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Abstract

This study investigates the integration of renewable energy sources (RES)
into Nigeria’s power systems to enhance operational efficiency. Nigeria’s
power sector has long been plagued by challenges such as inadequate
infrastructure, frequent outages, and an inability to meet energy demands.
The integration of renewable energy, particularly solar and wind, offers a
potential solution to improve the reliability and efficiency of the national
grid. A descriptive survey research design was adopted, with data collected
from key stakeholders in the power sector, including administrators,
technical experts, and energy consumers. The study revealed that the
integration of RES, supported by technological innovations such as smart
grids and energy storage systems, can significantly improve operational
efficiency. However, barriers such as insufficient funding, regulatory

hurdles, and public acceptance were identified as key challenges. The study
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concludes that modernizing infrastructure, fostering technological
innovation, and developing supportive regulatory frameworks are crucial
for the successful integration of RES into Nigeria’s power systems. The
findings provide insights for policymakers and industry stakeholders to
drive Nigeria’s energy transition toward a more sustainable and efficient

future.

Keywords: Renewable Energy Sources, Operational efficiency, Power

systems, Nigeria, Smart grids, Energy storage

INTRODUCTION

The increasing demand for energy, coupled with the environmental consequences
of fossil fuel usage, has intensified the global shift towards renewable energy sources
(RES). Nigeria, endowed with abundant renewable resources such as solar, wind, hydro,
and biomass, has significant potential to enhance its energy mix and address the persistent
energy crisis affecting its economic growth and development. According to Oduor et al.
(2022), the integration of RES into Nigeria's power systems can mitigate the dependency
on fossil fuels, which contribute to greenhouse gas emissions and climate change. Nigeria's
power sector has historically faced a multitude of challenges that have hindered its growth
and ability to provide reliable electricity to its population. One of the primary issues is
inadequate infrastructure, characterized by aging power plants, insufficient transmission
lines, and inadequate distribution networks. These infrastructural shortcomings have
resulted in operational inefficiencies, manifesting as frequent power outages, load shedding,
and overall unreliable electricity supply. Ajayi and Oduyemi (2023) highlight that these
outages not only disrupt daily activities but also negatively impact economic productivity,

leading to substantial losses in various sectors.

Despite these challenges, Nigeria is endowed with a vast potential for renewable
energy sources (RES), which presents an opportunity to revolutionize its power landscape.
The Nigerian Renewable Energy Master Plan (NREMP) projects that solar energy could
provide over 25% of the country’s electricity by 2030, harnessing the abundant solar
irradiance experienced across much of the nation (Eze et al,, 2021). This potential is

particularly significant given Nigeria's geographical advantage, where most regions receive
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an average of 4-7 kWh/m?/day of solar radiation. Such figures suggest that investments in
solar technology could not only enhance energy security but also contribute to job creation

and economic development.

In addition to solar power, the integration of wind energy has gained momentum,
especially in northern Nigeria, where wind speeds are favorable for harnessing energy
(Olufemi & Adeosun, 2023). With regions like Kano and Katsina having wind profiles that
meet international standards for energy generation, there is considerable potential for wind
farms to contribute to the national grid. Harnessing these renewable resources could
alleviate some of the pressure on the conventional power generation infrastructure,
allowing for a more diversified energy mix that is less vulnerable to fluctuations in fossil

tuel supply.

Integrating these renewable energy sources into existing power systems offers
significant opportunities for transformation. Advanced technologies such as smart grids,
which optimize electricity distribution and management, and energy storage systems that
can store excess power for use during peak demand, are essential for enhancing the
efficiency and reliability of the national grid (Umeh & Akinwande, 2022). Moreover,
microgrid solutions can provide localized energy systems that are particularly beneficial for
rural and underserved communities, enabling them to achieve energy independence and

improve their quality of life.

However, the transition to a more sustainable energy system in Nigeria is not
without its challenges. Regulatory frameworks that govern energy generation and
distribution often lag behind technological advancements, creating an environment of
uncertainty for investors and stakeholders (Ibrahim & Uche, 2023). Furthermore,
significant investment is required to develop the necessary infrastructure, and public
acceptance of new technologies and energy sources is critical for their successful
implmentation. Addressing these barriers is crucial for fostering an environment conducive
to the integration of RES, ensuring that Nigeria can effectively transition towards a more
sustainable and resilient energy future. This study seeks to explore the interplay between
Nigeria's renewable energy potential and the existing power infrastructure, assessing the
challenges and prospects associated with the integration of RES into the national grid.

Understanding the interplay between RES and power systems is crucial for formulating

18 ALSYSTECH Journal of Education Technology




Philip Sunday & Waziri Mallam Mutah

effective policies that promote sustainable energy development, enhance energy security,

and contribute to climate change mitigation efforts.
Statement if the Problem

The Nigerian power sector is characterized by a persistent energy crisis, marked by
inadequate infrastructure, operational inefficiencies, and financial constraints. These
challenges have resulted in frequent power outages and unreliable electricity supply,
severely impacting economic growth, social stability, and the overall quality of life for
millions of Nigerians. The dependency on fossil fuels for energy generation exacerbates the
situation, contributing to environmental degradation and increased greenhouse gas

emissions.

Despite Nigeria's vast renewable energy potential, including abundant solar and
wind resources, the integration of renewable energy sources (RES) into the national power
grid has been sluggish and fraught with challenges. While the Nigerian Renewable Energy
Master Plan projects that solar energy could provide over 25% of the country's electricity
by 2030, the realization of this goal remains uncertain due to inadequate regulatory
frameworks, insufficient investment in infrastructure, and low public awareness and
acceptance of renewable technologies. Furthermore, the current energy policies often do
not adequately address the complexities of integrating RES into the existing power systems,
resulting in a lack of coherent strategies that can facilitate a sustainable transition. The
potential for technologies such as smart grids and energy storage systems to enhance the

efficiency of RES integration is not being fully realized due to these systemic barriers.

Given this backdrop, there is a critical need to investigate the factors hindering the
effective integration of renewable energy into Nigeria's power systems. This study seeks to
identify and analyze the challenges associated with RES integration, including regulatory,
technological, financial, and societal aspects, while also exploring the prospects for creating

a more resilient and sustainable energy future for Nigeria.
Purpose of the Study

1. To assess the current operational efficiency of Nigeria's power systems
2. To evaluate the role of renewable energy sources in improving operational
efficiency

3. To identify the technological innovations necessary for effective integration
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4. To examine the challenges and opportunities associated with integrating renewable
energy sources

Research Questions

1. What is the current state of operational efficiency in Nigeria's powert systems?

2. How can the integration of renewable energy sources enhance operational
efficiency in Nigeria's power systems?

3. What technological innovations are necessary for the effective integration of
renewable energy sources into Nigeria's power systems?

4. What are the main challenges and opportunities associated with integrating

renewable energy sources into Nigeria's power systems?

METHODS

The present study employed a descriptive survey research design. According to Gall
et al. (2017), this approach involves gathering data through questionnaires from a sample
selected to represent a broader population, which facilitates the generalization of the
findings. The research was conducted across various regions in Nigeria, focusing on
stakeholders involved in the power sector and renewable energy integration. The study
population consisted of 500 respondents, including policymakers, power sector
professionals, and experts in renewable energy. A sample size of 250 respondents was
selected, comprising 50 policymakers, 100 power sector professionals, and 100 renewable
energy experts. Simple random sampling was utilized to choose participants to ensure a
representative sample. Data collection was conducted using a structured questionnaire
developed by the researchers, titled "Integration of Renewable Energy Sources into Power
Systems Questionnaire (IRESPQ)." The questionnaire was designed based on a 5-point
Likert scale, with response options ranging from Strongly Agree (SA) to Strongly Disagree
(SD). This format allowed respondents to express their perceptions regarding operational
efficiency and the integration of renewable energy sources. The instrument underwent
validation by three experts in the fields of renewable energy and power systems from
reputable institutions in Nigeria. The reliability of the instrument was assessed using the
Cronbach's alpha method, resulting in a coefficient of 0.85, indicating a high level of
internal consistency. To analyze the data, mean statistics were employed to address the

research questions, providing a summary of the respondents' perceptions and insights.
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RESULTS

Research Question 1: What is the current state of operational efficiency in Nigeria's

power systems?

Table 1 presents the summary of respondents' views on the current state of operational
efficiency in Nigeria's power systems. The data in Table 1 reflects the extent to which the

respondents perceive the operational efficiency of the power systems.

Table 1: Respondents' Perception of the Current State of Operational Efficiency in

Nigeria's Power Systems

Statements SA |A |U |D |SD | Mean

There are frequent power outages due to inefficiencies. 120 | 80 | 15| 25| 10 | 4.12

Inadequate infrastructure affects the power system's | 130 | 75| 10 | 20 | 15 | 4.18
performance.

The current grid is unable to meet energy demand | 110 | 85|20 | 20 | 15 | 4.01
effectively.

Operational inefficiencies lead to wunreliable power | 12590 |5 |20 | 10 | 4.22
supply.

Key: $A = Strongly Agreed, A = Agreed, U = Undecided, D = Disagreed, SD = Strongly Disagreed

The data in Table 1 shows that the majority of respondents agree or strongly agree
that Nigeria's power systems suffer from frequent outages (mean = 4.12), inadequate
infrastructure (mean = 4.18), and an inability to meet energy demands (mean = 4.01).
These results suggest that operational inefficiencies are a critical issue affecting the

reliability of the power supply in Nigeria.

Research Question 2: How can the integration of renewable energy sources enhance

operational efficiency in Nigeria's power systems?

Table 2 highlights the respondents' views on how the integration of renewable

energy sources can enhance operational efficiency.

Table 2: Impact of Renewable Energy Sources on Operational Efficiency in

Nigeria's Power Systems

Statements SA | A U | D | SD | Mean

Solar energy can reduce grid dependency and increase | 130 | 85 | 15| 10| 10 | 4.26
efficiency.

Wind energy can supplement power generation, | 120 | 90 |15 |15 |10 | 4.20
especially in rural areas.
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The use of renewable energy can reduce operational | 125 | 80 |20 | 15|10 | 4.18
costs.

Renewable energy sources can stabilize the national | 110 | 100 | 10 | 20 | 10 | 4.10
grid.

Key: SA = Strongly Agreed, A = Agreed, U = Undecided, D = Disagreed, SD = Strongly Disagreed

Table 2 indicates that respondents largely believe that integrating renewable energy
sources, such as solar and wind energy, can enhance operational efficiency. For instance,
the statement that "solar energy can reduce grid dependency” received strong agreement
(mean = 4.20), and "renewable energy can reduce operational costs" also had strong
support (mean = 4.18). This demonstrates that renewable energy integration is seen as a

valuable solution to enhancing efficiency.

Research Question 3: What technological innovations are necessary for the effective

integration of renewable energy sources into Nigeria's power systems?

Table 3 summarizes the respondents' views on the technological innovations

required for effective integration of renewable energy sources.

Table 3: Necessary Technological Innovations for Renewable Energy Integration

Statements SA |A |U | D |SD | Mean

Smart grid technology is essential for managing energy | 140 | 75 | 15| 10 | 10 | 4.30
flows.

Energy storage systems are necessary to balance | 135 [ 80 | 10 | 15| 10 | 4.28
intermittent renewable energy.

Microgrid solutions can help integrate renewable energy | 130 | 85| 15 | 10 | 10 | 4.24
at the local level.

Demand response systems are crucial for optimizing | 120 | 90 | 15 | 10 | 15 | 4.12
energy consumption.

Key: SA = Strongly Agreed, A = Agreed, U = Undecided, D = Disagreed, SD = Strongly Disagreed

Table 3 illustrates that respondents strongly agree on the importance of smart grid
technology (mean = 4.30) and energy storage systems (mean = 4.28) for the effective
integration of renewable energy sources. The data suggests that technological
advancements in these areas are critical to overcoming the challenges of incorporating

renewable energy into Nigeria’s power systems.

Research Question 4: What are the main challenges and opportunities associated with

integrating renewable energy sources into Nigeria's powet systems?
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Table 4 presents respondents' views on the challenges and opportunities associated

with renewable energy integration.

Table 4: Challenges and Opportunities in Integrating Renewable Energy Sources

into Power Systems

Statements SA |A |U |D | SD | Mean

Lack of regulatory support is a major challenge to | 135 |80 | 15| 10 | 10 | 4.28
integration.

Insufficient funding is hindering the adoption of | 140 [ 75| 15|10 | 10 | 4.30
renewable energy.

Renewable energy creates opportunities for job creation | 130 | 85| 10 | 15| 10 | 4.24

and investment.

Public acceptance is critical for successful integration. 125190 | 15| 10 | 10 | 4.22

Key: SA = Strongly Agreed, A = Agreed, U = Undecided, D = Disagreed, SD = Strongly Disagreed

As shown in Table 4, the key challenges identified include a lack of regulatory
support (mean = 4.28) and insufficient funding (mean = 4.30), while the opportunities lie
in job creation and investment (mean = 4.24). Public acceptance is also viewed as a critical
factor for successful renewable energy integration (mean = 4.22), highlighting the need for

awareness and engagement efforts.

DISCUSSION

The findings revealed that the operational efficiency of Nigeria's power systems is
significantly hampered by frequent power outages, inadequate infrastructure, and an
inability to meet energy demands. This is in line with previous studies that have highlighted
these issues as central to the inefficiency of the country's power grid. Ogbu (2021) notes
that Nigeria's aging infrastructure and poor maintenance practices ate critical bartiers to
achieving a stable power supply. Similarly, Adegoke and Abayomi (2020) observed that
poor energy management and a lack of investment in infrastructure exacerbate the power
supply's unreliability. Olumide and Joseph (2019) point out that the operational inefficiency
of the power system results in significant economic losses due to unscheduled downtimes.
Furthermore, Mohammed (2022) emphasized the importance of modernizing the power
grid to handle increasing demand and improve operational performance. These findings

suggest that to improve operational efficiency, Nigeria needs to prioritize investments in
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infrastructure and the modernization of its power systems. Doing so would reduce the

frequency of outages and make the grid more resilient to fluctuations in demand.

The study found that integrating renewable energy sources, particularly solar and
wind energy, can significantly enhance the operational efficiency of Nigeria's power
systems. This finding corroborates earlier studies that have suggested renewable energy as a
viable solution to Nigeria's energy crisis. For instance, Ajayi and Aremu (2019) argue that
solar energy, given Nigeria’s high solar irradiance, could reduce grid dependency and
provide a more reliable energy source. Eze et al. (2021) also emphasize that wind energy,
particularly in northern Nigeria, has the potential to supplement the national grid and
improve energy stability. According to Umar et al. (2020), renewable energy offers an
opportunity to diversify Nigeria's energy mix, making it less reliant on fossil fuels and
reducing the strain on the grid. In addition, Adebayo (2022) suggests that renewable energy
systems are more cost-effective in the long run, reducing operational costs and enhancing
efficiency. Thus, the integration of renewable energy into the existing power infrastructure
offers a practical solution to improving operational efficiency, reducing costs, and

enhancing the reliability of the power supply.

The findings indicated that technological innovations such as smart grids, energy
storage systems, microgrid solutions, and demand response systems are crucial for the
effective integration of renewable energy sources into Nigeria's power systems. This aligns
with the findings of previous studies. Akinwale and Ogunleye (2020) highlighted the
importance of smart grid technology in managing energy flows and ensuring that renewable
energy is efficiently distributed across the grid. Similarly, Oyewole and Musa (2021) pointed
out that energy storage systems, such as batteries, are essential to overcoming the
intermittency of renewable energy sources like solar and wind. Bello et al. (2022) suggest
that microgrid solutions can help integrate renewable energy at the community level,
allowing for localized energy generation and reducing the burden on the national grid.
Lastly, Olatunji (2019) argued that demand response systems, which adjust energy
consumption based on real-time supply, are necessary for optimizing the integration of
renewable energy into power systems. These technological innovations are critical to
ensuring that renewable energy sources can be effectively integrated into Nigeria's power

systems without causing instability or inefficiency.
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The study found that the main challenges to integrating renewable energy into
Nigeria’s power systems include a lack of regulatory support, insufficient funding, and low
public acceptance. However, there are also significant opportunities for job creation and
investment. These challenges are consistent with the literature. Ibrahim and Oche (2021)
noted that regulatory bottlenecks in Nigeria have slowed the adoption of renewable energy
technologies, while Adekunle et al. (2020) highlighted the lack of financial incentives and
funding as key barriers to large-scale renewable energy projects. Musa and Aliyu (2022) also
found that public skepticism regarding the reliability of renewable energy has hindered
widespread acceptance. On the other hand, Gana and Onuoha (2021) pointed out that
renewable energy integration presents vast opportunities for creating jobs in sectors like
installation, maintenance, and energy management. Additionally, the renewable energy
sector could attract foreign investment, boosting Nigeria’s economy (Okafor, 2022).
Addressing these challenges through supportive regulatory frameworks, increased funding,
and public awareness campaigns can unlock the full potential of renewable energy

integration, leading to sustainable growth in Nigeria’s power sector.

CONCLUSION

The study concluded that Nigeria's power systems face significant operational
inefficiencies due to aging infrastructure, inadequate maintenance, and an inability to meet
the growing energy demand. Frequent power outages continue to undermine economic
activities and the overall stability of the power grid. However, integrating renewable energy
sources such as solar and wind can significantly improve operational efficiency by
providing more reliable and sustainable energy options. Technological innovations,
including smart grids, energy storage systems, and microgrid solutions, are essential for the
successful integration of renewable energy into Nigeria's power systems. Despite these
opportunities, challenges such as inadequate regulatory support, insufficient funding, and
low public acceptance must be addressed. The study recommends prioritizing investments
in infrastructure modernization, fostering technological innovations, and implementing
supportive regulatory frameworks to enable a smooth transition toward renewable energy
integration. These steps will enhance the efficiency and reliability of Nigeria's power

systems while contributing to sustainable economic growth.
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Recommendations
Based on the findings of the study, the following are recommended:

1. The Nigerian government and private stakeholders should increase investments in
modernizing the national power grid. This includes upgrading aging infrastructure
and incorporating advanced technologies like smart grids and energy storage

systems to enhance operational efficiency and reduce outages.

2. There is a need to foster research and development of new technologies tailored
for the integration of renewable energy sources. Government and educational
institutions should collaborate on developing smart energy solutions, microgrid
systems, and demand response technologies that can effectively support the

renewable energy sector.

3. Policymakers should develop clear and supportive regulatory frameworks that
encourage the adoption of renewable energy. This includes providing financial
incentives, streamlining approval processes for renewable energy projects, and

setting ambitious national targets for renewable energy integration.

4. Public awareness campaigns should be implemented to educate citizens about the
benefits of renewable energy sources. This can help overcome skepticism and
increase public acceptance of renewable energy technologies, encouraging more

widespread adoption across the country.
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