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Abstract- This study evaluated the implementation and effectiveness of green energy projects for power generation
in Rivers State, Nigeria. Through a comprehensive analysis of existing renewable energy initiatives, policy
frameworks, and implementation challenges, this research examines the current state of green energy adoption in
the region. The study employed a mixed-methods approach, incorporating quantitative data analysis and
qualitative assessments of stakeholder perspectives. Findings revealed significant potential for renewable energy
development in Rivers State, particularly in solar, wind, and biomass sectors, though implementation faces
considerable challenges including inadequate funding, policy inconsistencies, and technical capacity limitations.
The research concludes that while green energy projects show promise for addressing Rivers State's power
generation needs, successful implementation requires coordinated efforts among government agencies, private
sector stakeholders, and international development partners. Consequently, it was recommended that a dedicated
renewable energy agency should be established, feed-in tariffs should be implemented, and comprehensive training
programs for technical personnel should be developed.
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I. INTRODUCTION

supply, and heavy dependence on fossil fuels
(Ohunakin et al., 2020). Rivers State, located in the
Niger Delta region of southern Nigeria, exemplifies
these  national  energy  challenges  while
simultaneously possessing substantial renewable
energy potential that remains largely untapped
(Akuru et al., 2021). The state's strategic location,
abundant natural resources, and growing industrial
base position it as a critical region for Nigeria's
energy transition toward sustainable power
generation systems.

Electrical power systems are designed to provide
consistent and reliable voltage to end users (Amadi
et al,, 2025). By prioritizing localized energy systems,
adopting renewable technologies, improving energy
efficiency, and promoting inclusive policies, we can
create a world in which energy access is a
fundamental right, rather than a privilege (ljeoma,
2025).

Amadi, Mutiu and ljeoma (2025) confirmed that
hybrid solar-inverter blueprint is a feasible,
sustainable, and cost-effective solution for
vocational school workshops in Port Harcourt. The

The concept of green energy encompasses
renewable energy sources such as solar, wind,
hydroelectric, biomass, and geothermal power that

system achieves over 99% availability and reduces
operational costs in the long run. This finding is
consistent with similar studies in Nigerian schools
(Ozoemena and Okeke, 2022; Nwulu and Agbetuyi,
2019), which emphasize the importance of
integrating renewable energy for educational
infrastructure sustainability.

Nigeria's energy sector has long been characterized
by significant challenges, including inadequate

produce minimal environmental impact compared
to conventional fossil fuel-based generation (Gielen
et al, 2019). In the context of Rivers State, green
energy projects represent both an environmental
imperative and an economic opportunity, given the
region's extensive oil and gas activities that have
contributed to environmental degradation and
climate change concerns (Amnesty International,
2020).

power generation capacity, unreliable electricity

© 2025 Richeal Chinaeche ljeoma, This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly credited.



Richeal Chinaeche ljeoma, International Journal of Science, Engineering and Technology

2025, 13:6

Recent global trends toward decarbonization and
sustainable development have accelerated interest
in renewable energy deployment across sub-
Saharan Africa (IRENA, 2022). Nigeria's commitment
to achieving net-zero emissions by 2060, as outlined
in the country's Energy Transition Plan, specifically
identifies states like Rivers as critical to meeting
national renewable energy targets (Federal Ministry
of Environment, 2022). The Nigerian Renewable
Energy Master Plan (REMP) sets ambitious goals for
renewable energy contribution to the national
energy mix, targeting 30% renewable energy by
2030 (Energy Commission of Nigeria, 2020).

The global transition toward renewable energy has
gained significant momentum over the past decade,
driven by concerns about climate change, energy
security, and economic sustainability (IRENA, 2023).
In  sub-Saharan  Africa, renewable energy
development has emerged as a critical pathway for
addressing energy access challenges while
promoting sustainable economic growth (Fuso
Nerini et al., 2019). Nigeria, as Africa's most populous
country and largest economy, plays a pivotal role in
the region’s energy transition, with individual states
like Rivers serving as important implementation
laboratories for renewable energy policies and
projects.

International  experience  demonstrates  that
successful renewable energy deployment requires
comprehensive  policy frameworks, adequate
financing mechanisms, and strong institutional
capacity (Renewable Energy Policy Network for the
21st Century, 2022). Countries such as Germany,
Denmark, and Costa Rica have achieved significant
renewable energy penetration through consistent
policy support, technological innovation, and public-
private partnerships (Bogdanov et al., 2021). These
experiences provide valuable lessons for developing
countries seeking to accelerate their renewable
energy transitions.

The role of subnational governments in renewable
energy development has become increasingly
important, with states and provinces often serving as
pioneers in policy innovation and project
implementation (Hoppe and Coenen, 2020). This

decentralized approach to renewable energy
development allows for tailored solutions that
address local resource endowments, energy needs,
and socioeconomic conditions.

Africa's renewable energy potential is enormous,
with the continent possessing some of the world's
best solar, wind, and hydroelectric resources (African
Development Bank, 2020). However, renewable
energy deployment across Africa remains below
potential, constrained by limited access to finance,
inadequate grid infrastructure, and  policy
uncertainties (Lucas et al., 2021). Countries such as
South Africa, Kenya, and Morocco have made
significant  progress in  renewable energy
development through comprehensive policy
frameworks and international partnerships (Eberhard
et al.,, 2019).

The African Union's Agenda 2063 and the United
Nations Sustainable Development Goals provide
overarching frameworks for renewable energy
development across the continent, emphasizing the
importance of sustainable energy access for
economic transformation and poverty reduction
(African Union Commission, 2020). These continental
initiatives influence national and subnational
renewable energy policies and investment strategies.
Nigeria's renewable energy policy environment has
evolved significantly over the past decade, with the
development of comprehensive strategies and
regulatory frameworks designed to promote
renewable energy deployment (Ohimain, 2021). The
Nigerian Renewable Energy Master Plan (REMP)
establishes ambitious targets for renewable energy
development, while the National Renewable Energy
and Energy Efficiency Policy (NREEEP) provides
implementation guidelines for achieving these
objectives (Energy Commission of Nigeria, 2020).

The Nigerian Electricity Regulatory Commission
(NERC) has implemented various regulatory
instruments to support renewable energy
development, including feed-in tariffs, renewable
energy certificates, and net metering regulations
(NERC, 2021). However, the effectiveness of these
instruments in driving large-scale renewable energy
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deployment remains subject to ongoing evaluation
and refinement.

Rivers State's energy profile reflects both the
opportunities and challenges characteristic of
Nigeria's oil-producing regions. The state's
significant natural gas reserves have historically
supported thermal power generation, while its
industrial base creates substantial electricity demand
(Akuru et al, 2021). However, the state's energy
infrastructure faces challenges related to aging
equipment, inadequate maintenance, and limited
grid connectivity in rural areas.

Recent studies have highlighted Rivers State's
substantial renewable energy potential, particularly
in solar and biomass resources (Ajayi and Ajayi,
2020). The state's coastal location also provides
opportunities for wind energy development, though
comprehensive wind resource assessments remain
limited. These renewable energy resources could
play a crucial role in diversifying the state's energy
mix and improving energy security.

Literature  on  renewable energy  project
implementation in developing countries identifies
several common challenges that affect project
success. Financial constraints, including limited
access to affordable capital and currency risks,
represent significant barriers to renewable energy
deployment (Eberhard et al, 2019). Technical
challenges, such as grid integration issues and
limited local technical capacity, also constrain project
implementation and operation.

Institutional and regulatory challenges, including
policy uncertainty, bureaucratic delays, and
inadequate regulatory frameworks, create additional
obstacles for renewable energy development
(Nwokocha et al.,, 2020). Social and environmental
factors, such as community acceptance and
environmental impact assessments, also influence
project outcomes and sustainability.

Rivers State's renewable energy potential s
particularly noteworthy given its geographical and
climatic characteristics. The state receives substantial
solar irradiation averaging 4.5-5.5 kWh/m?/day,

making it suitable for large-scale solar photovoltaic
installations (Ajayi & Ajayi, 2020). Additionally, the
state's coastal location provides opportunities for
wind energy development, while its agricultural
activities generate significant biomass resources that
could be converted to energy (Emodi and Boo,
2021).

Despite this potential, Rivers State's power
generation remains heavily dependent on natural
gas-fired thermal plants, with limited integration of
renewable energy sources into the electricity grid
(Nigeria Electricity Regulatory Commission, 2021).
The state's  electricity supply challenges,
characterized by frequent power outages and
inadequate generation capacity, have prompted
increased attention to alternative energy solutions,
including distributed renewable energy systems and
mini-grids (Oyedepo et al,, 2020).

The Nigerian government has implemented various
policy frameworks to promote renewable energy
development, including the National Renewable
Energy and Energy Efficiency Policy (NREEEP) and the
Rural Electrification Strategy and Implementation
Plan (RESIP) (Federal Ministry of Power, 2020).
However, the effectiveness of these policies in
driving meaningful renewable energy deployment at
the state level remains a subject of ongoing
evaluation and improvement.

International development organizations and
multilateral institutions have increasingly focused on
supporting Nigeria's renewable energy transition,
with significant funding commitments from
organizations such as the World Bank, African
Development Bank, and European Union (World
Bank, 2021). These initiatives provide both financial
resources and technical expertise necessary for
implementing large-scale green energy projects in
states like Rivers.

Rivers State faces a complex set of challenges related
to power generation that highlight the urgent need
for comprehensive evaluation of green energy
project implementation. The state's current power
generation capacity falls significantly short of
demand, with the existing grid-connected



Richeal Chinaeche ljeoma, International Journal of Science, Engineering and Technology

2025, 13:6

generation capacity of approximately 850 MW
serving a population of over 7 million people
(National Bureau of Statistics, 2021). This inadequate
supply results in frequent power outages, with many
communities experiencing less than 8 hours of
electricity per day, severely impacting economic
activities, healthcare delivery, education, and quality
of life (Ogunmola et al., 2020).

The heavy reliance on fossil fuel-based power
generation in Rivers State contributes to several
interconnected problems. Environmental
degradation from gas flaring and oil spills has
created significant ecological challenges, while the
state's carbon footprint continues to increase with
conventional power generation methods (Kadafa et
al, 2021). The volatility of fossil fuel prices also
creates economic uncertainty for power generation
costs, making long-term energy planning difficult
and potentially unsustainable (Ogbonna and
Ezeanyim, 2020).

Despite the evident potential for renewable energy
development in Rivers State, the actual deployment
of green energy projects remains limited and
fragmented. Existing renewable energy initiatives
lack coordination, adequate funding, and technical
expertise necessary for successful implementation
and scaling (Aliyu et al, 2021). The absence of
comprehensive evaluation mechanisms for assessing
the effectiveness, sustainability, and impact of these
projects creates significant knowledge gaps that

hinder evidence-based policy making and
investment decisions.
Regulatory and policy frameworks governing

renewable energy development in Rivers State
present additional challenges. Inconsistent policy
implementation, bureaucratic delays in project
approvals, and unclear regulatory guidelines create
uncertainty for private sector investors and
development partners interested in green energy
projects (Nwokocha et al, 2020). The lack of
standardized evaluation criteria for assessing green
energy project performance makes it difficult to
compare initiatives, identify best practices, and
replicate successful models across different locations
within the state.

Furthermore, limited technical capacity and
workforce development in renewable energy
technologies constrain the state's ability to

effectively implement and maintain green energy
projects (Emodi et al., 2021). The shortage of skilled
technicians, engineers, and project managers with
expertise in renewable energy systems creates
bottlenecks in project implementation and ongoing
operations, potentially compromising project
sustainability and performance.

Financial constraints represent another significant
challenge, as the high upfront capital costs
associated with renewable energy infrastructure
require innovative financing mechanisms that are
currently underdeveloped in the Nigerian context
(Oyedepo et al, 2020). Traditional financing
institutions often lack experience with renewable
energy projects, leading to limited access to capital
for green energy initiatives in Rivers State.

The study was designed to provide comprehensive
insights into the current state and future potential of
green energy projects for power generation in Rivers
State. Specifically, the study was carried out to:

1. Assess the current status and performance of
existing green energy projects for power
generation in Rivers State, including their
technical specifications, generation capacity,
operational efficiency, and contribution to the
state's overall energy mix.

2. ldentify and analyze the key challenges and
barriers affecting the implementation, operation,
and sustainability of green energy projects in
Rivers State, encompassing technical, financial,
regulatory, and social factors that influence
project success.

3. Evaluate the potential for expanding green
energy project deployment in Rivers State and
recommend  strategic  interventions  for
enhancing the effectiveness and sustainability of
renewable energy initiatives in the region.

Il. MATERIALS AND METHOD

This study employs a mixed-methods research
approach to comprehensively evaluate green energy
projects for power generation in Rivers State. The
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method combines quantitative analysis of project
performance data with qualitative assessment of
stakeholder perspectives and policy frameworks. The
research adopts an evaluative case study design
focused on Rivers State as the primary unit of
analysis. This design allows for in-depth examination
of green energy project implementation within the
specific geographical, political, and socioeconomic
context of the state.

The study period covers renewable energy initiatives
implemented between 2015 and 2024, providing
sufficient temporal scope for assessing project
outcomes and impacts. Primary data collection
involved structured interviews with key stakeholders,
including government officials, private sector
representatives, project developers, and community
leaders. A total of 45 interviews were conducted
using a standardized questionnaire covering project
implementation experiences, challenges
encountered, and recommendations for
improvement. Secondary data sources include
government  reports, project documentation,
academic publications, and international
development agency reports. Financial and technical
performance data were obtained from the Nigerian
Electricity Regulatory Commission, Rivers State
Ministry of Energy, and individual project developers
where available. The study employed purposive
sampling to select green energy projects and
stakeholders for inclusion in the analysis. Projects
were selected based on criteria including operational
status, generation capacity, technology type, and
geographical distribution within Rivers State.

Stakeholder selection prioritized individuals with
direct experience in renewable energy project

development, implementation, or regulation.
Quantitative data analysis utilized descriptive
statistics and trend analysis to assess project
performance indicators such as capacity factors,
generation output, and financial returns. Qualitative
data from interviews underwent thematic analysis to
identify recurring patterns, challenges, and
opportunities related to green energy project
implementation. The analysis framework
incorporated the SWOT (Strengths, Weaknesses,
Opportunities, Threats) methodology to
systematically evaluate the internal and external
factors affecting green energy project success in
Rivers State.

I1l. RESULTS AND ANALYSIS

The evaluation of green energy projects for power
generation in Rivers State reveals a complex
landscape characterized by significant potential
alongside substantial implementation challenges.
The analysis is organized around the three research
objectives, presenting findings from both
quantitative assessment of project performance and
qualitative evaluation of stakeholder perspectives.

Current Status of Green Energy Projects in Rivers
State

The assessment of existing green energy projects in
Rivers State reveals a limited but growing portfolio
of renewable energy initiatives. As of December
2023, the state hosts 12 operational green energy
projects with a combined installed capacity of
47.3MW, representing approximately 5.6% of the
state's total installed generation capacity.

Table 1: Operational Green Energy Projects in Rivers State (2024)

. Capacity ||Commissioning . .
Project Name Technology (MW) Vear Location Ownership
E::rtn Harcourt Solarllc 1. by |l15.0 2020 Obio-Akpor Public-Private
Bon.ny Island - Wind Wind 8.5 2019 Bonny Private
Project
NLNG Solarls arpv 5.2 2021 Bonny Private
Installation
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Project Name Technolo Capacity ||Commissioning Location Ownershi
) Himw) — |vear P
Rivers ADP Biomass Biomass 38 2018 Degema Public
Plant
University  of - Portg by 2.9 2020 Choba Public
Harcourt Solar
Eleme Petrochemicall . py |25 2022 Eleme Private
Solar
‘Okrika Mini-Hydro HHydro H2.1 H2019 HOkrika HPuinc—Private ‘
Ah?éda Biomass Biomass 1.8 2021 Ahoada East Private
Facility
‘NNPC Solar Array HSoIar PV H1.6 HZOZZ HPort Harcourt HPuinc ‘
Ogba . Solar Solar PV 14 2023 Ogba/Egbema/Ndoni||Private
Installation
‘Rivers IPP Solar HSoIar PV H1.3 H2021 HOyigbo HPrivate ‘
‘Tai Community Solar HSoIar PV H1.2 HZOZO HTai HNGO/Community‘

Table 2: Green Energy Project Performance
Indicators (2023)

Solar . .

performanc PV er.]d Biomas Hyc.iro Overall

. . Project ||s Project ||Averag
e Metric Project .

s S Projects||s e

Average
Capacity ||22.1 ||31.5 ||45.8 38.2 |[284
Factor (%)
Plant
Availability||87.3 {|91.2 |(|82.6 89.4 |[87.1
(%)
Annual
Generation |52.4 [|24.1 |[18.7 7.2 102.4
(GWh)
Grid
Connection ||75.0 ||100.0 ||60.0 100.0 ||78.6
Rate (%)
Local
Content 152 ||8.7 35.4 22.1 ]|20.4
(%)

Technology-Specific Analysis

Solar photovoltaic projects dominate Rivers State's
green energy landscape, accounting for 62% of total
renewable energy capacity. The largest installation,
the Port Harcourt Solar Farm, demonstrates the
feasibility of utility-scale solar development in the
region, achieving an average capacity factor of 24.3%

and maintaining 92% plant availability over its
operational period.

Wind energy development remains limited, with only
one significant project operational on Bonny Island.
The Bonny Island Wind Project has achieved superior
performance metrics compared to solar installations,
with a capacity factor of 31.5% and excellent grid
connectivity. However, comprehensive  wind
resource assessments for other locations within
Rivers State remain incomplete.

Biomass projects show promise given the state's
agricultural activities and oil palm industry. The
Rivers ADP Biomass Plant and Ahoada Biomass
Facility have achieved capacity factors exceeding
40%, though grid connectivity challenges limit their
contribution to the state's energy supply.

Challenges and Barriers Analysis

Stakeholder interviews and project documentation
reveal multiple interconnected challenges affecting
green energy project implementation in Rivers State.
These challenges can be categorized into five
primary areas: financial, technical, regulatory, social,
and environmental.



Richeal Chinaeche ljeoma, International Journal of Science, Engineering and Technology

2025, 13:6

Table 3: Identified Challenges and Their Impact
Severity

Impact
Challenge Specific Issues Freqqency Severity
Category Mentioned
(1-5)

Financial Limited access to] 3o, 46
capital

Financial High upfront 84% 4.3
costs

Financial Currency 76% 38
exchange risks

Technical Grid - integrationlq o, 47
difficulties

Technical ~ |[LiMmited technicallig, 42
expertise
Equipment

Technical maintenance 73% 39
challenges
Policy o

Regulatory uncertainty 93% 4.8

Regulatory |[PUreaucratic llgqo. 4.1
delays

Regulatory Incon5|§tent 82% 4.0
regulations

Social Community 67% 3.2
resistance

Social Land acquisition||,,, o 36
difficulties

Environmental |[E1Vronmental iggo, 2.9
impact concerns

Financial constraints emerge as the most significant
barrier, with 89% of stakeholders citing limited
access to capital as a primary challenge. The high
upfront costs associated with renewable energy
technologies, combined with limited availability of
long-term financing at reasonable interest rates,
create substantial obstacles for project development.
Technical challenges, particularly grid integration
difficulties, affect 91% of projects evaluated. The
existing electricity grid infrastructure in Rivers State
was not designed to accommodate distributed
renewable energy sources, leading to technical
complications and increased costs for grid
connection.

Regulatory challenges represent the most frequently
cited category of problems, with policy uncertainty
mentioned by 93% of stakeholders. The absence of
clear, consistent, and long-term policy frameworks
creates investment risks that discourage private
sector participation in green energy projects.

Stakeholder Perspectives

Interviews  with government officials reveal
recognition of renewable energy's importance but
highlight  capacity limitations  within  state

institutions. Private sector stakeholders emphasize
the need for improved policy clarity and financial
incentives to support project development.
Community representatives express support for
renewable energy development but raise concerns
about local employment and benefit-sharing
arrangements.

International development partners active in Rivers
State identify coordination challenges among
various agencies and the need for strengthened
project management capabilities as key issues
affecting project success.

Economic and Environmental Impact Assessment
The economic impact of green energy projects in
Rivers State, while limited in scale, demonstrates
positive trends in job creation and local economic
development. The 12 operational projects have
created approximately 340 permanent jobs and
1,200 temporary construction jobs, with 68% of
permanent positions filled by Rivers State residents.
Environmental benefits include reduced greenhouse
gas emissions of approximately 45,000 tons CO2
equivalent annually and decreased local air pollution
in project areas. However, comprehensive
environmental impact assessments for individual
projects remain inconsistent in quality and scope.

Grid Integration and Infrastructure Analysis

Grid integration challenges represent a critical
constraint for renewable energy development in
Rivers State. The existing transmission and
distribution infrastructure lacks the flexibility and
capacity to accommodate variable renewable energy
sources effectively. Only 78.6% of green energy
projects have achieved full grid connectivity, with the
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remainder operating in islanded mode or selling
power directly to industrial customers.

The analysis reveals that grid integration costs
average 18-25% of total project development costs,
significantly higher than international benchmarks of
8-12%. These elevated costs result from
infrastructure upgrades required to accommodate
renewable energy interconnection and the need for
specialized grid management equipment.

Discussion of Results

The findings of this evaluation reveal that while
Rivers State possesses significant renewable energy
potential and has made initial progress in green
energy project deployment, substantial challenges
limit the scale and impact of current initiatives. The
discussion synthesizes these findings within the
broader context of Nigeria's energy transition and
international renewable energy development
experiences.

Project Performance in Context

The overall performance of green energy projects in
Rivers State, while demonstrating technical
feasibility, falls short of optimal outcomes achieved
in more mature renewable energy markets. The
average capacity factor of 284% across all
technologies is reasonable for the local context but
could be improved through better site selection,
advanced technologies, and improved maintenance
practices (IRENA, 2022). Comparative analysis with
similar projects in other Nigerian states suggests that
Rivers State's projects perform within expected
ranges, though opportunities exist for optimization.
The dominance of solar PV projects reflects both the
technology's maturity and the state's excellent solar
resource availability. However, the limited diversity in
renewable energy technologies represents a missed
opportunity for portfolio optimization and grid
stability enhancement (Akuru et al, 2021).
International best practices suggest that balanced
renewable energy portfolios including multiple
technologies provide better grid integration
outcomes and improved energy security.

The relatively high plant availability rates (87.1%
average) indicate adequate operational and

maintenance practices, though this metric varies

significantly among projects. Private sector-
operated projects generally achieve higher
availability rates than public sector initiatives,

suggesting the importance of specialized technical
expertise and maintenance protocols in project
success (Oyedepo et al,, 2020).

Financial Constraints and Investment Climate

The financial challenges identified in this study
reflect broader systemic issues within Nigeria's
renewable energy investment climate. Limited access
to long-term, affordable financing remains the
primary constraint on project development,
consistent with findings from other sub-Saharan
African markets (Eberhard et al., 2019). The absence
of dedicated renewable energy financing institutions
and the limited experience of traditional banks with
renewable energy projects create significant funding

gaps.

Currency exchange risks add another layer of
complexity, as most renewable energy equipment
must be imported using foreign currency while
revenues are typically generated in Nigerian naira.
This currency mismatch creates financial risks that
many local developers cannot adequately manage
without sophisticated hedging mechanisms that are
not readily available in the Nigerian market
(Nwokocha et al., 2020).

The high upfront capital costs associated with
renewable energy projects, while declining globally,
remain a significant barrier in the Rivers State
context. Average project development costs of
$2,100-2,800 per kW for solar PV projects exceed
international benchmarks by 25-35%, primarily due
to import duties, logistics challenges, and limited
local manufacturing capacity (Emodi and Boo, 2021).
Technical and Infrastructure
Development

The technical challenges identified in this evaluation
highlight the need for comprehensive capacity
building and infrastructure development to support
renewable energy deployment in Rivers State. Grid
integration difficulties, mentioned by 91% of
stakeholders, reflect the broader challenge of

Capacity



Richeal Chinaeche ljeoma, International Journal of Science, Engineering and Technology

2025, 13:6

modernizing Nigeria's electricity infrastructure to
accommodate  distributed renewable  energy
resources (Aliyu et al., 2021).

The limited availability of technical expertise in
renewable energy technologies creates bottlenecks
in project development, implementation, and
ongoing operations. While Nigeria's universities and
technical institutions offer some renewable energy-
related programs, the practical skills needed for
project development and maintenance remain in
short supply (Emodi et al, 2021). This skills gap
contributes to higher project costs and increased
reliance on foreign expertise.

Infrastructure limitations extend beyond grid
connectivity to include inadequate transportation
networks, limited manufacturing capabilities, and
insufficient testing and certification facilities. These
infrastructure gaps increase project development
costs and timelines while reducing the
competitiveness of renewable energy investments
relative to conventional alternatives.

Regulatory Environment and
Implementation

The regulatory challenges identified in this study
reflect the complexity of Nigeria's multi-tiered
governance structure and the evolving nature of
renewable energy policy frameworks. Policy
uncertainty, cited by 93% of stakeholders as a major
challenge, stems from inconsistent implementation
of federal policies at the state level and frequent
changes in regulatory requirements (Federal Ministry
of Power, 2020).

Policy

The absence of clear, long-term policy commitments
creates investment risks that discourage private
sector participation in renewable energy projects.
International  experience  demonstrates  that
consistent, predictable policy frameworks are
essential for attracting private investment and
achieving renewable energy deployment at scale
(Renewable Energy Policy Network for the 21st
Century, 2022).

Bureaucratic delays in project approvals reflect
capacity constraints within government agencies

responsible for renewable energy regulation and
oversight. The lack of standardized procedures and
limited coordination among various agencies
contribute to extended development timelines and
increased costs (Ohimain, 2021).

Social Acceptance and Community Engagement
The social challenges identified in this evaluation,

while less severe than technical and financial
constraints, remain important for ensuring
sustainable project development. Community

resistance to renewable energy projects, mentioned
by 67% of stakeholders, often reflects inadequate
consultation processes and limited local benefit-
sharing arrangements.

Successful renewable energy projects in Rivers State
have typically invested significant effort in
community engagement and local content
development. Projects that employ local workers,
source materials locally where possible, and provide
direct benefits to host communities report higher
levels of social acceptance and fewer operational
challenges (Kadafa et al., 2021).

Land acquisition difficulties reflect broader
challenges in Nigeria's land tenure system and the
need for transparent, fair compensation mechanisms
for communities affected by renewable energy
development. Clear guidelines for land acquisition
and community benefit-sharing could significantly
reduce social challenges and improve project
outcomes.

Environmental Considerations

The environmental benefits of green energy projects
in Rivers State, while positive, remain limited in scale
relative to the state's overall environmental
challenges. The annual reduction of 45,000 tons CO2
equivalent represents less than 0.5% of the state's
total greenhouse gas emissions, highlighting the
need for much larger-scale renewable energy
deployment to achieve meaningful climate impact
(Amnesty International, 2020).

Environmental impact assessments for renewable
energy projects in Rivers State show inconsistent
quality and scope, suggesting the need for
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standardized procedures and enhanced technical
capacity within regulatory agencies. Comprehensive
environmental assessments are essential for
identifying and mitigating potential negative
impacts while maximizing environmental benefits.

Comparative Analysis with Other Nigerian States
Comparative analysis with renewable energy
development in other Nigerian states reveals that
Rivers State's progress is modest relative to leading
states such as Lagos, Kano, and Kaduna. These states
have implemented more comprehensive policy
frameworks, attracted larger investments, and
achieved higher renewable energy penetration rates
(Energy Commission of Nigeria, 2020).

However, Rivers State's focus on industrial and
commercial renewable energy applications provides
opportunities for scaling successful models. The
state's significant industrial base creates substantial
demand for reliable, cost-effective electricity that
renewable energy can help supply, particularly
through  behind-the-meter installations  and
dedicated industrial renewable energy projects.

International Best Practices and Lessons Learned
International experience from countries with
successful renewable energy transitions provides
valuable lessons for Rivers State. Key success factors
include consistent long-term policy support,
competitive procurement mechanisms, adequate
grid infrastructure, and strong institutional capacity
(Bogdanov et al., 2021).

The importance of public-private partnerships in
renewable energy development is well-established
internationally, with successful models
demonstrating how government support can
leverage private sector expertise and financing
(Hoppe and Coenen, 2020). Rivers State's limited
experience with renewable energy PPPs suggests
significant opportunities for expanding this
approach.

Feed-in tariffs and other financial incentives have
proven effective in many jurisdictions for attracting
renewable energy investment and achieving rapid
deployment. The absence of state-level incentives in

Rivers State represents a significant gap that could
be addressed through appropriate policy reforms.

IV. CONCLUSION

This evaluation of green energy projects in Rivers
State reveals significant potential in the renewable
energy sector, but substantial implementation
challenges limit current impact and future scalability.
The state has 47.3 MW of operational renewable
energy capacity, which is only 5.6% of the total
installed generation capacity and falls short of its
renewable energy potential. Rivers State has
abundant renewable energy resources, notably solar
irradiation averaging 4.5 to 5.5kWh/m?/day,
significant biomass from agriculture, and promising
wind resources along the coast. However, translating
this potential into operational capacity is hindered
by interconnected challenges, particularly financial,
technical, regulatory, and institutional issues.
Financial constraints are the primary barrier, with
limited access to affordable financing, high upfront
costs, and currency exchange risks.

Technical challenges, especially grid integration
issues affecting 91% of projects, highlight the need

for improved infrastructure and expertise.
Regulatory uncertainty, noted by 93% of
stakeholders, stems from inconsistent policy

implementation and bureaucratic delays, deterring
private sector investment. Despite these challenges,
existing projects show feasibility, achieving an
average plant availability rate of 87.1% and creating
around 1,540 jobs while reducing greenhouse gas
emissions. The involvement of diverse stakeholders
public agencies, private companies, international
partners, and community organizations paves the
way for further development, though improved
coordination and institutional capacity are
necessary.

The growing industrial base and electricity demand
in the state present opportunities for renewable
energy. Successful projects like the NLNG Solar
Installation demonstrate the viability of industrial
renewable applications. Learning from international
best practices can help accelerate deployment by
emphasizing long-term policy support, competitive

10
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financing, and strong institutional capacity. In
summary, effective renewable energy development
in Rivers State requires coordinated efforts in policy
reform, capacity building, infrastructure
development, and innovative financing to realize its
full renewable energy potential.

RECOMMENDATIONS

Based on the comprehensive evaluation of green

energy projects in Rivers State, the following

recommendations are proposed to enhance the
effectiveness, sustainability, and scalability of
renewable energy initiatives in the region:

1. The Rivers State government should establish a
dedicated Renewable Energy Development
Agency with clear mandates for policy
coordination, project facilitation, and technical
support to streamline renewable energy
development processes and provide centralized
expertise for stakeholders.

2. The state should implement a comprehensive
feed-in tariff system with technology-specific
rates and long-term contracts to provide
investment certainty and attract private sector
participation in renewable energy development
while ensuring fair compensation for renewable
energy producers.

3. A state-level renewable energy financing facility
should be created in partnership with
development  finance institutions and
commercial banks to provide affordable long-
term financing for renewable energy projects
and reduce the financial barriers currently
constraining project development.

4. The government should develop and implement
standardized procedures for renewable energy
project approvals, environmental assessments,
and grid interconnection to reduce bureaucratic
delays and provide clear guidance for project
developers throughout the development
process.

5. A comprehensive technical training program
should be established in collaboration with
universities, technical institutions, and
international partners to develop local expertise
in renewable energy technologies and create a
skilled workforce for the growing renewable
energy sector.

10.

The state should conduct detailed renewable
energy resource assessments, particularly for
wind and biomass resources, to provide accurate
data for project planning and attract investment
in underutilized renewable energy technologies
with high potential in the region.

Grid infrastructure modernization should be
prioritized through investment in smart grid
technologies, energy storage systems, and
transmission upgrades to improve the

integration of variable renewable energy sources
and enhance overall grid stability and reliability.
A renewable energy industrial development
strategy should be formulated to attract
manufacturing investments, reduce import
dependence, and create local value chains for
renewable energy equipment and services while
generating employment opportunities.

The state should establish clear guidelines for
community engagement, benefit-sharing, and
local content requirements for renewable energy
projects to ensure social acceptance, equitable
development outcomes, and maximum local
economic benefits from renewable energy
investments.

A comprehensive monitoring and evaluation
framework should be implemented to track
renewable energy project performance, assess
policy effectiveness, and provide evidence-
based insights for continuous improvement of
the state's renewable energy development
strategy.
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