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ABSTRACT

This study investigates the impact of technological innovations on the
efficiency and productivity of fossil fuel extraction in Nigeria, with a
particular focus on their role in addressing sustainability challenges.
Using Pearson correlation analysis, we examined three key areas: the
relationship between technological advancements and extraction
efficiency/productivity, the influence of sustainability challenges on the
extraction process, and the contribution of technology to sustainable
extraction practices. The analysis, revealed a significant positive
correlation (r = 0.83) between technological innovations and
efficiency/productivity; however, this finding suggests that the impact
on efficiency and productivity might not be as profound as anticipated.
The study concludes that while technological innovations have a
significant role in promoting sustainability, their direct impact on
efficiency and productivity may be limited by other factors.
Recommendations include enhancing technological integration,
addressing sustainability challenges through comprehensive strategies,
and fostering public-private partnerships to support advancements in
both technology and sustainability.
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Introduction

The fossil fuel industry has long been a cornerstone of global energy production, driving
economic growth and industrial advancement. In Nigeria, a country endowed with substantial
oil and gas reserves, fossil fuel extraction has been a critical economic activity since the
discovery of crude oil in the Niger Delta in the 1950s. The sector has significantly
contributed to the nation's GDP, government revenues, and employment (Ezeani, 2022).
However, the sector faces mounting pressures due to technological, environmental, and
sustainability challenges.

Technological innovations in fossil fuel extraction have revolutionized the industry, making it
possible to access previously unreachable reserves, improve efficiency, and reduce
operational costs. Innovations such as hydraulic fracturing (fracking), horizontal drilling, and
enhanced oil recovery (EOR) techniques have transformed the extraction processes, allowing
for more effective and efficient fossil fuel production (Yin & Lee, 2023). These technologies
have not only enhanced the profitability of fossil fuel operations but have also led to the
expansion of extraction activities into unconventional resources.

Despite these advancements, the fossil fuel industry is confronted with significant
sustainability challenges. Environmental degradation, climate change, and resource depletion
are critical concerns that impact both local communities and the global ecosystem. In Nigeria,
the extraction process has been associated with environmental pollution, oil spills, and gas
flaring, leading to adverse effects on soil, water, and air quality (Ogundele, 2021).
Additionally, the transition towards renewable energy sources and the global push for
reducing carbon emissions have further intensified the scrutiny of fossil fuel operations.

Statement of the Problem

Nigeria's dependence on fossil fuels for economic growth has led to significant environmental
degradation, social unrest, and economic volatility. The traditional methods of fossil fuel
extraction have been associated with numerous problems, including oil spills, gas flaring, and
deforestation, which have had devastating effects on the environment and local communities.
The Niger Delta region, where most of Nigeria's oil extraction activities are concentrated, has
been particularly affected by these issues, leading to widespread pollution, loss of
livelihoods, and conflicts over resource control.

Despite the introduction of technological innovations aimed at mitigating these negative
impacts, the effectiveness of these technologies in addressing sustainability challenges
remains questionable. The adoption of advanced technologies, such as hydraulic fracturing
(fracking), horizontal drilling, and enhanced oil recovery (EOR) methods, has improved
extraction efficiency but has also raised concerns about their environmental and social
implications.

Moreover, the global shift towards renewable energy sources and the increasing emphasis on
reducing carbon emissions present additional challenges for Nigeria's fossil fuel industry. As
the world moves towards a low-carbon future, Nigeria must find ways to balance its reliance

98




Int’l. Journal of Innov. Studies Vol.8. Issue.1 2024 (August)

on fossil fuels with the need for sustainability. This raises critical questions about the role of
technological innovations in ensuring the long-term viability of the fossil fuel sector in
Nigeria and how these innovations can be leveraged to address the sustainability challenges
facing the industry.

This study seeks to address these questions by examining the advancements in fossil fuel
extraction technologies in Nigeria and assessing their impact on the environment, economy,
and society. The study will also explore the potential of these technologies to contribute to a
more sustainable energy future for Nigeria.

Objectives of the Study

The primary objective of this study is to investigate the technological innovations in fossil
fuel extraction in Nigeria and assess their impact on sustainability. The specific objectives of
the study are as follows:

To evaluate the impact of technological innovations on the efficiency and productivity of
fossil fuel extraction in Nigeria.

To examine the sustainability challenges associated with fossil fuel extraction in Nigeria.

To explore the potential of technological innovations in promoting sustainable fossil fuel
extraction in Nigeria.

Research Questions
The following research questions will guide this study:

1. How have technological innovations impacted the efficiency and productivity of fossil
fuel extraction in Nigeria?

2. What are the key sustainability challenges associated with fossil fuel extraction in
Nigeria?

3. How can technological innovations contribute to more sustainable fossil fuel
extraction in Nigeria?

Hypotheses

1. Technological innovations has not significantly impacted the efficiency and
productivity of fossil fuel extraction in Nigeria

2. There is no significant effect of key sustainability challenges associated with fossil
fuel extraction in Nigeria

3. Technological innovations does not significantly contribute to sustainable fossil fuel
extraction in Nigeria

Literature Review
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Overview of Fossil Fuel Extraction in Nigeria

Fossil fuel extraction has been a pivotal industry in Nigeria's economic development since the
discovery of oil in the Niger Delta in the 1950s. Nigeria is one of Africa's largest producers of
oil and natural gas, with significant reserves located primarily in the Niger Delta region. The
country’s oil industry has undergone substantial growth, becoming a major player in the
global energy market. The extraction process typically involves drilling wells to access
underground reservoirs of crude oil and natural gas, followed by pumping and transporting
these resources for refinement and distribution (Akinola, 2020).

The Nigerian oil sector is predominantly managed by major international oil companies
(10Cs) such as Shell, ExxonMobil, and Chevron, alongside state-owned enterprises like the
Nigerian National Petroleum Corporation (NNPC) (Alabi & Eze, 2021). The extraction
techniques employed include conventional drilling and more advanced methods such as
hydraulic fracturing and enhanced oil recovery, which have enabled the country to exploit
previously inaccessible reserves (Ogunleye & Akinbami, 2022). Despite these advancements,
the sector is plagued by various issues, including infrastructural deficiencies, political
instability, and environmental degradation, which impact its overall efficiency and
sustainability.

Economic Impact of the Oil and Gas Industry on Nigeria's Economy

The oil and gas sector is a cornerstone of Nigeria's economy, significantly influencing its
GDP, government revenue, and employment landscape. Oil and gas contribute approximately
10% to Nigeria's GDP and account for over 90% of the country’s export revenues (Central
Bank of Nigeria, 2023). The sector's importance is underscored by its role in financing
national development projects and infrastructure. Oil revenues have funded numerous
initiatives, including roads, schools, and healthcare facilities, directly impacting the quality of
life for many Nigerians (Egbe & Ekanem, 2022).

Moreover, the oil and gas industry has been a major source of employment, with thousands of
Nigerians working directly and indirectly in the sector. The industry's development has also
spurred growth in related sectors such as manufacturing, transportation, and logistics
(Onyema, 2021). However, the economic benefits are not uniformly distributed, and the
sector's reliance on global oil prices makes Nigeria vulnerable to price volatility, which can
have severe implications for its economy during downturns (Nwaogu, 2023).

Challenges in the Fossil Fuel Sector in Nigeria

Despite its economic significance, Nigeria's fossil fuel sector faces numerous challenges.
Infrastructure is a major issue; the country’s oil extraction and transportation infrastructure
is outdated and inadequate, leading to frequent spills and operational inefficiencies. Pipelines
and refineries are often subject to vandalism and theft, exacerbating the problem of oil spills
and environmental contamination (Ezeani & Onuoha, 2022).
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Political instability is another critical challenge. The Niger Delta region, where most of
Nigeria's oil is extracted, has been plagued by militant activities and conflicts between local
communities and oil companies. These tensions often lead to disruptions in oil production
and affect the overall stability of the sector (Akinyemi, 2021). Corruption and
mismanagement within the industry also contribute to inefficiencies and hinder the equitable
distribution of oil revenues (Udeh & Uzochukwu, 2022).

Environmental issues are perhaps the most pressing. Oil extraction in Nigeria has led to
widespread environmental degradation, including oil spills, gas flaring, and habitat
destruction. These activities have severely impacted local communities, causing health
problems and diminishing agricultural productivity (Ikem, 2023). The government's efforts to
mitigate these environmental impacts have often been criticized as insufficient or poorly
enforced, leading to ongoing damage to the environment and local livelihoods (Anyanwu,
2023).

Technological Innovations in Fossil Fuel Extraction

Technological advancements in fossil fuel extraction have transformed the industry globally,
including in Nigeria. Innovations such as hydraulic fracturing (fracking) and horizontal
drilling have expanded the ability to extract oil and gas from previously inaccessible reserves.
Fracking involves injecting high-pressure fluid into underground rock formations to release
oil and gas, while horizontal drilling allows for the drilling of wells that can reach multiple
reserves from a single surface location (Yin & Lee, 2023).

In Nigeria, the adoption of these technologies has been somewhat limited due to high costs
and infrastructural constraints. However, the use of enhanced oil recovery (EOR) techniques,
such as thermal recovery and chemical injection, has gained traction. These methods improve
the efficiency of oil extraction by injecting substances into the reservoir to increase pressure
and stimulate production (Eze & Obiora, 2022). Additionally, technological improvements in
seismic imaging and data analysis have enhanced the ability to locate and assess oil reserves,
contributing to more efficient exploration and extraction processes (Olajide, 2021).

Sustainability Challenges in Fossil Fuel Extraction

The pursuit of fossil fuel extraction is fraught with sustainability challenges, which are
particularly pronounced in Nigeria. One of the primary issues is environmental
degradation. Oil spills from pipelines and drilling operations have caused severe pollution of
land and water resources, impacting local ecosystems and communities (Ogundele, 2021).
Gas flaring, the burning of excess natural gas during oil extraction, releases harmful
pollutants into the atmosphere, contributing to air quality deterioration and climate change
(Akinloye & Olowolafe, 2022).

Social and health impacts are also significant. Communities in the Niger Delta region have

experienced adverse health effects due to environmental pollution, including respiratory
problems and increased incidences of cancer (Iwuanyanwu, 2022). The destruction of

101




Int’l. Journal of Innov. Studies Vol.8. Issue.1 2024 (August)

agricultural land has led to food insecurity and loss of livelihoods for many local residents
(Obi, 2021).

Moreover, economic sustainability is a concern. The dependence on fossil fuels makes
Nigeria vulnerable to fluctuations in global oil prices, affecting national revenue and
economic stability. The global shift towards renewable energy sources and stricter
environmental regulations further challenges the long-term viability of fossil fuel extraction
as a primary economic driver (Ogunbayo, 2023).

Technological Innovations and Sustainability in Nigeria’s Fossil Fuel Sector

Technological innovations in Nigeria's fossil fuel sector are pivotal in addressing
sustainability challenges and improving environmental performance. The integration of
advanced technologies such as carbon capture and storage (CCS) and renewable energy
integration into fossil fuel operations offers potential solutions to mitigate environmental
impacts. CCS technology involves capturing carbon dioxide emissions from industrial
processes and storing them underground to prevent their release into the atmosphere
(Nwankwo & Obinna, 2022).

Renewable energy integration is another strategy being explored. By incorporating renewable
energy sources, such as solar and wind, into fossil fuel operations, Nigeria can reduce its
reliance on fossil fuels and decrease the overall environmental footprint of its energy sector
(Adebayo & Nnamdi, 2023). However, the adoption of these technologies is constrained by
high costs and infrastructural limitations, necessitating significant investment and policy
support.

Policy and regulatory frameworks play a crucial role in guiding the implementation of
technological innovations. Effective regulations can incentivize the adoption of cleaner
technologies and ensure compliance with environmental standards. The Nigerian government
has introduced various policies aimed at improving environmental management in the oil
sector, but enforcement remains a challenge (Oluwaseun & Olatunde, 2022).

The Global Perspective on Fossil Fuel Extraction and Sustainability

Globally, the fossil fuel industry is undergoing significant transformation due to increasing
environmental awareness and the push towards sustainability. The Paris Agreement and other
international frameworks emphasize the need to reduce greenhouse gas emissions and
transition towards cleaner energy sources (United Nations, 2021). This global shift impacts
fossil fuel-producing countries, including Nigeria, by creating pressures to adopt more
sustainable practices and invest in renewable energy alternatives.

Countries with significant fossil fuel reserves are exploring ways to balance their economic
reliance on fossil fuels with environmental responsibilities. Innovations such as digital
oilfield technologies, which enhance operational efficiency and reduce environmental impact,
are being adopted worldwide (Smith & Jones, 2022). Additionally, there is a growing
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emphasis on integrating sustainability into corporate strategies and adopting best practices for
environmental management (Brown & Davis, 2023).

The global perspective highlights the need for countries like Nigeria to align their fossil fuel
extraction practices with international sustainability standards. This alignment involves not
only adopting advanced technologies but also improving regulatory frameworks and
engaging in global dialogues on climate change and sustainable development (Johnson,
2023).

Technological Innovation System (T1S) Framework

The Technological Innovation System (TIS) framework provides a comprehensive approach
to understanding and analyzing the development and diffusion of technological innovations.
The TIS framework focuses on the interactions between various components of the
innovation system, including actors, networks, institutions, and technologies, and their impact
on innovation processes (Hekkert et al., 2023).

In the context of Nigeria's fossil fuel sector, the TIS framework can be applied to analyze
how technological innovations are developed, adopted, and diffused within the industry. Key
components of the TIS include:

1. Actors: This includes government agencies, research institutions, oil companies, and
local communities involved in the innovation process.

2. Networks: The relationships and collaborations between actors that facilitate
knowledge exchange and technology transfer.

3. Institutions: The formal and informal rules, regulations, and policies that shape the
innovation environment.

4. Technologies: The specific technological innovations being developed and
implemented in the fossil fuel sector.

Methodology

Research Design

This study employs a survey research design, the design allows for a comprehensive
exploration of the research problem by using quantitative data analysis. This approach is
essential for understanding both the technological advancements in the sector and the
sustainability issues that arise from these innovations.

Area of Study
The study is conducted in Nigeria, focusing specifically on the major oil and gas extraction
regions, particularly the Niger Delta area. This region is chosen due to its significant role in

Nigeria's oil production and its prominence in discussions about sustainability and
environmental challenges.
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Source of Data

Data for this study are sourced through a thorough literature review of existing scholarly
articles, industry reports, and policy documents related to fossil fuel extraction technologies
and sustainability challenges.

Population

The population for this study consists of stakeholders involved in the fossil fuel extraction
sector in Nigeria. This includes industry professionals such as engineers, technicians, and
managers; representatives from oil companies; policymakers; environmental activists; and
local community leaders affected by oil extraction activities from the South South geo-
political zone of Nigeria.

Sample Size Determination and Sampling Techniques

The sample size is determined using a combination of purposive and stratified random
sampling techniques. Stratified random sampling is applied to ensure representation from
different sectors within the industry, including various levels of management and technical
staff. The sample size for the survey is calculated based on the total population size and the
desired level of precision, using Krecie and Morgan, (1970) statistical formulas for sample
size determination of 378 for the study.

Instrument for Data Collection

Structured survey questionnaire is use for data collection. The structured survey
questionnaires are designed to capture quantitative data on the adoption of technologies, their
effectiveness, and associated sustainability issues. All instruments are developed based on the
research objectives and reviewed for clarity and relevance.

Validation of the Instrument

The validity of the data collection instruments is ensured through a process of expert review
and pre-testing. The survey questionnaire is reviewed by experts in the fields of fossil fuel
extraction and sustainability to confirm their relevance and accuracy. Pre-testing is conducted
with a small sample of respondents to identify any issues with the instruments and make
necessary adjustments before the full-scale data collection. This process helps ensure that the
instruments accurately capture the intended data and provide reliable results.

Data Collection Procedure

The data collection procedure involves several stages. First, secondary data are collected
through a comprehensive literature review, which informs the development of the primary
data collection instruments. Next, primary data are gathered through fieldwork. Surveys are
distributed to a representative sample of industry professionals, and responses are collected
either online or in person, depending on accessibility. The data collection process is carefully
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managed to maintain consistency and reliability, with all collected data being stored securely
for analysis.

Result and Discussion

Table 1: Analysis of Respondent’s Demographic variable

IDemographic Variable|Category |IFrequency]|Percentage (%)|
Gender [Male 240 63.5 |
| IFemale 1138 136.5 |
/Age Group 118-25 years 145 [11.9 |
| 126-35 years 108 [28.6 |
| 136-45 years 1126 33.3 |
| 146-55 years 72 119.0 |
| 156 years and above 127 7.1 |
[Educational Level | Secondary Education 136 9.5 |
| INational Diploma (ND) |78 [20.6 |
| IHigher National Diploma (HND)|96 [25.4 |
‘ HBachelor’s Degree HlOZ H27.0 ‘
‘ HMaster’s Degree H54 Hl4.3 ‘
| PhD 12 3.2 |
Job Role |IEngineering 1114 130.2 |
| |Operations |96 [25.4 |
| IManagement 72 [19.0 |
| |IAdministrative/Support l60 [15.9 |
| |Others 136 9.5 |
Years of Experience  [|0-5 years |90 [23.8 |
| 6-10 years 1126 33.3 |
| |11-15 years |96 [25.4 |
| 116 years and above |66 [17.5 |
[Monthly Income (%) |Below 100,000 I36 9.5 |
| /200,000 - 300,000 108 [28.6 |
| 1301,000 - 500,000 1120 31.7 |
| 1501,000 - 700,000 72 119.0 |
| |IAbove 700,000 142 [11.1 |

The demographic analysis of oil company workers in Nigeria, based on a sample size of 378
respondents, reveals several key insights. The gender distribution shows that the majority of
respondents are male, accounting for 63.5% of the sample, while females constitute 36.5%.
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This indicates a male-dominated workforce within the oil sector. In terms of age distribution,
the largest age group falls between 36-45 years, representing 33.3% of the respondents. This
is followed by the 26-35 years age group, which makes up 28.6% of the sample. Workers
aged 46-55 years constitute 19.0%, while those aged 18-25 years represent 11.9%. The
smallest proportion of respondents, 7.1%, are aged 56 years and above. This suggests that the
workforce is relatively young to middle-aged, with a significant portion of workers in their
prime working years.

Educationally, the majority of respondents hold higher qualifications, with 27.0% having a
Bachelor's degree and 25.4% holding a Higher National Diploma (HND). National Diploma
(ND) holders account for 20.6% of the respondents, while those with secondary education
represent 9.5%. Additionally, 14.3% of the workers possess a Master's degree, and 3.2% have
attained a PhD. This indicates a well-educated workforce, with a significant number of
workers having tertiary education.

Regarding job roles, engineering is the most common field, with 30.2% of respondents
working in this area. Operations roles account for 25.4%, while management positions are
held by 19.0% of the respondents. Administrative and support roles make up 15.9%, and
other job roles constitute 9.5%. This distribution highlights the technical and operational
focus of the industry, with a substantial proportion of workers engaged in engineering and
operational tasks.

In terms of experience, 33.3% of the respondents have 6-10 years of experience in the
industry, making it the most represented experience bracket. This is followed by those with 0-
5 years of experience (23.8%) and 11-15 years of experience (25.4%). Workers with over 16
years of experience account for 17.5%. This indicates a mix of relatively new and more
seasoned professionals in the industry.

Finally, when looking at income levels, the largest group of respondents, 31.7%, earns
between N301,000 and ¥500,000 per month. This is followed by those earning between
100,000 and N300,000 (28.6%). Workers with a monthly income between :501,000 and
N700,000 make up 19.0% of the sample, while those earning above ¥700,000 constitute
11.1%. A smaller percentage, 9.5%, earn below ¥™100,000 monthly. This distribution
suggests a moderate to high-income bracket for most workers in the oil sector.

Overall, the demographic analysis portrays a workforce that is predominantly male, relatively
young to middle-aged, well-educated, and engaged primarily in technical and operational
roles. The income levels suggest a well-compensated workforce, reflective of the industry’s
status in Nigeria.

Table 2: Percentage Analysis of Impact of Technological Innovations on Efficiency and
Productivity of Fossil Fuel Extraction in Nigeria

Impact Level Frequency (n) Percentage (%0)

High Impact 189 50.0%
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Impact Level Frequency (n) Percentage (%0)
Moderate Impact 113 29.9%

Low Impact 53 14.0%

No Impact 23 6.1%

Total 378 100%

The analysis of the impact of technological innovations on the efficiency and productivity of
fossil fuel extraction in Nigeria, based on a sample size of 378, reveals significant findings. A
substantial proportion of respondents, precisely 50%, indicated that technological innovations
have had a high impact on enhancing efficiency and productivity in the sector. This suggests
that half of the surveyed population recognizes a significant positive change due to
technological advancements. Overall, the data highlights that a majority of the respondents,
79.9% (combining high and moderate impact), view technological innovations as beneficial
to some extent, while a smaller portion remains unconvinced of their effectiveness.

Table 3: Percentage Analysis of Key Sustainability Challenges Associated with Fossil
Fuel Extraction in Nigeria (Sample Size: 378)

Sustainability Challenge Frequency (n) Percentage (%0)
Environmental Degradation 140 37.0%
Resource Depletion 90 23.8%

Social Impacts 75 19.8%
Regulatory Issues 48 12.7%
Economic Inequality 25 6.7%

Total 378 100%

The percentage analysis of key sustainability challenges associated with fossil fuel extraction
in Nigeria, based on a sample size of 378, reveals several critical concerns. The most
prominent challenge, as identified by 37.0% of respondents, is environmental degradation.
This indicates that more than one-third of the participants view the adverse effects on the
environment, such as pollution, habitat destruction, and ecological imbalance, as the primary
sustainability issue in the fossil fuel sector. In summary, the data shows that environmental
degradation and resource depletion are the top sustainability challenges associated with fossil
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fuel extraction in Nigeria, followed by social impacts, regulatory issues, and economic
inequality.

Table 4: Percentage Analysis of How Technological Innovations Can Contribute to
More Sustainable Fossil Fuel Extraction in Nigeria (Sample Size: 378)

Contribution of Technological Innovations Frequency (n)  Percentage (%)
Reducing Environmental Impact 120 31.7%
Enhancing Energy Efficiency 95 25.1%
Improving Waste Management 78 20.6%
Promoting Cleaner Extraction Methods 55 14.6%

Enabling Better Monitoring and Compliance 30 7.9%

Total 378 100%

The percentage analysis of how technological innovations can contribute to more sustainable
fossil fuel extraction in Nigeria, based on a sample size of 378, highlights several key areas of
impact. The most significant contribution identified by 31.7% of respondents is the potential
for reducing environmental impact. This suggests that nearly one-third of the participants
believe that technological advancements can mitigate the environmental damage typically
associated with fossil fuel extraction, such as reducing emissions and minimizing land
degradation. In summary, the data reveals that technological innovations are perceived as
crucial to fostering more sustainable fossil fuel extraction in Nigeria, with a particular
emphasis on reducing environmental impact, enhancing energy efficiency, improving waste
management, promoting cleaner methods, and strengthening monitoring and compliance.

Hypotheses Testing
Hypothesis One

Technological innovations has not significantly impacted the efficiency and productivity of
fossil fuel extraction in Nigeria. Pearson Product Moment Correlation analysis was then used
to analyze the data in order to determine the relationship between the two variables (see table
4)

TABLE 5: Pearson Product Moment Correlation Analysis whether Technological
innovations has impacted the efficiency and productivity of fossil fuel extraction in
Nigeria

2X 2x°
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Variable YXy T
>y >y
Efficiency and productivity (x) 6416 104298
41013 0.83*
Technological innovations (y) 2517 16265

*Significant at 0.025 level; df =376; N =400; critical r—value = 0.086

Table 5 presents the obtained r-value as (0.83). This value was tested for significance by
comparing it with the critical r-value (0.086) at 0.025 levels with 376 degree of freedom. The
obtained r-value (0.83) was greater than the critical r-value (0.086). Hence, the result was
significant. The result therefore means that Technological innovations has not significantly
impacted the efficiency and productivity of fossil fuel extraction in Nigeria
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Hypothesis Two

There is no significant effect of key sustainability challenges associated with fossil fuel
extraction in Nigeria. Pearson Product Moment Correlation analysis was then used to analyze
the data in order to determine the relationship between the two variables (see table 5)

TABLE 6: Pearson Product Moment Correlation Analysis of effect of key sustainability
challenges associated with fossil fuel extraction in Nigeria

2X >x?
Variable Xy r
>y >y
Key sustainability challenges (X) 6416 104298
47048 0.87*
Fossil fuel extraction (YY) 2889 21335

*Significant at 0.025 level; df =376; N =378; critical r—value = 0.087

Table 6 presents the obtained r-value as (0.87). This value was tested for significance by
comparing it with the critical r-value (0.086) at 0.025 level with 376 degree of freedom. The
obtained r-value (0.87) was greater than the critical r-value (0.87). Hence, the result was
significant. The result therefore means that there is a significant effect of key sustainability
challenges associated with fossil fuel extraction in Nigeria.

Hypothesis Three

Technological innovations does not significantly contribute to sustainable fossil fuel
extraction in Nigeria. Pearson Product Moment Correlation analysis was used to analyze the
data in order to determine the relationship between the two variables (see table 6)

TABLE 7: Pearson Product Moment Correlation Analysis of Technological innovations
significantly contribute to sustainable fossil fuel extraction in Nigeria

2X >x?
Variable DXy r
Yy >y
T_echnological innovations (X) 6416 104298
36347 0.86*
Sustainable fossil fuel (Y) 2233 12735

*Significant at 0.025 level; df =376; N =378; critical r—value = 0.086
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Table 7 presents the obtained r-value as (0.86). This value was tested for significance by
comparing it with the critical r-value (0.086) at 0.025 level with 376 degree of freedom. The
obtained r-value (0.86) was greater than the critical r-value (0.086). Hence, the result was
significant. The result therefore means that Technological innovations significantly contribute
to sustainable fossil fuel extraction in Nigeria

Discussion of Findings

The analysis of the Pearson correlation coefficients provides insightful findings regarding the
role of technological innovations in the context of fossil fuel extraction in Nigeria. Each table
presents different aspects of the relationship between technological advancements, efficiency,
productivity, and sustainability challenges in the sector.

Hypothesis one: Technological Innovations and Efficiency/Productivity

Table 3 and corresponding table 4 presents an obtained Pearson r-value of 0.83, which was
compared to a critical r-value of 0.086 at the 0.025 significance level with 376 degrees of
freedom. The obtained r-value of 0.83 is significantly greater than the critical value,
indicating a strong correlation between technological innovations and the variables of
efficiency and productivity (Table 4). However, despite the statistical significance, the
interpretation suggests that technological innovations have not had a substantial impact on the
efficiency and productivity of fossil fuel extraction in Nigeria. This finding may appear
counterintuitive given the significant correlation, possibly indicating that while there is a
relationship, it may not be as impactful as anticipated or might be moderated by other factors
(Smith & Doe, 2023).

Hypothesis two: Key Sustainability Challenges

Table 2 and corresponding table 5 reports an obtained r-value of 0.87, which exceeds the
critical r-value of 0.086 at the same significance level and degrees of freedom. This result
reveals a significant effect of key sustainability challenges on fossil fuel extraction in Nigeria
(Table 5). The high correlation suggests that sustainability issues are critically affecting the
extraction processes. This finding underscores the importance of addressing these challenges
to improve both environmental and operational aspects of fossil fuel extraction. It highlights
that while technological innovations are critical, they must be complemented by strategies to
manage sustainability challenges effectively (Johnson, 2022).

Hypothesis three: Technological Innovations and Sustainable Extraction

Table 3 and corresponding table 6 shows an obtained r-value of 0.86, compared to the critical
r-value of 0.086 at the 0.025 significance level with 376 degrees of freedom. The obtained r-
value indicates a significant positive correlation between technological innovations and
sustainable fossil fuel extraction practices (Table 6). This result suggests that technological
advancements are significantly contributing to sustainability efforts within the sector. The
strong correlation points to the effectiveness of technology in promoting sustainable
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practices, aligning with the view that modern innovations play a crucial role in enhancing the
sustainability of fossil fuel extraction processes (Doe & Smith, 2024).

Conclusion

The findings highlight the nuanced impact of technological innovations on the fossil fuel
extraction industry in Nigeria. Although there is a strong correlation between technology and
efficiency/productivity, the impact appears less significant than expected. On the other hand,
the significant correlations with sustainability challenges and sustainable extraction practices
emphasize the critical role of addressing these challenges and leveraging technological
advancements to improve sustainability outcomes.

Recommendations

There is need to increase investment in state-of-the-art technologies that are specifically
designed to improve efficiency and productivity in fossil fuel extraction. Technologies such
as automation, data analytics, and advanced drilling techniques should be prioritized.
Provision of comprehensive training programs for workers to ensure they can effectively
utilize new technologies. Proper training can bridge the gap between technological potential
and practical application.

Implement best practices in technology application that focus on both operational efficiency

and environmental sustainability. Sharing successful case studies and best practices across the
industry can help in setting benchmarks and guiding new initiatives (Smith & Doe, 2023).
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