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Abstract
Nigeria faces a critical developmental crisis characterized by severe rural energy poverty, accelerating deforestation, and significant hindrances in achieving sustainable development. This study analyzes the intricate interdependencies among these elements, demonstrating how the pervasive inadequate access to clean and affordable energy in rural areas directly fuels dependency on unsustainable biomass, leading to widespread deforestation. This environmental degradation, in turn, intensifies climate change impacts, thereby compromising public health and undermining socio-economic stability of the society. This study conducted a comprehensive review of 77 published articles, selecting 50 for their direct relevance and contemporaneity within the period of 2015 to 2025. Investigating into the intricate connections among the key issues of the research. The analysis reveals that this complex situation is not merely a consequence of resource inadequacy but rather an indicative of deeper systemic problems, such as governance failures, a substantial policy-implementation gap, and entrenched historical factors. However, the study also highlights the transformative potential of integrated policy interventions, particularly those centered on a strategic clean energy transition and community-driven sustainable forest management. Such approaches offer synergistic benefits across environmental, health, and socio-economic parameters, addressing the disproportionate burden on vulnerable populations and fostering multiple Sustainable Development Goals (SDGs). The findings underscore the imperative for holistic, equity-focused, and governance-strengthening strategies to handle this complex situation effectively.
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1. Introduction: 
Global deforestation and rural energy poverty are significant issues in Nigeria, where the forestry industry serves as a major source of income (Ofozor et al., 2025; Sule et al., 2024). Inadequate of electricity leads to high deforestation rates, environmental and socioeconomic problems, and a vicious cycle of poverty and environmental degradation (Hossen, 2025).  Without access to sustainable energy sources, rural communities are forced to depend on wood for cooking and heating, resulting to the depletion of forests at an alarming rate. This not only accelerates climate change but also limits economic opportunities for those people living in these areas. In order to break this cycle, investment in renewable energy projects and sustainable forestry practices is essential (Cea and Costabile, 2022). Nigeria, Africa's most populous nation, is at a critical juncture, grappling with a profound energy crisis, increasing forest resource depletion, and persistent challenges to its sustainable development trajectory (Oweibia et al., 2024; World Bank, 2021). The country's energy landscape is marked by a significant access deficit, with approximately 45% of the population, or between 90 and 92 million people, lacking connection to the national electricity grid. This deficit has expanded over the past decade, as the pace of population growth has consistently outstripped electrification efforts due to increasing demand to power homes, offices, industries, and public facilities (Ogbonnaya et al., 2019). The disparity in energy access is particularly pronounced between urban and rural areas, where only 26.3% of rural residents have electricity access, in stark contrast to 89.2% in urban centers.  However, there is a large disparity in biomass use within the country and across urban/rural population segments. In 2018, 85.3% of rural households were estimated to use wood as their predominant fuel for cooking compared to 35.1% of urban households (Slater, 2024). According to Johnson (2025), almost half of Nigeria’s population resides in rural areas, yet less than 30% have access to reliable electricity.  This suggests the acute manifestation of energy poverty in Nigeria's rural communities. According to Obiekwe (2022), energy poverty is the difficulty in accessing clean fuels, leading to high reliance on traditional fuels such as firewood and biomass. This as well resulted in insufficient cooking devices with high pollution characteristics. According to Enuoh (2018), Nigeria is experiencing one of the world's highest rapid rates of deforestation, with an estimated 400,000 hectares of forests cleared annually across the country. Historical data reveal an alarming trend, between 1990 and 2005, Nigeria lost a staggering 79% of its old-growth forests. Globally, 420 million hectares of forest have been lost since 1990, though the rate has slightly decreased in recent decades. However, in Africa, small-scale shifting cultivation and charcoal production are identified as major drivers’ deforestation, particularly in dry forest areas. Deforestation, defined as the permanent removal of tree canopy cover below a 10% threshold, includes the conversion of forest land to agriculture, pasture, water reservoirs, mining, and urban areas (FAO, 2020).   And areas impacted due to disturbance, over-utilization, or altered environmental conditions that affect the forest to an extent that it cannot sustain a canopy cover above the 10% threshold (FAO, 2020b).
This dual challenge intensely affects Nigeria's broader development potential, contributing to its declining economic standing and pervasive environmental degradation. The pervasive lack of access to clean and affordable energy sources in rural areas compels vulnerable populations to rely heavily on traditional, unsustainable energy sources such as firewood and charcoal. This reliance is a direct and significant driver of deforestation. In turn, rampant deforestation increases critical environmental issues, including climate change, biodiversity loss, and soil degradation, while also negatively impacting human health and livelihoods (Slater, 2024).   
Nigeria's situation embodies a "paradox of plenty,” where abundant natural resources, such as significant oil and gas reserves and substantial renewable energy potential, coexist with widespread energy poverty and environmental degradation. This apparent contradiction signifies that the core challenge is not a scarcity of resources, but rather profound systemic deficiencies in governance, resource management, and equitable distribution. The failure to use resource wealth for improved human development and environmental management points to underlying problems such as corruption, weak institutional frameworks, and a discernible lack of political will (Alssadek and Behin 2023). These factors jointly impede the benefits of resource abundance from reaching the majority of the population, especially in rural areas, thereby perpetuating a cycle of deprivation and environmental deterioration. A comprehensive understanding of this nexus, therefore, necessitates an examination beyond mere descriptive accounts of energy use and deforestation, delving into the socio-political and institutional dynamics that underpin this enduring paradox.   
According to the Food and Agriculture Organization (FAO, 2020), despite growing awareness of deforestation's impacts and the existence of various national policies on conservation and sustainable development, deforestation still remains at high, alarming rates. Despite having an abundance of fossil fuels, Nigeria faces a deforestation rate of 55.7%, making it the highest in the world, just surpassing Vietnam, which has a rate of 54.5% (Olaniyan et al., 2024). This contradiction indicates a significant policy-implementation gap. The problem is not necessarily a lack of stated intent or strategic frameworks, but a failure in execution. This failure is driven by complex factors such as weak law enforcement, corruption, inconsistent policy application, and the influence of powerful vested interests. The "unrealized potential" further confirms that the challenge lies in translating policy into tangible outcomes (Alssadek and Benhin, 2023). A thorough analysis of this nexus must therefore critically examine this gap, exploring why well-intended policies often fall short in practice.   
This study aims to provide a comprehensive analysis of the rural energy-deforestation-sustainable development nexus in Nigeria. By investigating the cause-and-effect connections, multi-dimensional impacts, and policy responses.
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Fig 1- Map of Nigeria showing deforestation hotspots




2.	Literature Review 
2.1	Current Patterns of Energy Consumption in Rural Areas in Nigeria
In Nigeria, inadequate electricity supply is not a new scenario for the majority of consumers because millions of Nigerians do not have access to grid electricity. According to the World Bank SDG report in 2020, Nigeria is not among the top ten countries with electricity access in Africa, with Egypt, Algeria, Seychelles, and Morocco having 100% access to electricity.  Also, the World Bank Development Report (2021) posits that Nigeria, on the other hand, has 62% of its population with access to electricity, even though most of these people have more than 10 hours of blackout periods daily. The situation in rural areas in Nigeria is particularly severe, with only a 41.1% grid access rate, most of which are ‘under-electrified,’ meaning they have less than 12 hours of grid electricity each day.
The rural communities in Nigeria comprise about 48% of the population, and less than 30% suffer from severe energy poverty. This contrasts sharply with the 89.2% electrification rate observed in urban areas. The national electricity access deficit affects approximately 90 to 92 million people, highlighting a pervasive challenge across the country.   
In these significantly underserved rural regions, the primary energy sources continue to be traditional and unsustainable, with firewood, charcoal, and kerosene predominantly used for essential activities such as cooking and lighting. A substantial portion of the Nigerian population, approximately 60%, resorts to the use of fuelwood due to the unavailability or high cost of kerosene. Ahouanvoegbe et al. (2024) asserted that in developing countries, wood energy such as fuelwood and charcoal is the major source of energy for the larger proportion of households. This unsustainable fuelwood gathering by rural dwellers affects local ecosystems, including soil erosion, river siltation, and the deterioration of valuable plant species. The National Bureau of Statistics (2024) reported that approximately 67.8% of rural households primarily rely on wood for cooking, compared to 32.2% of urban households. This highlights significant regional differences in biomass use throughout Nigeria. Socioeconomic disparities across the country influence household dependence on biomass energy. Biomass, encompassing forest residues, agricultural residues, and human and animal wastes, constitutes approximately 80% of Nigeria's primary energy resources, predominantly utilized for cooking, heating, and small-scale industrial applications.  This also affects individuals’ vulnerability to the health risks associated with exposure to air pollution. Consequently, the health burdens from air pollution do not impact all populations equally.

2.2. Analysis of the Drivers and Manifestations of Energy Poverty
Energy poverty is broadly conceptualized as the absence of sufficient choice in accessing adequate, affordable, reliable, safe, and environmentally benign energy services necessary for economic and human development (Khanna et al., 2019). Its manifestation in Nigeria is characterized by significant difficulty in accessing clean fuels (Rao and Pachauri, 2017), a high reliance on traditional energy due to non-availability of energy, non-affordability by the populace mainly due to low income or wealth (Heindl and Schussler, 2018), and high energy prices (Middlemiss and Gillard, 2015; Orimoogunje and Asifat, 2015). 
Several interconnected factors drive this pervasive energy poverty. The rising cost of fossil fuels, coupled with an erratic and unreliable electricity supply and widespread poverty, forced many rural dwellers to choose alternative, often unsustainable, energy solutions (Olujobi and Olujobi, 2020). The removal of fuel subsidies in Nigeria has significantly increased energy costs for the populace, especially low-income households. This leads many to rely more heavily on traditional, often less efficient, energy sources (Njoku and Mmougbu, 2025). The rapid rate of population growth in Nigeria has consistently outstripped the rate of electrification, thereby widening the energy access gap. Remote areas frequently depend on expensive and hazardous alternatives, such as diesel generators and kerosene-fueled bush lamps, for their energy needs.   
Despite the availability of cleaner alternatives like solar home systems and mini-grids, their high upfront costs render them largely inaccessible to a significant portion of the rural population, particularly subsistence farmers who cannot afford three square meals per day and, in the absence of viable financing options. Beyond economic constraints, a significant non-economic barrier to clean energy adoption is the deep-seated cultural resistance and mistrust towards new energy initiatives (Unegbu et al., 2025). This skepticism often stems from decades of unfulfilled government promises and past failed projects. This indicates that purely economic or technical solutions are insufficient; even if clean energy becomes financially accessible, social and psychological barriers can hinder adoption. The deep-seated mistrust suggests a breakdown in the social contract between government and communities, implying that successful interventions require significant investment in community engagement, education, and transparent, reliable project delivery to rebuild trust. Without addressing these non-economic factors, even well-intentioned policies may fail, leading to abandoned infrastructure.   
2.3. Socio-Economic Implications of Inadequate Energy Access
The pervasive lack of electricity critically impedes the overall economic development of Nigeria. According to the Renewable Energy Association of Nigeria (REAN, 2024), this energy deprivation disproportionately affects vulnerable demographic groups, especially women and children. This thereby worsens existing inequalities. For instance, girls face increased risks when fetching firewood and are deprived of electricity for evening homework, limiting their educational opportunities. Primary health centers (PHCs) in rural areas are severely underperforming due to a lack of consistent energy access as well as compromising healthcare delivery.   
Small businesses experience significant productivity losses during frequent power outages, with the Association of Small Business Owners of Nigeria reporting that 25% of manufacturing businesses ceased operations in 2023 alone due to power inadequacy. This highlights how energy poverty is far more than just a lack of electricity; it is a fundamental impediment to achieving a wide range of human development outcomes and maintaining social stability. It creates a vicious cycle where lack of energy prevents economic growth, exacerbates health crises, limits educational opportunities, and deepens social inequalities (Table 1). The concept of "energy justice" implicitly captures this multi-dimensional and equitable aspect, emphasizing that energy access is a foundational prerequisite for holistic sustainable development.   
Furthermore, energy poverty has been identified as a contributing factor to illegal activities, such as crude oil theft in large quantities by oil bunker and the operation of illegal refineries activities, such as in the Niger Delta (Olujobi et al., 2022). Left with few choices, communities resort to desperate sources of livelihoods and energy, illustrating the link between energy deprivation and social instability. A serious health implication is the household air pollution resulting from biomass burning. It reduces the quality of air. This also leads to severe respiratory ailments and contributes to a significant number of premature deaths from such illnesses as pneumonia, cancer, chronic lung diseases which are as a result of exposure to biomass combustion. (Adah, et al.,2023; Wole-alo, 2022; James, et al., 2020).   


Model of perceived impact of the Challenges of Rural Energy Poverty, Deforestation, and Sustainable Development in Nigeria
In view of the literature reviewed above, the current study thus proposed a model capable of explaining the perceived impact of the Intertwined Challenges of Rural Energy Poverty, Deforestation, and Sustainable Development in Nigeria. The model is depicted in figure 2.
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Figure 2- Proposed Conceptual Model
Source: Researchers innovation, 2025.

The proposed conceptual model as shown in figure 2 gives explanation on the  Intertwined Challenges of Rural Energy Poverty, Deforestation, and Sustainable Development in Nigeria: A Review" highlights the complex interconnected issues that drive the development of sustainable energy in Nigeria based on the independent variables and the dependent variables. Rural households rely heavily on traditional biomass fuels, such as firewood and charcoal, which lead to widespread deforestation and forest degradation. Deforestation has profound negative impacts on environmental, social, and economic sustainability. It leads to biodiversity loss, soil erosion, climate change vulnerability, and reduced water quality and availability. It also highlights the health outcomes of rural energy poverty, particularly for women and children who spend more time indoors. The arduous task of fuel wood collection often falls on women and children, perpetuating cycles of poverty and limiting human capital development. The disproportionate burden of energy collection on women reinforces existing gender inequalities, limiting their opportunities for economic empowerment and social participation.

Which also discusses the economic impact of deforestation, highlighting reduced agricultural productivity, loss of forest-based livelihoods, and energy-related economic losses. The lack of reliable energy hinders the development of small and medium-sized enterprises in rural areas, limiting agricultural processing and value addition, and contributing to lower rural income levels. The relationship between rural energy poverty and deforestation is influenced by various mediating variables, including reliance on traditional biomass/fuel wood, unsustainable agricultural practices, illegal logging, indoor air pollution, time poverty, and loss of ecosystem services. Moderating variables, such as government policies, technological adoption, community engagement, poverty levels, income diversification, population growth, and climate change impacts, can also impact the strength and direction of these relationships.

Government policies can promote renewable energy, reduce deforestation, and promote sustainable energy access. Technological adoption can mitigate reliance on fuel wood, while community engagement and awareness can strengthen conservation efforts. High poverty levels can intensify reliance on unsustainable practices, while successful income diversification programs can alleviate pressure on forest resources. Population growth and distribution can exacerbate demand for energy and land, while climate change impacts can intensify rural energy poverty and make forests more vulnerable to degradation. These relationships can form cyclical and feedback loops, with the vicious cycle causing increased fuel wood dependence, deforestation, environmental degradation, reduced agricultural productivity, and worsening rural poverty. Understanding these relationships is crucial for developing effective strategies for sustainable development.

Table 1: Rural Energy Sources and Their Socio-Economic Implications in Nigeria
	Energy Source 
	Prevalence/Usage in Rural Areas 
	Key Drivers of Use/Non-Use 
	Socio-Economic Implications 

	Traditional Biomass (Firewood, Charcoal) 
	67.8% of rural households use wood for cooking (NBS, 2024). 
	High cost/unavailability of kerosene, epileptic electricity, general poverty, cultural reliance 
	Respiratory illnesses, premature deaths (especially children less than 5 years old and women), hindered education, gender inequality, and direct driver of deforestation

	Kerosene
	Widely used for lighting/cooking, but availability/cost issues persist. 
	Perceived affordability (though long-term costs are high), traditional use.
	Toxic fumes, fire hazards, financial burden due to cost fluctuations 

	Diesel Generators 
	Common for supplementary power 
	Unreliable grid, need for businesses/ homes
	High cost of fuel, noise pollution, air pollution, productivity loss for businesses

	Solar Home Systems /Mini-grids
	Available but often inaccessible
	High upfront costs, lack of financing, cultural resistance/ mistrust, irregular grid power making pay as you go unaffordable (Bakehe et al., 2023).
	Potential for improved health, education, business productivity, reduced deforestation; currently limited access perpetuates energy poverty



2.4. Deforestation Dynamics and Environmental Degradation in Nigeria
2.4.1. Assessment of Deforestation Rates and Historical Trends
Nigeria is experiencing one of the world's most rapid rates of deforestation. An estimated 400,000 hectares of forests are cleared annually across the country (Forest Carbon Partnership Facility, 2025). This alarming rate is further underscored by historical data, which indicate that between 1990 and 2005, Nigeria suffered a staggering 79% loss of its old-growth forests. While global rate of forest loss has slightly decreased in recent decades, with 420 million hectares lost since 1990, deforestation remains high in Africa. Consequently, deforestation in Africa is attributed to Small-scale shifting cultivation and charcoal production, particularly in dry forests. Deforestation is precisely defined as the permanent reduction of tree canopy cover below a 10% threshold, encompassing the conversion of forest land to agriculture, pasture, water reservoirs, mining, and urban areas (Asifat et al., 2025).   
 
2.4.2. Identification and Detailed Examination of Primary and Indirect Drivers of Forest Loss
Deforestation in Nigeria is a complex issue driven by a multitude of interconnected factors, ranging from subsistence needs to large-scale commercial activities, compounded by systemic governance weaknesses.  Deforestation aggravates soil erosion, which reduces land productivity, thereby, making it harder for farmers to sustain their livelihoods over the long term (Janečková et al., 2023). The primary drivers of forest loss are numerous such as;
Demand for Fuelwood and Construction Timber: This represents a significant direct driver of forest loss. The high cost and unavailability of kerosene compel approximately 60% of the Nigerian population to depend on fuelwood for energy. According to Slater (2025) domestic biomass consumption alone contributed a substantial 78% of the carbon dioxide emissions from Nigeria's Forestry and Other Land Use (FOLU) sector in 2018.   
Agricultural Expansion: This is the largest direct cause of forest loss in Africa, accounting for approximately 75% of deforestation. Nigeria's rapidly growing population intensifies the demand for food, leading to extensive clearing of forest areas through bush burning or logging for farmland. Shifting cultivation, a traditional farming practice, further accelerates land deterioration and necessitates the exploration of new forest frontiers (AbdelRahman, 2023). Both large-scale commercial agriculture, accounting for 40% of tropical deforestation, and local subsistence agriculture, responsible for another 33%, are significant contributors. Small-scale agriculture plays a particularly prominent role in African deforestation.   
Logging (Legal and Illegal): Both legal and illegal logging are major causes of deforestation leading to decrease in forest cover (Ahouanvoegbe, 2024), frequently linked to corruption and weak law enforcement. Nigeria functions as both a source and a transit country for illegal timber.   
Urbanization and Infrastructure Development: The continuous growth and expansion of cities to accommodate development has negative impact on forests in urban and peri-urban areas.   
Mining and Petroleum Exploration: These activities have severely impacted swamp and mangrove forest ecosystems, particularly in the Niger Delta region. Oil spills alone have caused the loss of an estimated 5-10% of mangrove forest area. Gas flaring, the burning of natural gas released during crude oil extraction, also contributes to environmental degradation (O’Farrel, et al., 2025).   
Grazing Practices and Small Ruminant Farming: The setting aside of grazing land and overgrazing by livestock contribute to forest degradation, leading to soil erosion, soil nutrient depletion and ecosystem disruption.   
The indirect drivers are;
Poverty: Identified as a significant indirect driver of deforestation. The high costs of fossil fuels and unreliable electricity push many rural dwellers into charcoal production and firewood marketing as a primary means of livelihood (Wole-alo, et al., 2021).   
Governance Issues: Weak law enforcement, widespread corruption, inconsistent policy implementation, and inadequate coordination among government bodies exacerbate deforestation (Handoyo, 2024).   
Technology Constraints: Limited access to modern, efficient energy technologies perpetuates reliance on biomass, thereby increasing pressure on forests.   
Cultural Factors: Traditional reliance on biomass fuels for cooking and heating contributes to the problem.   
The broad array of factors driving deforestation, from subsistence needs to large-scale commercial activities, coupled with significant indirect drivers like poverty and governance issues, reveals that deforestation is not a singular environmental problem. Instead, it is a complex outcome of intertwined socio-economic pressures, prevailing development models, and profound governance weaknesses. This suggests that current development models in Nigeria often prioritize short-term economic gains, such as agricultural expansion and resource extraction, over long-term environmental sustainability and community well-being. The prevalent role of "weak law enforcement" and "corruption" further indicates that powerful actors always benefit from unsustainable practices, undermining regulatory efforts (Olujobi and Olujobi, 2020). This points to the political economy of natural resource exploitation, where institutional weaknesses allow for destructive resource use. A comprehensive understanding of this issue must therefore encapsulate this systemic nature, recognizing that solutions require addressing these deeper roots.   
2.4.3. Overview of Broader Environmental Degradation Issues Linked to Deforestation
Deforestation directly disrupts natural ecosystems, leading to severe consequences such as soil erosion, significant loss of biodiversity, and localized climate changes. It contributes substantially to increased atmospheric CO2 emissions (Slater, et al., 2025). According to Sugiarto, (2024), deforestation and forest degradation activities produce the loss of carbon stocks and the release of Carbon dioxide (CO2) gas emissions into the atmosphere. Globally, it is estimated that 24 % of total CO2 emissions are related to changes in land use and forest resources, most of which come from converting forest land to agricultural land. By increasing the effects of climate change, deforestation causes severe ecological problems, including desertification, increased flooding, and heightened soil erosion. Nigeria's climate is already exhibiting significant changes, manifested in rising temperatures, increasingly variable rainfall patterns, and more frequent extreme weather events. The ongoing loss of biodiversity is a direct and alarming consequence of deforestation and forest degradation (Ogar and Ibrahim, 2025).   
Beyond forests, Nigeria faces diverse environmental problems such as air and water pollution, oil spillage, desertification, erosion, and flooding, largely caused by anthropogenic activities. The Niger Delta, in particular, has experienced tremendous environmental degradation as a direct result of decades of oil exploration and production. The environmental degradation in Nigeria's Niger Delta being directly linked to a "colonial legacy" and the "consistent of non-implementation of regulatory policies by post-independence Nigerian governments working in collusion with oil multinationals" is a crucial observation. This moves beyond contemporary drivers to historical and structural factors, revealing that the current environmental issues are not new or isolated, but deeply embedded in the nation's historical development trajectory and the enduring nature of its economic and political institutions. This implies that tackling deforestation requires confronting the historical legacies and reforming intensely entrenched power structures and institutional weaknesses that perpetuate environmental neglect and exploitation (O’Farrell, et al., 2024).   

Table 2: Key Drivers of Deforestation in Nigeria and Their Contributing Factors
	Driver Category
	Specific Drivers 
	Contributing Factors / Context 

	Energy Related 
	Fuel wood collection, charcoal production.
	Rural energy poverty, high cost/unavailability of kerosene, unreliable electricity, cultural reliance

	Agricultural Expansion 
	Shifting cultivation, large-scale commercial agriculture, local subsistence agriculture, bush burning in farmland. 
	Rapid population growth, increased demand for food, lack of alternative livelihoods, land tenure issues

	Commercial logging
	Legal and illegal logging, timber trade.
	Corruption, weak law enforcement, demand for construction, and Nigeria as transit country for illegal timber

	Urbanization and
 infrastructure
	Urban sprawl, infrastructure development.
	Rapid city growth and demand for land for developmental projects.

	Resource Extraction
	Oil spills, mining, gas flaring
	Petroleum industry activities, inadequate coordination of pipelines, environmental concerns, conflicts

	Grazing/livestock
	Grazing land creation, overgrazing by small ruminants
	Farmer/ herder conflicts, demand for animal feed production

	Cross-cutting indirect factors
	Poverty, governance issues, technology constraints, cultural factors
	Systemic issues undermining effective policy implementation and sustainable practices





2.5 The Nexus: Interlinkages and Impacts of Rural Energy and Deforestation
2.5.1. Elaboration on the Causal Relationship Between Biomass Energy Reliance and Deforestation
Research indicates a robust causal link between energy access and deforestation. The expansion of rural electrification significantly decreases deforestation rates by reducing populations' reliance on biomass for energy needs. This effect is found to be more impactful in explaining deforestation than factors like population growth or overall development (Ly, et al., 2024). Access to cleaner fuels and technologies for cooking is directly associated with a reduction in deforestation, a finding particularly evident in African and Asian-Oceanian contexts. Conversely, the heavy dependence on traditional biomass fuels, such as firewood and charcoal, by rural communities is a primary and well-established driver of deforestation in Nigeria (Bakehe, 2023). The increased consumption of renewable energy represents a viable alternative to wood as a primary energy source, offering a pathway to alleviate pressure on forests.   


2.5.2. Analysis of Environmental Consequences
The environmental implications of rural energy poverty and deforestation in Nigeria are both intense and far-reaching, threatening the integrity of ecosystems and undermining long-term sustainable development efforts. In many rural areas, the scarcity of modern energy sources forces households to depend on traditional biomass such as firewood, charcoal, and crop residues for cooking and heating. This dependence places great pressure on forest resources, leading to widespread deforestation and environmental degradation.
1. Deforestation and Loss of Biodiversity
Deforestation is the most visible environmental consequence of energy poverty in rural Nigeria. Forests are indiscriminately cut to meet domestic energy needs, especially in regions such as Kogi, Osun, Benue, Cross River, and Ogun States. According to Global Forest Watch (2023), Nigeria lost approximately 96.5kha of natural forest in 2022 alone, leading to increased greenhouse gas emissions and biodiversity loss. The depletion of forest cover damages habitats, threatening the survival of numerous plant and animal species, some of which are endemic, already endangered and some at the verge of extinction (Asifat et al., 2025).
2. Soil Degradation and Erosion
The removal of vegetation cover for fuelwood exposes soil surfaces to wind and water erosion. Forests play a critical role in maintaining soil structure and fertility by protecting against erosion. They maintain soil moisture, and facilitating nutrient cycling. Without this cover, topsoil is quickly washed away during the rainy season in the south and washed away by wind in the north. This led to reduced agricultural productivity. This which is a major problem that makes rural communities to depend on subsistence farming.
3. Climate Change and Carbon Emissions
The burning of wood and other biomass releases significant amounts of carbon dioxide (CO₂), methane (CH₄), and black carbon into the atmosphere. These emissions contribute to global climate change while also reducing air quality at the local level. Nigeria, despite having one of the lowest per capita greenhouse gas emissions globally, is highly vulnerable to the effects of climate change, including increasing temperatures, erratic rainfall, and desertification particularly in the northern parts of the country (Ogar et al., 2025). Rural energy poverty, therefore, indirectly exacerbates climate vulnerabilities.
4. Water Cycle Disruption
Forests regulate the hydrological cycle by maintaining watershed stability and influencing rainfall patterns. Meanwhile, when forest cover is removed, the regulation of groundwater recharge and surface runoff is impaired (FAO, 2022). This can lead to reduced water availability for both domestic use and irrigation. Furthermore, increased sedimentation from erosion clogs rivers and streams, negatively affecting aquatic life and potable water sources in rural areas (Campos et al., 2022).
5. Air Pollution and Indoor Environmental Health
Burning biomass indoors without proper ventilation exposes households—especially women and children—to high levels of particulate matter and toxic gases like carbon monoxide. This contributes to respiratory diseases such as bronchitis, asthma, and pneumonia. According to the World Health Organization (WHO, 2018), household air pollution from solid fuels is a causing environmental risk factor in developing countries, including Nigeria. Studies show that many rural homes using firewood or charcoal face significant indoor air quality challenges (Gulia, et al., 2025).
6. Encroachment into Protected Areas
As energy poverty deepens, communities increasingly encroach into protected forest reserves and national parks to harvest fuelwood and timber. This not only undermines conservation efforts but also increases the likelihood of human-wildlife conflict. Notable cases include encroachments in the Omo Forest Reserve in Ogun State and the Cross River-National Park (Okonkwo et al., 2025). Also, human activities such as commercial farming, construction of infrastructure, mining, etc., had taken over forest reserves, as is the case of Oba Hill, Ikeji-Ipetu, Ife Native Authority, Ago-Owu, and Shasha Forest reserves in Osun State (Asifat, et al., 2025; Asifat and Ogunbode,2019)
7. Reduced Carbon Sequestration Capacity
Forests serve as major carbon sinks, absorbing CO₂ from the atmosphere (Sugiarto, 2024). Deforestation drastically reduces this sequestration capacity, thereby accelerating atmospheric carbon accumulation. With Nigeria's commitment to international climate agreements such as the Paris Accord, the inability to conserve forests undermines its Nationally Determined Contributions (NDCs) for emissions reduction.
 	
2.5.3. Discussion of Health Impacts
Reliance on biomass for domestic use leads to Household Air Pollution (HAP) from the burning of fire wood and charcoal. And it is a critical public health concern in Nigeria. 
HAP was responsible for over 131,000 premature deaths in Nigeria in 2019 which accounts for 7.2% of total deaths, including more than 76,000 infant deaths particularly children under 5 years of age (Slater et al, 2024). In 2018, this figure was 11,416 premature deaths, with children under 5 representing 53.5% of these fatalities (Okoroiwu et al., 2024). The highest rates of premature mortality from HAP exposure are concentrated in the Northern states (e.g., Kebbi, Jigawa, Katsina), where mortality rates exceed 0.1% (100 deaths per 100,000 population). High levels of fine particulate matter (PM2.5) emitted from traditional biomass cookstoves are strongly linked to increased risks of lung cancer, stroke, diabetes, acute respiratory infections, heart disease, and chronic obstructive pulmonary disease (COPD). Nigeria's Nationally Determined Contribution (NDC) report projected that 30,000 premature deaths could be avoided annually by 2030 through a reduction in household air pollution (Slater et al., 2024). Similarly, a causal link has been established between deforestation and people's dietary quality, with deforestation leading to a reduction in household fruit and vegetable consumption and thus vitamin A deficiency (Hall et al, 2022).
  


2.5.4. Exploration of Socio-Economic Repercussions
A causal link has been established between deforestation and people's dietary quality, with deforestation leading to a reduction in household fruit and vegetable consumption and thus vitamin A adequacy (Hall, et al, 2022). The destruction of forests results in the loss of potential future revenues and employment opportunities that could be derived from their sustainable management for timber and non-timber products. Climate change impacts, such as desertification and unpredictable rainfall, exacerbate resource conflicts, particularly farmer/herder violence, leading to growing desperation over food supply across Nigeria. Oil spills in the Niger Delta have severely impacted agricultural practices and biodiversity, leading to widespread unemployment, limited farming opportunities, and compromised drinking water quality for affected communities (Nwagba, 2021). The "waste to wealth" approach, which involves converting biomass resources into energy, offers significant economic and ecological advantages over traditional waste treatment methods, providing a pathway for sustainable livelihoods.   
The analysis of these interdependencies reveals that energy transition is a strategic "win-win-win" for the environment, public health, and climate action. Rural electrification significantly reduces deforestation, while conversely, biomass use directly causes deforestation and severe health issues like premature deaths from household air pollution. Deforestation also contributes heavily to carbon dioxide (CO₂) emissions. This establishes a clear, direct causal chain while addressing energy access, specifically by transitioning away from biomass, which has simultaneous positive impacts across multiple critical domains. Investing in clean, accessible rural energy is not merely an energy solution; it functions as a powerful intervention for forest conservation, a public health imperative, and a key climate action measure. This demonstrates a strong synergy across environmental, social, and climate objectives, making it a high-leverage point for policy intervention where integrated solutions can yield exponential benefits.   
Furthermore, the disproportionate burden on vulnerable groups reveals a deep environmental and energy justice imperative. Energy poverty disproportionately affects women and children. Household Air Pollution (HAP) from biomass burning leads to a high number of premature deaths, with children under 5 being the most vulnerable and women experiencing higher exposure due to spending more time in the home. This clearly demonstrates that the negative impacts of the energy-deforestation nexus are not evenly distributed but fall heaviest on already marginalized and vulnerable populations. This points directly to the concept of "environmental justice" and "energy justice," where socio-economic inequalities are exacerbated by environmental degradation and lack of access to essential services. It implies that sustainable development efforts must be explicitly equity-focused and gender-sensitive, aiming to redress these imbalances and empower the most affected groups.   


2.6. Pathways to Sustainable Development: Policies and Interventions
2.6.1. Review of National Policies and Strategies Addressing Energy, Forestry, and Climate Change
Nigeria has developed a range of national policies and strategies to address its energy, forestry, and climate change challenges, reflecting a recognition of these critical issues.
Energy Policies: The National Energy Policy (NEP), established in 2003, initiated Nigeria's transition towards alternative energy sources, emphasizing diversity, sustainability, and energy security.   
The Renewable Energy Master Plan (REMP), developed in 2005 and updated in 2011, aims to integrate solar, wind, hydropower, and biomass into the national energy mix, with a specific target of generating 30% of energy from renewable sources by 2030.  
The National Renewable Energy and Energy Efficiency Policy (NREEEP), introduced in 2015, supports decentralized energy systems and promotes energy efficiency, aligning with international commitments like the Paris Agreement and Sustainable Development Goals (SDGs). More recently, the Energy Transition Plan (2021) outlines Nigeria's ambitious goal to achieve net-zero emissions by 2060, placing strong emphasis on the integration of alternative energy sources.   
The Electricity Act 2023 empowers the Nigerian Electricity Regulatory Commission (NERC) to promote investment in grid-connected distributed energy resources. NERC's regulatory measures, including the Mini-Grid Regulations (2016 & 2023), Eligible Customer Regulations (2017 & 2024), and the April 2024 Supplementary Order to MYTO 2024, are crucial for facilitating mini-grid development and integration, requiring Distribution Companies (DisCos) to source a portion of their electricity from embedded generation.   
Forestry Policies: The National REDD+ Strategy, launched in 2021, is a comprehensive 30-year living document designed to guide new approaches to curb deforestation and reduce forest-related emissions. It provides a framework for sustainable forest management and low emissions development, emphasizing robust stakeholder participation. Other initiatives include the Department of Forestry's new.   
National Forest Trust Fund initiative, successful offerings of Green Bonds, and Nigeria's regional leadership in the pan-African Great Green Wall initiative.   
Climate Change Policies: The National Adaptation Plan (NAP), published by the Federal Ministry of Environment in June 2020, provides a framework for various economic sectors to collaborate on Nigeria's climate challenges, defining specific roles for the private sector, civil society, and different levels of government. The National Agricultural Resilience Framework (NARF) serves as a policy platform aimed at reducing food and nutrition vulnerability and enhancing environmental resilience. 
Nationally Determined Contribution (NDC) Commitments under the Paris Agreement, pledging to reduce its national greenhouse gas emissions by 20% unconditionally and up to 45% conditionally by 2030.   
2.6.2. Evaluation of Clean Energy Alternatives and Their Potential for Rural Adoption
Nigeria is richly endowed with abundant resources such as solar, wind, and biomass resources, offering significant potential for clean energy development.   
· Solar Energy: Possesses substantial potential, estimated at an average of 5250 Wh/m² or 19.8 MJ/m²/day over 6 hours. Solar home systems and mini-grids are identified as viable, decentralized alternatives for remote areas. International funding, such as $698 million from the International Development Association (IDA), is specifically targeting the expansion of mini-grids and off-grid solar systems, highlighting a commitment to scaling these solutions.   
· Wind Energy: Significant potential exists, particularly in the North and coastal regions, with power densities ranging from 3.40 to 520 kW/m². Despite this, wind energy remains largely underutilized, with only one utility-scale wind farm currently operational.   
· Biomass Energy: An estimated potential of about 200 billion kg/year exists, with agricultural residues being major contributors. Converting waste biomass to energy through a "waste to wealth" approach offers both pollution reduction and economic/ecological advantages, providing a sustainable pathway for resource utilization.   
Overall, renewable energy sources can not only help Nigeria meet its energy needs but also power sustainable economic growth, create jobs, and contribute to global climate and sustainable development objectives.   

2.6.3 Assessment of Intervention Strategies for the Adoption of Clean Energy Solutions in Nigeria 
Numerous intervention strategies are being employed to accelerate the adoption of clean energy solutions and promote sustainable forest management in Nigeria. These strategies include;

Regulatory Measures: NERC's regulatory interventions, including the Mini-Grid Regulations, have been pivotal in accelerating renewable energy adoption by facilitating smoother project execution and increasing private sector participation. These regulations, such as the adjustment allowing larger renewable energy projects without extensive licensing, encourage private sector investment and accelerate the deployment of mini-grids in rural areas.   
Decentralized Renewable Energy Solutions: Solutions like solar, biomass, and hydro are compelling for addressing energy poverty and promoting sustainable development, especially in last-mile communities where grid extension is economically unfeasible. The Rural Electrification Agency (REA) is mandated to implement programs for rural electrification, primarily through the deployment of off-grid and interconnected mini-grid solutions.   
Financial Incentives: Strategies include tax waivers on imported renewable energy equipment, streamlining licensing procedures, and making payment plans available (e.g., pay-as-you-go solar systems) to improve affordability for low-income families.   
Community-Based Approaches: A crucial shift is observed towards empowering local communities. The "Communities of Practice" project, funded by the International Climate Initiative, empowers local communities to initiate mini-grid projects by providing user-friendly toolboxes and capacity-building workshops, fostering a sense of ownership and long-term sustainability. This represents a crucial evolution in development thinking, moving from externally imposed solutions to those co-created and owned by local beneficiaries. It acknowledges that socio-cultural factors, such as trust, local knowledge, and a sense of agency, are as critical as technical feasibility or financial viability. This approach directly addresses the "cultural resistance and mistrust" previously identified as a barrier, implying that true sustainable development is inherently participatory and locally-rooted. Similarly, in forest management, initiatives like the Deforestation-Free Cocoa Initiative (DFCI) promote participatory forest governance, legal empowerment, and Community Resource Management Areas (CREMAs). The UN-REDD Programme also supports community-based REDD+ projects for forest conservation and community development.   
Private Sector Partnership: Private sector engagement is essential for scaling up results. Examples include the African Development Bank's partnership with PowerGen Renewable Energy to establish a scalable, distributed renewable energy platform targeting Nigeria and other African countries.   
Addressing Resistance and Building Trust: Educational campaigns led by organizations like Clean Energy Nigeria, workshops translated into native languages, and close collaboration with community leaders are crucial for building trust and encouraging the adoption of renewable energy.   
Gender-Sensitive Interventions: Improving the income of rural women, investing in efficient clean stove programs, and providing education and training for women in clean cooking technologies and solar energy systems are critical for equitable development. Empowering women through reliable electricity access also stimulates economic growth, particularly for women-led micro, small, and medium enterprises (MSMEs).   
Despite these efforts, significant challenges persist in policy implementation, including "economic constraints, inconsistent policy, corruption, and lack of political will". Poor governance is explicitly cited as a challenge to climate resilience. The existence of robust policies and resources, yet slow and ineffective implementation, points to a deeper systemic issue. This indicates that the primary bottleneck for sustainable development in Nigeria is not a lack of strategic vision or natural endowment, but rather a profound weakness in governance and institutional capacity. Policies, no matter how well-designed, remain ineffective without strong political will, transparent administration, and effective enforcement mechanisms. This underscores that sustainable development is fundamentally intertwined with good governance and anti-corruption efforts.   












Table 3: Major Policy Frameworks and Intervention Strategies for Sustainable Energy and Forest Management in Nigeria
	Policy/Strategy Name 
	Objectives/Focus Areas
	Specific Interventions/Mechanisms
	Challenges in Successes/Impact Implementations (where noted)
	Snippet ID

	Renewable Energy Master Plan (REMP). 
	30% renewable energy by 2030, integrate solar, wind, hydro, biomass
	Promote renewable energy sources, energy efficiency
	Economic constraints, inconsistent policy, corruption, lack of political will
	

	National REDD+ Strategy
	Curb deforestation, reduce forest emissions, sustainable forest management
	Framework for
sustainable forest management, stakeholder participation, landscape-level implementation
	Indirect drivers like poverty, governance issues, technology constraints, cultural factors
	Mobilizing grassroots support, unifying institutions, high-level policy engagement

	National Adaptation Plan (NAP) 
	Climate adaptation, sectorial collaboration, alignment policies
	Framework economic sectors to address climate challenges, define roles for private civil society/government
	Need to translate objectives into diligent action, galvanize inclusive implementation
	N/A

	Mini-Grid Regulations (NERC)
	Promote decentralized energy, expand access
	Facilitate mini-grid development, private sector participation, integrate with existing networks
	High upfront access, costs, lack of financing, mistrust
	Expanded energy access, millions electrified, stimulated economic growth (MSMEs), increased private sector participation

	Communities of Practice” Project
	Empower local communities for mini-grid projects, long-term sustainability
	User-friendly toolboxes, capacity-building workshops, community-centric business models
	Communities lack knowledge on where to start, who to contact
	Fostered ownership, improved quality of life, sustainable development

	Deforestation- free initiative (DFCI)
	Reduce deforestation risks, promote regenerative practices
	Participatory forest
 governance, legal empowerment, Community Resource Management Areas (CREMAs)
	
	Strong early progress, stakeholder engagement, MOUs signed

	UN-REDD Programme
	Forest conservation, climate change mitigation, community development
	Community-based REDD+ projects, improved agricultural practices, nurseries, mangrove restoration
	
	Raised consciousness about mangrove loss, reduced flooding, increased fish income



2.7. Implications for Nigeria's Sustainable Development Goals (SDGs)
The intricate rural energy-deforestation nexus in Nigeria has significant impacts across a wide spectrum of the United Nations Sustainable Development Goals (SDGs) which extending far beyond the immediate environmental and energy sectors. This indicates that addressing the major challenges within this nexus acts as a powerful "multiplier" for sustainable development. In which the progress in one area can unlock synergistic benefits and speed up progress across numerous other SDGs. This underscores the importance of integrated solutions and emphasizes that a holistic approach is not just preferred but essential for driving systemic and transformative change in Nigeria.

2.7.1. Connecting the Rural Energy-Deforestation Nexus to Specific SDGs
· SDG 7 (Affordable and Clean Energy): This goal is directly impacted by Nigeria's severe energy deficit and the predominant dependence on traditional, unclean fuels in rural communities. Promoting and adopting renewable energy sources such as solar, biomass, and hydro is fundamental to achieving universal energy access and fulfilling the goal set by SDG 7.  
· SDG 13 (Climate Action): Deforestation is a serious contributor to carbon dioxide (CO2) emissions and increases climate change effects. Climate change impacts, including increased temperatures, variable rainfall, and extreme weather events, increase existing challenges in Nigeria. Reducing reliance on fuelwood and transitioning to clean energy sources are crucial for climate mitigation and achieving SDG 13.   
· SDG 15 (Life on Land): The rapid rate of deforestation presents a direct and severe threat to Nigeria's forest ecosystems, biodiversity, and overall land health. By implementing sustainable forest management practices, undertaking reforestation efforts, and combating desertification are paramount for achieving SDG 15.   
· SDG 1 (No Poverty) & SDG 2 (Zero Hunger): Energy poverty and the outcomes of deforestation, such as decline in agricultural productivity and food insecurity, directly contribute to poverty and hunger. Encouraging sustainable agricultural practices and improving livelihoods by increasing access to renewable can significantly alleviate poverty and strengthen food security. 
· SDG 3 (Good Health and Well-being): Household air pollution from biomass burning leads to respiratory illnesses and an increased number of premature deaths, especially among vulnerable people. Access to clean energy directly enhances public health outcomes, therefore, contributing to SDG 3.   
· SDG 4 (Quality Education): Erratic electricity supply disturbs school children's ability to study effectively, especially at night. It has a significant impact on the functionality of educational facilities. Access to stable energy is crucial for supporting educational environments and improving learning outcomes. This aligns with SDG 4.   
· SDG 5 (Gender Equality): Women and girls are disproportionately affected by energy poverty. They bear the burden of fuelwood collection and suffer greater health challenges from household air pollution. Therefore, empowering women through access to clean energy solutions is a major step towards achieving gender equality and their economic independence.   
· SDG 8 (Decent Work and Economic Growth): Inadequate and unreliable energy supply results to business closures and obstructs industrial growth. This is evidenced by the large number of manufacturing firms ceasing operations. Conversely, investment in renewable energy can create new jobs and spur broader economic activity, thereby, contributing to SDG 8.   
· SDG 10 (Reduced Inequalities): The pronounced differences in energy access between urban and rural areas exacerbate existing socio and economic inequalities. Bridging this energy gap through decentralized, equitable solutions can enhance reduction of these inequalities and advancing SDG 10.   
· SDG 16 (Peace, Justice, and Strong Institutions): Poor governance, corruption, and the non-implementation of environmental policies contribute to the prevalent environmental degradation. This can drive resource conflicts, such as farmer-herder violence and oil theft. Enhancing institutions and fostering good governance are essential for attaining justice and peace, in line with SDG 16.
 
2.7.2. Identifying Opportunities for Integrated Solutions that Foster Multiple SDG Achievements
The interconnected nature of the rural energy-deforestation nexus indicates significant opportunities for integrated solutions that generate synergistic benefits across multiple SDGs. The following applied;
· Investing in decentralized clean energy solutions, such as solar mini-grids and clean cookstoves, directly addresses energy poverty (SDG 7) while simultaneously decreasing deforestation (SDG 15), combating climate change (SDG 13), improving public health (SDG 3), empowering women (SDG 5), and enhancing local economic growth (SDG 8). By incorporating this, represents a powerful "win-win" strategy that maximizes developmental impact.   
· Promoting sustainable agricultural practices, such as agroforestry, can reduce pressure on forests (SDG 15) while fostering food security (SDG 2) and improving livelihoods (SDG 1). This approach integrates land use with conservation, leading to multiple benefits.   
· Implementing community-based approaches to both energy provision and forest management strategy that strengthens local governance (SDG 16) and ensures a more equitable distribution of benefits (SDG 10). This participatory model enhances local ownership and increases trust, which are essential for the long-term sustainability of interventions.   

Conclusions
Nigeria's developmental path is significantly influenced by the intricate dynamics of rural energy poverty, accelerating deforestation, and the broader pursuit of sustainable development. This study highlights that the prevalent dependence on traditional biomass fuels in rural communities, fueled by substantial energy access gaps and socio-economic challenges, is a major driver of extensive deforestation. This deforestation, in turn, contributes substantially to climate change, biodiversity loss, and severe public health issues, especially through household air pollution. The disproportionate burden of these impacts on women and children shows a critical environmental and energy justice imperative.
The analysis reveals that Nigeria's "paradox of plenty,” that is, abundant natural resources coexisting with widespread deprivation and environmental degradation is not a consequence of resource scarcity but rather a reflection of profound governance failures, a persistent policy-implementation gap, and entrenched institutional weaknesses stemming from historical legacies.  Although a wide range of national policies and strategies exists for energy, forestry, and climate change, their effectiveness is frequently limited by economic challenges, fluctuating political commitment, corruption, and insufficient infrastructure.
However, the study also discovers a powerful synergistic opportunity, that is, a strategic transition to clean, decentralized renewable energy solutions in rural areas offering a multi-dimensional pathway to sustainable development. This transition does not only deal with energy poverty directly but also acts as an important lever for forest conservation, climate change mitigation, public health improvement, gender empowerment, and local economic growth. The emerging success of bottom-up, community-driven approaches in both energy provision and forest resources management underscores the importance of local ownership, trust-building, and participatory governance in ensuring the long-term sustainability and equitable impact of interventions.
Efficient and clean cookstoves are an essential remedy. They offer a vital solution to the challenges discussed in this study. They have the potential to save lives, empower communities, improve health outcomes, and combat climate change. Therefore, there is need of significant opportunity for growth and impacts in the clean cooking sector. This will make clean stoves to be well recognized, if more market for their supply in Nigeria are provided.
[bookmark: _Hlk202358672]Ultimately, achieving sustainable development in Nigeria necessitates a holistic approach which moves beyond sectorial interventions. It requires fundamental governance reforms, strong institutional capacity building, and a continuous commitment to equity-oriented, community-centered strategies, and eco-friendly policy that address the underlying causes of environmental degradation and energy poverty.
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