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Abstract

This paper presents a comprehensive analysis of Nigeria's energy transition pathway, with a
focus on integrating renewable energy solutions into the country's petroleum-dominated energy
sector. The study examines the current energy landscape, identifies key challenges, and explores
potential strategies for achieving a sustainable energy future. By leveraging advanced
technologies and policy frameworks, the research highlights the critical role of renewable
energy in reducing greenhouse gas emissions, enhancing energy security, and promoting
economic growth. The findings underscore the significant economic impacts of the energy
transition, including job creation, investment opportunities, and the development of new
industries. Additionally, the paper emphasizes the importance of a multi-stakeholder approach,
involving government, industry, and civil society, to drive the transition towards a cleaner and
more resilient energy system. This paper contributes to the ongoing discourse on energy
transition in developing economies and provides valuable insights for policymakers, industry
professionals, and academics in the petroleum sector.

Keywords: Energy transition; Renewable energy integration; Petroleum value chain; Sustainable
development; Decarbonization; Energy policy.

Introduction

Nigeria’s energy system reflects a deep structural contradiction in which extensive hydrocarbon
resources coexist with persistent electricity shortages, widespread energy insecurity, and
escalating environmental stress. Despite decades of oil production, access to reliable electricity
remains limited, while the petroleum sector continues to dominate national revenue generation,
export earnings, and foreign exchange inflows.! This economic centrality has entrenched carbon-
intensive production patterns and amplified Nigeria’s exposure to international oil price
volatility, with significant fiscal and developmental implications. At the same time, prolonged
extractive activities have produced severe ecological and social consequences, particularly in the
Niger Delta, where oil pollution has undermined livelihoods, public health, and environmental
integrity.> As global climate governance frameworks intensify and decarbonisation norms gain
greater normative force, Nigeria faces growing pressure to reconfigure its energy architecture in
ways that reconcile emissions reduction with economic stability and development priorities.
Contemporary energy transition scholarship increasingly acknowledges that resource-dependent
economies cannot feasibly pursue abrupt fossil fuel phase-out strategies without incurring
substantial socio-economic costs, thereby underscoring the need for transition pathways that are
gradual, context-sensitive, and institutionally grounded.?

Within this global transition context, Nigeria’s policy challenge extends beyond expanding
renewable electricity capacity for domestic consumption to addressing the emissions profile and
operational inefficiencies embedded within the petroleum value chain itself. While national
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energy policy and academic research have devoted significant attention to renewable energy as a
solution to electricity access and rural electrification, particularly through decentralised and off-
grid systems, the petroleum sector has largely remained analytically detached from renewable
energy discourse.* This separation has limited scholarly and policy engagement with the
potential role of renewable technologies in upstream, midstream, and downstream petroleum
operations, despite growing international evidence that renewable-powered oil and gas activities
can reduce emissions intensity, improve operational efficiency, and lower long-term costs
without necessitating immediate production decline.’ Consequently, dominant narratives that
frame fossil fuels and renewable energy as inherently incompatible continue to shape Nigerian
energy governance, constraining the exploration of hybrid transition models capable of
accommodating the country’s continued fiscal reliance on petroleum revenues.®

This study proceeds from the proposition that integrating renewable energy technologies into
Nigeria’s petroleum value chain offers a pragmatic and development-sensitive approach to
energy transition. Rather than advocating for rapid fossil fuel abandonment, the analysis
conceptualises transition as an incremental process in which renewable energy systems are
embedded within existing petroleum infrastructures to displace diesel and gas-powered energy
sources, reduce greenhouse gas emissions, and enhance operational resilience.” By examining
renewable-powered drilling, electrified pumping systems, and low-carbon refining processes, the
study interrogates how sectoral decarbonisation can occur alongside continued hydrocarbon
production during a transitional period. In doing so, it addresses the central analytical question of
how Nigeria can align petroleum sector governance with sustainability imperatives while
maintaining economic stability, energy security, and public revenue flows.®

The study adopts a qualitative and doctrinal research methodology grounded in a systematic
review of academic literature, international energy agency reports, national policy instruments,
and regulatory frameworks governing Nigeria’s energy and petroleum sectors. These sources are
analysed thematically and comparatively to identify policy gaps, institutional constraints, and
governance dynamics shaping renewable energy integration within petroleum operations. A
value-chain analytical framework is employed to examine energy consumption patterns,
emissions intensity, and technological practices across upstream, midstream, and downstream
activities, thereby enabling the identification of intervention points for renewable deployment.’
Comparative insights from other petroleum-producing jurisdictions that have initiated sectoral
decarbonisation strategies are incorporated to situate Nigeria’s experience within broader global
transition trajectories. ! The qualitative orientation of the study is justified by the limited
availability of disaggregated empirical data on renewable energy use within Nigeria’s petroleum
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sector and the exploratory nature of the inquiry, which prioritizes institutional and policy
analysis over econometric modelling.'!

The analytical framework of the study is informed by an interdisciplinary synthesis of energy
transition theory, sustainable development theory, and socio-technical systems theory. Energy
transition theory conceptualises structural change in energy systems as non-linear and contested
processes shaped by policy choices, power relations, and institutional arrangements rather than
market forces alone. '? Sustainable development theory complements this perspective by
foregrounding the integration of economic growth, environmental protection, and social equity,
positioning the decarbonisation of petroleum operations as a strategic development objective
rather than a purely environmental obligation. !* Socio-technical systems theory further
conceptualises energy systems as configurations of technologies, actors, regulatory regimes, and
social practices, thereby illuminating how incremental technological reconfigurations can be
embedded within existing infrastructures without provoking destabilising resistance from
incumbent interests.'*

By integrating renewable energy analysis with petroleum sector governance, this study
contributes to scholarly and policy debates on energy transition in fossil fuel-dependent
economies. It addresses a critical gap in Nigerian energy scholarship by bridging renewable
energy discourse with petroleum sector analysis and advancing a hybrid transition model
grounded in Nigeria’s political-economic realities. In doing so, the study provides a conceptual
foundation for examining regulatory reform, institutional coordination, and implementation
strategies capable of supporting a gradual and inclusive energy transition. Ultimately, the
analysis demonstrates that Nigeria’s transition need not be defined by abrupt disruption or
developmental sacrifice but can instead proceed through carefully calibrated strategies that align
environmental sustainability with economic resilience and long-term energy security. '

Conceptual and Analytical Framework: Energy Transition, Sustainable Development, and
Petroleum Sector Governance

The conceptualisation of energy transition within fossil fuel dependent economies has undergone
significant evolution, shifting from technologically deterministic narratives to more nuanced
frameworks that foreground law, governance, and political economy. In its earliest formulations,
energy transition was largely understood as a process of fuel substitution, whereby societies
progressively move from high-carbon energy sources to cleaner alternatives as a function of
technological innovation and market efficiency.!'® This approach, while analytically useful in
industrialised contexts, has proven insufficient for explaining transition dynamics in developing
countries whose economic structures, fiscal systems, and institutional arrangements are deeply
intertwined with hydrocarbon production. For Nigeria, where petroleum revenues underpin state
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capacity and public expenditure, energy transition cannot be meaningfully analysed without
explicit attention to legal frameworks, regulatory institutions, and development imperatives.

Contemporary energy transition theory therefore emphasises systemic transformation rather than
linear replacement. This perspective conceptualises energy systems as complex assemblages of
technologies, infrastructures, legal norms, market structures, and social relations.!” Transitions
occur not through abrupt displacement of incumbent systems but through gradual reconfiguration
driven by regulatory reform, policy incentives, and institutional adaptation. From this standpoint,
integrating renewable energy solutions into the petroleum value chain represents a transitional
strategy that aligns with the realities of Nigeria’s political economy. Rather than dismantling the
petroleum sector, the law can be deployed as an enabling instrument to steer the sector toward
lower-carbon operational modalities while preserving its economic function during the transition
period.

a. Energy Transition as a Legal and Institutional Process: Law occupies a central role
in shaping the trajectory of energy transitions, particularly in jurisdictions where state
ownership, regulation, and fiscal dependence on energy resources are pronounced. Legal
scholars increasingly argue that energy transition should be understood as a process of
regulatory transformation involving the reorientation of legal norms, institutional
mandates, and governance structures.'® In Nigeria, the petroleum sector is governed by a
dense network of statutes, regulations, and contractual arrangements that determine
access to resources, revenue allocation, and environmental obligations. These legal
instruments both constrain and enable the scope for renewable energy integration within
petroleum operations.

From a doctrinal perspective, energy transition law encompasses a range of regulatory
tools, including licensing regimes, fiscal incentives, environmental standards, and
market-based mechanisms.!” The effectiveness of these tools depends not only on their
formal design but also on institutional capacity and enforcement. In the Nigerian context,
weak regulatory coordination and overlapping institutional mandates have historically
undermined energy governance.?’ Integrating renewable energy into the petroleum value
chain therefore requires a reconceptualization of sectoral regulation that transcends
traditional silos between fossil fuel governance and renewable energy policy.

The legal literature further highlights the importance of adaptive regulation in managing
energy transitions. Adaptive regulation refers to legal frameworks that are capable of
evolving in response to technological innovation and shifting policy priorities.?! This
approach 1is particularly relevant for renewable energy integration in petroleum
operations, where technological solutions such as solar-powered drilling systems or
renewable-powered refineries are rapidly developing, a rigid regulatory framework risks
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inhibiting innovation, whereas adaptive legal instruments can facilitate experimentation
and gradual scaling.

b. Sustainable Development and the Petroleum Sector: Sustainable development theory
provides a normative foundation for evaluating energy transition pathways in developing
economies. Defined classically as development that meets present needs without
compromising the ability of future generations to meet their own, sustainable development
requires the integration of economic, environmental, and social objectives.?? In petroleum-
dependent states, this integration presents inherent tensions, as hydrocarbon exploitation
generates both economic benefits and environmental harms. Legal and policy frameworks
must therefore balance competing interests while ensuring long-term resilience.

Within the Nigerian petroleum sector, sustainable development concerns have historically
been subordinated to revenue maximisation and production targets. This prioritisation has
contributed to environmental degradation, social conflict, and governance challenges,
particularly in oil-producing communities.® Legal scholars argue that sustainable development
principles must be operationalised through binding regulatory obligations rather than
aspirational policy statements.?? Renewable energy integration within petroleum operations
offers a concrete mechanism for advancing sustainable development by reducing emissions,
minimising local pollution, and enhancing energy efficiency without necessitating immediate
production decline.

Importantly, sustainable development theory rejects binary framings that position economic
growth and environmental protection as mutually exclusive. Instead, it supports transitional
strategies that optimise existing assets while progressively internalising environmental costs.**
In this regard, renewable energy integration aligns with the concept of “just transition,” which
emphasises fairness, inclusivity, and socio-economic stability in the shift toward low-carbon
systems.?® For Nigeria, where petroleum revenues support public services and employment, a
just transition framework underscores the importance of transforming rather than abandoning
the petroleum sector.

¢. Socio-Technical Systems and Incremental Transition: Socio-technical systems theory
provides an analytical lens for understanding how energy transitions unfold within entrenched
institutional and technological configurations. According to this theory, energy systems are
stabilised by dominant “regimes” comprising incumbent technologies, regulatory frameworks,
and vested interests.?® Transitions occur through the interaction of niche innovations, regime-
level pressures, and broader socio-economic dynamics. Renewable energy technologies
deployed within petroleum operations can be understood as niche innovations that operate
within, rather than against, the dominant fossil fuel regime.
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Applying this framework to Nigeria reveals the strategic value of integrating renewables
into the petroleum value chain. By embedding renewable technologies within existing
infrastructures, the transition process minimises resistance from incumbent actors and
reduces the political costs of reform.?’ This incremental approach contrasts with radical
transition models that advocate rapid fossil fuel phase-out, which may be politically and
economically untenable in resource-dependent economies. Legal frameworks that support
pilot projects, regulatory sandboxes, and public—private partnerships can facilitate this
form of incremental transition. The socio-technical perspective also highlights the role of
institutional learning and capacity development. Renewable energy integration requires not
only technological deployment but also the development of regulatory expertise, technical
skills, and monitoring mechanisms.?® In Nigeria, capacity constraints within regulatory
agencies have historically impeded effective energy governance. Addressing these
constraints is therefore a central component of the transition process and must be reflected
in legal and institutional design.

d. Political Economy of Energy Transition in Nigeria: Any analytical framework for
Nigeria’s energy transition must engage with the political economy of petroleum
dependence. Petroleum revenues have shaped state—society relations, fiscal federalism, and
patterns of political power.?’ This dependence creates structural incentives for policy
inertia and resistance to reforms perceived as threatening revenue streams. Energy
transition strategies that fail to account for these dynamics risk legal and political failure.

The integration of renewable energy into the petroleum value chain offers a politically
feasible pathway by reframing transition as sectoral modernisation rather than economic
displacement. From a political economy perspective, this approach preserves the rent-
generating capacity of the petroleum sector while gradually reducing its environmental
footprint.>® Legal instruments such as fiscal incentives for renewable-powered operations,
mandatory emissions standards, and carbon reporting obligations can align private sector
behaviour with public policy objectives without provoking abrupt economic disruption.

Scholarly literature on comparative energy transitions underscores that successful
transitions in resource-dependent economies often rely on strong state coordination and
strategic use of legal authority.?! In Nigeria, this necessitates harmonisation between
petroleum legislation, renewable energy policies, and climate commitments. Fragmentation
across these domains undermines regulatory certainty and deters investment. A coherent
legal framework that explicitly recognises renewable energy integration within petroleum
operations is therefore essential for effective transition governance. Drawing on the
foregoing theoretical and conceptual insights, this study adopts an analytical framework
that situates renewable energy integration within the petroleum value chain at the
intersection of energy transition law, sustainable development, and political economy. The
framework rejects dichotomous approaches that separate fossil fuel governance from

27 Frank W Geels, ‘Technological Transitions as Evolutionary Reconfiguration Processes’ (2002) 31 Research Policy 1257.
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renewable energy policy and instead emphasises regulatory convergence and institutional
coordination.

This orientation allows for a critical assessment of existing legal and policy instruments
while identifying opportunities for reform. It foregrounds the role of law not merely as a
regulatory constraint but as a transformative tool capable of steering technological change
and institutional behaviour. * By embedding renewable energy solutions within the
petroleum sector, Nigeria can pursue a transition pathway that is legally grounded,
economically viable, and socially responsive.?

The framework developed in this section informs the subsequent analysis of Nigeria’s
petroleum value chain, renewable energy integration opportunities, and regulatory
challenges.** It establishes the normative and analytical basis for evaluating how legal and
institutional reforms can facilitate a sustainable and just energy transition tailored to
Nigeria’s developmental realities.

Nigeria’s Petroleum Value Chain and Energy Challenges

Nigeria’s petroleum value chain constitutes the structural core of the country’s energy economy and
remains one of the most legally and institutionally complex sectors of national governance. The
value chain encompasses upstream exploration and production activities, midstream transportation
and processing infrastructure, and downstream refining, distribution, and marketing operations.
Each segment is governed by distinct legal regimes and regulatory institutions, yet they are
functionally interconnected through fiscal arrangements, contractual obligations, and energy supply
dependencies. Despite its centrality to economic development, the petroleum value chain is
characterised by systemic inefficiencies, high carbon intensity, and acute energy security challenges
that complicate Nigeria’s energy transition aspirations.

Upstream Operations: Energy Intensity and Environmental Degradation

The upstream segment of Nigeria’s petroleum value chain, comprising exploration and production
activities, is the most energy-intensive and environmentally consequential. Oil and gas extraction
operations rely heavily on diesel-powered generators and gas-fired systems to meet electricity and
mechanical energy demands, particularly in offshore and remote onshore locations.** This reliance
reflects structural deficiencies in national electricity infrastructure and has entrenched a pattern of
self-generation within the petroleum sector. From an energy transition perspective, upstream
operations represent a critical site for renewable energy integration, given their high operational
emissions and relatively concentrated energy demand profiles.

32 ibid
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Legally, upstream petroleum activities in Nigeria are governed by licensing regimes that historically
prioritised production maximisation over environmental performance,*® while environmental impact
assessment requirements exist, enforcement has been uneven, and regulatory oversight fragmented
across institutions.?” This regulatory architecture has contributed to persistent gas flaring, oil spills,
and ecosystem degradation, particularly in the Niger Delta.*® Gas flaring, in particular, exemplifies
the paradox of energy waste and energy poverty, as valuable energy resources are routinely
combusted despite widespread electricity shortages.

The energy challenges of upstream operations are therefore both technical and legal. The absence of
binding emissions performance standards and limited incentives for cleaner energy use has
constrained the adoption of renewable energy technologies.® Integrating solar, wind, and hybrid
renewable systems into upstream operations could significantly reduce diesel consumption and
flaring-related emissions. However, such integration requires legal reforms that embed energy
efficiency and emissions reduction obligations into upstream licensing and operational standards.

Midstream Infrastructure: Energy Losses and Regulatory Fragmentation

The midstream segment of Nigeria’s petroleum value chain encompasses crude oil and gas
transportation, processing, storage, and export infrastructure. Pipelines, compressor stations, and
processing facilities constitute the backbone of this segment, yet they are plagued by energy
inefficiencies, infrastructure decay, and security challenges.*’ Midstream operations consume
substantial energy for pumping, compression, and processing, often supplied through fossil fuel—-
based self-generation systems. These systems are vulnerable to fuel price volatility and operational
disruptions, exacerbating energy insecurity within the sector.

From a legal perspective, midstream governance in Nigeria has historically suffered from regulatory
ambiguity and institutional overlap. Multiple agencies exercise jurisdiction over pipeline operations,
environmental compliance, and safety standards, often with insufficient coordination.*! This
fragmentation undermines effective energy management and discourages investment in modern,
energy-efficient infrastructure. Moreover, pipeline vandalism and oil theft impose additional energy
and economic costs, as operators rely on redundant systems and security-intensive operations that
increase emissions and operational inefficiencies.*?

Renewable energy integration within midstream operations offers opportunities to enhance
resilience and reduce emissions. Solar-powered pumping stations, electrified compression systems,
and renewable-powered monitoring technologies could reduce reliance on diesel and gas-based
energy sources.* However, the deployment of such technologies requires a coherent regulatory
framework that recognises renewable energy as an integral component of petroleum infrastructure
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rather than an external add-on. Legal certainty regarding cost recovery, tariff structures, and
regulatory approvals is essential to incentivise midstream decarbonisation investments.

Downstream Operations: Refining Deficits and Energy Inefficiency

The downstream segment of Nigeria’s petroleum value chain, encompassing refining, distribution,
and marketing, presents some of the most visible energy and governance challenges. Despite being
a major crude oil producer, Nigeria has historically depended on imported refined petroleum
products due to chronic underperformance of domestic refineries,** this structural deficit has
significant energy and environmental implications, as fuel imports increase lifecycle emissions and
expose the economy to external supply shocks.

Domestic refining operations are highly energy-intensive, requiring continuous power supply for
distillation, cracking, and auxiliary systems. In the absence of reliable grid electricity, refineries rely
on captive power generation, predominantly from fossil fuels.* This reliance increases operational
costs and emissions while reinforcing the petroleum sector’s carbon intensity. From a legal
standpoint, downstream regulation has traditionally focused on price control, subsidy
administration, and supply security, with limited emphasis on energy efficiency or emissions
performance.*

Renewable energy integration within downstream operations offers a pathway to address these
challenges. Renewable-powered auxiliary systems, waste heat recovery coupled with renewable
inputs, and bioenergy applications for process heat can improve energy efficiency and reduce
emissions.*” However, regulatory frameworks must evolve to accommodate such innovations,
including through revised technical standards, incentives for clean energy investment, and
integration of emissions reporting into downstream licensing regimes.

Cross-Cutting Energy Challenges in the Petroleum Value Chain

Across all segments of the petroleum value chain, Nigeria faces cross-cutting energy challenges that
complicate transition efforts. Chief among these is the pervasive reliance on self-generated fossil
fuel-based power, which reflects systemic deficiencies in national electricity infrastructure.*® This
reliance creates a parallel energy system within the petroleum sector, characterised by inefficiency,
high costs, and elevated emissions. Addressing this challenge requires coordinated energy and
petroleum policy reforms that recognise the sector’s role as both an energy consumer and potential
energy transition enabler.

Another critical challenge is institutional capacity. Regulatory agencies responsible for petroleum
governance often lack the technical expertise and resources to oversee energy efficiency and

4 Central Bank of Nigeria, Statistical Bulletin (CBN 2023).
45 Nigerian National Petroleum Company Limited, 4nnual Report (NNPC Ltd 2022).
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48 World Bank, Nigeria Energy Sector Diagnostic (World Bank 2021).
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renewable energy integration, ** this capacity gap undermines enforcement of existing
environmental regulations and limits the effectiveness of new transition-oriented policies. Legal
reforms must therefore be accompanied by institutional strengthening measures, including training,
data systems, and inter-agency coordination mechanisms.

Fiscal structures also shape energy outcomes within the petroleum value chain. Subsidies for fossil
fuel consumption and the absence of carbon pricing mechanisms distort incentives and discourage
investment in renewable energy solutions.>® Reforming these fiscal arrangements is politically
sensitive but necessary to align economic signals with transition objectives. Law plays a central role
in mediating these reforms by structuring compensation mechanisms, protecting vulnerable groups,
and ensuring transparency.

The structural and energy challenges of Nigeria’s petroleum value chain underscore the limitations
of transition strategies that focus exclusively on expanding renewable electricity generation outside
the petroleum sector. While such expansion is essential for energy access, it does little to address
the emissions and inefficiencies embedded within petroleum operations themselves. A sector-
specific transition strategy that targets energy use within the petroleum value chain is therefore
indispensable.

Integrating renewable energy into petroleum operations offers a pragmatic pathway for addressing
energy challenges while preserving economic stability. However, such integration must be
underpinned by coherent legal frameworks that align petroleum regulation with energy transition
objectives. This requires rethinking the purpose of petroleum law from a narrow focus on resource
extraction to a broader mandate encompassing sustainability, efficiency, and long-term resilience.

Nigeria’s petroleum value chain embodies both the central challenge and the strategic opportunity
of the country’s energy transition. Upstream, midstream, and downstream operations are deeply
energy-intensive and carbon-intensive, reflecting historical regulatory priorities and infrastructural
constraints. Yet these same characteristics create significant potential for renewable energy
integration as a means of reducing emissions, improving efficiency, and enhancing energy
security.

This section has demonstrated that energy challenges within the petroleum value chain are not
merely technical but fundamentally legal and institutional in nature. Addressing them requires a
transition strategy grounded in sector-specific reforms, regulatory coherence, and institutional
capacity building. The analysis provides the foundation for subsequent sections, which examine
renewable energy integration opportunities and policy frameworks capable of transforming
Nigeria’s petroleum sector into a driver of sustainable development.

Renewable Energy Integration Opportunities

The Petroleum Industry Act, 2021 (PIA) represents a landmark legislative overhaul of Nigeria’s
hydrocarbon regulatory regime, consolidating overlapping statutory frameworks and introducing
modern institutional structures to govern upstream, midstream and downstream petroleum

4 OECD, Governing Energy Transitions (OECD Publishing 2017).
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activities. The PIA introduces some ancillary provisions that marginally touch on sustainability
and environmental management, its articulation on renewable energy integration remains notably
weak, ad hoc and ill-aligned with Nigeria’s broader energy transition imperatives. This section
critically examines the renewable energy integration opportunities within the PIA, highlighting
legal lacunae, conceptual incoherence with national and international climate commitments, and
proposing strategic reforms to embed renewables more firmly within Nigeria’s petroleum regime.

At its core, the PIA’s legislative architecture is predicated on reinvigorating oil and gas investment,
enhancing hydrocarbon value extraction and streamlining regulatory authority. However, in doing
so the Act frames renewable energy largely as an ancillary afterthought rather than a central policy
concern. Indeed, although the statute empowers the Nigerian National Petroleum Company Limited
(NNPC Ltd) to “engage in the business of renewables and other energy investments,” this provision
is terse, vaguely framed, and lacking in operational detail.’! This alone underlines the statute’s
narrow conceptualisation of energy policy treating renewable energy as a corporate opportunity for
the national oil company rather than as a strategic national priority with statutory safeguards and
public interest mandates. The statutory provision does not establish clear targets, accountability
mechanisms, or fiduciary obligations for managing renewables within the NNPC Ltd.’s portfolio,
thereby restricting its potential impact.>

A more fundamental concern is that the PIA’s structural incentives remain overwhelmingly biased
toward fossil fuel development. The Act’s fiscal incentives, such as tax holidays and investment
guarantees, are tailored toward upstream and midstream oil and gas activity without commensurate
incentives for renewable assets.’® In contrast with the Act’s Frontier Exploration Fund which
earmarks 30 per cent of NNPC Ltd.’s profit oil and profit gas for frontier basin activity there is no
equivalent renewable innovation or transition fund within the PIA to catalyse renewable projects,
technology deployment or grid-scale integration.>* This omission represents a missed opportunity to
harness hydrocarbon revenues to underwrite the capital-intensive renewable sector, particularly
given global finance is increasingly contingent on climate performance metrics.>

The PIA’s environmental management regime, while introducing gas flaring penalties and
environmental remediation funds, is similarly insufficiently forward-looking. The legal framework
does not mandate robust greenhouse gas (GHG) reductions tied to renewable adoption, nor does it
dovetail effectively with Nigeria’s Nationally Determined Contributions (NDCs) under the Paris
Agreement or the National Renewable Energy and Energy Efficiency Policy objectives which
envisage renewable sources contributing 30 000 MW or approximately 30 per cent of electricity
generation by 2030.¢ The absence of statutory alignment between the PIA and these climate policy
benchmarks underscores a broader legislative incoherence: petroleum governance remains siloed

51 Nigerian Petroleum Industry Act 2021 s 64(h); see also Tangible critique that the provision is inadequate in Dentons
ACAS-Law, Recent policies enabling energy investments in Nigeria (2022) noting limited renewable energy framework.
52 Tbid; global climate finance trends favour decarbonisation.
>3 See African Journal Vol.7, discussion of PIA s 64(h) as “too terse and inadequate.”
>4 PwC Nigeria, Nigeria Petroleum Industry Act (P1A) analysis highlighting incentives geared toward hydrocarbon
investments.
35 1bid; see critique in Dentons ACAS-Law that renewable fund missing.
% Nigerian National Renewable Energy and Energy Efficiency Policy (target 30 000 MW by 2030) and NDC emission
reduction pledges; see OECD/PWC assessment.
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from renewable transition frameworks, thereby institutionalising policy fragmentation that
undermines integrated energy planning.

An opportunity for renewable integration lies in the Act’s provisions governing licence conditions
and regulatory oversight. Section 97 of the PIA (though not explicitly renewable in scope) grants
the Nigerian Upstream Petroleum Regulatory Commission (NUPRC) the authority to prescribe
operational conditions, including environmental and safety criteria. In theory, this could be
leveraged to require operators to incorporate renewable energy sources for example, solar-powered
on-site facilities or hybrid systems to reduce flaring and diesel backup generators. However, absent
explicit legislative guidance or binding targets, such regulatory tools remain discretionary and
susceptible to implementation inertia. This discretion is particularly problematic given the weak
enforcement history of environmental statutes in Nigeria, where regulatory agencies routinely lack
the capacity to monitor compliance and enforce sanctions.>’

Moreover, the PIA’s institutional design fails to create an inter-agency coordination mechanism that
meaningfully integrates renewable energy planning into petroleum governance. The creation of
separate regulators for upstream and midstream/downstream activities could have been an
opportunity to embed renewable-related functions within a cross-sectoral energy transition
framework, but the statute remains silent on the need for structured collaboration with renewable
energy regulators and agencies. This has already led to criticisms that the Act is disconnected from
global energy transition trends and does not sufficiently embed sustainability objectives into the
nation’s petroleum regime.>® Given the worrisome pace of climate change and the increasing
financial risk of fossil fuel dependency, such disconnection could expose Nigeria to stranded asset
risk and lost investment as the global energy landscape evolves.

Notwithstanding these shortcomings, certain statutory elements could be interpreted as latent
opportunities for renewable integration if properly operationalised. Section 64 of the Act, for
instance, envisages the NNPC Ltd.’s engagement in “other energy investments,” suggesting a legal
basis for renewable ventures. However, without elaboration on corporate governance duties,
investment thresholds or transparent reporting obligations tied to renewables, the provision remains
superficial.”® A robust interpretative reading would require regulatory guidelines that specify how
NNPC Ltd must allocate a defined proportion of its capital expenditure toward renewable assets,
technologies and grid integration projects. Without such reforms, the provision will continue to
amount to an aspirational mandate rather than a binding statutory obligation.

Further renewable integration opportunities could be cultivated through subsidiary legislation and
regulatory instruments. The NUPRC and Petroleum Products Regulatory Agency (PPRA) possess
powers to issue codes and standards applicable to licence holders. These instruments could include
renewable integration conditions, energy efficiency standards, or carbon performance requirements.
For instance, regulatory templates could mandate that operators deploy solar or wind generation for
ancillary power needs on remote facilities, or that flared gas utilisation projects include renewable
hybridisation components. The introduction of a renewable energy quota for petroleum licence

37 See Challenges and Opportunities in Nigeria’s Renewable Energy Policy and Legislation (WJARR 2024) on
enforcement capacity.

8 See business commentary that PIA disconnected from global clean energy trends.

% African Journal Vol.7 analysis on limited renewable mandate.
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holders, akin to renewable portfolio standards adopted in other jurisdictions, could provide a legal
mechanism to internalise renewables within the petroleum supply chain.

However, realising these regulatory opportunities faces significant policy and institutional barriers.
First, the lack of a clear statutory mandate for renewable targets within the PIA means that
regulators may lack the political backing to impose stringent conditions on powerful oil and gas
operators. Second, enforcement capacity is uneven across the regulatory agencies, and budgetary
constraints often inhibit effective monitoring of compliance with environmental and
transition-oriented standards. Third, the absence of integrated energy planning at the national level
exacerbates regulatory uncertainty, deterring investment in renewables that could complement the
petroleum sector, % without a holistic energy strategy that aligns petroleum regulation with
renewable energy objectives, any incremental integration within the PIA’s regulatory framework
risks being piecemeal and symbolic.

An additional avenue for renewable integration involves leveraging the Host Community
Development Trust Fund (HCDTF) established under the PIA. In principle, a portion of HCDTF
resources could be earmarked for community-based renewable energy projects that enhance energy
access and local economic development. This would align with broader energy justice principles by
addressing the disproportionate energy poverty experienced in host communities. Yet, the PIA’s
existing allocation of community funds lacks specificity regarding renewable energy deployment,
and legislative amendment may be required to authorise such uses unequivocally. The statutory
silence on renewable eligibility for HCDTF contributions reflects a broader legislative prioritisation
of fossil fuel related community development at the expense of sustainable alternatives.

Crucially, integrating renewable energy opportunities into the PIA also requires alignment with
Nigeria’s international climate commitments. Nigeria has made pledges under the Paris Agreement
to reduce emissions and increase renewable energy capacity. Yet, the PIA’s current framework does
not embed mechanisms to measure or enforce contributions to these commitments, thereby
undermining statutory coherence across national and international legal obligations. A revised PIA
could incorporate mandatory reporting on contributions to national renewable targets, GHG
emissions performance, and climate risk disclosures. Legislative incorporation of such metrics
would signal a statutory commitment to energy transition and strengthen Nigeria’s credibility in
global climate governance.

In summary, while the PIA includes superficial hooks that could be construed to support renewable
energy integration, its dominant emphasis on fossil fuel development and the absence of explicit
renewable targets, incentives and enforcement mechanisms significantly constrain the Act’s
potential as a vehicle for energy transition. Realising renewable integration opportunities within the
PIA demand legislative amendments, robust subsidiary regulations, and an overarching national
energy strategy that bridges petroleum governance with climate and renewable energy objectives.
Without such reforms, the PIA risks entrenching Nigeria’s reliance on oil and gas at a time when
global financial flows and technological innovation are increasingly favouring renewable energy
systems. This legislative inertia not only undermines Nigeria’s climate commitments but

0 Major waves Energy Report on policy gaps and need for integrated planning.
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jeopardises its long-term energy security, economic diversification, and sustainable development
goals.

Policy, Regulatory, and Institutional Context

The Petroleum Industry Act (PIA) 2021 represents a comprehensive attempt at legislative reform of
Nigeria’s petroleum governance framework, replacing fragmented colonial-era statutes with a
unified legal regime designed to streamline oversight, clarify fiscal terms, and attract investment to
Africa’s largest oil and gas sector. The PIA’s architecture rests on a tripartite structure of
governance: legislative provisions defining regulatory mandates, fiscal and commercial terms for
investors, and institutional redesign to separate commercial operations from regulatory oversight.
The Act repeals the Petroleum Act 1969 and establishes two principal regulators the Nigeria
Upstream Petroleum Regulatory Commission (NUPRC) and the Nigerian Midstream and
Downstream Petroleum Regulatory Authority (NMDPRA) to oversee upstream and
midstream/downstream activities, respectively. At its core, the policy aim is to modernise the
sector’s governance, improve transparency, and align Nigeria with contemporary global industry
best practice. In theory, this regulatory segmentation should facilitate precision in rule-making,
accountability, and sector-specific expertise. However, in practice, overlapping mandates and
regulatory ambiguity have undermined this clear delineation, hindering policy implementation and
enforcement. Critics argue that the PIA’s structure has caused confusion in licensing, compliance,
and operational oversight, especially for integrated projects that span upstream and midstream
activities, thereby complicating investment and permitting processes.®!

While the PIA introduced environmental management obligations such as gas flaring penalties and
required environmental management plans its provisions remain divorced from a coherent
framework for energy transition or renewable integration. The law does not embed renewable
energy mandates or targets, nor does it establish mechanisms that drive investment into low-carbon
energy projects. This legal inertia persists despite Nigeria’s obligations under the Climate Change
Act 2021 and it’s Nationally Determined Contributions (NDCs) under the Paris Agreement, which
commit the country to emissions reduction and a strategic shift toward cleaner energy sources.®?
Consequently, the PIA’s narrow fossil fuel-centric focus reinforces existing regulatory silos that
privilege hydrocarbon exploitation while marginalising renewables, diluting Nigeria’s capacity to
synchronise petroleum sector governance with broader climate and energy transition objectives. A
recognised shortfall is the absence of a statutory renewable/low-carbon energy fund akin to the
PIA’s Frontier Exploration Fund, which allocates a determined share of oil revenues for
exploration activity in frontier basins. Financial instruments of this type could, if reconfigured,
stimulate renewable energy deployment by directing rent-type revenues toward solar, wind,
biomass, or green hydrogen infrastructure, thereby advancing energy diversification and climate
resilience.%

%1 Dentons ACAS-Law, Recent policies enabling energy investments in Nigeria (DentonsACASLaw.com, June 20
2022) https://www.dentonsacaslaw.com accessed 13 December 2025.

2 PubMed, An examination of the Petroleum Industry Act 2021: prospects, challenges, and the way forward (PubMed,
2025).

63 Ibid; see also BusinessDay NG, Experts applaud PIA but want national plan on renewable energy (BusinessDay,
2021).
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Moreover, Nigeria’s broader policy ecosystem reveals disjunctions between petroleum governance
and energy transition frameworks. The PIA’s emphasis on hydrocarbon revenue optimisation stands
in tension with Nigeria’s national renewable energy targets and commitments under international
climate regimes. This disjunction deepens because the institutional arrangements and policy
instruments that govern petroleum do not incorporate clear mandates for renewable integration. For
instance, while the Nigerian Electricity Regulatory Commission (NERC) and the Rural
Electrification Agency (REA) pursue grid and off-grid electrification including renewable projects,
these bodies operate largely outside the PIA’s petroleum governance ambit. Nigeria’s energy policy
remains split between fossil fuel management and separate renewable energy strategy documents
(e.g., the National Renewable Energy and Energy Efficiency Policy), leading to fragmented policy
implementation and competing regulatory priorities. The PIA’s failure to harmonise with
renewable-centred laws obliges investors and regulators to navigate disjointed regulatory regimes,
diminishing coherence in national energy planning.

Institutionally, the PIA’s creation of autonomous regulators was intended to depoliticise sectoral
oversight and promote transparency. In practice, regulators’ operational capacity, enforcement
reach, and clarity of mandate have lagged behind legislative ambitions. Regulatory overlap between
the NUPRC and NMDPRA persists, with continuing ambiguity around jurisdictional authority for
integrated operations and enforcement activities. Proposed amendments to formalise joint oversight
mechanisms underscore the extent of regulatory confusion that remains unaddressed in primary
legislation, threatening investor confidence and slowing the approval of innovative projects that
could include cleaner energy components within petroleum value chains.®* Weak enforcement of
environmental and gas flaring prohibitions, despite regulatory instruments such as the Gas Flaring,
Venting and Methane Emissions Regulations 2023, illustrates enforcement gaps that undercut both
climate and economic policy goals, especially where penalties are insufficient to deter
non-compliance.®’

Policy coherence within the petroleum sector’s regulatory context also suffers from insufficient
integration of host community concerns, environmental justice, and broader socio-economic
development goals. The Host Community Development Trust Fund (HCDTF) provision obligates
operators to contribute a percentage of operating expenses for development initiatives in host
communities. Although well-intentioned, this mechanism has been criticised for inadequate
allocation levels and weak enforcement, thereby failing to address structural grievances around
revenue distribution, environmental degradation, and local participation.®® These deficits highlight
the legal and policy limitations embedded in the PIA’s design, which privilege hydrocarbon
exploitation while failing to leverage petroleum governance as a fulcrum for equitable,
climate-aligned, and energy diversified development.

Ultimately, the PIA’s regulatory and institutional framework demonstrates a structured approach to
petroleum governance but remains narrowly tailored to fossil fuel commercialisation with limited
traction for renewable energy deployment. The Act’s omission of robust sustainability mandates,

% Mondaq, The Role of Natural Gas in Nigeria’s Energy Transition: A Legal Perspective (Mondaq, 2025).

% Ibid.

% Mondagq, Beyond Three Years of the PIA: Legal and Regulatory Impact on Nigeria's Oil And Gas Sector (Mondagq,
2025).
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renewable investment incentives, and coherent integration with climate policy frameworks positions
Nigeria at odds with global energy transition trajectories. Without legislative reform, regulatory
alignment across energy sectors, and institutional capacity strengthening, the PIA’s contribution to
renewable energy advancement within the petroleum value chain will likely remain marginal,
thereby undermining national climate commitments and energy diversification imperatives.

Economic, Investment, and Implementation Considerations

An effective energy policy must reconcile fiscal objectives with economic viability, investor
confidence, equitable development outcomes, and a credible pathway for technology adoption. The
PIA’s economic architecture, particularly its fiscal regime and investment incentives, sought to
enhance Nigeria’s attractiveness for petroleum sector investment by replacing the outdated
petroleum profits tax with a more predictable hydrocarbon tax system, clarifying royalty structures,
and opening up acreage management via competitive licensing rounds. In its initial years, the PIA
succeeded in generating heightened interest from international oil companies and capital inflows,
reflecting improved clarity and transparency compared to prior regimes. Nonetheless, fiscal
uncertainties, compliance costs, and uneven implementation have inhibited Nigeria’s ability to fully
capitalise on these reforms.®’

A salient economic consideration arising from the PIA is its interaction with global capital flows
amid an energy transition era. While hydrocarbon assets traditionally commanded stable
investment, investors are increasingly sensitive to climate risk, regulatory uncertainty, and the
long-term viability of fossil fuel reserves. The PIA does little to directly address this evolving risk
landscape because it lacks tailored incentives that bridge carbon risk management and petroleum
investment strategies. Investors with decarbonisation mandates seek jurisdictions that embed
sustainable energy incentives, carbon pricing frameworks, or mechanisms that facilitate renewable
energy co-investment. The absence of such mechanisms in the PIA places Nigeria at a competitive
disadvantage relative to jurisdictions that have integrated energy transition considerations into their
petroleum fiscal terms.®

Investment models under the PIA are also shaped by regulatory delays and compliance bottlenecks.
Subsidiary regulations required to operationalise key provisions of the PIA have experienced
protracted delays, creating uncertainties that frustrate project timelines and elevate risk premiums.
Such delays have been identified as disincentives for both foreign and domestic investors,
diminishing Nigeria’s ability to mobilise capital efficiently. Furthermore, layered levies, taxes and
obligations imposed on operators, including those payable in US dollars, impose cost burdens that
can deter investment by increasing the effective cost of capital and complicating cash flow
projections.®’ Indigenous oil companies and smaller firms, already at a competitive disadvantage,
find these obligations particularly prohibitive, undermining the policy objective to broaden local
participation in the petroleum value chain.

Within this economic context, the question of renewable energy integration through financing and
investment frameworks becomes salient. The PIA’s established funds such as the Frontier

7 BusinessDay NG, Four years on, Nigeria’s energy sector struggles to realise PIA promise (BusinessDay, 28 August
2025).

8 PubMed (n 2)

% Nigerian Bar Association, Petroleum Industry Act (PIA), 2021: Impact, Challenges (NBA, 2025)
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Exploration Fund and HCDTF are directed toward petroleum exploration and host community
development, respectively. However, neither fund explicitly promotes renewable energy projects or
provides structural support for hybrid energy solutions that embed renewables within petroleum
operations (e.g., solar power for pumping stations or wind energy for grid-tied facilities). This
omission reflects a missed opportunity to leverage petroleum revenue streams to catalyse energy
diversification and climate-responsive economic growth. Policymakers must consider new
investment vehicles or statutory funds that channel a portion of petroleum rents into renewable
infrastructure, capacity building, and technology transfer initiatives, thereby aligning petroleum
governance with broader sustainable development frameworks.

Public—private partnerships (PPPs) offer another avenue for bridging economic and implementation
gaps. PPP models could harness private capital and expertise for renewable energy deployment
within petroleum operations, for example by retrofitting existing petroleum facilities with
renewable generation capacity or supporting gas-to-power initiatives that reduce carbon intensity.
The PIA lacks clear provisions that facilitate PPP frameworks tailored to energy transition goals,
leaving potential synergies under-utilised. Implementation of PPPs is further constrained by weak
institutional capacity within regulatory agencies, which limits effective procurement, oversight, and
risk allocation necessary for complex hybrid energy projects. Strengthening institutional capacity
and developing bespoke PPP frameworks linked with renewable targets could stimulate investment
and mitigate implementation risks.

Risk factors associated with integrating renewable energy into petroleum sector operations are
multifaceted. Regulatory uncertainty, enforcement gaps, and unclear inter-agency coordination
exacerbate project risk, raising the cost of financing and inhibiting investor confidence. Moreover,
Nigeria’s macroeconomic volatility characterised by currency instability, inflation, and fiscal
pressures adds layers of risk that can overshadow long-term renewable investment horizons.
Capacity development is thus essential, encompassing regulatory training, technical skills
enhancement, and institutional knowledge deepening to support new energy paradigms. These
capacity requirements extend beyond sector regulators to include private stakeholders, community
leaders, and financial institutions to ensure comprehensive risk management, informed
decision-making, and sustained implementation.

Cost—benefit considerations reveal that renewable energy integration can yield significant
socio-economic advantages, including reduced reliance on imported fuels, enhanced energy access,
and diminished environmental degradation. However, because the PIA’s economic incentives are
aligned principally toward petroleum exploitation, the cost signal for renewable adoption remains
weak. Unless renewable energy benefits such as carbon credits, price stabilisation, or fiscal
incentives are codified into the legal and investment framework, market dynamics will continue to
favour traditional hydrocarbon investments. To address this distortion, a policy recalibration that
embeds renewable economic incentives is necessary to attract capital flows that simultaneously
support petroleum and renewable infrastructure, thereby facilitating a more balanced and resilient
energy economy.

In sum, while the PIA introduces reformist economic structures with the potential to unlock
investment and modernise Nigeria’s petroleum sector, its current formulation inadequately accounts
for the evolving global energy landscape. Without complementary legal reforms, targeted
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investment incentives for renewables, and robust institutional mechanisms that support hybrid
energy strategies, the PIA’s economic and implementation frameworks will fall short of enabling a
holistic energy transition that delivers both petroleum sector growth and climate-aligned sustainable
development.

Challenges, Strategic Pathways, and Conclusion

Integrating renewable energy into Nigeria’s petroleum sector presents a complex array of technical,
regulatory, and socio-economic challenges that must be addressed to enable a viable energy
transition. From a technical standpoint, existing petroleum infrastructure encompassing refineries,
pipelines, and storage facilities is primarily designed for hydrocarbon processing, creating
significant barriers for the adoption of renewable technologies such as solar-assisted pumping
stations, hybrid microgrids, or hydrogen blending.”® Adapting these systems requires considerable
investment, specialized engineering knowledge, and long project timelines. The sector’s current
institutional and operational capacities are insufficient to effectively plan, implement, and maintain
such hybrid systems, resulting in delays and underutilization of potential renewable solutions.
Regulatory challenges further complicate integration, as the Petroleum Industry Act 2021 focuses
predominantly on hydrocarbon governance and does not provide explicit incentives or directives for
renewable energy adoption.”! Multiple regulatory agencies operate in overlapping jurisdictions with
varying mandates, generating uncertainty over licensing, compliance requirements, and fiscal
treatment, which in turn increases investment risk and slows the deployment of low-carbon
technologies in petroleum operations.

Socio-economic obstacles compound these technical and regulatory constraints. Communities that
host petroleum operations often rely on associated revenues for local development and may view
the introduction of renewable initiatives as potentially reducing immediate financial benefits,
particularly if project gains are not clearly allocated or delayed.”” Financial structures to support
renewable integration are underdeveloped, as existing petroleum funds and public—private
partnership mechanisms are designed primarily for hydrocarbon projects. Additionally,
macroeconomic factors such as inflation, currency volatility, and fiscal instability exacerbate
financial risks for renewable investments, reducing their attractiveness to both domestic and
international investors. These socio-economic considerations intersect with technical and regulatory
barriers, creating a multilayered challenge that requires comprehensive strategies to facilitate a
meaningful transition toward low-carbon energy solutions.

To overcome these barriers, a multidimensional strategic approach is essential. Legislative
amendments or supplementary regulations could explicitly incorporate renewable energy
requirements within petroleum sector operations, including the introduction of mandatory
renewable adoption targets, fiscal incentives for hybrid projects, and dedicated funds channelling
petroleum revenues toward renewable infrastructure.”® Strengthening institutional coordination is
also crucial, potentially through inter-agency bodies that harmonize oversight across petroleum,
electricity, and renewable energy sectors, thereby reducing duplication, clarifying mandates, and

70 PubMed, An examination of the Petroleum Industry Act 2021: prospects, challenges, and the way forward
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expediting licensing and approvals. Capacity-building efforts are equally important, encompassing
technical training for personnel, regulatory expertise development for agencies, and investor
education to navigate financial and operational risks associated with hybrid projects. Financial
innovation will play a central role, with mechanisms such as blended public—private financing,
climate-linked bonds, or green credit facilities helping to mitigate risks and mobilize investment
toward renewable integration.”

In conclusion, the challenges to renewable energy deployment within Nigeria’s petroleum sector are
substantial and multidimensional, encompassing technical, regulatory, and socio-economic factors.
While the Petroleum Industry Act 2021 modernizes petroleum governance and clarifies fiscal
frameworks, it does not sufficiently address the mechanisms needed to integrate low-carbon
technologies. Effective transition requires coordinated policy reform, targeted financial incentives,
strengthened institutional capacity, and active stakeholder engagement. Achieving these objectives
can enhance energy security, align petroleum governance with climate goals, and promote
sustainable socio-economic development. Future research should focus on designing sector-specific
renewable incentives, evaluating the performance of hybrid petroleum—renewable projects, and
developing mechanisms for channelling petroleum revenues into national renewable energy
strategies, thereby ensuring a coherent and sustainable energy transition pathway for Nigeria.
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