connect renewable energy systems to the national electricity network 

(Adewuyi & Olowu, 2012). In rural and remote areas, the infrastructure for energy distribution is virtually non-

existent. Nigeria’ s rural population, which accounts for a significant portion of the country, faces energy 

exclusion due to a lack of physical infrastructure for energy access. Off-grid renewable energy solutions, such as 

solar mini-grids, have the potential to fill this gap but remain underdeveloped due to high costs and technical 

challenges (Akinbami et al., 2003). Furthermore, the lack of modern energy storage infrastructure, such as battery 

systems, limits the reliability and scalability of renewable energy systems. For instance, solar and wind power 

generation are intermittent by nature, and without adequate storage capacity, the energy produced cannot be 

effectively utilized during periods of low generation (Aliyu et al., 2018).   

4.4 Technical Capacity and Awareness  

A shortage of technical expertise and limited public awareness of renewable energy benefits are additional 

challenges that impede the sector’ s development. Nigeria currently lacks a skilled workforce capable of 

designing, installing, operating, and maintaining renewable energy systems. The absence of specialized training 

programs and academic curricula that focus on renewable energy technologies has created a gap in technical 

capacity (Ogunleye et al., 2020). Moreover, public awareness about the benefits of renewable energy remains 

low. Many Nigerians are unfamiliar with the cost savings, environmental benefits, and potential for energy 

security associated with renewable energy adoption. This lack of awareness discourages individuals, businesses, 

and communities from embracing renewable energy solutions. Public education campaigns and community 

outreach programs are essential to address this issue and promote a culture of renewable energy adoption 

(Oparaku, 2003). The government and relevant stakeholders need to prioritize capacity building initiatives, such 

as technical training programs, skill acquisition centers, and partnerships with educational institutions. Building 

local technical expertise will not only reduce dependence on foreign experts but also create employment 

opportunities and foster a sustainable renewable energy sector.  
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Discussion of Findings  

The findings of this research highlight the interconnected challenges of climate change and energy security in 

Nigeria, while emphasizing the role of renewable energy as a viable solution for a sustainable energy future.  

1. Energy Security Challenges  

The overreliance on fossil fuels continues to undermine Nigeria’ s energy security. The nation’ s dependence on 

oil and natural gas exposes it to global market volatility, economic disruptions, and environmental degradation. 

Additionally, widespread energy poverty and inefficiencies in the power sector—such as aging infrastructure and 

poor management—contribute to unreliable energy access. These factors stifle economic growth, 

industrialization, and the livelihoods of millions, particularly in rural and underserved communities.  

2. Climate Change Impacts on Energy Systems  

The research highlights that climate change is exacerbating Nigeria's energy challenges. Hydropower, a key 

component of Nigeria’ s energy mix, is increasingly unreliable due to irregular rainfall patterns and reduced water 

levels. Rising temperatures, flooding, and erosion are damaging oil infrastructure and disrupting production, while 

extreme heat reduces the efficiency of thermal power plants. These impacts illustrate the urgent need for resilient 

energy systems capable of adapting to climate variability.  

3. Renewable Energy Potential  

The study identifies Nigeria’ s significant renewable energy resources, including solar, wind, hydropower, and 

biomass, as critical to achieving energy security and addressing climate change.  

o Solar Energy: With abundant sunlight, particularly in the northern regions, solar power has immense 

potential to provide decentralized and sustainable energy solutions.  

o Wind Energy: Wind speeds in northern and coastal regions make wind energy a promising alternative 

for diversifying Nigeria’ s energy mix.  

o Hydropower: Leveraging Nigeria’ s river systems, such as the Niger and Benue Rivers, can contribute 

significantly to clean electricity generation.  

o Biomass Energy: Utilizing agricultural and forestry waste offers a renewable solution, particularly in 

rural areas.  

By harnessing these renewable resources, Nigeria can diversify its energy mix, reduce greenhouse gas emissions, 

and expand access to electricity, especially for rural and offgrid communities.  

1. Benefits of Renewable Energy  

The adoption of renewable energy presents multiple benefits: o Energy Diversification: Reduces dependency on 

fossil fuels, making the energy sector more resilient.  

o Climate Mitigation: Supports global efforts to reduce emissions and mitigate climate change. o Economic 

Growth: Creates employment opportunities, drives industrial growth, and attracts investment. o Improved 
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Energy Access: Provides affordable and reliable power, particularly to underserved populations, boosting social 

and economic development.  

2. Challenges to Renewable Energy Development  

Despite its vast potential, the research identifies several challenges that hinder renewable energy adoption in 

Nigeria:  

o Policy and Regulatory Barriers: Inconsistent policies and lack of supportive frameworks discourage 

investment. o Financial Constraints: High upfront costs and limited access to financing remain significant 

obstacles.  

o Infrastructural Deficiencies: Weak grid infrastructure prevents effective integration of renewable energy 

into the national power system.  

o Technical Limitations: A shortage of technical expertise and skilled workforce hampers the development 

and maintenance of renewable energy technologies.  

5. Policy Recommendations  

To harness renewable energy for enhancing climate resilience and achieving energy security, Nigeria must adopt 

a strategic, multi-dimensional approach. The following policy recommendations are essential:  

1. Strengthen Policy Frameworks:  

Nigeria must prioritize the full implementation and enforcement of renewable energy targets outlined in the 

National Renewable Energy and Energy Efficiency Policy (NREEEP). Policies should also integrate climate 

adaptation strategies into energy planning to build resilience against the impacts of climate change. Clear, 

consistent, and enforceable regulatory frameworks will provide the confidence needed to drive investments and 

innovation in the renewable energy sector.  

2. Encourage Investments in Renewable Energy:  

To attract both local and international investments, the government should implement a mix of financial 

incentives, including:  

• Tax breaks for renewable energy developers.  

• Subsidies to reduce initial investment costs for renewable energy projects.  

• Promotion of public-private partnerships (PPPs) to facilitate large-scale renewable energy infrastructure 

projects.  

By reducing financial barriers and creating a conducive investment environment, Nigeria can accelerate the 

development and deployment of renewable energy technologies.  

3. Expand Off-Grid Energy Solutions:  

Decentralized renewable energy systems, such as solar and biomass, should be prioritized to improve energy 

access in rural and underserved areas. Policies and funding should focus on off-grid solutions, including mini-
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grids and standalone solar systems, which are cost-effective and scalable. Expanding these solutions will bridge 

Nigeria’ s energy access gap and foster rural development.  

4. Build Technical Capacity and Foster Innovation:  

Developing the necessary technical expertise is critical to sustaining growth in the renewable energy sector. 

Nigeria must invest in:  

• Research and Development (R&D) to promote innovation and local manufacturing of renewable energy 

technologies.  

• Training programs to build a skilled workforce capable of installing, maintaining, and advancing 

renewable energy systems.  

• Partnerships with academic institutions and industry stakeholders to enhance technical education and 

knowledge transfer.  

5. Upgrade Energy Infrastructure:  

Modernizing Nigeria’ s power infrastructure is essential for the efficient integration of renewable energy sources 

into the national grid. Investments should be directed toward:  

• Upgrading and expanding grid capacity to accommodate intermittent renewable energy sources like solar 

and wind.  

• Establishing smart grid technologies to enhance grid efficiency, reliability, and resilience.  

• Strengthening transmission and distribution networks to reduce energy losses and ensure equitable access.  

6. Conclusion  

Nigeria faces the dual crises of climate change and energy insecurity, both of which pose significant threats to 

the country’ s socioeconomic development. This study underscores that renewable energy solutions present a 

viable, sustainable, and resilient pathway to address these challenges. By diversifying the energy mix, reducing 

carbon emissions, and expanding energy access, renewable energy can drive Nigeria’ s transition to a low-carbon 

and energy-secure future.  

Achieving this vision requires a strong commitment to policy implementation, strategic investments, and fostering 

technical innovation. With an integrated approach involving government action, private sector participation, and 

community engagement, Nigeria can not only achieve its energy security goals but also contribute meaningfully 

to global climate action. The transition to renewable energy is not only an opportunity but an urgent necessity for 

Nigeria’ s economic, social, and environmental sustainability.  
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