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Abstract:

Successive government in Nigeria have made series of attempts aimed at addressing issues such as energy access, poverty, unemployment, and inequality. These efforts have been undermined by structural impediments which include inadequate institutional capacity, lack of policy coherence and consistency, inadequate funding in energy infrastructure, inadequate technical capabilities, as well as social and cultural barriers. In Nigeria, the issue of adequate power supply has long been a significant challenge impeding economic growth, social development, and overall quality of life. The country's power sector faces various issues such as insufficient generation capacity, poor infrastructure, high transmission losses, and inadequate distribution networks. This paper is aimed at examining and analysing the current state of Nigeria's energy sector and its implications for the attainment of SDGs. It explores statistical information to facilitate a comprehensive understanding of the Nigeria’s energy environment and informed strategic decisions in the formulation and implementation of energy policies towards achieving the SDGs. This is because the attainment of the SDGs in Nigeria is intricately linked to the transformation of its electric power sector. By prioritizing efforts to enhance energy access, drive economic growth, and embrace environmentally sustainable practices, Nigeria can make substantial progress towards realizing these global objectives.
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1.0	Introduction

Nigeria has shown commitment toward achieving the United Nations’ Sustainable Development Goals (SDGs), particularly in addressing energy access and fostering sustainable economic growth. The establishment of the National Economic Recovery and Growth Plan (ERGP) serves as a testament to this commitment, outlining strategies aimed at improving various sectors, including energy [1]. While Nigeria's endeavors towards achieving the SDGs are commendable, substantial obstacles remain, particularly within its electricity sector [2]. Addressing these challenges requires not only policy reforms but also concerted efforts toward leveraging renewable resources effectively [3][4]. Sustainable economic growth hinges on overcoming these barriers to ensure equitable energy access for all citizens.

Nigeria's energy sector is characterized by a heavy reliance on hydropower and fossil fuel-driven thermal power plants, which collectively contribute to significant vulnerabilities to climate variability [5]. This dependence leads to frequent power outages that severely hinder economic development [5][6]. The over-reliance on fossil fuels, which account for approximately 86% of Nigeria’s export earnings, exacerbates the issue as fluctuations in global oil prices further destabilize energy supply [7]. Consequently, this instability poses huge barriers to achieving several SDGs in Nigeria.  Moreover, inadequate investment in infrastructure and poor maintenance of existing facilities compound the challenges faced by Nigeria's energy sector. Issues such as corruption, inadequate technical expertise and macroeconomic instability contribute to unreliable energy supply that stifles industrial growth and diminishes living standards of the people [2]. To overcome these obstacles and foster sustainable development, Nigeria must transition towards renewable energy sources such as solar and wind power. Doing so would not only enhance energy security but also align with global efforts toward sustainable practices.

[bookmark: _Hlk190685554][bookmark: _Hlk190685611][bookmark: _Hlk190685642][bookmark: _Hlk195945623]The inconsistency of energy supply in Nigeria poses significant barriers to achieving several SDGs related to poverty alleviation and economic growth. Furthermore, Nigeria's heavy dependence on fossil fuels exacerbates environmental concerns while limiting progress towards a sustainable energy transition. Studies have shown that transitioning to low-carbon energy sources is essential for enhancing energy security and addressing socioeconomic inequalities [1][6]. However, this path requires strategic investments and policy reforms aimed at fostering a stable environment for renewable energy adoption. It follows, therefore, that while Nigeria has made strides towards the attainment of SDGs amidst these challenges, sustained efforts are necessary. Policymakers must prioritize creating transparent frameworks that attract investment in clean energy solutions, if Nigeria is to overcome its current obstacles and fully realize its sustainable development potentials [4].  Without any iota of doubt, successive government in Nigeria have made series of attempts aimed at addressing issues such as energy access, poverty, unemployment, and inequality. But these efforts have been undermined by structural impediments [8]. The country's power sector faces various issues such as insufficient generation capacity, poor infrastructure, high transmission losses, and inadequate distribution networks. Going forward, efforts targeted at addressing these challenges must become a national priority.  This paper is aimed at examining and analysing the current state of Nigeria's energy sector and its implications for attainment of SDGs [9]. It explores statistical information to facilitate a comprehensive understanding of the Nigeria’s energy environment and informed strategic decisions in the formulation and implementation of energy policies towards achieving the SDGs [10].

2.0	Methodology 

The methodologies adopted in this paper involve the collection and analysis of secondary statistical data pertaining to energy production, energy mix diversification, and electricity consumption per capita in Nigeria. This approach is significant as it allows for a comprehensive evaluation of the current state of Nigeria's energy sector without the need for primary data collection, which can be resource-intensive. By utilizing existing datasets, trends and relationships that inform policy decisions and strategic planning regarding energy resources in Nigeria are identified. Existing statistical data from reputable sources such as government reports, energy agencies, international organizations, and research publications were collected as follows:

i) Information on the production of various energy sources in Nigeria, including fossil fuels (oil, gas, coal), renewable energy (solar, wind, hydro), and others.
ii) Data on the composition of Nigeria's energy mix, showing the proportion of different energy sources used for electricity generation and other purposes.
iii) Statistics on the average electricity consumption per person in Nigeria, indicating the level of electricity usage across the population.

[bookmark: _Hlk188352683]Collected data were analyzed to identify trends, patterns, and relationships related to energy production, energy mix diversification, and electricity consumption per capita. Based on the analysis of the secondary data, conclusions were drawn, highlighting insights into the current state of Nigeria's energy sector and its implications for energy policy and planning. Additionally, recommendations were articulated for policymakers, energy stakeholders, and researchers on strategies to address challenges and capitalize on opportunities in Nigeria's energy sector.

3.0	Electricity Supply Instability in Nigeria from 2005 - 2024 

According to China Economic Information Center (CEIC) data [11], as shown in Figure 1, the electricity supply in Nigeria has suffered uninterrupted fluctuations over a long period of time, with the latest data indicating a production of 8,846 GWh in June 2024, compared to 8,330 GWh in the previous quarter. The historical electricity production data from March 2005 to June 2024 revealed that the quarterly average electricity production over this period was 7,079 GWh and the highest recorded electricity production was 9,936 GWh in September 2015; while the lowest recorded electricity production was 3,247 GWh in June 2009.  This data reflects the variability in electricity production in Nigeria over the years, influenced by factors such as infrastructure development, fuel availability, demand fluctuations, and policy changes.  Electricity Generation values were obtained from the quarterly Electricity Generation Average per Hour multiplied by the number of hours in the quarter. It is measured in Gigawatt-Hour (GWh) which is a unit of energy used to measure electric power on a large scale, such as in power plants, national grid systems, and provides a convenient way to quantify and compare the amount of electricity generated or consumed over a specific period. The Central Bank of Nigeria provides the Electricity Generation Average per Hour [11].

By analyzing past data, policymakers, energy experts, and stakeholders can gain insights into the factors influencing electricity generation, such as seasonal variations, changes in energy sources, infrastructure developments, and policy interventions. This is with the goal of ensuring a reliable, sustainable, and inclusive electricity supply that meets the evolving energy needs of the country. The historical data is significant for several reasons. First, it helps in identifying patterns, trends, and fluctuations in electricity production over time. Secondly, it serves as a foundation for energy planning and forecasting future electricity demand. Thirdly, it can inform the formulation of energy policies and regulations as well as guides infrastructure development initiatives in the energy sector. Additionally, it can help in evaluating progress towards universal energy access goals, identifying regions with inadequate power supply, and implementing targeted interventions to improve energy access for households, schools, healthcare facilities, and other essential services.


Figure 1: Nigeria's Electricity Production from Mar 2005 to Jun 2024 [11]

4.0	Electricity Consumption Per Capita
Electricity consumption per capita serves as a critical indicator of a country's energy usage and overall economic development. It varies widely across different countries and regions and reflects not only the availability of resources but also the efficiency with which they are utilized. The global average electricity consumption per capita, estimated at approximately 3,000 to 4,000 kWh per year, reflects significant disparities in energy usage across different regions and economies [12]. This average encompasses a wide range of consumption patterns influenced by factors such as economic development, population density, and technological advancement. For instance, developed nations typically exhibit higher consumption levels due to industrialization and greater access to electrical appliances. In contrast, developing countries may fall below this average due to limited infrastructure and energy access. Understanding these figures is crucial for policymakers aiming to address energy efficiency and sustainability challenges.
Nigeria's electricity consumption per capita presents a concerning picture of energy accessibility and demand in the country. As of 2022, the per capita electricity generation stood at 147 kilowatt hours (kWh), reflecting no change from the previous year [8]. This figure indicates a significant stagnation in electricity production when compared to earlier years, such as 2014 when it peaked at 171 kWh. The lack of growth in electricity generation is symptomatic of broader infrastructural and systemic challenges within Nigeria's energy sector. However, the recent increase in electricity consumption per capita in Nigeria, rising from about 147 kilowatt hours (kWh) in 2022 to around 164.6 kWh in 2024, reflects a slight improvement in access to electricity and demand for energy among the Nigerian populace (Sasu, 2024). This trend suggests a gradual increase in reliance on electrical appliances as the country continues its socio-economic development. 
The threshold of electricity consumption per capita is a critical aspect in assessing human well-being and achieving the SDGs. Research indicates that there exists a significant correlation between per capita energy use and various indicators of human welfare. It is a pivotal factor in evaluating human well-being and advancing the SDGs. Additionally, a significant correlation between energy use and various indicators of human welfare, particularly in developing nations has been established by research. Brecha [9] identifies a crucial threshold of approximately 400 kWh per capita, below which health-related SDG targets are often unmet. This benchmark underscores the necessity for adequate energy access to enhance health outcomes, revealing that many impoverished regions fall short of this critical level. Moreover, Pan, et al, [10] elaborated on the intricate relationship between energy consumption and sustainable development. They emphasize that achieving SDG 7, that is, affordable and clean energy, requires universal access to energy while promoting renewable sources and transition to green energies as essential for fostering overall human well-being. Consequently, these insights highlight the importance of understanding electricity consumption thresholds not merely as statistics but as fundamental determinants of societal progress.
5.0	The Interconnectedness of Sustainable Development Goals

The 17 Sustainable Development Goals (SDGs) adopted by the United Nations in 2015, represent a comprehensive framework aimed at addressing critical global challenges by 2030. These goals encompass a wide array of issues including poverty alleviation, gender equality, and climate action, aimed at enhancing human well-being while ensuring environmental sustainability [13]. The interconnected nature of these goals emphasizes that progress in one area can significantly influence outcomes in others, creating a holistic approach to development. Understanding the interconnections between the SDGs is essential for achieving comprehensive sustainable development.  Recent research underscores the critical role of energy in sustainable development, highlighting that the achievement of these 17 goals is not linear but rather a web of interrelated objectives [10]. To realize comprehensive sustainable development, it is essential to clarify the nexus between different SDGs and identify opportunities for synergy while minimizing trade-offs. The 17 SDGs can be effectively summarized into three key domains: Human Well-Being, Material Condition (Infrastructure), and Natural Environment as follows: [10]. 

TABLE 1. 17 Sustainable Development Goals (SDGs) adopted by the United Nations in 2015

	SN
	Domain 
	SDGs

	1. 

	Human Well-Being
This domain encompasses goals that focus on improving the quality of life for individuals and communities.

	Goal 1: No Poverty
Goal 2: Zero Hunger
Goal 3: Good Health and Well-Being
Goal 4: Quality Education
Goal 5: Gender Equality
Goal 10: Reduced Inequalities

	2. 

	Material Condition (Infrastructure)
This domain addresses the development of robust infrastructure and economic systems that support growth and stability.
	Goal 7: Affordable and Clean Energy
Goal 8: Decent Work and Economic Growth
Goal 9: Industry, Innovation, and Infrastructure
Goal 11: Sustainable Cities and Communities


	3. 

	Natural Environment
This domain focuses on the protection and sustainable management of the planet’s ecosystems and resources.

	Goal 6: Clean Water and Sanitation
Goal 12: Responsible Consumption and Production
Goal 13: Climate Action
Goal 14: Life Below Water
Goal 15: Life on Land



By categorizing the SDGs into these three domains, a better understanding of their interconnections can be achieved and the holistic approach needed for sustainable development, ensuring that efforts in one area contribute positively to the others.
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Figure 2: Interconnections of SDGs [10].
As can be seen from Figure 2, access to reliable electricity is a fundamental component in achieving the Sustainable Development Goals (SDGs), particularly SDG 7, which aims to ensure affordable and sustainable energy for all [3] and central to the achievement of other SDGs across the three domains. Put differently, reliable energy access has far-reaching implications that extend across various targets across the SDG framework. For instance, reliable energy sources are pivotal for improving health services, educational opportunities, and economic activities, which are essential elements of SDGs related to poverty reduction (SDG 1), education (SDG 4), and health (SDG 3) [14].
Therefore, the integration of renewable energy for energy mix diversification will not only supports the achievement of SDG 7 but will also enhance sustainable development in other sectors. For instance, renewable energy systems can improve water treatment processes, thereby influencing clean water and sanitation goals (SDG 6) while simultaneously fostering industrial innovation and infrastructure development (SDG 9) through enhanced access to electricity [15]. The interconnectedness of these goals highlights the necessity for interdisciplinary approaches in policy-making to leverage reliable energy access as a catalyst for comprehensive sustainable development.

6.0	Status of Power Supply and Demand in Nigeria 

Having established that reliable energy access is central for the attainment of the SDGs across domains, there is need to examine the development of electricity sector in Nigeria.   The current realities of Nigeria's electricity sector are characterized by a complex interplay of progress and persistent challenges. Over the past decade, significant reforms have led to an increase in generation capacity [17]. However, despite these advancements, the sector continues to grapple with infrastructural deficits, maintenance and management inefficiencies that hinder optimal performance. High technical and non-technical losses further exacerbate the situation, underscoring the urgent need for comprehensive reform to stabilize the electricity supply and meet rising demand. As of 2024, Nigeria's installed power generation capacity stands at approximately 13 gigawatts (GW); a figure that starkly contrasts with the nation's peak electricity demand of around 20 GW [18]. This discrepancy, as depicted in Figure 2, highlights a significant shortfall in the country's ability to meet its energy needs, which is further compounded by historical performance where the highest recorded generation was only 5.8 GW [16]. This inadequacy forces businesses to invest heavily in alternative energy solutions, thereby diverting resources from productive activities and stifling industrial advancement.



Figure 3: The current realities of Nigeria's electricity sector [18].  

Nigeria's available power generation capacity has long been a subject of scrutiny, particularly as the nation grapples with the challenges of energy supply and infrastructure. As of the first quarter of 2024, recent reports indicate that the Nigerian Electricity Supply Industry (NESI) continues to struggle with performance issues, impacting overall generation capacity [18]. 
The significant discrepancies in Nigeria's electricity sector at the level of installed power generation capacity, peak electricity demand, and available power generation, pose several challenges and have important implications for the country's energy system and overall development. The gap between peak electricity demand and available power generation capacity results in power supply shortages, leading to frequent blackouts, load shedding, and disruptions in electricity supply across the country. Inadequate power generation capacity relative to demand hampers economic activities, industrial production, and quality of life for citizens, impacting businesses, households, and public services. The consequence of insufficient available power generation compared to peak demand include reduced system reliability and stability, voltage fluctuations, frequency variations, and grid instability, affecting the overall efficiency and resilience of the power network. Power shortages and unreliable electricity supply hinder economic growth, investment, and job creation. Industries face challenges in operating at full capacity, businesses incur higher costs from using alternative power sources, and productivity levels suffer due to disruptions in power supply [19].

As shown in Figure 3, the discrepancies in peak demand, installed and available capacities in power generation can deter foreign direct investments, limit the expansion of industries, and impede the country's overall economic development. Addressing the gap between installed capacity and peak demand requires substantial investments in upgrading existing power plants, constructing new generation facilities, improving transmission and distribution infrastructure, and implementing modern technologies to enhance overall system efficiency and capacity. The discrepancy highlights the need for effective energy policies and governance structures to address issues related to power generation, distribution, pricing, and investment incentives. Clear and consistent policies are essential to attract private sector participation and stimulate growth in the energy sector.

6,1	Nigeria’s Power Generation Capacity
Generation Companies (GENCOs) are entities in the power sector responsible for generating electricity from various sources such as thermal (gas, coal, oil) and hydroelectric. In Nigeria, power generation is a multifaceted system categorized into on-grid, off-grid, captive, embedded, and mini-grids.

On-grid generation refers to electricity produced by large power plants connected to the national grid [20]. The on-grid generation sector consists of three different types of generation licensees [21]. These include: Successor Generation Companies (GenCos); National Integrated Power Projects (NIPPs) generation plants and Independent Power Producers (IPPs) owned by private investors. The privatization of the Power Holding Company of Nigeria (PHCN) in 2013 led to the establishment of Successor Generation Companies (GenCos), which were intended to enhance operational efficiency and attract private investment in Nigeria's power sector [21]. Despite these laudable objectives, the privatization effort has been met with significant challenges. The anticipated influx of private capital has largely failed to materialize, resulting in continued underinvestment in critical infrastructure and maintenance of power systems. 
Figures 4 and 5 depict the pattern and trend of available generation capacity of Nigeria’s successor generation companies in 2015 and 2024. In 2015, Kainji/Jebba Hydro Plc recorded highest generation of 1330MW while Ughelli Power Plc recorded least generation of 924MW as shown in Figure 5.  However, in 2024, Kainji/Jebba Hydro Plc’s generation Capacity dropped to 760MW while Ughelli Power Plc recorded a decreased generation of 900MW [21].  This unusable trend has been the reality of Nigeria’s power generation sector.



Figure 4: Capacity of Nigeria’s Generation Companies (GENCOs) in 2015 (Onochie, et al, 2015)



Figure 5: Capacity of Nigeria’s Generation Companies (GENCOs) in 2024 [21].

The decline in generation capacity of Kainji/Jebba Hydro Plc from 1330 MW in 2015 to 760 MW in 2024, alongside Ughelli Power Plc's decrease from 924 MW to 900 MW during the same period, underscores a troubling trend within Nigeria's power generation sector. This reduction highlights systemic issues such as aging infrastructure, inadequate maintenance practices, and insufficient investment in technological upgrades. The inability to sustain previous levels of output suggests a growing gap between demand and supply in an already strained energy landscape. This downward trajectory is particularly concerning given Nigeria's aspirations for economic growth and development. The consistent underperformance of these major power plants reflects broader challenges faced by the electricity sector, including regulatory inefficiencies and financial constraints. 
The National Integrated Power Projects (NIPP) in Nigeria were initiated to address the persistent electricity shortages that have plagued the nation. These projects, which primarily utilize simple cycle gas turbines, were designed to enhance power generation capacity and improve electricity supply across the country [22].  Independent Power Producers (IPPs), predominantly owned by private investors in Nigeria, play a crucial role in the nation's energy landscape. IPPs have emerged as a vital alternative to state-owned power generation entities. These privately owned projects contribute approximately 25% of Nigeria's total electricity generation [22].
Off-grid generation has emerged as a critical alternative due to the unreliability of the national grid. Many small and medium enterprises (SMEs) resort to using generators for their energy needs, highlighting the demand for decentralized energy solutions [20]. Captive generation involves facilities producing electricity for self-consumption when grid access is insufficient or unreliable. This approach is prevalent among industries seeking to mitigate production downtimes associated with power outages. Embedded generation allows localized energy production while supporting national objectives of enhancing efficiency and reducing transmission losses (Babatunde, et al., 2022). It refers to the direct connection of electricity generation facilities to a distribution network, specifically through either a successor Distribution Company (DisCo) or an Independent Electricity Distribution Network (IEDN) operator [23]. By bypassing the national grid, embedded power generation offers localized solutions that can alleviate immediate electricity demand while systemic improvements are pursued.
Mini grid represents a crucial advancement in electricity supply systems, particularly in regions with limited access to centralized power sources. This system generates electricity independently and can function autonomously or be integrated into existing national grids. Its adaptability makes it an ideal solution for remote communities, which often suffer from unreliable energy supply. The deployment of mini grids enhances local energy resilience and supports sustainable development by providing essential services such as lighting, healthcare, and education. In Nigeria, the Sustainable Energy for All (SE4All) initiative spearheaded by the Federal Ministry of Power (FMP) in collaboration with the Nigerian Energy Support Programme (NESP) exemplifies a concerted effort to promote renewable energy solutions through mini grids. By focusing on sustainable practices and equitable access to electricity, SE4All aims to alleviate energy poverty while fostering economic growth. This initiative not only addresses immediate power needs but also encourages long-term investment in renewable technologies that align with global sustainability goals.
Perhaps more significantly, the discrepancy underscores the need for integrating renewable energy sources such as solar, wind, and hydroelectric power to diversify the energy mix, increase generation capacity, and enhance energy security. Investments in clean energy technologies can contribute to sustainable development and reduce reliance on fossil fuels. Therefore, addressing the significant gaps between installed power generation capacity, peak electricity demand, and available power generation in Nigeria requires a coordinated effort involving government agencies, energy utilities, private sector stakeholders, and international partners to implement strategies that enhance energy access, reliability, and sustainability for the benefit of the country's economy and population.

Nigeria's National Integrated Power Projects (NIPP) were established as a strategic initiative aimed at addressing the significant disparity between the country's installed generation capacity and its peak power demand. With a population exceeding 200 million, Nigeria experiences chronic electricity shortages, which hinder economic growth and development [24]. The NIPP was designed to augment power generation through the construction of new plants and rehabilitation of existing facilities, thereby increasing overall electricity supply in the country. The initiative not only seeks to enhance generation capacity but also aims to improve the efficiency of power distribution systems. By bridging this gap, NIPP plays a crucial role in fostering an environment conducive to investment and industrialization [24][25]. However, challenges such as corruption within the sector and inadequate infrastructure continue to impede progress. Addressing these issues is essential for realizing the full potential of NIPP in meeting Nigeria's energy demands effectively.

6.2	 Nigeria’s Electricity Transmission Capacity

The current transmission system in Nigeria comprises approximately 5,523.8 km of 330 kV lines and 6,801.49 km of 132 kV lines, reflecting a significant yet insufficient infrastructure to meet the nation's growing energy demands [26]. The reliance on these lower voltage levels contributes to substantial power losses during transmission, hindering efficiency and exacerbating the existing power deficit. As noted by Abdulkareem, et al. [26], transitioning to a higher-voltage system could markedly reduce these losses while enhancing overall grid performance.


Figure 6: Nigeria’s Transmission Capacity

The transmission capacity of the Nigerian electricity transmission system is a critical aspect that underpins the nation's energy security. Currently, the system faces significant challenges in meeting the growing demand for electricity, driven by a rapidly increasing population and industrial activities [27]. Recent analyses suggest that Nigeria's existing grid requires substantial upgrades to accommodate future energy needs. For instance, research indicates that an additional twelve transmission lines are necessary to manage maximum power generation effectively [28]. This recommendation highlights a strategic approach toward expansion and optimization of the grid system which are essential steps toward achieving stability in electricity supply. Moreover, transitioning to extra high voltage (EHV) systems could significantly improve transmission efficiency by reducing power losses associated with long-distance electricity transport [26]. Thus, enhancing Nigeria's transmission capacity not only addresses current deficiencies but also positions the nation favorably for future energy demands. Moreover, recent studies emphasize the necessity for expansion within Nigeria's power grid to accommodate increased generation capabilities [29]. The identification of overloaded transmission lines within the existing framework underscores an urgent need for infrastructural upgrades. Integrating additional lines could facilitate more effective power evacuation and distribution across regions. Consequently, addressing these critical infrastructural shortcomings is imperative for improving Nigeria's energy supply limitations and ensuring reliable electricity supply for its population.

6.3	Nigeria's Power Distribution System Capacity 

The electricity distribution sector in Nigeria is primarily characterized by two categories of distributors: the Successor Distribution Licensees, commonly known as DisCos, and Independent Electricity Distribution Network Operators (IEDNOs). DisCos are established entities that emerged from the privatization of state-owned enterprises within the power sector. They operate under licenses granted by the Nigerian Electricity Regulatory Commission (NERC) and are responsible for delivering electricity to consumers within designated geographical areas [30]. On the other hand, IEDNOs represent a relatively recent development in Nigeria's electricity distribution framework. These operators are typically smaller entities that provide localized electricity services often in underserved or off-grid areas. Their establishment aims to enhance accessibility and reliability of power supply, which remains a challenge in many regions of Nigeria [31]. By diversifying the distribution network through these two categories, Nigeria seeks to improve overall service delivery and foster competition within its electricity market.
The capacity of Nigeria's power distribution system is a critical aspect of the country's energy sector, reflecting both historical challenges and future opportunities. Historically, Nigeria's power supply has evolved from a singular generating station to a more complex structure comprising 16 generating stations and multiple distribution companies [32]. Despite this growth, the overall capacity remains inadequate to meet the surging energy demands of its populace. This inadequacy is further exacerbated by unreliable power supply systems, as evidenced by the low power availability index [32]. Furthermore, enhancing the capacity of Nigeria's power distribution system necessitates embracing advanced technologies such as smart grids and distributed generation. These innovations promise to improve efficiency in electricity delivery while integrating renewable energy sources abundant in Nigeria [33]. Therefore, addressing both infrastructural deficiencies and technological advancements is essential for optimizing the capacity of Nigeria’s power distribution network, ensuring reliable electricity access for all citizens.

6.4	Load allocation in Nigeria's Distribution Companies

Load allocation in Nigeria's distribution companies refers to the process of distributing electrical power to different regions, areas, or consumers based on demand, availability, and operational considerations. The load allocation process in Nigeria's distribution companies involves load forecasting, load profiling, feeder and transformer allocation, priority load allocation, load shedding etc. Distribution companies in Nigeria conduct load forecasting to predict electricity demand patterns accurately. This involves analyzing historical data, seasonal variations, economic trends, and other factors to estimate future electricity consumption. Load profiling involves categorizing consumers based on their electricity usage patterns, such as residential, commercial, industrial, and agricultural customers. This helps distribution companies allocate loads efficiently and optimize grid operations.  Distribution companies allocate loads to different feeders and transformers within their distribution network to balance the distribution of electricity and prevent overloading. Load allocation is managed to ensure that each feeder operates within its capacity limits.  Certain critical consumers, such as hospitals, emergency services, and essential infrastructure, may be prioritized for load allocation during power shortages or emergencies. This ensures that vital services are maintained even under challenging conditions. Distribution companies may implement demand response programs to manage peak loads by incentivizing consumers to reduce or shift their electricity usage during periods of high demand. This helps balance the load on the grid and prevent outages.  In cases of supply shortages or system constraints, distribution companies may implement load shedding strategies to temporarily reduce electricity supply to certain areas or consumers. Load shedding is a measure to prevent grid instability and prioritize critical loads. Efficient load allocation is essential for ensuring reliable electricity supply, maintaining grid stability, and meeting the energy needs of consumers in Nigeria. The percentage load allocation of Nigeria’s distribution companies is illustrated in Figure 7 [34]. 


Figure 7: Percentage Load Allocation of Nigeria’s Distribution Companies (Onochie, et al, 2015)

7.0	Nigeria’s Power Sector and the Attainment of SDGs in Nigeria.
The attainment of SDGs in Nigeria’s power sector faces multifaceted challenges that hinder progress, particularly concerning SDG 7, which emphasizes affordable and clean energy. One significant issue is the underfunding and inadequate investment in critical infrastructure, which limits the capacity for independent power producers (IPPs) to implement distributed generation (DG) technologies effectively. Despite the potential benefits of DG in enhancing energy efficiency and reducing transmission losses, financial constraints remain a formidable barrier [35]. Furthermore, systemic inefficiencies within the existing power infrastructure exacerbate these challenges. Research indicates that while embedded generation (EG) can improve network performance by optimizing voltage profiles and minimizing active power losses, it does not address broader issues related to sustainable energy access or universal electricity coverage [36]. These infrastructural deficiencies underscore the necessity for comprehensive reforms aimed at fostering equitable access to sustainable energy solutions. To address these challenges successfully, Nigeria must adopt strategic reforms informed by international best practices to facilitate transition towards a sustainable energy framework essential for achieving SDGs [37]. 
The electricity industry in Nigeria plays a pivotal role in achieving the SDGs, particularly in enhancing access to affordable, reliable, sustainable, and modern energy. With over half of Nigeria’s population lacking adequate electricity access, the need for improved infrastructure is urgent [35]. Implementing distributed generation technologies can significantly increase energy availability for households and businesses, aligning with SDG 7. Furthermore, this approach supports climate action initiatives outlined in SDG 13 by promoting environmentally friendly energy procurement strategies.
Moreover, a sustainable transition to green energy is crucial for broader economic growth and poverty alleviation [37]. The adoption of renewable energy sources can help reduce reliance on fossil fuels while providing equitable access to sustainable energy. This aligns with various SDGs including SDG 8 and SDG 9 by fostering inclusive economic growth and resilient infrastructure [38]. Therefore, Nigeria's electricity industry must prioritize reforms that enhance sustainability to effectively contribute to the achievement of these SDGs. SDG 7 is a critical goal for Nigeria's electricity industry. Despite the country’s vast renewable resources, such as solar and wind, Nigeria's energy sector remains predominantly reliant on fossil fuels. According to Olanrele [39], although the renewable energy policy enacted in 2015 aimed to diversify the electricity mix, its impact has been limited due to insufficient political will and inadequate financial mechanisms.  Furthermore, Aluko, et al. [40] proposed a microgrid approach as a viable solution to Nigeria's energy poverty. This method not only promises cost savings but also offers significant reduction in carbon emissions by integrating renewable sources into existing frameworks. However, Nwozor, et al. [41] observed that structural gaps and policy inconsistencies have continued to undermine these initiatives. Without substantial reforms and genuine commitment from stakeholders, including government agencies and private investors, Nigeria’s aspirations for affordable and clean energy will remain elusive.
SDG 9 emphasizes the importance of building resilient infrastructure, promoting inclusive and sustainable industrialization, and fostering innovation. In Nigeria, the electricity industry is crucial for achieving these objectives. The persistent lack of consistent power supply undermines economic security and national development. Their analysis highlights how elite insensitivity contributes to this predicament, indicating a need for targeted interventions in the electricity sector to enhance its reliability. Moreover, Idowu et al. [42] identify unresolved issues within Nigeria's electricity reform efforts as critical barriers to improved power supply. These include low generating capacity and a poorly functioning distribution network. Their recommendations for holistic liberalization and sound economic management resonate with SDG 9's core principles of fostering innovation through reliable infrastructure. Addressing these systemic challenges is essential for facilitating industrial growth in Nigeria. Furthermore, Amadi [35] explored the potential of distributed generation technologies as a solution to Nigeria's outdated electricity infrastructure. By generating energy closer to consumption points, these technologies can significantly enhance efficiency and reduce costs. Emphasizing investment in such innovations aligns with SDG 9’s goals of sustainable industrialization and infrastructure development. Therefore, prioritizing advancements in Nigeria’s electricity sector is vital not only for immediate economic benefits but also for long-term sustainability.
SDG 11 emphasizes the importance of making cities and human settlements inclusive, safe, resilient, and sustainable. In Nigeria, achieving this goal is intricately linked to the electricity industry. The inadequate supply of electricity hampers economic growth and social development, particularly in rural areas where access remains limited [44]. This situation highlights a critical need for reform within Nigeria's energy sector to support sustainable urbanization.  Community energy initiatives present a viable pathway towards enhancing energy security while promoting renewable sources. Ogunleye, et al. [43] argued that empowering local communities to manage their own renewable energy projects can foster greater resilience in the electricity supply chain. By increasing community involvement in energy production, Nigeria can move closer to achieving SDG 11 through improved local infrastructure. A decentralized approach to electricity generation, such as mini-grids, could significantly enhance electrification efforts in rural regions [44]. Such strategies not only address the immediate needs of underserved populations but also contribute to broader sustainability goals by promoting equitable access to clean energy. Ultimately, lessons from other countries' successful transitions toward sustainable energy could inform Nigeria's path forward [37], ensuring that both urban and rural communities’ benefit from a transformed electricity industry.
Climate Action, as outlined in SDG 13, is critical for addressing the pressing challenges of climate change, particularly in Nigeria's electricity industry. The country faces significant energy crises that hinder economic development and exacerbate environmental degradation. Community energy initiatives present a viable solution to these issues by promoting the integration of renewable energy sources at the local level [43]. By decentralizing energy supply, communities can enhance their resilience while contributing to national and global climate objectives. Despite Nigeria's commitment to transition to green energy, substantial barriers remain. Nwozor et al. [41] emphasized that while international agreements like the Paris Agreement have been ratified, there is a notable disconnect between policy ambitions and practical implementation. The lack of adequate private sector investment and supportive regulatory frameworks poses significant challenges for renewable energy development in Nigeria's electricity sector. Moreover, Adeyanju et al. [45] observed that Nigeria possesses abundant renewable resources that could facilitate a shift towards sustainable power sector development. Addressing these barriers through targeted policies and community engagement will be essential for fostering an efficient transition to renewable energy systems in Nigeria, ultimately aligning with SDG 13 and enhancing both local and national energy security.
The importance of ensuring good health and well-being for all individuals is emphasis of SDG 3. In Nigeria, the electricity industry plays a crucial role in achieving this goal, as access to reliable electricity significantly impacts health outcomes. Research indicates that improved access to electricity can reduce indoor air pollution through cleaner cooking technologies, ultimately enhancing public health [46]. The reform of Nigeria’s electricity sector has faced numerous obstacles, such as low generating capacity and inadequate infrastructure (Idowu et al., 2019). These issues not only affect economic growth but also compromise healthcare delivery systems. Without consistent power supply, hospitals struggle to maintain essential services like refrigeration for vaccines or uninterrupted operation of medical equipment. Consequently, the failure to provide reliable electricity undermines efforts toward achieving SDG 3. To enhance health care delivery outcomes, it is vital that stakeholders invest in both grid and off-grid electrification solutions tailored to rural communities [46]. By aligning strategies within the electricity industry with SDG 3 objectives, Nigeria can make significant strides toward ensuring better health and well-being for its population.
Quality education, as articulated in SDG 4, is a critical element for fostering national development in Nigeria. However, the effectiveness of educational institutions is significantly hampered by infrastructural deficits, particularly in the electricity sector. The persistent power failures and inadequate electricity supply undermine not only educational facilities but also the learning experiences of students across various levels [46]. Without reliable electricity, access to digital resources and modern teaching methods becomes limited, impeding the pursuit of quality education. The challenges faced by Nigeria's electricity industry directly affect its capacity to meet SDG 4 objectives. As highlighted by Joel and Liberty [47], addressing these obstacles requires a multifaceted approach that includes enhancing public-private partnerships and investing in infrastructure. Reliable energy sources can facilitate improved learning environments and enable educational institutions to adopt advanced technologies that are essential for quality education. In view of the foregoing, achieving SDG 4 in Nigeria necessitates an integrated strategy that aligns improvements in the electricity sector with educational reforms. Strengthening governance frameworks within the power industry can lead to enhanced service delivery, ultimately contributing to better educational outcomes [42]. Thus, there exists a vital interconnection between quality education and a robust electricity industry that must be prioritized for sustainable national development.
SDG 8 emphasizes the importance of Decent Work and Economic Growth, which is intricately linked to Nigeria's electricity industry. The relationship between foreign direct investment (FDI) and consistent electricity supply is critical for enhancing economic growth. Onayemi, et al. [48] argued that stable electricity can potentially boost Nigeria's economic growth by 6% in the long term, thereby creating jobs and improving productivity. This underscores the essential role of reliable power infrastructure as a catalyst for achieving SDG 8 in Nigeria. Furthermore, Olanrele [49] explore the nuanced relationship between electricity generation and economic growth, suggesting that while there is not a direct causal link, increased electricity generation positively influences labor force growth. The authors highlighted how structural reforms in Nigeria’s power sector have historically shaped this relationship, indicating that continued investment in infrastructure is vital for sustainable development. Thus, addressing challenges within the electricity sector remains crucial for enhancing economic outcomes. Olanrele [49] further highlighted the complexities of this nexus by revealing that, despite significant reforms aimed at privatization, electricity consumption has not significantly impacted Nigeria's economic growth. This finding stressed the need for comprehensive strategies to enhance power supply and consumption to facilitate sustainable economic progress. Therefore, aligning efforts in improving Nigeria’s electricity industry with SDG 8 goals is paramount to realizing its full potential for decent work and robust economic development.
SDG 12 emphasizes responsible consumption and production, which is crucial for Nigeria's electricity industry development. The nation's economy significantly relies on its manufacturing sector, which has been shown to benefit from improved electricity consumption in the short term [50]. However, the long-term outlook indicates that inadequate electricity infrastructure could hinder sustained growth. Therefore, addressing these infrastructural deficits is essential for fostering responsible production practices that align with SDG 12. Furthermore, transition to renewable energy sources presents a viable pathway for Nigeria to enhance its energy landscape while promoting sustainable practices. Current reliance on fossil fuels poses environmental challenges and limits the potential for responsible consumption [45]. By investing in renewable energy technologies such as solar and wind power, Nigeria will not only reduce carbon emissions but also create a more resilient and sustainable electricity sector. The transition towards sustainable energy must be accompanied by strategic policy reforms aimed at overcoming existing barriers within the industry [37]. Such reforms would facilitate equitable access to clean energy and support economic growth while adhering to the principles of responsible consumption and production within Nigeria’s electricity industry.
8.0	Conclusion 

The attainment of the SDGs in Nigeria is intricately linked to the transformation of its electric power sector. By prioritizing efforts to enhance energy access, drive economic growth, and embrace environmentally sustainable practices, Nigeria can make substantial progress towards realizing these global objectives. A robust and well-developed electric power infrastructure not only improves the quality of life for its citizens but also positions Nigeria as a regional leader in sustainable development within the African continent by adopting the following action plans:

i) Increasing electrification rates in rural and underserved areas, investing in renewable energy sources, and improving the efficiency of power generation and distribution.
ii) Enhancing power infrastructure to attract investments, promoting energy-efficient practices in industries, and supporting small and medium enterprises with reliable electricity access.
iii) Increasing the share of renewable energy in the energy mix, implementing energy efficiency measures, and reducing carbon emissions from power generation.
iv) Advocating for regional collaboration on energy access and sustainability, sharing best practices and innovations, and participating in international forums to showcase achievements and set benchmarks for progress.
v) Investing in electrification of healthcare facilities, schools, and communities, ensuring reliable power supply for essential services, and promoting inclusive energy access for all segments of society.

By strategically focusing on improving energy access, driving economic growth through a reliable power supply, embracing sustainable energy practices, and positioning Nigeria as a leader in sustainable development, the country can significantly advance towards achieving the Sustainable Development Goals. This holistic approach not only benefits its citizens but also contributes to the broader global agenda for a more sustainable and prosperous future for all.

Finally, the analysis of Nigeria’s historical energy data assisted in identifying patterns, trends, and fluctuations in electricity production over time. By this, policymakers, energy experts, and stakeholders can gain insights into the factors influencing electricity generation, such as seasonal variations, changes in energy sources, infrastructure developments, and policy interventions. 

In view of the foregoing analysis, Nigeria can address the factors influencing electricity generation, enhance energy security, promote sustainability, and build a resilient and efficient electricity system that supports economic growth, industrial development, and the well-being of its population by implementing the following policy recommendations:

i) Encourage the development and deployment of renewable energy sources such as solar, wind, hydroelectric, and biomass to diversify the energy mix and reduce reliance on fossil fuels.
ii) Provide incentives and subsidies to attract investments in renewable energy projects and create a favorable environment for renewable energy development.
iii) Invest in energy storage technologies such as batteries and pumped hydro storage to mitigate the variability of renewable energy sources and ensure a stable electricity supply.
iv) Invest in upgrading and expanding the electricity grid infrastructure to improve transmission and distribution efficiency, reduce losses, and enhance grid reliability.
v) Develop smart grid technologies that enable real-time monitoring, control, and optimization of electricity distribution systems.
vi) Introduce demand-side management programs to incentivize energy efficiency measures, such as energy-efficient appliances, lighting, and building standards, to reduce electricity demand during peak periods.
vii) Educate consumers on energy conservation practices and encourage behavioral changes to promote energy efficiency.
viii) Develop clear and consistent energy policies and regulations that provide a stable regulatory framework for the energy sector, attract investments, and promote sustainable energy development.
ix) Set renewable energy targets, emissions reduction goals, and implement mechanisms such as feed-in tariffs and renewable energy certificates to incentivize clean energy investments.
x) Foster collaboration between the government, energy industry, academia, and civil society to promote knowledge sharing, innovation, and best practices in sustainable energy development.
xi) Engage stakeholders in energy planning processes to ensure inclusivity, transparency, and effective implementation of energy policies and initiatives.
xii) Allocate resources for research and development initiatives to drive innovation in clean energy technologies, grid integration, energy storage, and energy efficiency solutions.
xiii) Support partnerships between research institutions, industry players, and government agencies to accelerate the adoption of cutting-edge technologies in the energy sector.
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