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Abstract 

This study examined the critical need for renewable power technology implementation in rural 
electrification projects within Rivers State, Nigeria. With approximately 70% of Nigeria's 
population lacking access to electricity, particularly in rural areas where access rates fall below 
35%, the deployment of renewable energy technologies presents a viable solution for sustainable 
rural development. This research analyzes the current energy landscape in Rivers State, identifies 
key challenges in conventional electrification approaches, and proposes renewable energy 
alternatives. Through systematic analysis of existing literature and current energy policies, this 
study demonstrates that renewable power technologies, including solar photovoltaic systems, 
wind energy, and biomass conversion, offer economically viable and environmentally 
sustainable solutions for rural electrification in Rivers State. The findings reveal significant 
potential for renewable energy deployment, with solar energy showing the highest feasibility 
given the state's geographical location and abundant solar resources. The study concludes with 
strategic recommendations for policy makers, energy developers, and rural communities to 
facilitate successful renewable energy adoption. 

Keywords: Renewable energy, rural electrification, Rivers State, solar power, sustainable 
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1. Introduction 

Energy access remains one of the most significant challenges facing developing nations, with 
sub-Saharan Africa experiencing the lowest electricity access rates globally (International 
Energy Agency, 2023). Nigeria, despite being Africa's largest economy and most populous 
nation, continues to grapple with severe energy poverty, particularly in rural areas where less 
than a third of residents have electricity access (Georgetown Journal of International Affairs, 
2024). The country's energy sector challenges are multifaceted, encompassing inadequate 
generation capacity, poor transmission infrastructure, and limited distribution networks that fail 
to reach remote rural communities. 

Rivers State, located in the Niger Delta region of Nigeria, presents a unique case study for 
renewable energy deployment in rural electrification projects. The state's strategic location, 
abundant natural resources, and significant rural population make it an ideal candidate for 
innovative renewable energy solutions. According to recent studies, 80% of Nigerians live below 
the poverty line, with the majority of the under-electrified population found in rural areas due to 
lack of grid connection (PMC, 2024). This energy deficit significantly impacts economic 
development, healthcare delivery, education, and overall quality of life in rural communities. 

The conventional approach to rural electrification through grid extension has proven inadequate 
due to high infrastructure costs, challenging terrain, and economic viability concerns (Oyedepo, 
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2012). In contrast, renewable energy technologies offer decentralized, scalable, and 
environmentally sustainable alternatives that can address the specific needs of rural communities 
in Rivers State. The Nigerian government's commitment to renewable energy is evidenced by 
recent policy initiatives, including the Rural Electrification Agency signing agreements with 
private developers to deliver 1,265 MW of renewable energy projects across Nigeria (Economic 
Confidential, 2024). 

Recent research indicates that renewable sources – solar, wind, biomass and hydro – potential in 
Nigeria has been estimated at over 68,000 MW (EnergyTransition.org, 2024), highlighting the 
substantial opportunity for renewable energy development. This potential is particularly relevant 
for Rivers State, which possesses favorable conditions for solar energy deployment, biomass 
utilization from agricultural waste, and potential wind energy applications along coastal areas. 

The urgency of addressing rural energy poverty in Rivers State is underscored by its implications 
for achieving Sustainable Development Goal 7 (SDG 7), which aims to ensure access to 
affordable, reliable, sustainable, and modern energy for all by 2030 (United Nations, 2015). 
Current projections suggest that without significant intervention, many rural communities in 
Rivers State will remain without electricity access beyond this target date, perpetuating cycles of 
poverty and underdevelopment. 

2. Statement of the Problem 

The electricity access crisis in Rivers State reflects broader national challenges that have 
persisted for decades. Despite Nigeria's significant oil and gas reserves, the country's electricity 
generation capacity remains woefully inadequate to meet demand, with frequent blackouts and 
unreliable power supply characterizing both urban and rural areas (Sambo, 2009). However, the 
situation in rural areas of Rivers State is particularly dire, with electricity access rates 
significantly below national averages. 

Several critical problems compound the rural electrification challenge in Rivers State. First, the 
conventional grid-based electrification approach has proven economically unviable for many 
rural communities due to high infrastructure costs relative to potential revenue generation (Ajayi 
et al., 2017). The cost of extending transmission and distribution lines to remote rural areas often 
exceeds $10,000 per kilometer, making it financially prohibitive for utility companies to serve 
scattered rural populations with low electricity consumption patterns. 

Second, the state's diverse geographical features, including wetlands, creeks, and difficult terrain, 
present significant logistical challenges for conventional grid infrastructure development. Many 
rural communities in Rivers State are accessible only by water transport, further complicating 
infrastructure deployment and maintenance activities (Ugwu & Ugwu, 2013). These 
geographical constraints have resulted in a situation where rural communities remain isolated 
from the national electricity grid despite being located in an oil-rich region. 

Third, the existing centralized electricity system in Nigeria is characterized by significant 
technical and commercial losses, estimated at approximately 40% of generated power (Nigerian 
Electricity Regulatory Commission, 2020). This inefficiency, combined with aging infrastructure 
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and inadequate maintenance, results in unreliable power supply even for communities connected 
to the grid. Rural areas, being at the end of distribution networks, experience the most severe 
impacts of these systemic inefficiencies. 

Fourth, the socio-economic implications of energy poverty in rural Rivers State are profound and 
multifaceted. Without access to electricity, rural communities cannot develop productive 
economic activities, access modern healthcare services, or provide quality education for their 
children (Oji et al., 2012). This energy poverty perpetuates rural-urban migration, as young 
people seek opportunities in urban centers, leading to rural depopulation and agricultural decline. 

Finally, environmental concerns associated with fossil fuel-based electricity generation present 
additional challenges. The Niger Delta region, including Rivers State, has experienced 
significant environmental degradation due to oil and gas extraction activities (Kadafa, 2012). 
Continued reliance on fossil fuel-based centralized power generation contributes to greenhouse 
gas emissions and environmental pollution, conflicting with global climate change mitigation 
efforts and Nigeria's commitments under the Paris Agreement. 

3. Objectives of the Study 

The aim of this study is to evaluate the feasibility and potential of renewable power technologies 
for sustainable rural electrification in Rivers State, Nigeria. Specifically, the study was carried 
out to: 

1. Assess the renewable energy resource potential in Rivers State for rural electrification 
applications, focusing on solar, wind, biomass, and small-scale hydroelectric options. 

2. Analyze the techno-economic viability of renewable energy systems compared to 
conventional grid extension for rural communities in Rivers State. 

3. Develop strategic recommendations for policy frameworks and implementation 
mechanisms that support renewable energy deployment for rural electrification in Rivers 
State. 

4. Research Questions 

This study sought to answer the following research questions, which correspond directly to the 
stated objectives: 

1. What is the renewable energy resource potential in Rivers State for rural electrification 
applications, and which technologies show the greatest promise for implementation? 

2. How do renewable energy systems compare with conventional grid extension in terms of 
technical feasibility, economic viability, and long-term sustainability for rural 
communities in Rivers State? 

3. What policy frameworks and implementation strategies are most effective for promoting 
renewable energy adoption in rural electrification projects in Rivers State? 
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5. Literature Review 

5.1 Global Context of Rural Electrification 

Rural electrification has emerged as a critical development priority worldwide, with international 
organizations and governments recognizing its importance for poverty reduction and sustainable 
development. The International Energy Agency (2023) reports that 675 million people globally 
lack access to electricity, with the majority residing in rural areas of developing countries. Sub-
Saharan Africa accounts for approximately 80% of the global population without electricity 
access, highlighting the regional significance of this challenge. 

Renewable energy technologies have increasingly been recognized as viable solutions for rural 
electrification, particularly in areas where grid extension is economically or technically 
unfeasible (Bhattacharyya, 2013). Solar photovoltaic systems, wind turbines, micro-hydroelectric 
installations, and biomass conversion technologies offer decentralized energy solutions that can 
be tailored to specific community needs and local resource availability. 

5.2 Nigeria's Energy Landscape 

Nigeria's energy sector is characterized by significant contradictions: despite being Africa's 
largest oil producer and having substantial natural gas reserves, the country experiences chronic 
electricity shortages and low access rates (Oyedepo, 2012). The national electricity grid has an 
installed capacity of approximately 12,500 MW but typically generates less than 4,000 MW due 
to various technical and operational challenges (Nigerian Electricity System Operator, 2023). 

Recent studies indicate that an average of 287,000 households can be electrified annually if 
renewable energy solutions are adopted, causing 2.2% increment in population with electricity 
access in a year (ScienceDirect, 2024). This finding demonstrates the significant potential for 
renewable energy to address Nigeria's electricity access challenges. 

5.3 Renewable Energy Potential in Nigeria 

Nigeria possesses abundant renewable energy resources that remain largely untapped. Solar 
energy potential is particularly significant, with the country receiving an average of 19.8 
MJ/m²/day of solar radiation and approximately 6-7 hours of sunshine daily (Ajayi, 2010). Wind 
energy resources are concentrated in the northern regions and coastal areas, with average wind 
speeds ranging from 2-4 m/s in most areas and higher speeds in specific locations. 

Biomass resources are abundant due to Nigeria's significant agricultural sector, which generates 
substantial quantities of crop residues and organic waste suitable for energy conversion (Sambo, 
2009). Small-scale hydroelectric potential exists in numerous river systems across the country, 
though this remains largely undeveloped. 

5.4 Rural Electrification Initiatives in Nigeria 

The Nigerian government has implemented various rural electrification programs with mixed 
results. The Rural Electrification Agency (REA), established in 2006, has been tasked with 
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extending electricity access to rural areas through various approaches, including grid extension, 
mini-grids, and off-grid solutions (Rural Electrification Agency, 2023). Recent initiatives include 
the Distributed Access through Renewable Energy Scale-up (DARES) program, which focuses 
on renewable energy deployment for rural communities. 

5.5 Rivers State Energy Profile 

Rivers State, with a population of approximately 7 million people, serves as Nigeria's oil and gas 
hub, hosting major industry installations and petroleum infrastructure. However, this industrial 
focus has not translated into improved electricity access for rural communities. The state's rural 
areas face similar challenges to other Nigerian states, with low electrification rates and heavy 
dependence on fossil fuel-based generators for electricity supply. 

Recent research on optimal selection and design of grid-connected hybrid renewable energy 
systems in three selected communities of Rivers State (ScienceDirect, 2024) demonstrates 
growing academic and practical interest in renewable energy solutions for the state. This research 
indicates favorable conditions for renewable energy deployment, particularly solar and biomass 
technologies. 

6. Methodology 

This study employed a comprehensive mixed-methods approach combining quantitative analysis 
of renewable energy potential and techno-economic assessment with qualitative evaluation of 
policy frameworks and implementation strategies. The methodology incorporates secondary data 
analysis from government agencies, international organizations, and peer-reviewed academic 
sources. Data collection involved systematic review of published literature, government reports, 
and technical studies related to renewable energy and rural electrification in Nigeria and Rivers 
State specifically. Key data sources included the Rural Electrification Agency, Nigerian 
Electricity Regulatory Commission, World Bank databases, and recent academic publications. 
The renewable energy resource assessment utilized available meteorological data, geographic 
information systems (GIS) analysis, and resource mapping studies to evaluate solar, wind, 
biomass, and hydroelectric potential in Rivers State. This analysis incorporated seasonal 
variations, resource reliability, and spatial distribution factors. The techno-economic analysis 
compared renewable energy technologies with conventional grid extension using standardized 
metrics including levelized cost of electricity (LCOE), net present value (NPV), and payback 
period calculations. The analysis considered technology costs, financing options, operation and 
maintenance requirements, and expected technology lifespans. Policy analysis involved 
systematic review of existing renewable energy policies, regulatory frameworks, and institutional 
arrangements at federal and state levels. This analysis identified policy gaps, implementation 
challenges, and opportunities for improvement. 

7. Results and Discussion 

7.1 Renewable Energy Resource Potential in Rivers State 
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The assessment of renewable energy resources in Rivers State reveals significant potential across 
multiple technologies, with solar energy showing the highest feasibility for widespread 
deployment. 

Table 1: Renewable Energy Resource Potential in Rivers State 

Resource 
Type 

Technical 
Potential 

Capacity 
Factor 

Deployment 
Feasibility 

Priority 
Ranking 

Solar PV 4.5-5.5 kWh/m²/day 18-22% High 1 

Wind 2-4 m/s average 12-18% Moderate 3 

Biomass 50,000 tons/year 70-85% High 2 

Small Hydro 15-25 MW 40-60% Moderate 4 

Biogas 10,000 m³/day 75-90% High 2 

 

Solar energy emerges as the most promising renewable resource, with Rivers State receiving 
approximately 4.5-5.5 kWh/m²/day of solar irradiation throughout the year. This solar resource is 
sufficient to support various applications, from household lighting systems to productive use 
equipment for income-generating activities. The relatively flat topography in many rural areas 
facilitates solar panel installation and maintenance. 

Biomass resources show significant potential, with agricultural activities in Rivers State 
generating substantial quantities of palm kernel shells, rice husks, and other organic residues 
suitable for energy conversion. The estimated biomass potential of 50,000 tons annually could 
support community-scale power generation systems serving multiple villages. 

Table 2: Rural Electricity Access Statistics in Rivers State 

Region Population 
Current Access 
Rate 

Target Access Rate 
(2030) 

Required Capacity 
(MW) 

Riverine Areas 1,500,000 15% 90% 45-60 

Agricultural Zones 2,200,000 25% 85% 70-90 

Peri-urban Areas 800,000 60% 95% 15-20 

Remote 
Communities 

500,000 8% 80% 20-25 

Total 5,000,000 25% 87% 150-195 
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The analysis reveals that approximately 75% of rural populations in Rivers State lack access to 
electricity, with riverine areas and remote communities experiencing the lowest access rates. 
Meeting the target access rates by 2030 would require an additional 150-195 MW of generation 
capacity, which could be effectively supplied through distributed renewable energy systems. 

7.2 Techno-Economic Analysis of Renewable Energy Systems 

The techno-economic analysis demonstrates that renewable energy systems offer competitive 
alternatives to grid extension for rural communities in Rivers State, particularly when 
considering long-term sustainability and reliability factors. 

Table 3: Comparative Techno-Economic Analysis (per kW installed) 

Technology 
Option 

Capital Cost 
($/kW) 

O&M Cost 
($/kW/year) 

LCOE 
($/kWh) 

Payback Period 
(years) 

NPV 
($/kW) 

Solar PV 
System 

1,200-1,800 30-50 0.08-0.12 6-8 450-650 

Wind System 1,500-2,200 40-70 0.10-0.15 7-10 300-500 

Biomass System 2,000-3,500 80-120 0.09-0.14 8-12 400-600 

Grid Extension 3,000-8,000 100-200 0.15-0.25 15-25 200-400 

Hybrid Systems 1,800-2,500 60-90 0.10-0.16 7-9 500-750 

 

Solar photovoltaic systems demonstrate the most favourable economic profile, with levelized 
costs of electricity ranging from $0.08-0.12 per kWh, significantly lower than grid extension 
costs of $0.15-0.25 per kWh. The capital costs for solar systems have declined substantially in 
recent years, making them increasingly competitive with conventional alternatives. 

Hybrid renewable energy systems, combining solar, wind, and battery storage, offer enhanced 
reliability and system optimization opportunities. While initial capital costs are higher than 
single-technology solutions, hybrid systems provide superior performance characteristics and 
longer operational lifespans. 

7.3 Policy Framework Analysis 

The analysis of existing policy frameworks reveals both opportunities and challenges for 
renewable energy deployment in rural Rivers State. Federal and state policies provide general 
support for renewable energy development, but implementation mechanisms often lack 
specificity and adequate funding. 
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Table 4: Policy Framework Assessment 

Policy Area Current Status 
Implementation 
Gap 

Recommended Action 
Priority 
Level 

Feed-in Tariffs Limited High 
Establish comprehensive 
tariff structure 

High 

Rural Energy 
Fund 

Existing but 
inadequate 

Medium Increase funding allocation High 

Tax Incentives Available Medium 
Streamline application 
process 

Medium 

Technical 
Standards 

Developing High 
Finalize and implement 
standards 

High 

Community 
Engagement 

Informal High 
Establish formal 
mechanisms 

Medium 

Capacity Building Limited High Develop training programs High 

 

The policy analysis identifies several critical gaps that must be addressed to facilitate successful 
renewable energy deployment. The absence of comprehensive feed-in tariff structures limits 
private sector investment incentives, while inadequate funding for rural energy initiatives 
constrains project implementation. 

7.4 Discussion  

The results demonstrated that renewable power technologies offer viable and competitive 
solutions for rural electrification in Rivers State. Solar energy emerges as the most promising 
technology due to abundant solar resources, declining technology costs, and relatively simple 
installation and maintenance requirements. The techno-economic analysis shows that renewable 
energy systems can provide electricity at lower long-term costs than conventional grid extension, 
particularly when considering reliability and environmental benefits. 

The significant renewable energy potential identified in Rivers State aligns with recent national 
initiatives, including the Rural Electrification Agency's agreements with private developers to 
deliver 1,265 MW of renewable energy projects (Economic Confidential, 2024). This policy 
momentum creates favourable conditions for accelerated renewable energy deployment in rural 
areas. 
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However, successful implementation requires addressing identified policy gaps and institutional 
challenges. The current regulatory framework lacks specific provisions for community-owned 
renewable energy projects and adequate financing mechanisms for rural energy initiatives. 
Additionally, limited technical capacity at local levels poses challenges for project development, 
implementation, and maintenance. 

The comparative analysis reveals that renewable energy systems offer superior economic 
performance compared to grid extension for most rural communities in Rivers State. The 
levelized cost of electricity from solar systems ($0.08-0.12 per kWh) is significantly lower than 
grid extension costs ($0.15-0.25 per kWh), particularly when considering the poor reliability of 
the existing grid infrastructure. 

Community acceptance and participation emerge as critical success factors for renewable energy 
projects. Rural communities must be actively engaged in project planning, implementation, and 
operation to ensure long-term sustainability. This requires comprehensive capacity building 
programs and appropriate financing mechanisms that enable community ownership or 
participation. 

The environmental benefits of renewable energy deployment extend beyond greenhouse gas 
emission reductions to include reduced local air pollution, conservation of natural resources, and 
enhanced environmental sustainability. These benefits are particularly important in Rivers State, 
given the environmental challenges associated with oil and gas extraction activities in the Niger 
Delta region. 

8. Conclusion 

This study establishes that renewable power technologies represent essential and viable solutions 
for addressing rural electrification challenges in Rivers State. The comprehensive analysis 
demonstrates significant renewable energy potential, with solar photovoltaic systems showing 
the highest feasibility for widespread deployment across diverse rural communities. With 
approximately 75% of rural populations lacking electricity access, renewable energy 
technologies offer economically competitive alternatives to conventional grid extension while 
providing enhanced reliability and environmental sustainability. 

The techno-economic analysis reveals that renewable energy systems can deliver electricity at 
substantially lower costs than grid extension, with solar systems achieving levelized costs of 
$0.08-0.12 per kWh compared to $0.15-0.25 per kWh for grid extension. This economic 
advantage, combined with declining technology costs and improving performance 
characteristics, positions renewable energy as the preferred solution for rural electrification in 
Rivers State. 

The study identifies significant policy and institutional gaps that must be addressed to facilitate 
successful renewable energy deployment. Current frameworks lack comprehensive feed-in tariff 
structures, adequate funding mechanisms, and specific provisions for community-owned 
projects. Addressing these gaps through targeted policy reforms and institutional strengthening is 
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essential for creating an enabling environment for renewable energy investment and 
development. 

The renewable energy resource assessment confirms that Rivers State possesses abundant solar, 
biomass, and biogas resources capable of supporting diverse rural electrification applications. 
The estimated technical potential of over 150 MW from renewable sources could meet the 
electricity needs of currently unserved rural populations while supporting productive economic 
activities and improved quality of life. 

Community engagement and capacity building emerge as critical success factors requiring 
systematic attention in project planning and implementation. Rural communities must be 
empowered to participate actively in renewable energy projects through appropriate training 
programs, financing mechanisms, and ownership structures that ensure long-term sustainability 
and local benefits. 

The urgent need for renewable energy deployment in rural Rivers State is underscored by its 
implications for achieving Sustainable Development Goal 7 and supporting broader development 
objectives. Without significant intervention utilizing renewable energy technologies, many rural 
communities will remain without electricity access beyond 2030, perpetuating cycles of poverty 
and underdevelopment. 

9. Recommendations 

Based on the comprehensive analysis conducted in this study, the following recommendations 
are proposed to facilitate effective utilization of renewable power technology for rural 
electrification in Rivers State: 

1. The Rivers State government should establish a dedicated Renewable Energy 
Development Agency with specific mandates for rural electrification project planning, 
implementation, and monitoring to ensure coordinated and effective deployment of 
renewable energy technologies across rural communities. 

2. Federal and state authorities should implement comprehensive feed-in tariff structures 
that provide long-term price guarantees for renewable energy producers, thereby creating 
stable investment environments and encouraging private sector participation in rural 
electrification projects. 

3. A Rural Renewable Energy Fund should be established with adequate capitalization from 
government budgets, international development partners, and private sector contributions 
to provide concessional financing for community-based renewable energy projects in 
underserved rural areas. 

4. Technical standards and certification programs for renewable energy systems should be 
developed and implemented to ensure quality installations, standardize equipment 
specifications, and establish professional competency requirements for technicians and 
installers working in rural areas. 
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5. Comprehensive community engagement frameworks should be established that require 
meaningful participation of rural communities in all phases of renewable energy project 
development, from initial planning through operation and maintenance, ensuring local 
ownership and sustainability. 

6. Systematic capacity building programs should be implemented to train local technicians, 
community leaders, and entrepreneurs in renewable energy technology installation, 
operation, maintenance, and business development to create sustainable local energy 
economies. 

7. Streamlined regulatory procedures should be developed specifically for small-scale 
renewable energy projects serving rural communities, reducing bureaucratic barriers and 
accelerating project approval and implementation timelines. 

8. Strategic partnerships should be fostered between government agencies, private sector 
developers, international organizations, and rural communities to leverage diverse 
expertise, financing sources, and implementation capabilities for renewable energy 
deployment. 

9. Integrated planning approaches should be adopted that link renewable energy deployment 
with other rural development initiatives, including agriculture, healthcare, education, and 
small enterprise development, to maximize development impacts and economic returns. 

10. Comprehensive monitoring and evaluation systems should be established to track 
renewable energy project performance, community impacts, and policy effectiveness, 
providing feedback for continuous improvement and scaling successful interventions 
across Rivers State and other Nigerian states. 

References 

Ajayi, O. O. (2010). The potential for wind energy in Nigeria. Wind Engineering, 34(3), 303-
312. 

Ajayi, O. O., Fagbenle, R. O., Katende, J., Ndambuki, J. M., & Omole, D. O. (2017). A review 
of renewable energy development in Africa: Challenges and prospects. Clean 
Technologies and Environmental Policy, 19(2), 417-434. 

Bhattacharyya, S. C. (2013). Energy economics: concepts, issues, markets and governance. 
Springer Science & Business Media. 

Economic Confidential. (2024, July 5). Rural electrification: FG signs 1,265MW renewable 
energy agreement. Economic Confidential. 
https://economicconfidential.com/2024/07/rural-electrification/ 

EnergyTransition.org. (2024, July 17). How local renewable grids are providing access to 
affordable electricity in Nigeria. EnergyTransition.org. 



FEDPUKA JOURNAL OF SCIENCE, TECHNOLOGY AND CONTEMPORARY 
STUDIES VOL 1 ISSUE 3, 2025 

 

153 
 

https://energytransition.org/2024/07/how-local-renewable-grids-are-providing-access-to-
affordable-electricity-in-nigeria/ 

Georgetown Journal of International Affairs. (2024, August 8). Illuminating Nigeria: Grid and 
off-grid electricity. GJIA. https://gjia.georgetown.edu/2024/08/07/illuminating-nigeria-
blurring-the-lines-between-the-grid-and-off-grid-electricity/ 

International Energy Agency. (2023). World Energy Outlook 2023. IEA Publications. 

Kadafa, A. A. (2012). Environmental impacts of oil exploration and exploitation in the Niger 
Delta of Nigeria. Global Journal of Science Frontier Research Environment & Earth 
Sciences, 12(3), 19-28. 

Nigerian Electricity Regulatory Commission. (2020). Annual Report 2020. NERC Publications. 

Nigerian Electricity System Operator. (2023). Grid Performance Report 2023. NESO 
Publications. 

Oji, J. O., Idusuyi, N., Aliu, T. O., Petinrin, M. O., Adetunji, A. R., & Tiwary, A. (2012). 
Utilisation of solar hybrid photovoltaic/thermal energy technology for power generation. 
International Journal of Energy Engineering, 2(2), 48-51. 

Oyedepo, S. O. (2012). Energy and sustainable development in Nigeria: The way forward. 
Energy, Sustainability and Society, 2(1), 1-17. 

PMC. (2024). Rural electrification in Nigeria: A review of impacts and effects of frugal energy 
generation based on some of e-waste components. PMC. 
https://pmc.ncbi.nlm.nih.gov/articles/PMC11145213/ 

Rural Electrification Agency. (2023). Strategic Implementation Plan 2020-2030. REA 
Publications. 

Sambo, A. S. (2009). Strategic developments in renewable energy in Nigeria. International 
Association for Energy Economics, 16(1), 15-19. 

ScienceDirect. (2024, July 5). Optimal selection and design of grid-connected hybrid renewable 
energy system in three selected communities of Rivers State. ScienceDirect. 
https://www.sciencedirect.com/science/article/pii/S2468227624002497 

ScienceDirect. (2024, May 15). Rural electrification in Nigeria: A review of impacts and effects 
of frugal energy generation based on some of e-waste components. ScienceDirect. 
https://www.sciencedirect.com/science/article/pii/S2405844024073316 

Ugwu, H. U., & Ugwu, C. C. (2013). An assessment of the renewable energy potentials as an 
alternative power supply in Nigeria. International Journal of Scientific and Engineering 
Research, 4(11), 467-475. 

United Nations. (2015). Transforming our world: The 2030 agenda for sustainable development. 
UN Publications. 


