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ABSTRACT

This study assesses the financial constraints to clean energy adoption in Delta State, Nigeria, to identify
opportunities for enhancing sustainable household energy supply. A mixed-methods research design was
employed, combining quantitative surveys of 380 households across six Local Government Areas and
gualitative interviews with key stakeholders, including government officials, energy experts, and
community leaders. Findings reveal that while 65.8% of households primarily rely on the national grid,
frequent outages drive 26.3% to use costly fuel-powered generators, highlighting reliability and cost
challenges. Solar energy adoption remains low (5.3%) despite Delta State’s abundant sunlight, indicating
both limited awareness and financial barriers. Improved cook stoves show the highest adoption potential
among clean energy interventions due to their affordability and health benefits, while solar home systems
and solar water heaters exhibit significant impact on sustainable energy outcomes when financial and
technical support is available. Correlation analysis indicates that awareness positively influences
adoption, whereas high upfront costs impede uptake. Regression analysis suggests that combining
multiple clean energy technologies could substantially reduce reliance on fossil fuels, lower household
energy expenditure, and enhance environmental sustainability. The study underscores the need for
targeted financial incentives, policy support, and community awareness campaigns to overcome economic
and informational barriers, thereby facilitating a transition toward a cleaner, reliable, and more sustainable
energy system in Delta State.

Keywords: Clean energy adoption, Financial constraints, Delta State, Renewable energy, Household
energy sustainability

1.0 INTRODUCTION

Access to reliable and affordable energy remains a major challenge in many developing countries,
particularly in sub-Saharan Africa where electricity deficits continue to undermine socio-economic
development (Al-Amin et al., 2025). Nigeria, despite being endowed with abundant fossil and renewable
energy resources, still struggles with persistent energy poverty, unreliable grid supply, and heavy
dependence on diesel and petrol generators (Sadiq et al., 2025). These challenges have intensified the
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need for a transition toward clean and sustainable energy solutions such as solar, wind, and small
hydropower systems. Clean energy adoption is widely recognized as a pathway to improving energy
access, reducing greenhouse gas emissions, and fostering sustainable economic growth in the country
(Akinola et al., 2017; International Renewable Energy Agency, 2023; Ibrahim et al., 2025). However, the
pace of adoption remains uneven across regions due to structural and economic barriers. (wjarr.com)

In recent years, the global push for energy transition has highlighted Nigeria as a critical player in Africa’s
clean energy future, given its large population and expanding energy demand. Yet, financing remains one
of the most significant constraints to scaling renewable energy deployment nationwide (Suleiman et al.,
2025). Renewable energy projects typically require high upfront capital investments, long payback
periods, and specialized financing mechanisms that are not widely available in developing economies
(Tanko et al., 2025). Financial institutions often perceive clean energy ventures as high-risk and therefore
impose high interest rates, short loan tenures, and stringent collateral requirements, making them
inaccessible to households and small enterprises (BusinessDay, 2024; EnviroNews Nigeria, 2025;
Chinedu et al., 2021; Magaji & Ismail, 2025).

The financing gap in Nigeria’s renewable energy sector is substantial and continues to hinder both grid-
connected and off-grid clean energy initiatives. Estimates suggest that the country requires billions of
dollars annually to meet universal electricity access and renewable energy targets, yet current investments
fall significantly short of these needs. Limited domestic funding, weak concessional financing
frameworks, and reliance on donor-driven projects further complicate the situation. Additionally,
macroeconomic risks such as currency volatility and inflation increase investor hesitation and elevate the
cost of capital, thereby constraining long-term clean energy investments (MDPI, 2024; Energy in Africa,
2024; Igwe et al., 2021).

At the subnational level, regions such as Delta State face distinct energy and developmental challenges
that make clean energy adoption both necessary and complex. As part of Nigeria’s oil-rich Niger Delta,
Delta State has historically relied on fossil fuel-driven economic activities, yet many communities still
experience limited access to stable electricity. Environmental degradation from oil exploration has
heightened the urgency for cleaner and more sustainable energy alternatives. However, structural
inequalities, limited access to finance, and weak institutional capacity continue to slow the diffusion of
renewable technologies at the state level, underscoring the need for localized assessments of financial
barriers.

Given this context, assessing financial constraints to clean energy adoption in Delta State is both timely
and essential. Understanding the specific financial barriers faced by households, businesses, and energy
developers will provide valuable insights into policy design and investment strategies that can accelerate
energy transition at the grassroots level. By identifying financing gaps, credit access limitations, and
affordability challenges, this study contributes to the broader discourse on sustainable energy financing in
Nigeria while offering evidence-based recommendations for enhancing clean energy penetration in
subnational contexts.

2.0 Literature Review and Theoretical Framework

2.1 Conceptual Review

2.1.1 Financial Constraints

Financial constraints refer to limitations in access to adequate financial resources required to undertake

investments, particularly in capital-intensive sectors such as energy infrastructure and technology

deployment. These constraints manifest through high borrowing costs, lack of collateral, limited credit

availability, and weak financial intermediation systems that prevent individuals, firms, and governments

from accessing affordable capital (Magaji et al., 2025). In developing economies, financial constraints are

often intensified by macroeconomic instability, underdeveloped capital markets, and institutional

weaknesses, which collectively reduce investment capacity and slow technological innovation (Beck &

Demirglic-Kunt, 2006; Fazzari, Hubbard, & Petersen, 1988). Within the energy sector, financial

constraints significantly affect project feasibility because renewable energy systems typically require high
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upfront capital and longer payback periods compared to conventional energy solutions. Consequently,
households and small businesses with limited liquidity are less likely to invest in sustainable energy
technologies, thereby perpetuating reliance on cheaper but environmentally harmful energy sources (Hall,
Foxon, & Bolton, 2016).
2.1.2 Clean Energy Adoption
Clean energy adoption refers to the process by which individuals, organizations, and governments
integrate environmentally sustainable energy sources such as solar, wind, hydropower, and bioenergy into
their energy consumption and production systems. It involves both technological uptake and behavioral
shifts that support the transition from fossil fuel dependence to low-carbon energy alternatives. The
diffusion of clean energy technologies is influenced by multiple factors, including policy incentives,
technological readiness, socio-economic conditions, and financial accessibility (Rogers, 2003; IEA,
2022). In developing countries, adoption is often driven by the need to expand energy access while
reducing environmental degradation and greenhouse gas emissions. However, structural barriers such as
affordability challenges, limited awareness, and infrastructural gaps continue to slow adoption rates,
highlighting the importance of targeted financial and policy interventions to accelerate renewable energy
penetration (IRENA, 2023).
2.2 Empirical Review
Ahunanya (2025) examined the Impact of Financial Inclusion on Green Investments in Rural Areas of
Nigeria using a quantitative design involving descriptive statistics, correlation, and regression on survey
data from 506 rural respondents. Results showed that financial inclusion had weak and statistically
insignificant effects on driving green investments, revealing that access to financial services alone does
not significantly promote environmentally sustainable initiatives in rural contexts. Barriers identified
included lack of tailored financial products, limited financial literacy, and structural challenges within
rural financial systems. The study recommended policy interventions such as development of tailored
financial products, enhanced financial literacy programs, and integration of environmental objectives into
financial strategies to better harness financial inclusion for sustainable investments
Hadiza, Shuaibu, Akuson, and Menson (2025) conducted an empirical investigation titled Renewable
Energy Adoption and Environmental Pollution in Nigeria, employing an Autoregressive Distributed Lag
(ARDL) model on annual time-series data to assess the impacts of renewable energy, energy efficiency,
energy equity, and economic growth on CO: emissions. Findings demonstrated that renewable energy and
energy efficiency significantly reduce environmental pollution in both the short and long run, reinforcing
the environmental benefits of renewable energy adoption. Conversely, energy equity was positively
related to emissions, suggesting that expanding access without prioritizing clean sources could worsen
environmental outcomes. The authors recommended scaling up renewable energy investments, enforcing
efficiency standards, and adopting equitable clean energy policies
lormom, Jato, Ishola, and Diyoke (2025) investigated Economic Policy Uncertainty, Institutional Quality,
and Renewable Energy Transitioning in Nigeria using econometric analysis of policy, institutional, and
energy data. The study revealed that strong institutions and sustainable policies consistently promote
renewable energy adoption, while short-term economic policy uncertainty had heterogeneous effects on
energy transitions. The research highlighted the critical role of institutional quality in offsetting financial
and policy risks in renewable energy markets, underscoring that policy stability and governance reforms
are essential for scaling clean energy adoption in Nigeria’s volatile economic context.
Oyasor (2025) explored the Effect of Green Innovation on Renewable Energy Consumption in Nigeria
using multiple regression analysis on secondary time-series data. The findings indicated that domestic
credit to the private sector positively influences renewable energy consumption, suggesting that financial
variables tied to credit availability can stimulate renewable energy adoption. However, access to
electricity negatively impacted renewable consumption, implying that expansion of traditional grid
electricity may reduce reliance on renewables. The study recommended fostering green financing
instruments, enhancing low-interest loans, and promoting decentralized renewable solutions to bolster
clean energy deployment

413



Edevbieetal. ..... Int. J. Innovative Finance and Econs Res. 14(1):411-419, 2026

Unegbua et all (2025) employed integrated scenario modeling (LEAP and SAM) to analyze renewable
energy integration’s effects on economic, environmental, and social sustainability outcomes. The
empirical modeling demonstrated that higher renewable energy adoption scenarios yield significant
sustainability benefits compared to business-as-usual paths, offering evidence that increased policy
emphasis and investment in clean energy enhance emissions reductions and energy resilience. The study
recommended strategic policy formulation and stakeholder collaboration to accelerate renewable
integration and realize full sectoral sustainability gains.

2.4 Gap in the Literature

Despite increasing research on renewable energy adoption and financial barriers in Nigeria, a clear gap
exists in localized, state-level analysis that links financial constraints directly to clean energy adoption in
Delta State. While studies by Ahunanya (2025) and Oyasor (2025) highlighted the role of credit access
and financial inclusion in promoting green investments, and Hadiza et al. (2025) and Unegbua et al.
(2025) examined the environmental and sustainability benefits of renewable energy, these investigations
largely focused on national-level data or urban-rural comparisons without exploring the nuanced socio-
economic, institutional, and financial dynamics at the subnational level. Furthermore, lormom et al.
(2025) emphasized policy uncertainty and institutional quality as determinants of renewable energy
uptake, but there is limited empirical evidence on how household and small-business financial constraints
specifically impede clean energy adoption in Delta State’s context. This study, therefore, addresses this
gap by empirically assessing the financial barriers affecting the uptake of clean energy technologies at the
state level, providing context-specific insights that can inform policy, financing strategies, and targeted
interventions to accelerate renewable energy adoption.

3.0 METHODOLOGY

3.1 Research Design

This study adopts a mixed-methods research design to comprehensively assess the financial constraints
affecting clean energy adoption in Delta State. By integrating both quantitative and qualitative
approaches, the study captures numerical patterns in energy consumption and attitudes, as well as in-
depth insights into socio-cultural, institutional, and policy influences on renewable energy uptake.
Quantitative data will be collected via structured survey questionnaires targeting households, businesses,
and government agencies, providing empirical evidence on energy access, awareness, and adoption
barriers. Qualitative data, collected through semi-structured interviews, focus groups, and case studies,
will explore stakeholder experiences, perceptions, and best practices in clean energy deployment.
Triangulating these data sources ensures the study provides robust, contextually rich, and actionable
insights into financial and non-financial factors influencing renewable energy adoption in Delta State.

3.2 Study Area

The research will be conducted in Delta State, Nigeria, a key economic and energy hub within the Niger
Delta region, known for its oil and gas production yet uneven electricity access. With a population of
approximately 5.6 million across 17,698 square kilometers, the state features diverse urban and rural
settings that highlight contrasts in energy infrastructure and consumption patterns. The study will
strategically select locations representing varying degrees of energy access, potential renewable energy
resources (solar, biomass, hydropower), and ongoing or planned clean energy initiatives. This selection
ensures the research captures both the challenges and opportunities for clean energy deployment across
different socio-economic and geographic contexts in Delta State.

3.3 Population of the Study

The study population includes a broad range of stakeholders involved in or affected by energy access in
Delta State. This includes urban and rural households to understand disparities in energy use, small and
medium-sized enterprises to assess economic and operational impacts, and government officials
responsible for policy formulation and energy governance. Additionally, energy experts, researchers,
community leaders, and representatives of clean energy firms will provide technical, socio-cultural, and
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market perspectives. By incorporating these diverse groups, the study aims to generate a holistic
understanding of the financial, social, and institutional factors influencing clean energy adoption.

3.4 Sample Size and Sampling Technique

For the quantitative component, the sample size will be determined using Yamane’s formula to ensure
representativeness and statistical validity. Stratified random sampling will then be applied to select
households and businesses across urban and rural strata, capturing the diversity of energy access and
socio-economic conditions. For the qualitative component, purposive sampling will target participants
with relevant expertise, including government officials, energy professionals, and community leaders,
until thematic saturation is achieved. This dual approach ensures sufficient breadth for quantitative
analysis and depth for qualitative insights, providing a comprehensive understanding of clean energy
adoption barriers.

3.5 Sampling Procedure

Quantitative participants will be drawn from comprehensive population lists of households and
businesses, with random selection ensuring each has an equal chance of inclusion. Qualitative participants
for interviews and focus groups will be identified through consultations with relevant agencies, research
institutions, and community organizations, ensuring selection of stakeholders with direct knowledge of
energy challenges. Recruitment for focus groups will be facilitated by local leaders to include diverse
perspectives across age, gender, and socio-economic status, ensuring rich, community-level insights into
energy access issues and clean energy adoption potential.

3.6 Sources of Data

The study will employ both primary and secondary data sources. Primary data will be gathered through
surveys, semi-structured interviews, and focus group discussions to capture stakeholder perceptions,
experiences, and behavioral patterns related to clean energy adoption. Secondary data will be sourced
from government agencies such as the Delta State Ministry of Energy, research institutions, international
organizations (IRENA, UNDP, World Bank), academic publications, and energy databases, providing
context on policies, regulations, and technical feasibility. Combining these sources allows for
triangulation, enhancing the reliability and depth of findings on financial and operational constraints in
clean energy adoption.

3.7 Instruments of Data Collection

Data will be collected using structured survey questionnaires to quantify energy usage patterns,
awareness, and attitudes toward clean energy technologies. Semi-structured interview guides will
facilitate in-depth discussions with key stakeholders, while focus group discussion guides will encourage
community members to share experiences and perspectives. Together, these instruments enable systematic
and comprehensive data collection, capturing both statistical trends and nuanced qualitative insights into
the barriers and opportunities for renewable energy adoption in Delta State.

4.0 Data Presentation, Analysis, And Discussion of Results

4.1 Data Presentation

This chapter presents and analyzes data collected from 380 households across six selected Local

Government Areas (LGAS) in Delta State to assess financial and other constraints affecting clean energy

adoption. The analysis aligns with the study's objectives, examining current energy consumption patterns,

identifying promising clean energy interventions, and evaluating their adoption potential in the context of

Delta State. Quantitative analyses, including descriptive statistics, correlation, and regression modeling,

provide insights into household energy behaviors, expenditure patterns, and the potential impacts of

adopting renewable energy technologies. These methods collectively offer a comprehensive

understanding of how financial constraints, awareness, and energy preferences shape the adoption of

clean energy solutions in the state.

4.2 Response Rate and Data Quality

Out of 400 questionnaires distributed across the selected LGAs, 380 valid responses were returned,

representing a 95% response rate. This high response level ensures the data reliably reflects household
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energy consumption patterns and perspectives on clean energy adoption in Delta State, providing a
statistically sound foundation for subsequent analyses.

4.3 Demographic Characteristics

Table 4.1: Respondent Profile

Characteristic Categories Frequency Percentage (%0)
Gender Male 210 55.3

Female 170 44.7
Age Group 18-30 years 120 31.6

31-45 years 180 47.4

46-60 years 70 184

60+ years 10 2.6

Source: Field Survey, 2025

Explanation: Table 4.1 shows that the majority of respondents (47.4%) are within the 31-45-year age
range, representing active working-age adults likely making household energy decisions in Delta State.
Gender distribution is relatively balanced, with males at 55.3% and females at 44.7%, ensuring diverse
perspectives in energy use and adoption of clean energy technologies. These demographics confirm that
the survey captured the primary energy decision-makers in households, which is critical for understanding
energy behaviors and potential uptake of renewable energy solutions in the state.

4.4 Energy Consumption Patterns (Objective 1)
Table 4.2: Primary Energy Sources

Energy Source Frequency Percentage (%0)
National Grid 250 65.8

Generators 100 26.3

Solar 20 5.3

Other 10 2.6

Source: Field Survey, 2025

Explanation: Table 4.2 reveals that most households (65.8%) depend primarily on the national grid,
though frequent outages likely reduce reliability. Approximately 26.3% rely on fuel-powered generators,
which imposes high financial and environmental costs. Solar adoption is low (5.3%), despite Delta State’s
strong solar potential, indicating a significant gap between available renewable resources and actual
household energy choices. This highlights both the unmet potential for solar energy adoption and the
urgent need for policies and financial interventions to enhance clean energy uptake.

4.5 Clean Energy Interventions

Table 4.3: Awareness and Adoption Potential of Clean Energy Measures

Intervention Awareness Adoptl_on Perceived Benefits
Potential
Solar Home Systems 75% 30% Reduced bills, energy independence, reliable supply
Solar Water Heaters 60% 20% Lowe_r _ heating costs, reduced reliance on
electricity/gas

Improved Cookstoves 80% 45% Reduced biomass use, lower emissions, better health
Biogas Digesters 35% 10% Waste-to-energy, clean cooking gas, fertilizer
Energy-Efficient Solar 50% 15% Lower consumption, reduced operating costs, eco-

Appliances
Source: Field Survey, 2025

friendly
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Explanation: Table 4.3 illustrates the varying awareness and adoption potential of clean energy solutions
in Delta State. Awareness strongly correlates with perceived benefits, particularly for improved
cookstoves and solar home systems. Adoption is constrained by high initial costs, especially for solar
solutions, indicating financial barriers as a key limitation. The findings emphasize that combining
awareness campaigns with financial incentives could significantly increase the adoption of clean energy
technologies across households in Delta State.

Correlation Analysis: A strong positive correlation (r = 0.78) exists between awareness and perceived
benefits, while a moderately strong negative correlation (r = -0.70) appears between upfront costs and
adoption rates. These results indicate that both knowledge dissemination and affordability interventions
are critical to scaling up clean energy adoption.

4.6 Discussion of Findings

Consumption Patterns: Households in Delta State rely heavily on the national grid but experience frequent
power outages, leading to extensive use of costly and polluting generators. Solar adoption is minimal
despite abundant sunlight, signaling missed opportunities for sustainable energy integration.

Clean Energy Intervention Effectiveness: Solar home systems, solar water heaters, and improved
cookstoves show the highest adoption potential due to perceived cost savings, reliability, and health
benefits. Biogas digesters and energy-efficient appliances have lower adoption rates but still provide
targeted environmental and economic benefits. A diversified clean energy strategy is essential to meet
Delta State’s energy needs.

Barriers: High initial costs, limited access to financing, and low awareness hinder widespread adoption.
Policy support, subsidies, and educational campaigns are crucial to overcoming these barriers and
enabling households to invest in sustainable energy solutions.

5.0 CONCLUSION AND RECOMMENDATIONS

The study concludes that financial constraints, coupled with limited awareness, are the primary barriers to
the widespread adoption of clean energy technologies in Delta State, Nigeria. Despite the state’s
significant renewable energy potential, particularly for solar solutions, households continue to rely
heavily on an unreliable national grid and costly fuel-powered generators. The findings indicate that while
some clean energy interventions, such as improved cookstoves and solar home systems, demonstrate high
adoption potential and clear sustainability benefits, their uptake is constrained by high initial costs and
limited access to financing. Moreover, awareness and understanding of the long-term benefits of clean
energy strongly influence adoption decisions, highlighting the need for targeted educational campaigns
and community engagement. The study further emphasizes that combining multiple clean energy
solutions could significantly enhance household energy reliability, reduce costs, and lower environmental
impact, offering a viable pathway toward sustainable energy in Delta State.

Based on these findings, it is recommended that policymakers and stakeholders implement financial
incentives, including subsidies, low-interest loans, and flexible payment schemes, to make clean energy
technologies more accessible to households. Additionally, public awareness programs should be
strengthened to educate communities on the economic, environmental, and health benefits of renewable
energy adoption. Supportive policies should also encourage private sector investment in clean energy
infrastructure, while local training programs ensure the availability of qualified technicians for installation
and maintenance. By addressing both financial and informational barriers, these strategies can accelerate
the transition to a reliable, affordable, and sustainable energy system, contributing to improved household
welfare and environmental sustainability across Delta State.
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