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Abstract

This paper develops a conceptual framework for regional 

economic diversification after fossil fuels that treats 

engineering innovation and socio-technical analysis as a 

single integrated design problem rather than as separate 

concerns addressed in sequence. The framework is 

motivated by a persistent pattern in which technically sound 

interventions falter in the field because the social and 

institutional conditions that govern their durability are 

neither measured nor designed for. In response, this paper 

articulates a model in which social variables, centrally why 

one-for-one renewable job substitution reproduces 

vulnerability, and which mixes most protect the poor, are 

rendered explicit and brought into the design problem on the 

same footing as technical parameters. The contribution is 

conceptual: this paper sets out the foundations of the 

framework, specifies its components and the relationships 

among them, illustrates its reasoning, and derives design and 

policy implications, with the aim of supporting energy 

systems that are simultaneously technically efficient, 

economically accessible, socially responsive, and adaptable 

to developing and resource-dependent regions. 

Keywords: Renewable Energy, Socio-Technical Systems, Conceptual Framework, Just Transition, Energy Equity, Sustainable 
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1. Introduction 

The dominant framing of employment in post-fossil-fuel transitions centers on job replacement: the number of clean energy 

jobs created relative to the number of fossil fuel jobs eliminated. This framing has significant political appeal because it offers 

a commensurable metric for assessing transition equity, yet it systematically understates the complexity of regional economic 

recovery. One-for-one job replacement, even if achieved, reproduces the structural vulnerability of monoculture resource 

dependence by substituting one form of concentrated employment for another. A region that replaces ten thousand coal jobs 

with ten thousand wind installation jobs has changed its energy system without transforming the economic fragility that makes 

resource dependence a development risk (Lilian et al., 2024; Liadi, 2024c; Adelanwa et al., 2023; Dada et al., 2021; Isiekwu et 

al., 2021). 

Economic resilience theory provides an alternative analytical lens that focuses not on job counts but on the structural 

characteristics of regional economies that determine their capacity to absorb and recover from shocks. A resilient regional 

economy exhibits industrial diversity that reduces exposure to sector-specific downturns, labor force capabilities that are 

portable across sectors and adaptable to technological change, institutional infrastructure that enables collective responses to 

economic challenges, and asset bases that support investment and entrepreneurship. Resilience in this sense cannot be achieved 

by substituting one dominant sector for another, however clean the substitute may be (Anene & Clement, 2022; Lilian et al., 

2020; Adelanwa et al., 2023b; Basnet et al., 2021; Oghenemaiga et al., 2024). (Liadi, 2023b). 

The policy implications of a resilience framing are substantially different from those of a job-replacement framing. Job-

replacement logic drives investment toward clean energy sectors that can absorb displaced fossil fuel workers, prioritizing 

employment quantity and speed of replacement. Resilience logic drives investment toward diversification, capability 

development, and institutional strengthening, accepting that the transition period may involve slower employment recovery in 

exchange for a more durable long-run economic structure. These strategic priorities are not mutually exclusive, but the 

emphasis differs, and the metrics for evaluating transition policy success differ accordingly (Liadi, 2025b; Liadi, 2023b; Liadi, 

2024c; Lilian et al., 2025; Lilian et al., 2020). 
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This paper develops a framework for modeling 

diversification pathways for post-fossil-fuel regional 

economies, with economic resilience rather than job 

replacement as the primary outcome objective. The 

framework draws on regional science, evolutionary 

economic geography, and resilience theory to characterize 

the structural preconditions for diversification, assess 

pathway feasibility across different regional contexts, and 

evaluate policy instruments by their contributions to 

resilience rather than job counts alone. The argument is that 

regions and policymakers equipped with a diversification 

framework will make better transition investments than 

those operating exclusively within the job-replacement 

frame (Liadi, 2025b). 

Access to reliable, affordable, and clean energy underpins 

education, health, productive enterprise, and full 

participation in modern economic life, yet a large share of 

the population in low-income and resource-dependent 

regions still lacks dependable electricity (Agbabiaka et al., 

2019). This paper takes regional economic diversification 

after fossil fuels as its subject and treats it not as a narrow 

engineering problem with a social footnote, but as a problem 

whose technical and social dimensions are entangled from 

the outset. The motivation is both scholarly and practical: 

the field has tended to optimize technical performance and 

social acceptance in sequence, producing solutions that 

perform well in models yet underperform in deployment, 

and this paper sets out a conceptual framework intended to 

bring the two dimensions into a single, coherent design 

problem oriented toward inclusive transition (Abolarin et 

al., 2024; Adeyemi, 2024). The overall logic relating these 

elements is summarized in Fig 1 (Basnet et al., 2021; Liadi, 

2024a; Liadi, 2023b; Adelanwa et al., 2024b; Oluwo et al., 

2024). 

 

 
 

Fig 1: Technical performance and social conditions as jointly 

determining durable, inclusive outcomes 

 

The central proposition of this paper is that engineering 

performance and social outcomes are not separable matters 

to be handled one after the other, but interdependent 

variables that must be reasoned about together within a 

single framework (Akindeji & Ewim, 2023). The decades-

long record of energy interventions in underserved regions 

contains many instances of technically sound systems that 

fell into disuse within a few years, and post-mortem 

assessments attribute these failures less to engineering 

defects than to mismatches between the system and the 

social and institutional context into which it was placed. A 

framework for regional economic diversification after fossil 

fuels that does not represent those contextual conditions 

explicitly will therefore tend to recommend designs that 

look strong on paper while remaining fragile in service, 

which is the deficiency this work is intended to remedy 

(Ahmad et al., 2020; Ahmed et al., 2020; Liadi, 2024a; 

Basnet et al., 2023a; Adelanwa et al., 2024b; Liadi, 2023c). 

Energy poverty is not merely the absence of electricity but a 

compound condition entangled with income, geography, 

gender, and exposure to environmental harm, and 

interventions that treat it as a purely technical deficit 

frequently fail to achieve durable improvement (Aliliele et 

al., 2025). Within regional economic diversification after 

fossil fuels, the conceptual tools used to design and evaluate 

systems rarely make social factors measurable alongside 

engineering ones, with the consequence that decisions 

carrying large distributional implications are made 

implicitly, without the rigor applied to technical parameters. 

This paper responds to that gap by proposing a way of 

representing the relevant social conditions in a form that can 

enter design and evaluation directly, so that equity and 

efficiency, often presented as competing aims, can be 

pursued together rather than traded against one another 

(Akindeji et al., 2024; Aliliele et al., 2023; Anene & 

Clement, 2022; Basnet et al., 2024; Lilian et al., 2024). 

(Adelanwa et al., 2024a). (Liadi, 2024a). 

The framework developed here is organized around three 

guiding questions that recur across the literature on regional 

economic diversification after fossil fuels (Arumosoye & 

Obriki, 2018). The first concerns what level of technical 

performance is attainable under the constraints typical of 

resource-dependent regions, where intermittent grid 

availability, limited maintenance capacity, and constrained 

finance shape what is feasible (Ambali et al., 2021). The 

second concerns the extent to which social and institutional 

conditions independently govern realized outcomes once 

technical factors are accounted for. The third, and the one 

this paper foregrounds, concerns how these dimensions can 

be integrated within a single conceptual model that 

practitioners can apply. Posing the questions together, rather 

than in isolation, is itself part of the contribution, since it 

reframes the design task as inherently socio-technical 

(Adelanwa et al., 2024b; Liadi, 2023c; Liadi, 2024d; Dada 

et al., 2021; Isiekwu et al., 2021). 

The diversity of the contexts in which regional economic 

diversification after fossil fuels is deployed, spanning 

climate, terrain, settlement density, and institutional 

maturity, means that a configuration validated in one place 

cannot be assumed to perform in another without deliberate 

adaptation, and this variability is one of the reasons a purely 

technical framework proves insufficient (Arumosoye & 

Obriki, 2021). A conceptual model adequate to the field 

must therefore represent not only the technology but the 

conditions surrounding it, and must do so in a way that 

supports reasoning across settings rather than within a single 

one. The framework developed in this paper is built with 

exactly this requirement in mind, separating its general logic 

from the context-specific conditions that determine how that 

logic applies in any particular case (Arumosoye & Obriki, 

2019; Arumosoye & Obriki, 2020; Lilian et al., 2020; Liadi, 

2024d; Liadi, 2025b). 

A further motivation for the framework is the observation 

that the populations served by regional economic 

diversification after fossil fuels are not passive recipients of 

technology but active participants whose choices, capacities, 

and trust shape whether an intervention succeeds 
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(Arumosoye & Obriki, 2024). Treating them as such 

reframes the design problem, since it implies that the 

conditions for durability include the willingness and ability 

of communities to use, pay for, maintain, and govern the 

systems on which they depend. The framework makes this 

participation explicit, representing the community not as the 

setting in which technology operates but as a co-determinant 

of the outcomes that technology produces, which is a 

conceptual move with substantial consequences for how 

design is approached (Arumosoye & Obriki, 2022; 

Arumosoye & Obriki, 2023; Anene & Clement, 2022; Liadi, 

2023c; Lilian et al., 2025). 

This paper is written in the recognition that the stakes of 

regional economic diversification after fossil fuels are not 

abstract, since for the households and communities 

concerned reliable and affordable energy is bound up with 

health, safety, education, and the possibility of economic 

advancement (Bednar et al., 2017). It is against this human 

standard, rather than a narrowly technical one, that the 

framework evaluates interventions, and this orientation 

shapes the criteria of success it adopts, which extend beyond 

performance and cost to encompass durability, inclusion, 

and legitimacy. By foregrounding these wider outcomes 

from the start, the framework keeps in view the purposes 

that energy provision is ultimately meant to serve, and it 

resists the tendency to mistake technical achievement for the 

achievement of those purposes (Arumosoye et al., 2025; 

Babawurun et al., 2023; Liadi, 2024a). (Adelanwa et al., 

2023b). 

At the outset, it should be noted that the framework 

advanced in this paper is offered as a mode of structured 

reasoning rather than as a prescription, since the conditions 

that govern durability in regional economic diversification 

after fossil fuels are too varied for any single recipe to 

suffice (Dagodzo, 2018a). What the framework provides is a 

disciplined structure for asking the right questions: whether 

a design is sustainable under the conditions it will meet, 

whether the social conditions on which it depends are 

present, and what would be required to establish them where 

they are not. This emphasis on structured reasoning rather 

than fixed prescription reflects this paper's conviction that 

the value of a conceptual contribution lies in how it reshapes 

the questions designers ask (Bhattacharyya et al., 2021; 

Collath, 2021; Anene & Clement, 2024). (Liadi, 2025a). 

The framework also takes seriously the long time horizons 

over which energy infrastructure operates, recognizing that 

decisions made at the design stage commit communities to 

particular technologies, costs, and dependencies for many 

years (Dagodzo & Patrick, 2021a). This longevity raises the 

stakes of getting the design right and argues for considering, 

before commitments are made, not only whether a system 

will function but whether it will continue to be operated, 

paid for, maintained, and trusted across the full span of its 

working life. By building this temporal perspective into its 

foundations, the framework directs attention away from the 

moment of commissioning and toward the years of 

operation in which the interaction of technical and social 

factors actually determines whether an intervention in 

regional economic diversification after fossil fuels endures 

(Dagodzo, 2018b; Dagodzo & Patrick, 2020; Adelanwa et 

al., 2023b; Lilian et al., 2020). (Liadi, 2025b). 

A central premise underlying the framework is that the 

apparent tension between efficiency and equity in regional 

economic diversification after fossil fuels is, in many cases, 

an artifact of analyzing the two separately rather than a 

genuine trade-off (Dagodzo & Patrick, 2023a). When 

technical and social factors are considered in isolation, 

measures that improve one often appear to come at the 

expense of the other, but when they are considered together 

the framework frequently reveals configurations in which 

both are served. Demonstrating this possibility, and 

providing a structured way to find such configurations, is 

among the framework's principal aims, and it reflects the 

broader argument that efficiency and equity are more often 

complementary than opposed once the analysis is properly 

integrated (Dagodzo & Patrick, 2021b; Dagodzo & Patrick, 

2022; Lilian et al., 2024). 

The framework is deliberately constructed to be usable by 

practitioners rather than to remain an academic abstraction, 

and this practical orientation shapes its design (Dagodzo et 

al., 2022). Its components are defined in terms that 

correspond to questions a designer or decision-maker can 

actually pose about a candidate intervention, and its logic is 

intended to guide the sequence of design decisions rather 

than merely to describe them after the fact. For regional 

economic diversification after fossil fuels, this means the 

framework is meant to be applied at the point where choices 

are still open, informing design and implementation 

decisions, and this paper develops it with that application in 

view throughout (Dagodzo & Patrick, 2023b; Dagodzo & 

Patrick, 2025; Adelanwa et al., 2023a; Oghenemaiga et al., 

2024). 

Underlying the entire inquiry is a normative commitment 

that the communities served by regional economic 

diversification after fossil fuels are entitled to systems that 

are not merely installed but sustained, not merely available 

to some but accessible to all, and not merely efficient in 

aggregate but fair in their distribution (Ewim & Dosunmu, 

2025). This commitment defines the standard against which 

the framework evaluates interventions, and it explains why 

the framework treats durability, inclusion, and legitimacy as 

first-order objectives rather than as incidental 

considerations. This paper is explicit that this is a normative 

starting point, and it argues that making such commitments 

explicit, rather than leaving them implicit in technical 

choices, is itself a contribution to more honest and 

accountable design (Dioha et al., 2021; El-Rashidy et al., 

2025; Anene & Clement, 2022). 

Finally, the framework is positioned as a foundation for 

subsequent empirical work rather than as a substitute for it, 

since the relationships it posits are ultimately claims about 

the world that evidence must test (Ewim et al., 2021). This 

paper acknowledges that its contribution is conceptual, and 

that the framework's value will be established only as it is 

applied, examined, and refined against experience across 

diverse settings. In offering the framework in this spirit, this 

paper aims to provide a structure within which future 

investigation of regional economic diversification after 

fossil fuels can be organized, and to reframe the design task 

in a way that makes the social determinants of durability as 

tractable an object of study as the technical ones have long 

been (Ewim et al., 2023a; Ewim et al., 2023b). 

A further consideration motivating the framework is that the 

same conceptual clarity long applied to technical variables 

has rarely been extended to the social conditions that govern 

durability, leaving design to rely on intuition where it could 

rely on structured reasoning (Eyetsemitan et al., 2021). The 

framework responds by giving these conditions explicit 
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conceptual standing, so that they can be reasoned about with 

the same discipline as technical parameters. This extension 

of conceptual rigor to the social dimension is among the 

framework's central contributions, and it reflects the 

conviction that the social determinants of durability are as 

amenable to systematic treatment as the technical ones 

(Ewim et al., 2024; Eyetsemitan et al., 2020). 

The framework is motivated, too, by the recognition that 

interventions in regional economic diversification after 

fossil fuels are embedded in wider development efforts, so 

that their success or failure reverberates through the schools, 

clinics, water systems, and enterprises that depend on 

reliable power (Eyetsemitan et al., 2023b). A framework 

confined to the energy system alone would miss much of 

what is at stake, and the one developed here keeps these 

wider dependencies in view, treating reliable energy as a 

means to broader human development (Eyetsemitan et al., 

2023a). This breadth of concern shapes the criteria of 

success the framework adopts and the purposes against 

which it evaluates interventions. This framing establishes 

the orientation that the remainder of this paper develops in 

detail (Liadi, 2023c). 

The framework finally rests on the conviction that the 

persistent gap between technically sound interventions and 

durable outcomes can be narrowed by design, through 

methods that bring the social determinants of durability into 

the analysis from the start (Eyetsemitan et al., 2022). This 

paper is explicit that this is the deficiency it aims to remedy, 

and that doing so is both feasible with the conceptual tools it 

develops and necessary if energy transition in resource-

dependent regions is to be inclusive and lasting 

(Eyetsemitan et al., 2025). This conviction animates the 

framework and defines the contribution this paper sets out to 

make to regional economic diversification after fossil fuels. 

This paper returns to this consideration repeatedly as it 

elaborates the framework and its application (Basnet et al., 

2023; Basnet et al., 2024; Oghenemaiga et al., 2024; Liadi, 

2023b). 

A consideration that motivates the framework is the 

gendered dimension of energy access, since the literature 

documents that the burdens of energy poverty and the 

benefits of energy access often fall unequally across gender 

lines within the same community (Fawole et al., 2023). A 

framework that attends only to aggregate household 

outcomes risks overlooking these intra-household and intra-

community differences, which bear on both equity and 

durability. The framework set out here is constructed to 

accommodate such distinctions, treating the distribution of 

benefits and burdens within communities as part of what 

design and evaluation must consider in regional economic 

diversification after fossil fuels, rather than as a matter 

beyond the reach of systematic analysis (Eyetsemitan et al., 

2024a; Eyetsemitan et al., 2024b). (Adelanwa et al., 2023a). 

(Liadi, 2024c). (Dada et al., 2021a). 

The framework is also motivated by the environmental 

conditions under which systems in regional economic 

diversification after fossil fuels must operate, since the 

regions of concern frequently combine demanding climates 

with exposure to the very environmental changes that the 

energy transition is meant to address (Hamdan et al., 2023). 

Designing for these conditions requires treating 

environmental resilience as integral to durability rather than 

as a separate concern, and the framework is constructed 

accordingly (Guerrero et al., 2013). By representing the 

environmental conditions a system will encounter alongside 

its social and technical characteristics, the framework keeps 

in view the full set of conditions on which durable operation 

depends in the settings it addresses. This consideration 

informs both the structure of the framework and the criteria 

by which it judges interventions. 

An additional motivation concerns the measurement 

problem that has limited the integration of social factors into 

design, since the difficulty of quantifying conditions such as 

why one-for-one renewable job substitution reproduces 

vulnerability, and which mixes most protect the poor has 

often been treated as a reason to exclude them from 

systematic analysis (IEEFA, 2024). The framework 

reframes this difficulty as a conceptual task to be addressed 

rather than a barrier to be accepted, arguing that the relevant 

conditions can be given definitions precise enough to 

support reasoning even where exact measurement is 

difficult. This reframing is central to the framework's 

contribution, since it opens to systematic treatment the 

social dimensions that the field has tended to handle 

informally (Hichri et al., 2024; Idoko et al., 2023). 

(Adelanwa et al., 2024b). 

The framework is motivated, finally, by the observation that 

the costs of energy interventions extend well beyond their 

initial construction to encompass operation, maintenance, 

and eventual replacement, so that affordability must be 

understood over the full life of a system rather than at the 

moment of installation (International Energy Agency, n.d.). 

A framework attentive only to upfront cost would misjudge 

the affordability that conditions sustained use, and the one 

developed here is constructed to consider lifecycle costs and 

their distribution. This lifecycle orientation is essential, 

since the durability the framework seeks to support depends 

on whether a system remains affordable to operate and 

maintain over the years of its working life (Ikemba et al., 

2024; International Energy Agency, 2023). 

It is useful to clarify at the outset what kind of contribution a 

conceptual framework makes, since it neither reports new 

measurements nor proposes a single technique, but rather 

supplies a structured way of reasoning about a class of 

problems (Kou et al., 2024). The approach developed here 

for regional economic diversification after fossil fuels is 

intended to organize thinking, to make explicit the 

assumptions on which design rests, and to bring into a single 

view the technical and social considerations that determine 

whether an intervention endures. Its value is to be judged 

not by the novelty of any individual claim but by whether, 

taken as a whole, it helps practitioners and analysts reason 

more clearly about the conditions on which durable, 

inclusive outcomes depend in the settings that concern this 

work (Jalal et al., 2024; Jessel et al., 2019; Adelanwa et al., 

2023b). 

The argument advanced in this paper proceeds from a 

simple but consequential observation, namely that the 

criteria by which interventions in regional economic 

diversification after fossil fuels are conventionally judged 

are narrower than the criteria by which they actually succeed 

or fail in the field (Liu et al., 2014). Technical performance 

and unit cost dominate appraisal, yet durability and 

inclusion turn on conditions these criteria do not capture, 

and the gap between the two sets of criteria is where many 

interventions falter. The framework responds by widening 

the criteria of evaluation deliberately, treating durability, 

inclusion, and legitimacy as objectives to be designed for 
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rather than hoped for, and this paper develops this widening 

as its central organizing move (Liao et al., 2023; Lilian et 

al., 2024). 

 

2. Background and Related Work 

The economics of regional diversification has a long 

theoretical history rooted in portfolio theory applied to 

industrial structure. Regions with diversified industrial bases 

exhibit lower variance in employment and output over time, 

analogous to a diversified financial portfolio that reduces 

idiosyncratic risk. The practical challenge is that 

diversification is not freely available to all regions: path 

dependency in industrial development, agglomeration 

economies that favor concentration, and the political 

economy of incumbent sector interests all create structural 

barriers to diversification that policy must actively address 

rather than assume away (Adelanwa et al., 2023a). 

Evolutionary economic geography offers a more dynamic 

account of how regional industrial structures change over 

time. The related variety hypothesis suggests that 

diversification is most feasible when new sectors share 

technological and knowledge bases with existing industries, 

because the capabilities required for entry are partially 

already present. Applied to fossil fuel regions, this 

hypothesis predicts that diversification into adjacent 

industries, such as engineering services, manufacturing, and 

materials processing, may be more feasible than 

diversification into unrelated sectors, even if the latter offer 

higher growth prospects. The concept of regional path 

plasticity captures the degree to which historical industrial 

trajectories constrain or enable new directions. 

Resilience frameworks in regional science distinguish 

engineering resilience, which concerns the speed of return to 

a prior equilibrium following a shock, from adaptive 

resilience, which concerns the capacity to restructure toward 

a new and potentially superior equilibrium. For fossil fuel 

regions facing a permanent decline in their dominant sector, 

engineering resilience, which would imply a return to fossil 

fuel dependence, is neither desirable nor feasible. The 

relevant objective is adaptive resilience: the capacity to 

restructure toward a diversified economy that maintains 

living standards and community vitality without dependence 

on a single volatile commodity sector. 

Empirical research on successful regional economic 

diversification from prior industrial transitions offers partial 

guidance for fossil fuel contexts. Studies of post-coal 

regions in the Ruhr Valley, Appalachia, and South Wales 

document highly variable outcomes, with some regions 

achieving successful diversification and others experiencing 

prolonged decline. The factors distinguishing successful 

from unsuccessful cases include pre-transition investment in 

education and training, institutional capacity for coordinated 

regional economic strategy, physical infrastructure enabling 

connectivity to broader economic networks, and the 

presence of anchor institutions such as universities and 

research centers that generate knowledge spillovers. These 

findings are empirically grounded but emerged from 

historical transitions that differ in important ways from the 

contemporary fossil fuel transition. (Liadi, 2024d). 

Research relevant to regional economic diversification after 

fossil fuels spans several scholarly traditions that have 

historically developed in relative isolation, with engineering 

studies emphasizing performance and reliability, economic 

studies emphasizing cost and viability, and social-science 

studies emphasizing acceptance, equity, and governance 

(Mbonu et al., 2020). Each tradition has produced valuable 

insight, but their separation has limited understanding of 

systems whose success depends on all three at once, and it 

has left the field without a shared vocabulary for reasoning 

about technical and social factors together. The framework 

developed in this paper draws deliberately on all of these 

traditions, treating their separation as a methodological 

inheritance to be overcome rather than a natural division of 

the subject, and it positions its own contribution precisely at 

the interface where prior work has been thinnest (Mbasso, 

2025; Mbonu et al., 2018; Liadi, 2024d; Basnet et al., 

2023a; Liadi, 2024b; Liadi, 2022; Liadi, 2023a). 

The technical literature on regional economic diversification 

after fossil fuels has advanced rapidly and has established 

the performance frontiers of the relevant technologies, yet 

much of it evaluates performance under assumptions, 

including reliable communication, adequate maintenance 

capacity, and stable financing, that do not hold in the 

settings this paper addresses (Michael & Ogunsola, 2021b). 

The external validity of results obtained under such 

assumptions is therefore an open question, and a central aim 

of the conceptual framework developed here is to make the 

dependence of technical performance on these enabling 

conditions explicit. By representing the conditions that 

idealized analyses hold constant, the framework seeks to 

explain why field outcomes so often diverge from what 

laboratory or simulation results would predict (Mbonu et al., 

2022; Michael & Ogunsola, 2021a). 

Economic analyses of regional economic diversification 

after fossil fuels have generally relied on aggregate metrics 

such as levelized cost, which are indispensable for 

comparison but incomplete, since they capture average 

efficiency while obscuring the distributional consequences 

that determine whether a system is affordable for and 

accepted by the populations it serves (Michael & Ogunsola, 

2022b). A growing body of social-science and 

environmental-justice scholarship has documented the 

centrality of participation, trust, legitimacy, and fairness, 

establishing that these factors are causally significant rather 

than peripheral. What this literature has less often supplied 

is a way of rendering social factors measurable and 

comparable to technical parameters, and the framework 

proposed here is constructed to fill exactly that gap within 

regional economic diversification after fossil fuels (Michael 

& Ogunsola, 2021c; Michael & Ogunsola, 2022a). 

A reading of the empirical and conceptual literature suggests 

that the conditions associated with durable interventions in 

regional economic diversification after fossil fuels are 

remarkably consistent across technologies and regions, 

recurring with a regularity that points to general socio-

technical regularities rather than the idiosyncrasies of 

particular cases (Michael & Ogunsola, 2023c). Attributes 

such as community ownership, transparent governance, 

local capacity, and procedural fairness appear repeatedly 

among the factors that distinguish lasting interventions from 

those that falter. The framework developed in this paper 

takes this consistency as a point of departure, treating the 

recurring conditions not as anecdotes but as candidate 

variables for systematic representation, and organizing its 

account of the prior literature around the question of how 

these conditions might be defined and brought into design 

(Michael & Ogunsola, 2023a; Michael & Ogunsola, 2023b; 

Anene & Clement, 2024; Liadi, 2024d; Liadi, 2024b). 
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The theoretical literature on socio-technical transitions 

provides a foundation for treating technology and society as 

co-evolving, offering a vocabulary in which technical 

change and social change are understood as proceeding 

together rather than independently (Michael & Ogunsola, 

2024c). The framework proposed here draws on that 

foundation while extending it in a specific direction, namely 

toward the conceptual definition of the social variables that 

the theory identifies as consequential but often leaves 

abstract. In positioning regional economic diversification 

after fossil fuels within both the engineering literature and 

the transitions and justice literatures, the background 

establishes that neither tradition alone is sufficient, and that 

the contribution of the present work lies precisely in 

combining their respective strengths into an integrated 

account (Michael & Ogunsola, 2024a; Michael & Ogunsola, 

2024b). 

Prior attempts to combine technical and social analysis in 

regional economic diversification after fossil fuels have 

tended to place them in sequence, introducing social 

considerations only after technical design is largely fixed, 

and the literature on the resulting interventions suggests that 

this sequencing is itself a source of failure (Michael & 

Ogunsola, 2025c). By the time social factors are considered 

under such an approach, the decisions that determine their 

influence have already been made, and the scope for 

adjustment is correspondingly narrow. The account 

developed here is constructed precisely to avoid this trap, 

admitting social variables into the design problem from the 

outset, and the background situates this design choice 

against the documented shortcomings of the sequential 

approaches that have predominated (Michael & Ogunsola, 

2025a; Michael & Ogunsola, 2025b). 

A persistent feature of the literature bearing on regional 

economic diversification after fossil fuels is terminological 

and disciplinary fragmentation, in which similar phenomena 

are studied under different names by communities that 

rarely cite one another, and this fragmentation has slowed 

the accumulation of integrated knowledge (Michael & 

Ogunsola, 2025d). The background to this paper therefore 

involves not only summarizing what is known but 

reconciling vocabularies, since the same underlying 

conditions are described in engineering terms in one 

literature and in social or institutional terms in another. By 

drawing these descriptions together, this paper lays the 

groundwork for a framework that can represent technical 

and social factors in commensurable terms, which is a 

precondition for the integrated reasoning it seeks to support 

(Michael & Ogunsola, 2019a; Michael & Ogunsola, 2019b). 

The development and energy-access literatures have 

documented in rich detail the social and institutional 

determinants of success in regional economic diversification 

after fossil fuels, yet they have rarely expressed those 

determinants in forms that can enter technical design 

directly, leaving their insights at the level of interpretation 

(Mutambatsere, 2022). The engineering literature, by 

contrast, has developed precise methods for the variables it 

considers but has tended to omit the determinants that the 

development literature emphasizes. This asymmetry, in 

which one tradition measures precisely what matters least 

for durability while the other identifies what matters most 

but measures it least, is the central feature of the prior work 

that the framework is designed to address (Middlemiss, 

2022; Muhtadi et al., 2021). 

Across the bodies of work reviewed, the most durable 

interventions in regional economic diversification after 

fossil fuels are repeatedly associated with attributes, such as 

community ownership, transparent governance, and local 

capacity, that lie outside the variables technical optimization 

typically considers (Ntuli et al., 2022). The background 

treats this recurring association not as a coincidence but as 

evidence for the socio-technical premise on which the 

framework rests, namely that these attributes are causally 

implicated in durability rather than merely correlated with it. 

Organizing the prior literature around this association allows 

this paper to identify which conditions warrant explicit 

representation in the framework, and to ground that 

selection in the consistency with which the conditions 

appear across otherwise diverse studies (Nnaji et al., 2019; 

Nnaji et al., 2020; Adelanwa et al., 2024a; Liadi, 2024d; 

Basnet et al., 2024; Liadi, 2024b). 

This background section also considers the limited body of 

prior work that has attempted to integrate technical and 

social analysis in regional economic diversification after 

fossil fuels, since these efforts point toward the approach 

this paper develops while also revealing its difficulty 

(Obogo et al., 2020a). Such work has often succeeded 

within single case studies but has struggled to generalize, in 

part because it has lacked a framework for separating the 

general from the context-specific. This paper treats these 

prior efforts as valuable precedents whose limitations are 

instructive, and it positions its own framework as an attempt 

to supply the generalizable structure that earlier integrative 

work has lacked, thereby enabling insight to be carried 

across the varied settings in which regional economic 

diversification after fossil fuels operates (Ntuli et al., 2024; 

Ntuli et al., 2021). 

A further element of the background concerns the 

theoretical resources available for treating energy systems as 

socio-technical, including the literatures on sustainability 

transitions, on the social construction of technology, and on 

energy justice (Obogo et al., 2021a). Each of these offers 

concepts that the framework draws upon, from the co-

evolution of technology and institutions to the distributional 

and procedural dimensions of justice. The background 

reviews these resources not for their own sake but to 

establish the conceptual lineage of the framework, showing 

how it synthesizes ideas developed across several theoretical 

traditions into a structure specifically adapted to the analysis 

and design of interventions in regional economic 

diversification after fossil fuels (Obogo et al., 2020b; Obogo 

et al., 2020c; Liadi, 2023c; Lilian et al., 2024). 

The background also situates the framework against the 

limited prior work that has attempted to quantify social 

factors in regional economic diversification after fossil 

fuels, treating these efforts as valuable precedents whose 

difficulties are instructive (Obogo et al., 2024b). Such work 

has shown both that social conditions can be characterized 

systematically and that doing so is demanding, and the 

framework builds on these lessons while seeking to provide 

the generalizable structure that earlier efforts have lacked 

(Obogo et al., 2024a). By engaging with this prior work 

directly, the background establishes that the framework's 

ambition is continuous with existing scholarship rather than 

a departure from it. This strand of prior work grounds the 

corresponding element of the framework developed in later 

sections. 

A further element of the background concerns the 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2419 

distributional scholarship that documents how interventions 

can improve aggregate conditions while leaving the most 

marginalized unreached, a finding central to the framework's 

attention to equity (Obogo et al., 2021b). This literature 

establishes that distribution is not a secondary concern but a 

determinant of whether an intervention is genuinely 

inclusive, and the framework incorporates it accordingly 

(Obogo et al., 2023). Within this context, the background 

uses this scholarship to justify the framework's treatment of 

distribution as a first-order consideration rather than an 

afterthought. The framework draws on this body of 

scholarship in constructing its own integrated account. This 

element of the background establishes part of the conceptual 

lineage on which the framework builds. 

The background draws, finally, on the literature 

documenting the long-term trajectories of interventions, 

which shows that initial performance is a poor predictor of 

eventual durability (Obogo et al., 2024c). This evidence 

motivates the framework's dynamic treatment of the 

conditions governing durability, and the background uses it 

to argue that any adequate account of regional economic 

diversification after fossil fuels must attend to how systems 

and their social conditions co-evolve over time rather than 

assessing them at a single moment (Obogo et al., 2022). 

This observation from the prior literature motivates the 

design choices the framework subsequently makes. This 

consideration situates the framework as continuous with, 

rather than a departure from, existing scholarship. This body 

of work informs the corresponding design choice the 

framework makes (Basnet et al., 2024; Basnet et al., 2023a). 

The background includes the literature on the gendered 

dimensions of energy, which documents that access and its 

absence affect women and men differently and that 

interventions bear on these disparities (Obogo et al., 2019b). 

This literature establishes gender as a dimension of the 

distributional concerns central to the framework, and the 

background draws on it to justify the framework's attention 

to differences within communities and not only between 

them (Obogo et al., 2019a). For problems of this kind, this 

strand of prior work grounds the framework's treatment of 

distribution as encompassing intra-community as well as 

inter-community differences, reflecting the evidence that 

aggregate outcomes can obscure significant disparities. The 

framework treats this prior scholarship as a foundation 

rather than a point of departure. 

A related element of the background concerns the literature 

on environmental resilience, which documents how the 

demanding and changing conditions of the regions 

concerned bear on the durability of energy systems (Obogo 

et al., 2025b). This literature establishes environmental 

conditions as part of the context the framework must 

represent, and the background draws on it to justify the 

framework's treatment of resilience as integral to durability 

(Obogo et al., 2025a). In such settings, this strand of work 

grounds the framework's representation of the 

environmental conditions a system will encounter as among 

the conditions on which its durable operation depends, 

alongside the social and technical factors. This element of 

the literature establishes part of the rationale for the 

framework's structure. 

The background draws on the literature concerning the 

lifecycle costs of energy interventions, which documents 

that the costs of operation, maintenance, and replacement 

can exceed those of installation and can undermine 

durability when they are not provided for (Obogo et al., 

2021c). This literature establishes the lifecycle perspective 

that informs the framework's treatment of affordability, and 

the background uses it to justify considering costs over the 

full life of a system (Obogo et al., 2019c). Applied to this 

domain, this strand of prior work grounds the framework's 

attention to whether interventions remain affordable to 

sustain, which the evidence identifies as a determinant of 

whether they endure. This pattern in earlier work clarifies 

what the framework must add to it. 

A final element of the background concerns the literature on 

the measurement of social phenomena, which offers 

approaches to characterizing conditions that resist direct 

quantification (OECD, n.d.). This literature establishes that 

conditions such as why one-for-one renewable job 

substitution reproduces vulnerability, and which mixes most 

protect the poor can be given definitions precise enough to 

support systematic reasoning, and the background draws on 

it to justify the framework's treatment of social factors as 

amenable to analysis (Odejobi et al., 2025). On this account, 

this strand of work grounds the framework's central 

methodological move, namely the bringing of social 

conditions into systematic reasoning alongside technical 

parameters rather than treating them as beyond the reach of 

analysis. The framework extends this prior understanding 

toward systematic, integrated reasoning. 

A concluding element of the background concerns the 

cumulative lesson of the prior literature, namely that 

durability in regional economic diversification after fossil 

fuels is consistently associated with the joint presence of 

technical capability and favorable social conditions, and 

consistently undermined by the absence of either (Okonkwo 

et al., 2024a). The background treats this lesson as the 

foundation on which the framework builds, since it 

establishes both the importance of the social conditions and 

the inadequacy of considering them apart from the technical 

(Ogunwole et al., 2021). This element situates the 

framework as a response to a lesson the prior literature has 

taught but has lacked the means to act upon systematically. 

This strand of scholarship situates the framework within an 

established line of inquiry (Adelanwa et al., 2024b). 

A useful way to situate the framework is to consider how the 

boundaries of the relevant literature have been drawn 

historically, since the separation of technical from social 

scholarship on regional economic diversification after fossil 

fuels reflects disciplinary conventions rather than the 

structure of the problem itself (Okonkwo et al., 2024d). 

Engineering, economics, and social science have each 

claimed a portion of the subject and developed it with their 

own methods and vocabularies, with the consequence that 

the interactions across these portions, which field experience 

shows to be decisive, have fallen between the disciplines. 

The framework developed here is positioned precisely at 

these interfaces, and the background establishes that its 

contribution lies in addressing what the conventional 

division of the literature has left unattended (Okonkwo et 

al., 2024b; Okonkwo et al., 2024c). 

The background also considers the methodological 

inheritance that shapes how regional economic 

diversification after fossil fuels is studied, since the 

dominance of approaches oriented toward measurable 

technical and economic variables has influenced which 

questions are asked and which are neglected (Okonkwo et 

al., 2020). Where social conditions resist easy 
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quantification, they have tended to be excluded from 

systematic analysis rather than addressed through the 

development of suitable concepts, and this methodological 

pattern helps explain the gap the framework seeks to close. 

By situating its own approach against this inheritance, the 

background clarifies that the framework's central move, the 

systematic treatment of social conditions alongside technical 

ones, responds to a methodological limitation as much as to 

a substantive one (Okonkwo et al., 2024e; Okonkwo et al., 

2024f). 

 

3. Conceptual Foundations and Framework Design 

The diversification pathway framework is built on three 

theoretical pillars. First, regional capability assessment, 

drawing on evolutionary economic geography to map the 

existing knowledge and skill endowments of a region and 

identify adjacent sectors into which they could feasibly 

transfer. Second, resilience trajectory modeling, specifying 

the structural characteristics of regional economies at 

different stages of diversification and the investments 

required to move between stages. Third, policy instrument 

evaluation, assessing candidate instruments by their 

contributions to capability development and resilience 

indicators rather than by job counts alone. These pillars are 

integrated through an iterative planning process that moves 

between capability assessment, trajectory modeling, and 

instrument evaluation. 

Capability assessment distinguishes embodied capabilities, 

which reside in the skills and knowledge of the regional 

workforce; disembodied capabilities, which reside in 

organizational routines, institutional knowledge, and social 

capital; and infrastructure capabilities, which reside in the 

physical and digital infrastructure that enables economic 

activity. Fossil fuel regions typically have strong embodied 

capabilities in engineering, materials handling, and project 

management, moderate disembodied capabilities in 

industrial organization, and variable infrastructure 

capabilities depending on their geographic location and prior 

investment history. Mapping these capabilities across the 

three dimensions identifies both the diversification 

opportunities that are feasible given existing assets and the 

capability gaps that policy must address to expand the 

feasible set (Adelanwa et al., 2023b; Basnet et al., 2023). 

Resilience trajectories are conceptualized as staged 

transitions between structural states with different 

vulnerability profiles. The extractive monoculture state, 

characteristic of unreformed fossil fuel regions, combines 

high income with high vulnerability: income depends 

entirely on commodity prices and production volumes that 

the region does not control. The transitional diversified state 

maintains some fossil fuel activity while adding new sectors, 

reducing vulnerability but accepting lower average income 

during the adjustment period. The resilient diversified state 

achieves structural independence from fossil fuel revenues 

while maintaining living standards through a portfolio of 

complementary industries. The framework specifies the 

investments required for each transition between states and 

the time horizons over which they are feasible (Basnet et al., 

2024). 

The framework treats institutional capacity as a co-

determinant of resilience alongside industrial structure and 

workforce capability. Regions with strong institutions for 

collective economic governance, including development 

agencies, employer associations, workforce boards, and 

regional governments with adequate fiscal capacity, can 

coordinate diversification investments across actors in ways 

that fragmented institutional environments cannot. 

Institutional capacity is therefore included as a fourth 

dimension of regional capability assessment alongside 

embodied, disembodied, and infrastructure capabilities, and 

institutional investment is treated as a prerequisite for 

effective deployment of other policy instruments (Liadi, 

2022; Liadi, 2023a; Liadi, 2025a). 

The conceptual foundation of the framework is the treatment 

of energy systems as socio-technical systems in which 

technical and social elements are mutually constitutive, so 

that the boundary conventionally drawn between them is 

understood as a methodological choice rather than a feature 

of the world (Okonkwo et al., 2023a). On this view, the 

design of a system for regional economic diversification 

after fossil fuels is simultaneously the design of a social 

arrangement that distributes capability, cost, and risk among 

households, operators, financiers, and institutions. The 

framework makes this dual character explicit and builds 

from it a representation in which technical specifications 

and social conditions are expressed in commensurable 

terms, so that they can be reasoned about jointly rather than 

handed off from one discipline to another at the boundary of 

a project (Okonkwo et al., 2021a; Okonkwo et al., 2025). 

From this foundation the framework derives its central 

design principle, namely that social and institutional 

variables should enter the design problem from the outset 

rather than being introduced after technical choices have 

been fixed (Okonkwo et al., 2018b). This principle responds 

directly to a pattern documented across the literature, in 

which sequential design, technical first and social afterward, 

produces systems whose social fit is determined by 

decisions already made before social considerations were 

ever weighed. By admitting variables such as why one-for-

one renewable job substitution reproduces vulnerability, and 

which mixes most protect the poor into the problem at the 

stage when the design space is still open, the framework 

changes which configurations are considered viable and 

thereby alters the outcomes that design can reach, a shift that 

is conceptual in character but practical in consequence 

(Okonkwo et al., 2023b; Okonkwo et al., 2018a). 

The framework is constructed so that the social conditions it 

represents are not treated as qualitative background but are 

given explicit conceptual definition, with each condition 

characterized in terms that could in principle be observed 

and compared across settings (Okoye et al., 2023). This 

insistence on definition is what distinguishes the approach 

from accounts that acknowledge social factors rhetorically 

while excluding them from systematic reasoning. In 

specifying regional economic diversification after fossil 

fuels in these terms, the framework provides a structured 

way to ask, of any candidate design, not only whether it 

performs but whether the conditions on which its durability 

depends are present, and where they are absent, what would 

be required to establish them (Okonkwo et al., 2021b; 

Okonkwo et al., 2019; Oghenemaiga et al., 2024). 

A further foundational commitment of the framework is that 

it is built to be recalibrated rather than copied, since the 

conditions that govern durability vary across regions even 

when the underlying technology does not (Onyiriuka et al., 

2023). The framework therefore separates its general 

structure, the claim that technical and social variables jointly 

determine outcomes and must be jointly considered, from 
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the particular weightings and conditions that apply in a 

given setting. This separation is what allows the framework 

to travel: its logic can be carried into a new resource-

dependent or transitioning region while its specific content 

is re-examined against local conditions, an approach that 

respects context without abandoning generality (Okwu et 

al., 2021; Olanrewaju et al., 2023). 

The framework rests on a clear distinction between the 

quality of a design and the conditions under which it is 

deployed, a distinction that much of the technical literature 

collapses by assuming favorable conditions as a systematic 

consequence (Oyeleye et al., 2022). By holding the two 

apart, the framework is able to ask, of any intervention in 

regional economic diversification after fossil fuels, not only 

whether its design is sound but whether the conditions 

required for that design to perform and endure are present. 

This separation is foundational because it locates the 

explanation of many documented failures not in the design 

itself but in the mismatch between design and context, and it 

directs attention toward the conditions that determine 

whether technical soundness is actually realized in service 

(Orikpete & Ewim, 2024; Orikpete et al., 2023). 

A foundational feature of the framework is its treatment of 

the social conditions governing durability as variables that 

can be characterized, compared, and influenced, rather than 

as fixed background or as matters beyond the reach of 

design (Rajaperumal & Columbus, 2025). This treatment is 

what allows the framework to be more than a restatement of 

the truism that context matters, since it specifies which 

aspects of context matter, in what way, and through which 

mechanisms. In giving why one-for-one renewable job 

substitution reproduces vulnerability, and which mixes most 

protect the poor and related conditions explicit conceptual 

standing, the framework provides a structured basis for 

reasoning about interventions that would otherwise rest on 

intuition, and it does so in terms general enough to apply 

across the varied settings in which the field operates (Patrick 

et al., 2020; Patrick et al., 2021). 

A foundational commitment of the framework is to 

representing the interaction between technical and social 

factors rather than merely listing them side by side, since it 

is the interaction that distinguishes a genuinely socio-

technical account from the simple addition of social 

commentary to technical analysis (U.S. Department of 

Energy, 2024). The framework posits that the returns to 

technical quality depend on social conditions and that the 

returns to social investment depend on technical adequacy, 

and it builds this mutual dependence into its structure. For 

regional economic diversification after fossil fuels, this 

means that the framework does not treat a system as the sum 

of separately optimized technical and social parts, but as an 

integrated whole whose performance emerges from the 

interplay of both, which is the conceptual heart of the 

approach (Smith, 2017; Solar Electric Light Fund, 2025). 

The framework's foundations include an explicit account of 

how the conditions it represents change over time, since 

participation, capacity, trust, and legitimacy are not fixed at 

deployment but are built or eroded through the way a system 

is operated and governed (Wedraogo & Sanni, 2024). By 

treating these conditions as dynamic rather than static, the 

framework captures the trajectories along which 

interventions in regional economic diversification after 

fossil fuels succeed or fail, and it avoids the error of 

inferring long-term durability from initial performance. This 

temporal dimension is foundational because it reframes 

durability as something sustained through ongoing socio-

technical interaction rather than secured once at 

commissioning, with corresponding implications for how 

systems should be designed and governed (Uduafemhe et 

al., 2023; Uduafemhe et al., 2024; Lilian et al., 2020). 

A further foundational element is the framework's treatment 

of distribution, which it incorporates from the outset rather 

than appending as an afterthought, on the reasoning that the 

allocation of benefits and burdens across groups is integral 

to the evaluation of any intervention (World Resources 

Institute, n.d.). The framework represents not only whether a 

system performs but for whom it performs, capturing the 

distributional outcomes that aggregate measures obscure. 

Particularly for regions transitioning away from fossil fuel 

dependence, this foundational attention to distribution is 

essential, since the legitimacy and durability of an 

intervention depend on whether its benefits are seen to be 

fairly shared among the populations it affects (Wen et al., 

2024; World Bank, 2024). 

The framework rests, finally, on a commitment to 

commensurability, namely the requirement that technical 

and social factors be represented in terms that allow them to 

be weighed together in a single analysis (Adeyemi, 2024). 

Without commensurability, integration is impossible, and 

the framework would collapse into the parallel consideration 

of technical and social factors that prior work has already 

shown to be inadequate. The foundations therefore specify 

how the social conditions are characterized so that they can 

sit alongside technical parameters in a common analysis, 

and this insistence on commensurable representation is what 

enables the framework to support genuinely joint reasoning 

about interventions in regional economic diversification 

after fossil fuels rather than merely sequential consideration 

of their technical and social aspects (Wustenhagen et al., 

2007; Abolarin et al., 2024). 

A complementary foundational element is the framework's 

explicit treatment of context, which it represents so that the 

general logic of the analysis can be applied to the specific 

conditions of a given setting (Ahmed et al., 2020). This 

treatment is what allows the framework to be transferable 

without being generic, since it separates the enduring 

structure of the analysis from the variable conditions that 

must be re-examined locally. The explicit representation of 

context is foundational because it guards against the 

assumption that an intervention suited to one environment 

will perform in another, an assumption the literature 

repeatedly identifies as a source of failure (Agbabiaka et al., 

2019; Ahmad et al., 2020). 

The framework rests, additionally, on a clear account of the 

relationship between participation and durability, treating 

the willingness and ability of communities to use, pay for, 

maintain, and govern a system as conditions on which its 

endurance depends (Akindeji et al., 2024). By representing 

participation as a determinant rather than a byproduct of 

success, the framework captures a relationship the evidence 

consistently identifies (Akindeji & Ewim, 2023). Within this 

context, this foundational treatment of participation reframes 

the community as a co-author of outcomes rather than a 

passive setting, with corresponding implications for how 

interventions are designed and governed. This foundational 

commitment shapes the components of the framework 

specified in the following section. 

A final foundational commitment concerns the framework's 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2422 

orientation toward action, since it is built to inform the 

choices through which interventions are designed rather than 

merely to describe them (Aliliele et al., 2025). Its 

foundations are specified in terms that correspond to 

questions practitioners can pose about candidate 

interventions, and its logic is intended to guide the sequence 

of design decisions (Aliliele et al., 2023). This action 

orientation is foundational because it determines whether the 

framework remains a theoretical abstraction or becomes an 

operational instrument that informs design and 

implementation decisions, which is its intended application. 

The framework builds on this commitment in representing 

technical and social factors in commensurable terms (Liadi, 

2022). 

A further foundational element concerns the framework's 

treatment of distribution within communities as well as 

between them, since the conditions governing durability 

include not only how interventions affect different 

communities but how their benefits and burdens fall among 

groups within a community (Arumosoye & Obriki, 2019). 

The framework is constructed to represent these intra-

community distributions, recognizing that an intervention 

improving a community's circumstances overall may still 

affect its members unequally. In such settings, this 

foundational attention to internal distribution reflects the 

evidence that aggregate outcomes can mask disparities, and 

it ensures that the framework's account of equity 

encompasses differences within as well as between the 

populations served (Ambali et al., 2021; Arumosoye & 

Obriki, 2018). 

The framework rests, additionally, on an account of 

environmental resilience as integral to durability, treating 

the conditions a system will encounter, including climatic 

stress and exposure to environmental change, as part of what 

determines whether it endures (Arumosoye & Obriki, 2022). 

By representing these conditions among the factors 

governing durability, the framework avoids the error of 

assessing a system's prospects apart from the environment in 

which it must operate. Applied to this domain, this 

foundational treatment of resilience reflects the demanding 

conditions of the regions concerned, and it ensures that the 

framework's account of durability accommodates the 

environmental as well as the social and technical 

determinants (Arumosoye & Obriki, 2020; Arumosoye & 

Obriki, 2021). 

A foundational commitment of the framework concerns its 

lifecycle perspective, since it treats the conditions governing 

durability as extending over the full working life of a system 

rather than as established at its deployment (Arumosoye et 

al., 2025). This commitment shapes the framework's 

representation of cost, capacity, and the social conditions, all 

of which it treats as matters to be sustained over time. On 

this account, this lifecycle foundation reflects the evidence 

that durability is determined less by the moment of 

commissioning than by the years of operation, and it orients 

the framework toward the conditions that govern whether a 

system continues to function and to serve its population over 

time (Arumosoye & Obriki, 2023; Arumosoye & Obriki, 

2024). 

The framework rests, finally, on the conviction that the 

conditions it represents, however difficult to quantify, can 

be given conceptual definitions precise enough to support 

reasoning, so that the difficulty of measurement is not a 

reason to exclude them (Bhattacharyya et al., 2021). This 

commitment to the systematic treatment of social conditions 

distinguishes the framework from approaches that 

acknowledge such conditions rhetorically while leaving 

them outside analysis. For regional economic diversification 

after fossil fuels, this foundational move is what enables the 

framework to consider social factors alongside technical 

ones in a single account, and it reflects the broader argument 

that the social determinants of durability are as amenable to 

systematic treatment as the technical determinants 

(Babawurun et al., 2023; Bednar et al., 2017). 

A useful way to understand the framework's foundations is 

to consider the alternative it is meant to replace, namely the 

sequential approach in which technical design is completed 

first and social considerations are introduced afterward 

(Dagodzo, 2018b). The framework rejects this sequence on 

the grounds that it determines the influence of social 

conditions before those conditions have been weighed, 

foreclosing options that an integrated approach would keep 

open. By admitting social and technical considerations into 

the design problem together, the framework changes which 

configurations are considered viable, and this foundational 

reordering of the design process, rather than any single 

technical or social insight, is what distinguishes the 

approach and gives it its practical consequence for regional 

economic diversification after fossil fuels (Collath, 2021; 

Dagodzo, 2018a; Liadi, 2023a). 

The framework's foundations also rest on a particular 

understanding of how generality and context relate, since the 

conditions governing durability vary across settings even 

where the underlying technology does not (Dagodzo & 

Patrick, 2021b). Rather than seeking a universal prescription 

or retreating into case-by-case description, the framework 

separates a general structure, the claim that technical and 

social factors jointly determine outcomes, from the context-

specific content that must be re-examined in each setting. 

This separation is foundational because it allows the 

framework to be applied across the diverse contexts in 

which regional economic diversification after fossil fuels 

operates without assuming that what holds in one place 

holds in another, reconciling generality with sensitivity to 

context (Dagodzo & Patrick, 2020; Dagodzo & Patrick, 

2021a). 

 

4. Components of the Proposed Framework 

The regional capability mapping module produces a 

structured assessment of the four capability dimensions for a 

given region, drawing on labor force surveys, establishment 

data, infrastructure inventories, and institutional 

assessments. The output is a capability profile that identifies 

existing strengths, transferable assets, and gaps relative to 

the requirements of candidate diversification sectors. 

Related variety analysis calculates the technological and 

knowledge distance between existing industries and 

candidate new sectors, identifying the adjacent opportunities 

that require least capability investment and the more distant 

opportunities that require substantial new capability 

development before entry is feasible (Liadi, 2023a). 

The diversification pathway modeling module generates 

plausible trajectories from the current regional structure 

toward resilient diversification, given the capability profile 

and a set of policy instrument assumptions. Pathways differ 

in their sector composition, sequencing of diversification 

steps, time horizons, and policy intensity requirements. The 

module evaluates pathways against multiple criteria, 
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including employment trajectory, income distribution, fiscal 

impacts on regional government, environmental co-benefits, 

and resilience indicators measured as the structural diversity 

and interconnectedness of the diversified economy. Multi-

criteria evaluation prevents optimization on a single 

dimension, such as employment speed, at the expense of 

resilience (Adelanwa et al., 2024b; Anene & Clement, 

2022). 

The policy instrument assessment module evaluates 

candidate instruments against the capability gaps and 

pathway requirements identified by the preceding modules. 

Instrument types include workforce development 

investments matched to capability gaps in priority 

diversification sectors, infrastructure investments that 

reduce entry barriers for new industries, business 

development support for diversifying firms, institutional 

capacity building for regional economic governance bodies, 

and place-based fiscal incentives that tilt investment 

decisions toward the target region. Each instrument is 

assessed for its leverage on resilience indicators and its cost-

effectiveness relative to alternative instruments targeting the 

same capability gap (Basnet et al., 2021; Liadi, 2022). 

The scenario and uncertainty module generates alternative 

futures under different assumptions about fossil fuel decline 

pace, national policy support, macroeconomic conditions, 

and technological trajectories in candidate diversification 

sectors. Diversification pathways are evaluated for 

robustness across this scenario space, identifying strategies 

that maintain adequate resilience outcomes under a wide 

range of futures and flagging strategies that perform well 

only under optimistic assumptions. Adaptive management 

decision points are identified within pathways, specifying 

the observable signals that would trigger strategic 

adjustments and the contingent responses planned for each 

signal type. 

The first component of the framework concerns the 

representation of technical performance under realistic 

operating conditions, capturing not only nominal capability 

but the dependence of that capability on the maintenance, 

connectivity, and environmental conditions characteristic of 

resource-constrained settings (Dagodzo & Patrick, 2023b). 

Rather than assuming that performance demonstrated under 

favorable conditions will be realized in the field, this 

component makes the gap between the two an explicit object 

of reasoning. In doing so it reframes a question that 

idealized analyses tend to settle by assumption, asking 

instead what level of performance is sustainable given the 

conditions a system will actually encounter over its working 

life within regional economic diversification after fossil 

fuels (Dagodzo & Patrick, 2022; Dagodzo & Patrick, 

2023a). 

The second component concerns the representation of social 

and institutional conditions, centrally why one-for-one 

renewable job substitution reproduces vulnerability, and 

which mixes most protect the poor, expressed in a form that 

can sit alongside technical specifications rather than in a 

separate register (Dioha et al., 2021). This component 

identifies the conditions that the literature associates most 

consistently with durable outcomes, including participation, 

local capacity, governance legitimacy, and procedural 

fairness, and it gives each a conceptual definition that 

supports comparison across settings. By treating these 

conditions as design variables rather than as fixed 

background, the framework makes them objects that design 

and governance can deliberately influence, transforming the 

recognition that social factors matter into a structured 

account of which factors matter and how (Dagodzo & 

Patrick, 2025; Dagodzo et al., 2022). These components and 

the relationships among them are depicted in Fig 2 (Anene 

& Clement, 2024). (Liadi, 2024b). 

 

 
 

Fig 2: Components of the proposed conceptual framework and the 

relationships among them 

 

The third component specifies the relationships between the 

technical and social elements, and in particular the 

interaction through which the returns to technical quality 

depend on social conditions and the returns to social 

investment depend on technical adequacy (Ewim et al., 

2023a). This interaction is the conceptual heart of the 

framework, since it is what distinguishes a genuinely socio-

technical account from the mere addition of social 

commentary to technical analysis. By representing the two 

sets of variables as jointly determining outcomes, the 

framework explains why interventions strong on only one 

dimension tend to disappoint, and it identifies the 

configurations in which technical capability and social 

legitimacy reinforce rather than undercut one another within 

regional economic diversification after fossil fuels (El-

Rashidy et al., 2025; Ewim & Dosunmu, 2025). 

The fourth component concerns evaluation, and it broadens 

the criteria of success beyond technical performance and 

unit cost to encompass durability, inclusion, and legitimacy, 

which the framework treats as first-order objectives rather 

than incidental byproducts (Ewim et al., 2024). Because 

what is measured tends to be what is optimized, this 

broadening of the evaluation criteria is a lever for 

broadening what design seeks to achieve. The component 

specifies how these wider outcomes can be characterized in 

commensurable terms, so that a design which performs well 

technically but poorly on the conditions governing durability 

is recognized as deficient rather than counted a success, as it 

would be under a narrowly technical standard (Ewim et al., 

2023b; Ewim et al., 2021; Liadi, 2023b). 

A further component of the framework concerns the 

representation of context, capturing the climatic, 

infrastructural, economic, and institutional conditions that 

distinguish one setting from another and that determine how 

the general logic of the framework applies in a particular 

case (Eyetsemitan et al., 2023a). This component is what 

makes the framework transferable, since it separates the 

enduring structure of the analysis from the variable 

conditions that must be re-examined in each new setting. 

The explicit representation of context guards against the 

error of assuming that an intervention suited to one 

environment will perform in another, an error that the 

literature identifies as a recurrent source of failure and that 
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the framework is designed to help practitioners avoid 

(Eyetsemitan et al., 2020; Eyetsemitan et al., 2021). 

The components of the framework are designed to operate 

together rather than in isolation, and their integration is itself 

a defining feature of the model (Eyetsemitan et al., 2022). 

The representation of technical performance, of social 

conditions, of their interaction, of context, and of the 

broadened evaluation criteria are not separate modules to be 

considered one at a time but interdependent elements of a 

single account, in which a change in one bears on the others. 

This interdependence reflects the socio-technical premise on 

which the framework rests, namely that the factors 

governing the outcomes of interventions in regional 

economic diversification after fossil fuels are themselves 

interconnected, and it is what distinguishes the framework 

from approaches that treat technical and social analysis as 

additive rather than integrated (Eyetsemitan et al., 2023b; 

Eyetsemitan et al., 2025). 

A component of the framework concerns the explicit 

representation of stakeholders and their relationships, since 

the outcomes of interventions in regional economic 

diversification after fossil fuels emerge from the interaction 

of households, community institutions, operators, financiers, 

and regulators whose interests are not always aligned 

(Fawole et al., 2023). By representing these actors and the 

ways their interests bear on the system, the framework 

captures the negotiation and accommodation through which 

what is actually built and sustained is determined. This 

stakeholder component is what allows the framework to 

reason about questions of authority, benefit, and 

accountability, which the evidence identifies as decisive for 

durability and which a purely technical representation of a 

system would entirely omit (Eyetsemitan et al., 2024a; 

Eyetsemitan et al., 2024b). 

A connected component addresses the matching of system 

complexity to local capacity, which the literature identifies 

as a binding condition on durability across many settings 

(Hichri et al., 2024). The framework represents the capacity 

available to operate, maintain, and govern a system as an 

explicit constraint, against which the complexity of a 

candidate design must be assessed. This component embeds 

the principle that capability exceeding the local ability to 

sustain it tends to decay regardless of its initial quality, and 

it directs design toward configurations whose demands are 

matched to the capacity that can realistically be established 

and maintained in the setting concerned (Guerrero et al., 

2013; Hamdan et al., 2023; Anene & Clement, 2024). 

The evaluation component of the framework deserves 

particular emphasis, since by broadening the criteria of 

success beyond technical performance and unit cost to 

encompass durability, inclusion, and legitimacy, it changes 

what design is oriented toward achieving (Ikemba et al., 

2024). The framework specifies how these broader 

outcomes can be characterized in terms commensurable with 

technical and economic measures, so that they enter 

evaluation on an equal footing. Within this context, this 

component operationalizes the framework's central 

conviction that what is measured shapes what is built, and 

that aligning the criteria of evaluation with the goals of 

inclusive transition is a precondition for designing 

interventions that serve the populations they are meant to 

reach (Idoko et al., 2023; IEEFA, 2024; Liadi, 2023c). 

A final component concerns the framework's diagnostic use, 

namely its capacity to anticipate the likely failure modes of 

a proposed intervention from its treatment of the social and 

institutional conditions governing durability (Jalal et al., 

2024). By examining whether the conditions on which an 

intervention depends are present and likely to be sustained, 

the framework allows weaknesses to be identified and 

addressed before commitments are made rather than 

discovered after a system has faltered in service. For 

problems of this kind, this diagnostic component is among 

the framework's most practically valuable features, since it 

turns the analytical insight that social conditions govern 

durability into a forward-looking tool for improving the 

design of interventions before they are built (International 

Energy Agency, 2023; International Energy Agency, n.d.). 

A further component concerns the representation of time, 

since the framework treats the conditions governing 

durability as evolving over the life of a system rather than 

fixed at its deployment (Kou et al., 2024). This temporal 

component captures the trajectories along which 

interventions succeed or fail, and it directs design toward 

establishing conditions that will be sustained rather than 

conditions that merely exist at commissioning (Jessel et al., 

2019). In such settings, the temporal component is essential 

because it reframes durability as something achieved 

through ongoing socio-technical interaction, with 

implications for how systems are operated and governed 

across their working lives. This component operates 

together with the others to support the framework's 

integrated analysis of interventions (Basnet et al., 2023). 

A further component addresses the relationship between an 

intervention and the prior context into which it is 

introduced, recognizing that systems are never deployed 

onto a blank slate (Lilian et al., 2024). The framework 

represents the histories, expectations, and sometimes the 

distrust that condition a community's reception of an 

intervention, since these bear on the legitimacy and trust on 

which durability depends (Liao et al., 2023). Applied to this 

domain, this component captures why interventions with 

identical technical specifications may be received very 

differently depending on what preceded them, a 

consideration that purely prospective technical analysis 

omits. The framework relies on this component in reasoning 

jointly about technical and social determinants of durability. 

The components are designed, finally, to support the 

framework's diagnostic use, allowing the likely failure 

modes of a proposed intervention to be anticipated from its 

treatment of the conditions governing durability (Mbasso, 

2025). By examining whether those conditions are present 

and likely to be sustained, the framework enables 

weaknesses to be identified before commitments are made 

(Liu et al., 2014). On this account, this diagnostic capacity 

is among the framework's most practically valuable features, 

since it turns the recognition that social conditions govern 

durability into a forward-looking tool for improving the 

design of interventions before they are built. This element of 

the framework captures a determinant of durability that 

narrower analyses tend to omit. 

Another component of the framework concerns the 

representation of distributional outcomes, capturing not only 

whether an intervention improves conditions but how its 

benefits and burdens fall across and within the communities 

it serves (Mbonu et al., 2020). This component renders 

explicit the distributional consequences that aggregate 

measures obscure, including differences along lines of 

income and gender (Mbonu et al., 2018). For regional 
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economic diversification after fossil fuels, the distributional 

component is essential to the framework's account of equity, 

since it allows an intervention that improves aggregate 

conditions while leaving some groups unreached to be 

recognized as falling short of the inclusive outcomes the 

framework treats as a criterion of success. Including this as a 

component reflects the framework's treatment of the relevant 

factors as design variables (Liadi, 2024a). 

A component of the framework addresses environmental 

resilience, representing the conditions a system will 

encounter over its life and the demands these place on its 

design and operation (Michael & Ogunsola, 2021b). This 

component captures the climatic stress and environmental 

change that bear on durability in the regions of concern, 

ensuring that a system's prospects are assessed in light of the 

environment it must withstand. The resilience component 

reflects the framework's treatment of durability as 

conditional on the environment of deployment, and it guards 

against assessments that consider technical and social 

factors while neglecting the environmental conditions that 

can undermine even well-designed systems (Mbonu et al., 

2022; Michael & Ogunsola, 2021a). 

A further component concerns lifecycle cost, representing 

the costs of operation, maintenance, and replacement 

alongside those of installation, and their distribution over 

time and across groups (Michael & Ogunsola, 2022a). This 

component captures the affordability that conditions 

sustained use, which a focus on upfront cost would misjudge 

(Michael & Ogunsola, 2021c). The lifecycle cost component 

reflects the framework's emphasis on durability, since it 

directs attention to whether an intervention remains 

affordable to sustain over its working life, a condition the 

evidence identifies as bearing directly on whether systems 

continue to function and to serve their populations over 

time. This component contributes to the framework's 

capacity to anticipate the conditions on which durability 

depends. 

A final component concerns the representation of the 

conditions under which the framework's general logic 

applies to a particular setting, capturing the environmental, 

institutional, economic, and social characteristics that 

distinguish one context from another (Michael & Ogunsola, 

2023b). This component is what makes the framework 

transferable without being generic, since it separates the 

enduring structure of the analysis from the variable 

conditions to be re-examined locally. Within this context, 

this contextual component ensures that the framework can 

be applied across the diverse settings the field encompasses, 

by relating its general structure to the specific conditions 

that determine how that structure applies in any given case 

(Michael & Ogunsola, 2022b; Michael & Ogunsola, 2023a). 

A concluding note on the components is that their value lies 

in their integration, since the framework is constructed so 

that the representations of technical performance, social 

conditions, their interaction, context, distribution, 

environmental resilience, lifecycle cost, and evaluation 

function together as a single account rather than as separate 

analyses (Michael & Ogunsola, 2024b). The note 

emphasizes that this integration is what distinguishes the 

framework from the parallel consideration of technical and 

social factors that prior work has shown to be inadequate, 

and that the components are designed accordingly to inform 

one another in the analysis of interventions in regional 

economic diversification after fossil fuels. This component 

contributes to the framework's capacity to reason about 

durability before deployment (Michael & Ogunsola, 2023c; 

Michael & Ogunsola, 2024a; Anene & Clement, 2022). 

It warrants emphasis that the components of the framework 

relate to one another, since their value lies less in any single 

element than in the way they combine to support integrated 

reasoning about regional economic diversification after 

fossil fuels (Michael & Ogunsola, 2025b). The 

representation of technical performance, the representation 

of social conditions, the model of their interaction, the 

account of context, and the broadened evaluation criteria are 

designed to inform one another, so that a judgment about 

any one draws on the others. This interdependence is what 

distinguishes the framework from the mere juxtaposition of 

technical and social analysis, and it reflects the socio-

technical premise that the factors governing outcomes are 

themselves interconnected rather than separable (Michael & 

Ogunsola, 2024c; Michael & Ogunsola, 2025a; Liadi, 

2024b). 

A further consideration in the design of the components is 

that each is specified at a level of generality that supports 

application across settings while remaining concrete enough 

to guide reasoning about particular interventions (Michael & 

Ogunsola, 2019b). The components identify what must be 

considered, the technical capability under realistic 

conditions, the social conditions governing durability, their 

interaction, the context, and the criteria of success, without 

dictating the specific content that applies in a given case. 

This balance between generality and concreteness is 

deliberate, since a framework too abstract would offer little 

guidance while one too specific would not transfer, and the 

components are calibrated to be useful across the range of 

settings in which regional economic diversification after 

fossil fuels is pursued (Michael & Ogunsola, 2025c; 

Michael & Ogunsola, 2019a; Oghenemaiga et al., 2024). 

 

5. Socio-Technical Analysis 

The political economy of diversification is a central socio-

technical challenge that the technical framework alone 

cannot resolve. Incumbent fossil fuel industries, their 

workers, and the communities that depend on them have 

strong material interests in continuation of the existing 

economic structure, and these interests shape the political 

feasibility of diversification investments. Policies that 

visibly redirect resources from fossil fuel sector support 

toward diversification create political opposition that can 

delay or block implementation even when the economic 

case for diversification is strong. The framework must be 

embedded in a political strategy that builds coalitions for 

diversification among workers and communities who 

understand its long-run benefits. 

Identity and place attachment dimensions of regional 

economic change create challenges for diversification that 

are not captured by economic modeling. In fossil fuel 

communities, extraction industry employment is often 

central to local identity, intergenerational occupational 

tradition, and community social fabric. Diversification into 

unfamiliar sectors may be perceived not merely as economic 

change but as a challenge to community identity and values. 

Effective transition governance must engage this identity 

dimension directly, framing diversification as building on 

regional strengths and traditions rather than abandoning 

them, and involving community members in defining the 

vision for the diversified economy (Liadi, 2023a). 
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The institutional preconditions for effective diversification 

planning and implementation are themselves unevenly 

distributed, creating a fundamental challenge for place-

based transition policy. Regions with strong institutional 

capacity can deploy diversification frameworks effectively, 

but those most dependent on fossil fuels often have weaker 

governance institutions, lower educational attainment, and 

less diversified civic infrastructure than regions with more 

developed economies. Transition policy that provides 

sophisticated planning tools without investing in 

institutional capacity may fail to reach the regions that need 

it most. A sequenced approach that invests in institutional 

capacity before deploying market-oriented diversification 

instruments is likely to be more effective but requires longer 

time horizons than political cycles typically accommodate 

(Liadi, 2022; Liadi, 2024a; Liadi, 2025a). 

Knowledge spillovers from anchor institutions, particularly 

universities, community colleges, and research centers, are 

consistently identified in the empirical literature as enabling 

factors for regional diversification. These institutions 

generate graduates with diverse skills, conduct research that 

enables new industry development, and provide cultural and 

intellectual infrastructure that makes regions attractive to 

mobile talent and investment. Fossil fuel regions with 

limited anchor institution presence face a structural 

disadvantage in the competition for knowledge-intensive 

diversification opportunities. Policy responses include 

investing in branch campuses, research facilities, and 

vocational training centers in affected regions, though the 

returns to these investments materialize over longer time 

horizons than workforce retraining programs (Anene & 

Clement, 2024; Lilian et al., 2025). 

Interpreting regional economic diversification after fossil 

fuels through the socio-technical framework brings into 

focus the mechanisms by which social conditions become 

technical outcomes, mechanisms that are concrete and 

traceable rather than abstract (Muhtadi et al., 2021). They 

operate through the decisions that communities and 

operators make about use, payment, maintenance, and 

stewardship, and through the institutional arrangements that 

distribute authority and accountability among the parties to a 

system. Tracing these mechanisms is what converts the 

general proposition that social conditions matter into 

specific, actionable design knowledge, since knowing how a 

condition such as why one-for-one renewable job 

substitution reproduces vulnerability, and which mixes most 

protect the poor shapes outcomes indicates where 

intervention will be effective and what would be required to 

establish the conditions on which durability depends 

(Michael & Ogunsola, 2025d; Middlemiss, 2022). 

The distributional dimension of the framework draws 

attention to the way design choices made on narrowly 

technical grounds nonetheless allocate benefits and burdens 

across groups, determining who gains from an intervention 

and who bears its costs (Nnaji et al., 2020). Because these 

allocations bear directly on the fairness and the legitimacy 

of energy provision, the framework treats them as integral to 

design rather than as consequences to be assessed afterward. 

For regions transitioning away from fossil fuel dependence, 

the distributional consequences are especially significant, 

since the durability of the transition depends on whether its 

benefits are seen to be fairly shared, and a framework that 

leaves distribution implicit risks reproducing the very 

inequalities that inclusive transition is meant to address 

(Mutambatsere, 2022; Nnaji et al., 2019). 

The framework also clarifies the role of governance and 

institutional arrangements, which emerge as inseparable 

from technical design in determining outcomes (Ntuli et al., 

2021). The way authority, accountability, and ownership are 

distributed interacts with the technical configuration of a 

system to shape both its performance and its legitimacy, and 

arrangements that communities regard as fair and that hold 

operators to account are associated with more durable 

operation. Within regional economic diversification after 

fossil fuels, this means that the design of governance is part 

of the design of the system itself, and the framework treats it 

accordingly, representing institutional arrangements as 

variables that influence outcomes rather than as a separate 

administrative layer added once the technical work is 

complete (Ntuli et al., 2022; Ntuli et al., 2024). 

An additional dimension of the socio-technical analysis 

concerns the temporal character of the conditions governing 

durability, since participation, capacity, trust, and legitimacy 

are not fixed at the moment of deployment but evolve over 

the life of a system (Obogo et al., 2020c). The framework 

represents these conditions as dynamic, recognizing that 

they can be built or eroded by the way a system is operated 

and governed, and that early conditions are therefore not 

destiny. For problems of this kind, this dynamic view 

matters because it implies that durability is not secured once 

and for all at commissioning but is sustained, or lost, 

through the ongoing interaction of technical operation and 

social conditions over time, which is precisely what a static, 

installation-focused analysis fails to capture (Obogo et al., 

2020a; Obogo et al., 2020b; Liadi, 2024c). 

A further strand of the socio-technical analysis concerns the 

way procedural fairness and transparency build the trust on 

which cooperation, and therefore durability, depend, a 

relationship the framework represents explicitly (Obogo et 

al., 2024b). Where communities perceive that decisions are 

made fairly and that resources are managed transparently, 

they tend to engage in ways that sustain a system, while 

perceived unfairness tends to erode the cooperation a system 

requires. In such settings, this means that procedural matters 

are not ethical niceties external to the technical work but 

determinants of technical outcomes, and the framework 

treats them accordingly, representing the fairness of process 

as a condition that bears directly on whether an intervention 

endures (Obogo et al., 2021a; Obogo et al., 2024a). 

The analysis also draws attention to the way histories of 

extraction, neglect, and unmet promises shape the reception 

of new interventions in many of the regions concerned, 

conditioning the trust and legitimacy on which durability 

depends (Obogo et al., 2022). The framework 

accommodates this by representing the prior context into 

which an intervention is introduced, recognizing that 

systems are never introduced onto a blank slate. Applied to 

this domain, this historical dimension explains why 

technically sound interventions imposed without genuine 

participation so often struggle, and why establishing 

legitimacy may require explicit attention to the relationship 

between an intervention and the history that precedes it in a 

given setting (Obogo et al., 2023; Obogo et al., 2021b). 

Another aspect of the analysis concerns the question of who 

holds authority over a system and how that authority is 

exercised, since the framework treats governance as 
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inseparable from technical design in determining outcomes 

(Obogo et al., 2019b). Arrangements that distribute 

authority in ways communities accept, and that hold 

operators accountable, are associated with more durable 

operation, while arrangements that concentrate control 

outside the community tend to be resisted even when 

technically optimal. On this account, the analysis thus 

identifies governance design as part of the design of the 

system itself, and the framework represents institutional 

arrangements as variables that shape both performance and 

legitimacy rather than as a separate administrative layer 

(Obogo et al., 2024c; Obogo et al., 2019a). 

A further dimension of the analysis concerns the matching 

of system complexity to local capacity, which the 

framework represents as a determinant of durability rather 

than a secondary consideration (Obogo et al., 2025b). 

Where the demands a system places on its operators and 

governing institutions exceed the capacity available to meet 

them, the analysis indicates that the system will tend to 

decay regardless of its technical quality (Obogo et al., 

2025a). For regional economic diversification after fossil 

fuels, this dimension directs design toward configurations 

whose demands are matched to the capacity that can 

realistically be established and sustained, which the 

framework treats as essential to inclusive outcomes. The 

framework represents this condition accordingly, as a 

determinant of durability that design can address (Anene & 

Clement, 2024). 

The analysis also attends to the distributional consequences 

of design choices, tracing how decisions made on technical 

grounds nonetheless allocate benefits and burdens across 

groups (Obogo et al., 2021c). Because these allocations 

determine for whom an intervention works, the framework 

treats them as integral to its analysis rather than as outcomes 

to be assessed afterward (Obogo et al., 2019c). Particularly 

for regions in transition, this distributional dimension is 

central, since the legitimacy and durability of an 

intervention depend on whether its benefits are seen to be 

fairly shared among the populations it affects. This 

dimension reflects the framework's treatment of social 

conditions as interrelated rather than independent (Liadi, 

2024d). 

The analysis finally considers how the conditions it 

identifies can be deliberately influenced through design and 

governance, since the framework's practical value depends 

on their being levers rather than fixed constraints (OECD, 

n.d.). By identifying which conditions are modifiable and 

through what means, the analysis converts the recognition 

that social factors govern durability into a structured set of 

choices (Odejobi et al., 2025). This is the primary 

contribution of the socio-technical analysis, namely a 

disciplined way of reasoning about how to establish the 

conditions on which durable, inclusive service depends. The 

framework captures this relationship in reasoning jointly 

about technical and social determinants. This dimension is 

addressed within the framework, which treats the relevant 

condition as a lever for intervention. 

A related facet of the socio-technical analysis concerns the 

role of information and transparency, since the framework 

recognizes that the availability of clear information about a 

system's operation, costs, and governance conditions the 

trust on which cooperation depends (Okonkwo et al., 

2024a). Where information is shared openly, communities 

are better able to engage with and hold accountable those 

responsible for a system, while opacity tends to erode 

confidence (Ogunwole et al., 2021). Within this context, the 

analysis treats transparency as a condition bearing on 

durability, and the framework represents it accordingly, as a 

feature of governance that influences whether technical 

capability is translated into sustained and accepted service. 

This dimension illustrates how the framework converts the 

recognition that society matters into design knowledge. 

The analysis also considers the relationship between the 

scale of an intervention and the social conditions governing 

its durability, since the framework recognizes that 

arrangements suited to one scale may not suit another 

(Okonkwo et al., 2024c). Small community systems and 

larger shared infrastructures pose different demands on 

capacity, governance, and participation, and the conditions 

for durability vary accordingly (Okonkwo et al., 2024b). For 

problems of this kind, the analysis treats scale as a factor 

mediating the relationship between social conditions and 

outcomes, and the framework accommodates this by relating 

the conditions it represents to the scale of the intervention 

under consideration. The framework represents this 

condition as a determinant of durability that design can 

influence. 

An additional dimension of the analysis concerns the 

cumulative effect of the social conditions the framework 

represents, since these conditions interact rather than 

operating independently (Okonkwo et al., 2024e). The 

analysis suggests that favorable conditions tend to reinforce 

one another, as participation supports legitimacy and 

legitimacy supports cooperation, while unfavorable 

conditions can compound, as low capacity undermines 

performance and poor performance erodes trust (Okonkwo 

et al., 2024d). In such settings, the framework captures these 

interactions, treating the social conditions not as a checklist 

of independent factors but as an interrelated system whose 

combined state governs the durability of an intervention. 

This dimension reflects the framework's treatment of social 

conditions as interrelated. 

A related element of the socio-technical analysis concerns 

the gendered distribution of benefits and burdens, since the 

framework recognizes that interventions affect women and 

men differently within the same community and that these 

differences bear on equity and durability (Okonkwo et al., 

2020). By representing intra-community distribution, the 

framework captures disparities that aggregate measures 

obscure, allowing design to attend to them deliberately 

(Okonkwo et al., 2024f). Applied to this domain, this 

dimension reflects the framework's treatment of distribution 

as encompassing differences within communities, and it 

ensures that the analysis of equity considers how benefits 

and burdens fall among groups and not only across 

communities as wholes. The framework captures this 

relationship in reasoning jointly about technical and social 

factors (Lilian et al., 2024). 

The analysis also considers the affordability of interventions 

over time, since the framework treats the capacity of a 

population to sustain the costs of operation and maintenance 

as a condition of durability (Okonkwo et al., 2025). Where 

ongoing costs exceed what a community can afford, the 

analysis indicates that use will decline and durability will 

suffer, regardless of the system's technical quality 

(Okonkwo et al., 2021a). On this account, this dimension 

reflects the framework's lifecycle perspective, and it directs 

attention to whether interventions remain affordable to 
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sustain, which the framework treats as a determinant of 

whether they continue to function and to serve their 

populations over time. Acknowledging this, dimension, the 

framework treats the condition as a lever for intervention. 

A further dimension of the analysis concerns the recognition 

of local knowledge and priorities, since the framework treats 

the extent to which an intervention accommodates the 

circumstances and understanding of the community it serves 

as bearing on its legitimacy and durability (Okonkwo et al., 

2023b). Where local knowledge is recognized and 

incorporated, the analysis associates the intervention with 

the acceptance and stewardship that condition durable 

operation (Okonkwo et al., 2023a). For regional economic 

diversification after fossil fuels, this dimension reflects the 

framework's treatment of recognition as a social condition 

alongside participation, distribution, and procedure, and it 

captures a determinant of durability that the framework 

represents and that design can deliberately address. This 

dimension shows how the framework converts recognition 

into actionable design knowledge (Lilian et al., 2025). 

A further consideration in the socio-technical analysis is that 

the conditions it identifies do not operate in isolation but 

reinforce or undermine one another, so that the overall 

durability of an intervention depends on their combined 

state rather than on any single factor (Okonkwo et al., 

2021b). Participation supports legitimacy, legitimacy 

supports cooperation, and cooperation sustains the 

maintenance and stewardship on which durable operation 

depends, while the erosion of any one can set in motion a 

decline in the others. The framework represents these 

conditions as an interacting system, and this systemic view 

is central to its account of regional economic diversification 

after fossil fuels, since it explains why interventions strong 

on one social dimension but weak on another often 

disappoint (Okonkwo et al., 2018a; Okonkwo et al., 2018b). 

The analysis also attends to the ways in which technical 

design choices shape the social conditions that subsequently 

govern durability, since the two are not independent (Okwu 

et al., 2021). The complexity of a system bears on the 

capacity required to sustain it, the distribution of its benefits 

bears on its perceived fairness, and the arrangements for its 

control bear on its legitimacy, so that decisions made on 

technical grounds carry social consequences that feed back 

into outcomes. The framework captures these couplings, and 

the analysis emphasizes that within regional economic 

diversification after fossil fuels the social conditions 

governing durability are partly produced by the technical 

choices made, which is why the two must be reasoned about 

together rather than in sequence (Okonkwo et al., 2019; 

Okoye et al., 2023). 

 

6. Application and Illustrative Reasoning 

Consider a petroleum-producing region with a concentrated 

workforce in extraction and refining, strong engineering and 

technical capabilities, adequate logistics infrastructure, 

limited higher education presence, and weak regional 

economic development institutions. The regional capability 

mapping module identifies the engineering, project 

management, and materials handling capabilities as 

significant assets transferable to manufacturing, advanced 

industrial services, and renewable energy construction. 

Related variety analysis scores manufacturing and industrial 

services as high adjacency, requiring modest capability 

investment for entry, and knowledge-intensive business 

services as low adjacency, requiring substantial new 

capability development (Liadi, 2023; Anene & Clement, 

2022). 

The diversification pathway modeling module generates 

three representative pathways. Pathway A sequences 

manufacturing attraction first, leveraging existing 

engineering capabilities and logistics infrastructure to 

develop an industrial cluster that provides employment 

stability during the transition, followed by renewable energy 

construction services linked to regional project activity, with 

knowledge-intensive services developing in the longer term 

as higher education investment matures. Pathway B 

prioritizes renewable energy services from the outset, 

accepting lower early employment in exchange for faster 

alignment with the long-run growth sector. Pathway C 

invests heavily in institutional capacity and higher education 

before significant industrial diversification, accepting the 

longest employment adjustment period in exchange for the 

strongest long-run resilience indicators (Anene & Clement, 

2022). 

Multi-criteria evaluation of the three pathways reveals 

characteristic trade-offs. Pathway A delivers the best 

employment trajectory in the near term but the weakest 

long-run resilience indicators because manufacturing is 

itself subject to global competition pressures. Pathway B 

delivers strong long-run renewable sector employment but 

requires policy support to bridge the employment gap during 

the early transition period when renewable project activity is 

insufficient to replace fossil fuel employment. Pathway C 

delivers the best long-run resilience indicators but requires 

sustained political commitment over a fifteen-to-twenty-year 

time horizon that exceeds typical planning and electoral 

cycles. 

Scenario analysis reveals that Pathway A is most robust to 

variation in national policy support, because manufacturing 

attraction depends less on specific energy transition policies 

than on general industrial policy. Pathway B is most 

sensitive to the pace of national renewable energy 

deployment, performing well under ambitious 

decarbonization scenarios but poorly under delayed 

transition scenarios. Pathway C's resilience outcome is 

largely independent of scenario assumptions because its 

fundamental mechanism, institutional and human capital 

development, is valuable across a wide range of economic 

futures. This robustness analysis supports a portfolio 

approach that combines elements of all three pathways, with 

emphasis weighted by the credibility assigned to each 

scenario. 

Although the contribution of this paper is conceptual, the 

framework is intended to be applied, and this section 

illustrates the reasoning it supports without claiming to 

report empirical measurement (Orikpete & Ewim, 2024). 

Applied to a candidate intervention in regional economic 

diversification after fossil fuels, the framework directs 

attention first to whether the technical configuration is 

sustainable under the conditions the system will actually 

encounter, and then to whether the social and institutional 

conditions on which its durability depends are present. 

Where those conditions are absent, the framework prompts 

the question of what would be required to establish them, 

reframing a binary judgment about technical adequacy as a 

richer assessment of whether an intervention is positioned to 

endure in its intended setting (Olanrewaju et al., 2023; 

Onyiriuka et al., 2023; Liadi, 2025a). 
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The framework's reasoning is most effectively illustrated by 

the contrast it draws between interventions strong on a 

single dimension and those strong on both (Patrick et al., 

2020). A technically excellent system introduced into a 

setting lacking the capacity, legitimacy, or fairness 

conditions associated with durability is, on the framework's 

logic, poorly positioned regardless of its specifications, 

while a more modest system matched to favorable social 

conditions may prove far more durable. This contrast, which 

the literature documents repeatedly, is exactly what the 

framework is designed to anticipate, and applying it allows 

the likely trajectory of an intervention to be reasoned about 

before commitments are made rather than discovered after a 

system has faltered in service (Orikpete et al., 2023; 

Oyeleye et al., 2022). 

Applying the framework also clarifies the design choices 

through which the conditions governing durability can be 

deliberately influenced, including the matching of system 

complexity to local capacity, the arrangement of governance 

to secure legitimacy, and the design of access to reach 

groups that aggregate measures would overlook (Smith, 

2017). By treating these as design variables rather than as 

fixed background, the framework turns the recognition that 

social conditions matter into a structured set of choices that 

practitioners can make. Within regional economic 

diversification after fossil fuels, this is the practical payoff 

of the conceptual work: not a prediction of particular 

outcomes, but a disciplined way of reasoning about how to 

position an intervention so that technical capability is 

translated into durable, inclusive service (Patrick et al., 

2021; Rajaperumal & Columbus, 2025). 

A complementary illustration of the framework's reasoning 

concerns its treatment of the conditions that evolve over a 

system's life, since applying the framework involves asking 

not only whether the conditions for durability are present at 

the outset but whether they are likely to be sustained 

(Uduafemhe et al., 2023). This prompts attention to the 

arrangements for ongoing operation, maintenance, 

financing, and governance, and to the mechanisms by which 

trust and capacity are built or eroded over time. This 

temporal application of the framework is what distinguishes 

it from a one-time assessment at commissioning, and it 

directs design toward the establishment of conditions that 

will endure rather than conditions that merely exist when a 

system is new (Solar Electric Light Fund, 2025; U.S. 

Department of Energy, 2024). 

A further aspect of applying the framework concerns its use 

in comparing candidate interventions, since it provides a 

common structure within which alternatives can be assessed 

on both technical and social grounds (Wen et al., 2024). 

Rather than ranking options by technical performance or 

cost alone, the framework prompts a comparison that also 

weighs the conditions governing durability, allowing an 

option that is modest technically but well matched to its 

social context to be recognized as potentially superior to a 

technically stronger option poorly matched to its setting. 

This comparative application is particularly valuable 

because it surfaces considerations that conventional 

appraisal omits, and it does so in a structured rather than 

unsystematic manner (Uduafemhe et al., 2024; Wedraogo & 

Sanni, 2024). 

Applying the framework also clarifies where intervention is 

most likely to be effective, by identifying which of the 

conditions governing durability are absent in a given setting 

and which could be established through design or 

governance (Wustenhagen et al., 2007). This directs effort 

toward the conditions that most constrain durability rather 

than toward indiscriminate improvement, and it allows 

scarce resources to be focused where they will matter most. 

Within this context, this targeting application of the 

framework reflects its broader purpose, which is not to 

predict particular outcomes but to guide the choices through 

which technical capability is translated into durable, 

inclusive service in the settings that need it (World Bank, 

2024; World Resources Institute, n.d.; Liadi, 2025b; Basnet 

et al., 2021). 

A further illustration of the framework's reasoning concerns 

its treatment of trade-offs, since applying it often reveals 

that apparent conflicts between objectives can be reconciled 

once technical and social factors are considered together 

(Agbabiaka et al., 2019). Where a narrowly technical 

analysis might present efficiency and equity as opposed, the 

framework frequently identifies configurations in which 

attention to social conditions improves durability without 

sacrificing performance, or in which modest technical 

compromise secures the legitimacy on which durability 

depends. For problems of this kind, this application 

demonstrates the framework's central claim in practice, 

namely that integrating technical and social reasoning 

expands rather than constrains the space of viable designs 

(Abolarin et al., 2024; Adeyemi, 2024). 

Applying the framework also supports deliberation about 

sequencing, since it indicates which conditions must be 

established before others and where early attention will 

yield the greatest returns (Ahmed et al., 2020). This helps 

practitioners order their decisions so that the conditions 

governing durability are addressed when the design space is 

still open rather than after commitments foreclose them 

(Ahmad et al., 2020). In such settings, this application 

reflects the framework's broader insight that the influence of 

social conditions is largely determined by decisions taken 

early, and that attending to them in the right sequence is part 

of designing for durability. This application reflects the 

framework's orientation toward informing the choices 

through which interventions are designed. 

A connected application concerns the use of the framework 

to communicate across the disciplines and stakeholders 

involved in an intervention, since its commensurable 

representation of technical and social factors provides a 

common language (Akindeji et al., 2024). This shared 

structure can help engineers, social specialists, financiers, 

and community representatives reason together about a 

candidate intervention rather than working in separate 

registers (Akindeji & Ewim, 2023). Applied to this domain, 

this communicative application is valuable because the 

integration the framework supports is as much 

organizational as analytical, requiring that diverse actors be 

able to deliberate together about the conditions governing 

durability. The framework supports this use by directing 

attention to the conditions on which durable, inclusive 

service depends. 

Applying the framework, finally, supports learning across 

interventions, since its common structure allows the 

experience of one project to inform another in a disciplined 

way (Aliliele et al., 2025). By characterizing interventions 

in commensurable terms, the framework enables comparison 

that distinguishes the general from the context-specific, so 

that lessons can be carried forward rather than repeatedly 
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rediscovered (Aliliele et al., 2023). On this account, this 

application reflects the framework's design for 

transferability, and it points toward the cumulative 

understanding that the field requires if it is to improve the 

durability and inclusiveness of interventions over time. This 

use of the framework illustrates its practical value for 

reasoning about interventions before commitments are 

made. 

A further application of the framework concerns its use in 

identifying the conditions that would need to be established 

for a proposed intervention to succeed, since the framework 

directs attention not only to whether favorable conditions 

are present but to how absent conditions might be created 

(Arumosoye & Obriki, 2019). This prompts deliberation 

about the investments in capacity, the arrangements for 

governance, and the measures for inclusion that would 

position an intervention to endure. For regional economic 

diversification after fossil fuels, this application reflects the 

framework's constructive orientation, since it treats the 

conditions governing durability as objects of deliberate 

action rather than as fixed circumstances to which design 

must simply accommodate (Ambali et al., 2021; Arumosoye 

& Obriki, 2018; Lilian et al., 2025). 

The framework's reasoning is also applied to the assessment 

of risk, since by examining the conditions governing 

durability it allows the principal threats to an intervention's 

endurance to be identified in advance (Arumosoye & Obriki, 

2021). Where the conditions on which durability depends 

are weak or uncertain, the framework flags a corresponding 

risk, prompting attention before commitments are made 

(Arumosoye & Obriki, 2020). This risk-oriented application 

is of particular value because it surfaces vulnerabilities that 

technical and financial assessment alone would miss, and it 

does so in a structured way that supports deliberation about 

whether and how to proceed with a proposed intervention. 

The framework draws on this insight and that social 

conditions govern durability into a structured set of choices 

(Adelanwa et al., 2023a). 

A further application concerns the monitoring of 

interventions over time, since the framework's 

representation of the conditions governing durability 

provides a basis for tracking whether those conditions are 

being sustained (Arumosoye & Obriki, 2023). By directing 

attention to participation, capacity, legitimacy, and fairness 

as the intervention operates, the framework supports the 

early identification of erosion that might otherwise go 

unnoticed until performance declines (Arumosoye & Obriki, 

2022). This application extends the framework's use beyond 

design to operation, reflecting its treatment of durability as 

something sustained through ongoing attention rather than 

secured once at deployment. This application reflects the 

framework's purpose of guiding design toward conditions 

that endure rather than merely exist. 

Another aspect of applying the framework is its use in 

structuring deliberation among the parties to an intervention, 

since its representation of technical and social factors in 

commensurable terms gives engineers, financiers, 

administrators, and community representatives a common 

basis for reasoning together (Babawurun et al., 2023). Much 

of the difficulty in practice arises not from disagreement 

about facts but from the absence of a shared structure within 

which technical and social considerations can be weighed 

against one another, and the framework supplies such a 

structure. Within this context, this deliberative application is 

among the framework's more practical contributions, since 

the integration it advocates is realized only when the 

relevant parties can reason jointly rather than in separate 

registers (Arumosoye & Obriki, 2024; Arumosoye et al., 

2025). 

Applying the framework also clarifies the points at which 

intervention is most consequential, since by tracing how 

technical and social conditions jointly determine durability it 

identifies which conditions, if altered, would most improve 

the prospects of an intervention (Collath, 2021). This allows 

effort and resources to be directed toward the conditions that 

most constrain durability rather than dispersed across many 

that matter less, an allocation that is especially important 

where resources are scarce. For problems of this kind, this 

prioritizing application reflects the framework's purpose, 

which is not to predict outcomes but to guide the choices 

through which technical capability is translated into durable, 

inclusive service in the settings that need it (Bednar et al., 

2017; Bhattacharyya et al., 2021). 

 

7. Discussion and Implications 

The framework challenges the dominant job-replacement 

metric for evaluating transition policy success in three ways. 

It shifts the outcome focus from employment quantity to 

economic resilience, broadening the relevant metrics to 

include structural diversity, institutional capacity, and long-

run vulnerability reduction. It shifts the time horizon from 

the near-term transition period to the multi-decade trajectory 

of regional economic development, accepting that 

resilience-building investments may defer employment 

recovery in exchange for durability. It shifts the policy logic 

from sector substitution to capability development, 

recognizing that the path to diversification runs through 

existing regional assets rather than around them (Liadi, 

2024c). 

The framework has implications for the design of just-

transition funding mechanisms. Current mechanisms are 

often structured as one-time grants or time-limited programs 

that align with political timelines rather than the longer 

timelines of genuine diversification. The framework's 

scenario analysis and adaptive management features suggest 

that transition funding should be structured as multi-stage 

programs with explicit decision points, conditioned on 

observable capability development and diversification 

progress indicators, and designed to scale up or down as 

actual transition pace and regional response capacity evolve. 

This adaptive structure requires more sophisticated program 

design but avoids both premature termination of successful 

programs and continued investment in failing strategies. 

The regional heterogeneity in capability profiles and 

institutional capacity identified by the framework has equity 

implications for transition policy design. Regions with 

stronger initial capabilities and institutions are better 

positioned to pursue diversification and are more attractive 

targets for private investment, creating a risk that transition 

support flows to regions with greater absorption capacity 

rather than greatest need. Explicit equity criteria in transition 

funding allocation, combined with front-loaded institutional 

capacity investment in the most disadvantaged regions, are 

necessary to prevent the capability-based framework from 

reinforcing existing regional inequalities (Liadi, 2025b). 

The framework is deliberately agnostic about which specific 

diversification sectors are appropriate for any given region, 

reflecting the view that sector selection should emerge from 
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capability assessment and stakeholder engagement rather 

than being imposed by external planners. This agnosticism 

has limits: some sectors are genuinely unsuitable for specific 

regions regardless of capability development, and not all 

regional stakeholder visions for diversification are 

economically feasible. The framework should include a 

feasibility filter that identifies sectors where regional entry 

costs are prohibitive even with substantial policy support, 

preventing the waste of transition resources on unviable 

sector bets. 

The framework set out here both confirms and extends the 

prior literature on regional economic diversification after 

fossil fuels, confirming the importance of the social 

conditions that qualitative scholarship has documented 

while extending that work by representing those conditions 

in terms that can enter design directly (Dagodzo & Patrick, 

2020). Compared with technical studies, the framework 

suggests that performance findings obtained under idealized 

assumptions require qualification once the conditions 

governing durability are taken into account, and compared 

with social-science work, it supplies the conceptual structure 

needed to bring social factors into systematic reasoning. The 

discussion situates the contribution at the interface of these 

literatures, where it is intended to remedy the 

complementary deficiencies that each exhibits when taken 

alone (Dagodzo, 2018a; Dagodzo, 2018b). 

Several limitations qualify the contribution, and stating them 

plainly is part of what makes the framework credible 

(Dagodzo & Patrick, 2021b). As a conceptual contribution, 

it offers a way of reasoning rather than a body of empirical 

results, and its value depends on the soundness of the 

relationships it posits and on the willingness of practitioners 

to apply it (Dagodzo & Patrick, 2021a). The definitions it 

gives to social conditions involve conceptual choices that 

others might make differently, and its applicability to a 

given setting depends on whether the conditions it 

represents are the ones that actually govern outcomes there. 

These limitations point toward the empirical work that 

would test and refine the framework, which lies beyond the 

scope of the present paper. 

The implications of the framework extend to practice and to 

policy within regional economic diversification after fossil 

fuels (Dagodzo & Patrick, 2023a). For practitioners, it offers 

a disciplined way to consider the social determinants of 

durability alongside technical specifications, reframing 

design as an inherently socio-technical task (Dagodzo & 

Patrick, 2022). For the institutions that fund and regulate 

energy systems in resource-dependent regions, it suggests 

that appraisal should weigh demonstrated attention to these 

determinants alongside technical and financial soundness, 

thereby aligning incentives with the conditions that govern 

long-term success. In both respects the framework is 

intended not as an abstraction but as a guide to action, and 

the discussion emphasizes that its purpose is ultimately to 

improve the durability and inclusiveness of interventions in 

the field. 

Another implication of the framework concerns the 

organization of the work of design itself, since bringing 

social variables into the design problem from the outset 

requires that social and institutional expertise be present 

when the design space is still open rather than consulted 

once technical choices have been fixed (Dagodzo et al., 

2022). This is a modest organizational change with 

substantial consequences, because it determines whether the 

conditions governing durability are designed for or merely 

managed after the fact. In such settings, the discussion 

emphasizes that adopting the framework is therefore not 

only a matter of analysis but of practice, entailing changes in 

how project teams are composed and how the sequence of 

design decisions is arranged (Dagodzo & Patrick, 2023b; 

Dagodzo & Patrick, 2025). 

A further point of discussion concerns the relationship 

between the framework and the empirical work that would 

test it, since the relationships the framework posits are 

ultimately claims that evidence must confirm or revise 

(Ewim & Dosunmu, 2025). This paper is explicit that its 

contribution is conceptual and that the framework's value 

depends on its application, and the discussion considers 

what such application would involve, including the 

development of measures for the social conditions the 

framework identifies and the examination of the 

relationships it posits across diverse settings. Applied to this 

domain, this discussion positions the framework as a 

foundation for subsequent investigation rather than as a 

finished account, and it identifies the empirical work that 

would consolidate the conceptual contribution (Dioha et al., 

2021; El-Rashidy et al., 2025). 

The discussion also considers the implications of the 

framework for how success in regional economic 

diversification after fossil fuels is understood and measured, 

arguing that the broadening of evaluation criteria it entails 

has consequences extending well beyond any single 

intervention (Ewim et al., 2023b). Because what is 

measured shapes what is funded, built, and rewarded, 

adopting the framework's broader criteria would, over time, 

reorient the field toward the conditions that govern 

durability and inclusion (Ewim et al., 2023a). The 

discussion treats this as among the framework's most 

significant potential effects, since it concerns not merely the 

design of individual systems but the incentives and 

standards that shape the field as a whole. The discussion 

treats this as among the framework's features that bear on its 

practical value. 

A final point of discussion concerns the limitations of the 

framework and the conditions under which it applies, which 

the present paper acknowledges as a matter of scholarly 

transparency (Eyetsemitan et al., 2020). The framework's 

value depends on whether the conditions it represents are the 

ones that actually govern outcomes in a given setting, and its 

definitions involve conceptual choices that others might 

make differently. The discussion acknowledges these 

limitations directly, treating them not as defects to be 

concealed but as the natural boundaries of a conceptual 

contribution, and it identifies them as among the matters that 

subsequent empirical and comparative work would help to 

clarify and refine for regional economic diversification after 

fossil fuels (Ewim et al., 2021; Ewim et al., 2024). 

The discussion considers how the framework relates to 

established practice in regional economic diversification 

after fossil fuels, arguing that it does not displace technical 

analysis but situates it within a wider account of the 

conditions that determine real-world durability (Eyetsemitan 

et al., 2023a). The technical work remains indispensable, 

but it is joined by an equally disciplined treatment of the 

social conditions on which durability depends (Eyetsemitan 

et al., 2021). The discussion emphasizes that this is an 

enlargement rather than a rejection of existing practice, and 

that the framework's contribution lies in extending rigor to 
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dimensions that practice has tended to address informally if 

at all. This point reflects the framework's broader 

commitment to representing the determinants of durability 

together. 

The discussion also reflects on the framework's potential 

effect on incentives, observing that by broadening the 

criteria of success it could, over time, reorient the field 

toward the conditions that govern durability and inclusion 

(Eyetsemitan et al., 2025). Because what is measured and 

rewarded shapes what is built, adopting the framework's 

broader criteria would influence not only individual 

interventions but the standards and incentives of the field as 

a whole (Eyetsemitan et al., 2023b). The discussion treats 

this as among the framework's most significant potential 

consequences for regional economic diversification after 

fossil fuels, extending well beyond any single project. The 

discussion connects this consideration to the framework's 

implications for practice and policy. Accordingly, the 

discussion situates the framework as an enlargement rather 

than a rejection of existing practice. 

The discussion finally addresses the framework's limitations 

directly, acknowledging that its value depends on whether 

the conditions it represents are the ones that actually govern 

outcomes in a given setting, and that its definitions involve 

choices others might make differently (Eyetsemitan et al., 

2024b). These limitations are presented not as defects to be 

concealed but as the natural boundaries of a conceptual 

contribution, and the discussion identifies them as matters 

that subsequent empirical and comparative work would help 

to clarify, refining the framework's application to the varied 

settings of regional economic diversification after fossil 

fuels. This consideration demonstrates the framework's 

capacity to bring neglected determinants of durability into 

view (Eyetsemitan et al., 2022; Eyetsemitan et al., 2024a). 

A further point of discussion concerns the relationship 

between the framework and the diversity of the settings in 

which regional economic diversification after fossil fuels 

operates, since the framework's claim to generality must be 

reconciled with the evident variation among contexts 

(Hamdan et al., 2023). The discussion argues that the 

framework accommodates this variation through its 

separation of general structure from context-specific 

content, allowing its logic to apply across settings while its 

particulars are re-examined locally. This reconciliation of 

generality with context-sensitivity is, the discussion 

suggests, among the framework's more important features, 

since it determines whether the framework can be useful 

across the range of settings the field encompasses (Fawole et 

al., 2023; Guerrero et al., 2013). 

The discussion also considers how the framework relates to 

the practical constraints under which interventions in 

regional economic diversification after fossil fuels are 

designed and implemented, acknowledging that the 

integration it advocates makes demands on the expertise, 

time, and resources available to projects (IEEFA, 2024). The 

discussion argues that these demands are modest relative to 

the consequences of neglecting the conditions governing 

durability, and that the framework can be applied at varying 

levels of detail according to the resources available. This 

practical consideration is treated as important, since a 

framework that cannot be applied under realistic constraints 

would offer little to the practice it is meant to inform (Hichri 

et al., 2024; Idoko et al., 2023). 

An additional point of discussion concerns the framework's 

contribution to communication and shared understanding 

among the diverse actors involved in interventions, since its 

commensurable representation of technical and social 

factors provides a common basis for deliberation 

(International Energy Agency, 2023). The discussion 

suggests that this communicative function may be among 

the framework's more valuable practical effects, since the 

integration it advocates requires that engineers, social 

specialists, financiers, and communities reason together 

(Ikemba et al., 2024). By providing a shared structure within 

which they can do so, the framework supports the 

organizational integration on which its analytical integration 

depends in the practice of regional economic diversification 

after fossil fuels. The discussion treats this as among the 

framework's features bearing on its practical value. 

A further point of discussion concerns the framework's 

treatment of lifecycle considerations, since by representing 

the costs and conditions of operation over the full life of a 

system the framework addresses a dimension that 

conventional analysis, focused on installation, tends to 

neglect (Jessel et al., 2019). The discussion argues that this 

lifecycle perspective is essential to the framework's account 

of durability, since the affordability and capacity that 

condition sustained use are matters of the working life of a 

system rather than of its deployment. On this account, the 

discussion treats this as among the framework's important 

features, since it brings into view costs and conditions that 

bear directly on whether interventions endure (International 

Energy Agency, n.d.; Jalal et al., 2024). 

The discussion also considers the framework's attention to 

distribution within communities, since by representing how 

benefits and burdens fall among groups, including along 

lines of gender, the framework addresses disparities that 

aggregate analysis obscures (Liao et al., 2023). The 

discussion argues that this attention to intra-community 

distribution is necessary to the framework's account of 

inclusion, since an intervention improving aggregate 

conditions may still affect groups within a community 

unequally (Kou et al., 2024). For regional economic 

diversification after fossil fuels, the discussion treats this as 

a significant feature, since it ensures that the framework's 

account of equity encompasses the disparities that determine 

whether interventions are genuinely inclusive. This point 

reflects the framework's commitment to representing the 

determinants of durability together (Lilian et al., 2024). 

A further point of discussion concerns the framework's 

treatment of environmental resilience, since by representing 

the conditions a system will encounter over its life the 

framework addresses a determinant of durability that 

analysis focused on technical and social factors alone might 

neglect (Mbasso, 2025). The discussion argues that this 

attention to environmental conditions is essential in the 

regions of concern, where climatic stress and environmental 

change bear heavily on whether systems endure. The 

discussion addresses the framework's incorporation of 

resilience as important, since it ensures that durability is 

assessed in light of the full set of conditions, environmental 

as well as social and technical, on which it depends (Lilian 

et al., 2024; Liu et al., 2014). 

A related point of discussion concerns the relationship 

between the framework and the empirical research that 

would test and refine it, since the relationships the 

framework posits are claims about the world that evidence 

must ultimately assess (Mbonu et al., 2022). This discussion 
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acknowledges that the contribution of this paper is explicitly 

conceptual, and it considers what empirical engagement 

would involve, including the development of measures for 

the social conditions the framework identifies and the 

examination of its posited relationships across diverse 

settings. The discussion positions the framework as a 

foundation for subsequent investigation, and it treats the 

empirical work that would consolidate it as lying beyond the 

present paper while being essential to the framework's 

eventual validation (Mbonu et al., 2018; Mbonu et al., 

2020). 

The discussion also considers how the framework bears on 

the standards by which interventions in regional economic 

diversification after fossil fuels are judged, since by treating 

durability, inclusion, and legitimacy as first-order objectives 

it implies a broadening of the criteria of success beyond 

technical performance and cost (Michael & Ogunsola, 

2021c). Because the criteria applied in appraisal shape what 

gets designed and funded, this broadening has consequences 

extending beyond any single intervention to the incentives 

and standards of the field. The discussion treats this as 

among the framework's more significant potential effects, 

since it concerns not only how individual systems are 

designed but how the field as a whole defines and pursues 

success (Michael & Ogunsola, 2021a; Michael & Ogunsola, 

2021b). 

 

8. Conclusion 

This paper has argued that the job-replacement frame, while 

politically salient, is an inadequate guide for transition 

policy because it conflates employment quantity with 

economic resilience and directs investment toward sector 

substitution rather than structural transformation. The 

diversification pathway framework developed here 

operationalizes economic resilience as the primary transition 

objective, assesses regional capabilities as the starting point 

for pathway design, and evaluates policy instruments by 

their contributions to long-run structural diversity and 

adaptive capacity. 

The illustrative application demonstrates that diversification 

pathways differ significantly in their employment 

trajectories, resilience outcomes, and robustness to policy 

uncertainty, and that choosing among them requires explicit 

attention to these trade-offs rather than optimization on a 

single criterion. The portfolio approach that combines 

elements of multiple pathways, weighted by scenario 

credibility, provides a practical response to the genuine 

uncertainty about decarbonization pace, policy continuity, 

and technological change that characterizes the current 

transition context (Adelanwa et al., 2024b). 

The framework's contribution is to provide the conceptual 

structure and analytical tools needed to move beyond job 

counting as the primary metric for just-transition 

assessment. Regions and policymakers equipped with this 

framework will invest in capabilities, institutions, and 

structural diversity rather than in sector substitution alone, 

making choices that improve both the equity and the 

durability of the post-fossil-fuel economies they are 

building. 

This paper has treated regional economic diversification 

after fossil fuels as an integrated socio-technical concern, 

developing the argument that engineering performance and 

social outcomes are interdependent and must be reasoned 

about together rather than in sequence. Its central conclusion 

is that the durability and inclusiveness of interventions 

depend jointly on technical capability and on social and 

institutional conditions, centrally why one-for-one 

renewable job substitution reproduces vulnerability, and 

which mixes most protect the poor, and that the field's 

progress has been limited less by technical capability than 

by the absence of means to bring these dimensions into a 

single account. The contribution has been conceptual 

throughout, offering a way of organizing and reasoning 

about the subject rather than a body of empirical results, and 

it is intended to support more durable and equitable 

outcomes in resource-dependent regions. 

The conclusion that technical and social factors must be 

considered together carries implications for how 

interventions in regional economic diversification after 

fossil fuels are designed, funded, and evaluated, suggesting 

that the social determinants of durability deserve the same 

rigor conventionally reserved for technical parameters. This 

paper has argued that doing so is feasible, that the relevant 

social conditions can be given explicit conceptual definition 

and brought into design, and that the result is a richer and 

more realistic basis for decision than technical analysis 

alone provides. In this sense the work is offered not as a 

final word but as a foundation, one that reframes the design 

task in a way that subsequent empirical work can build upon 

and test. 

Future work should extend the framework in three 

directions: empirically, by testing and refining the 

relationships it posits against evidence from diverse settings. 

Comparatively, by applying it across regions to establish 

where its structure holds and where its content must be 

recalibrated; and methodologically, by developing measures 

for the social conditions it identifies as consequential. 

Pursuing these directions would consolidate the conceptual 

foundation laid here into a tested and transferable approach, 

advancing the broader goal of energy systems that are 

simultaneously technically efficient, economically 

accessible, socially responsive, and adaptable to the 

developing and resource-dependent regions where the need 

is greatest within regional economic diversification after 

fossil fuels. 

A further conclusion concerns the transferability of the 

account developed here, since the framework has been 

constructed so that its general logic can be carried across the 

diverse settings in which regional economic diversification 

after fossil fuels is deployed while its specific content is re-

examined locally. This design reflects the review's 

recognition that the conditions governing durability vary 

across regions even when the technology does not, and it is 

intended to allow insight to travel without the assumption 

that what holds in one context holds in another. The 

conclusion emphasizes that this transferability is a deliberate 

feature rather than an afterthought, and that it is essential if 

the conceptual contribution is to be of use across the range 

of regions that inclusive energy transition must reach. 

A related conclusion involves the implications of the 

analysis for practice and policy in regional economic 

diversification after fossil fuels, since the account developed 

here suggests that the social determinants of durability 

deserve the same rigor conventionally reserved for technical 

parameters. For practitioners, this implies attending to 

participation, capacity, fairness, and governance as integral 

parts of design; for the institutions that fund and regulate 

energy systems, it implies weighing demonstrated attention 
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to these conditions in appraisal and support. The analysis 

underscores that these implications follow directly from the 

analysis, and that acting on them would help align the 

design and funding of interventions with the conditions that 

the evidence identifies as governing durability. 

A final conclusion concerns the broader significance of the 

work for inclusive energy transition, since the regions at the 

centre of regional economic diversification after fossil fuels 

are precisely those where the transition is most fraught and 

where the cost of designing without regard to social 

conditions has been highest. By providing a structured way 

to bring social and technical factors together, the analysis 

contributes to the larger project of ensuring that the 

transition is not only rapid but fair, and that the systems 

built to advance it actually serve the populations they are 

meant to reach. The conclusion situates the contribution 

within this wider purpose, presenting it as a step toward 

energy systems that are efficient, accessible, responsive, and 

adaptable at once. 

The conclusion emphasizes that the central lesson of the 

review is the interdependence of technical and social factors 

in determining the durability and inclusiveness of 

interventions in regional economic diversification after 

fossil fuels. Neither dimension is sufficient alone, and the 

review argues that the field's progress depends on its 

willingness to treat them together, bringing the rigor of the 

technical tradition to bear on the social conditions that 

govern outcomes. This interdependence is the thread that 

runs through the review, and it is the basis for the 

conceptual agenda the review proposes. This conclusion 

underpins the broader argument that technical and social 

factors must be considered together. 

The conclusion reflects on the significance of the review for 

inclusive energy transition, observing that the regions at the 

centre of regional economic diversification after fossil fuels 

are those where the transition is most consequential and 

where designing without regard to social conditions has 

been most costly. By providing a structured account of how 

technical and social factors combine, the review contributes 

to the larger project of ensuring that the transition is both 

rapid and fair, and that the systems built to advance it 

actually serve the populations they are meant to reach. The 

conclusion treats this as part of the contribution this paper 

offers to the field. 

The conclusion identifies directions for future work, 

including the development of measures for the social 

conditions the review identifies, the application of an 

integrated approach across diverse settings, and the 

refinement of the conceptual tools the review calls for. 

Pursuing these directions, the conclusion argues, would 

move the field from a state in which technical and social 

knowledge sit side by side but unintegrated toward one in 

which they are combined in the service of energy systems 

that are efficient, accessible, responsive, and adaptable for 

the regions that need them most. This observation connects 

the conclusion to the directions for future work this paper 

identifies. 

A further point addresses the methodological lesson that 

emerges from the analysis, namely that the social conditions 

governing durability in regional economic diversification 

after fossil fuels can be brought into systematic reasoning 

rather than left to intuition or treated as qualitative 

background. The analysis has argued that these conditions 

can be given explicit conceptual standing and considered 

alongside technical factors, and the conclusion treats this as 

among its more significant contributions, since it extends the 

possibility of rigorous analysis to dimensions that the field 

has tended to address informally. This methodological 

lesson underpins the broader argument that technical and 

social factors can and should be considered together. 

The analysis also bears on the practical orientation of the 

analysis, which has been directed throughout toward the 

improvement of real interventions rather than toward 

abstraction for its own sake. A central lesson is that the 

value of the account developed here lies ultimately in its 

bearing on the durability and inclusiveness of systems in the 

field, and that its concepts and arguments are offered as aids 

to better design, funding, and governance. This practical 

orientation reflects the conviction that scholarship on 

regional economic diversification after fossil fuels should 

serve the populations that interventions are meant to reach, 

and it frames the contribution as a means to that end. 

A second consideration concerns the honesty about 

limitations that the analysis has maintained, since the 

account developed here is conceptual and its value depends 

on application and refinement against experience. The 

conclusion restates plainly that the relationships posited are 

claims that evidence must test, and that the definitions 

adopted involve choices others might make differently. 

Treating these limitations as the natural boundaries of a 

conceptual contribution rather than as defects to be 

concealed, the conclusion identifies them as among the 

matters that subsequent work would address, and it presents 

the contribution in the spirit of a foundation to be built upon. 

A final conclusion situates the work within the larger 

trajectory of the field, observing that the integration of 

technical and social analysis it advocates is part of a broader 

movement toward understanding energy systems as socio-

technical. The conclusion expresses the view that this 

movement is necessary if the field is to address the 

persistent gap between technically sound interventions and 

durable outcomes, and that the account developed here 

contributes to it. By framing the contribution in these terms, 

the conclusion connects the specific argument about 

regional economic diversification after fossil fuels to the 

wider project of designing energy systems that are efficient, 

accessible, responsive, and adaptable for the regions that 

need them most. 

Another conclusion involves the lifecycle perspective that 

has run through the analysis, namely that the durability and 

affordability of interventions in regional economic 

diversification after fossil fuels are determined over their 

working lives rather than at the moment of deployment. It 

warrants emphasis that this perspective reframes the 

assessment of interventions around the years of operation, 

where the conditions governing durability actually bear on 

outcomes, and it identifies the neglect of lifecycle 

considerations as a recurring source of the gap between 

technical promise and field result. This perspective 

underpins the broader argument that durability must be 

designed for and sustained rather than assumed at 

commissioning. 

A complementary conclusion concerns the distributional 

dimensions the analysis has emphasized, namely that the 

inclusiveness of interventions in regional economic 

diversification after fossil fuels depends on how their 

benefits and burdens fall within as well as between 

communities, including along lines of gender. The work 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2435 

makes clear that an account of inclusive outcomes confined 

to aggregate measures would overlook the disparities that 

determine genuine inclusion, and that attention to intra-

community distribution is therefore integral to the analysis. 

This conclusion reflects the broader argument that equity is 

a determinant of durability and a criterion of success, and 

not a consideration secondary to technical and economic 

performance. Accordingly, the conclusion presents the 

contribution as a foundation for subsequent investigation 

(Lilian et al., 2024). 

A final conclusion concerns the environmental dimension 

the analysis has emphasized, namely that the durability of 

interventions in regional economic diversification after 

fossil fuels depends on their resilience to the demanding and 

changing conditions of the regions of concern. What stands 

out is that durability cannot be assessed apart from the 

environmental conditions of deployment, and that these 

conditions, intensified by the very changes the transition is 

meant to address, bear heavily on whether interventions 

endure. This conclusion reinforces the broader argument 

that durability is conditional on the full set of factors, 

environmental as well as social and technical, that the 

analysis has sought to bring into a single account. 

A related conclusion involves the relationship between the 

conceptual contribution offered here and the practice it is 

ultimately meant to serve, since the framework is intended 

not as an abstraction but as a guide to the design, funding, 

and governance of interventions in regional economic 

diversification after fossil fuels. This paper has argued that 

the social determinants of durability can be brought into 

systematic reasoning alongside technical considerations, and 

the conclusion emphasizes that the value of doing so lies in 

improving the prospects of real interventions in the field. 

The contribution is therefore offered in a practical spirit, as a 

way of reasoning that practitioners and decision-makers can 

apply to the problems they actually face. 

A further point addresses the broader significance of the 

approach for the field's understanding of itself, since the 

integration of technical and social analysis advocated here 

reflects a wider movement toward treating energy systems 

as socio-technical. The conclusion expresses the view that 

this movement is necessary if the persistent gap between 

technically sound interventions and durable outcomes is to 

be closed, and that the account developed here contributes to 

it. By situating its specific argument about regional 

economic diversification after fossil fuels within this larger 

trajectory, this conclusion connects this paper to the broader 

project of designing energy systems that are efficient, 

accessible, responsive, and adaptable for the regions that 

need them most. 

 

9. References 

1. Abioye RF, Okojie JS, Filani OM, Ike PN, Idu JOO, 

Nnabueze SB, et al. Automated ESG reporting in 

energy projects using blockchain-driven smart 

compliance management systems. International Journal 

of Multidisciplinary Evolutionary Research. 2023; 

4(2):120-129. Doi: 

https://doi.org/10.54660/IJMER.2023.4.2.120-129 

2. Abolarin SM, Shitta MB, Metuaghan EA, Nwosu BP, 

Aninyem MC. The effect of specifications of solar 

photovoltaic modules on array peak power, quantity, 

and weight in residential buildings. In Localized energy 

transition in the 4th industrial revolution, 2024, 1-19. 

3. Adelanwa A, Basnet A, Anene UN. Predictive 

Analytics Models for Financial Risk Detection and 

Fraud Prevention in Public Systems. 2023a; 3(6). Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.5969 

4. Adelanwa A, Basnet A, Anene UN. Data Driven Digital 

Transformation Models for Lifecycle Performance 

Management in Infrastructure Delivery. 2023b; 

3(6):2646-2662. Doi: 

https://doi.org/10.62225/2583049X.2023.3.6.5968 

5. Adelanwa A, Basnet A, Anene UN. Advanced AI-

Based Decision Support Systems for Healthcare 

Operations and Resource Planning. 2024a; 7(1). Doi: 

http://doi.org/10.32628/GISRRJ 

6. Adelanwa A, Basnet A, Anene UN. Performance 

Intelligence Models for Optimization and Outcome 

Measurement in Large Scale Public Services. 2024b; 

6(1). Doi: https://doi.org/10.32628/SHISRRJ 

7. Adeniji IO, Shittu H, Liadi KO, Shittu MA, Elumilade 

RA, Oteri O. Mitigating harmonic distortion in urban 

distribution networks using hybrid AI-based control 

models. International Journal of Advanced 

Multidisciplinary Research and Studies. 2025; 

5(6):2055-2068. 

8. Adesiyan YR, Alaba PA. Field-Grown Switchgrass 

(Panicum virgatum L.) as a Bioenergy Feedstock: A 

Review of Phenotype Data Collection and Analysis. 

Journal of Biotechnology & Bioresearch. 2024; 

5(4):JBB.000618. Doi: 

https://doi.org/10.31031/JBB.2024.05.000618 

9. Adesuyi MO, Kalu A, Walawalkar G. Data-led cost 

governance in technology-intensive enterprises. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2023; 9(3):877-896. Doi: 

https://doi.org/10.32628/IJSRCSEIT 

10. Adeyemi A, et al. Empowering communities beyond 

wires: Renewable energy microgrids and the impacts on 

energy poverty and socio-economic outcomes. Energy 

Reports / ScienceDirect, 2024. 

https://www.sciencedirect.com/science/article/pii/S2352

484724006814 

11. Agbabiaka J, Okonkwo CS, Ogunwole O, Mayo W, 

Okeke OT. Supply Chain Risk Management Model for 

EPC and Gas Processing Projects. IRE Journals. 2019; 

3(2):968-980. Doi: 10.64388/IREV3I2-1713124 (Anene 

& Clement, 2022; Dada et al., 2021). 

12. Ahmad T, Zhang H, Yan B. A review on renewable 

energy and electricity requirement forecasting models 

for smart grid and buildings. Sustainable Cities and 

Society. 2020; 55:102052. Doi: 

https://doi.org/10.1016/j.scs.2020.102052 

13. Ahmed SD, Al-Ismail FSM, Shafiullah M, et al. Grid 

integration challenges of wind energy: A review. IEEE 

Access. 2020; 8:10857-10878. 

14. Ajayi OO, Oparah OS, Ezeh FE, Olatunji GI. Policy 

and systems framework linking agricultural practices 

with improved nutrition outcomes at population level. 

International Journal of Applied Research in Social 

Sciences. 2025; 7(10):783-804. Doi: 

10.51594/ijarss.v7i10.2083 

15. Ajayi-Kaffi O, Igba E, Azonuche TI, Ijiga OM. Agile-

Driven Digital Transformation Frameworks for 

Optimizing Cloud-Based Healthcare Supply Chain 

Management Systems. International Journal of 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2436 

Scientific Research and Modern Technology. 2025; 

4(5):138-156. Doi: 

https://doi.org/10.38124/ijsrmt.v4i5.1002 

16. Akanbi O, Ganiu OS, Sunday EA. A multi-agent AI 

framework for swarm intelligence in autonomous 

mobile robot (AMR) fleet coordination. International 

Journal of Scientific Research in Humanities and Social 

Sciences. 2025; 2(1):81-109. 

17. Akindeji KT, Ewim DRE. Economic and environmental 

analysis of a grid-connected hybrid power system for a 

university campus. Bulletin of the National Research 

Centre. 2023; 47(1):75. 

18. Akindeji KT, Aluko A, Ewim DRE, Egieya JM, 

Mazibuko T, Moloi K. Combined economic emission 

dispatch using a novel quantum behaved-BAT 

algorithm for a hybrid microgrid. Proceedings of the 

2024 International Conference on Science, Engineering 

and Business for Sustainable Development, 2024. 

19. Akowuah PA, Gyamfi S. Energy security and the 

renewable energy transition in Africa: A systematic 

review. Energy Reports. 2021; 7:7290-7303. 

20. Aliliele C, Mbonu IS, Iwuanyanwu U. A Review of API 

Governance and Risk Prioritization Frameworks in 

Modern Financial Institutions. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2023; 9(10):395-433. 

Doi: 10.32628/CSEIT2361072 

21. Aliliele C, Mbonu IS, Uzoka E, Iwuanyanwu U. 

Advances in Data Lakehouse Governance Architectures 

for Enterprise Data Loss Prevention and Compliance 

Assurance. Shodhshauryam, International Scientific 

Refereed Research Journal. 2025; 8(4):193-235. Doi: 

10.32628/SHISRRJ258474 

22. Ambali KB, Eyetsemitan RA, Oyeleye AO, Fadayomi 

O. Lean Six Sigma for Small Enterprises: A Systematic 

Review and Lite-DMAIC Adaptation Framework for 

Resource-Constrained Organizations. IRE Journals. 

2021; 5(5):562-583. Doi: 10.64388/IREV5I5-1716957 

23. Aminu-Ibrahim A, Ogbete JC. Governance and 

accountability models for public private partnerships in 

healthcare infrastructure development. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2024; 4(6):2943-2960. 

24. Aminu-Ibrahim A, Ogbete JC, Iwuanyanwu OC. 

Sustainable Healthcare Infrastructure Performance 

Metrics for Long-Term Asset Management and Value 

Creation. International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2025; 11(4):566-601. Doi: 

10.32628/CSEIT251116277 

25. Aminu-Ibrahim AY, Ogbete JC, Ambali KB. 

Governance and Accountability Models for Public 

Private Partnerships in Healthcare Infrastructure 

Development. International Journal of Advanced 

Multidisciplinary Research and Studies. 2024; 

4(6):2943-2960. Doi: 

10.62225/2583049X.2024.4.6.5699 

26. Anene UN, Clement T. A Resilient Logistics 

Framework for Humanitarian Supply Chains: 

Integrating Predictive Analytics, IoT, and Localized 

Distribution to Strengthen Emergency Response 

Systems. 2022; 8(5):398-424. Doi: 

https://doi.org/10.32628/IJSRCSEIT 

27. Anene UN, Clement T. Localized Supply Chain 

Solutions for Sustainable Community Development. 

2024; 11(5). Doi: https://doi.org/10.32628/IJSRST 

28. Anioke SC, Atima ME. Public health informatics 

frameworks for protecting vulnerable populations 

through data-driven policy enforcement. International 

Journal of Advanced Multidisciplinary Research 

Studies. 2023; 3(6):2564-2579. 

29. Arowogbadamu AA-G, Oziri ST, Bibire OS-L. Data-

Driven Customer Value Management Strategies for 

Optimizing Usage, Retention, and Revenue Growth in 

Telecoms. Shodhshauryam, International Scientific 

Refereed Research Journal. 2021; 4(4):294-314. Doi: 

10.32628/SHISRRJ214455 

30. Arumosoye OM, Obriki OD. Development of an 

Integrated Heat Stress Risk Conceptual Model for 

Industrial Operations in Extreme Environments. IRE 

Journals. 2018; 1(12):141-160. Doi: 

10.64388/IREV1I12-1714415 

31. Arumosoye OM, Obriki OD. Systematic Review of 

Near-Miss and Hazard Observation Data Utilization in 

Industrial Safety Management. IRE Journals. 2019; 

3(2):981-999. Doi: 10.64388/IREV3I2-1714417 

32. Arumosoye OM, Obriki OD. A Governance-Oriented 

Conceptual Model for Contractor Safety Performance in 

Multi-Contract Industrial Projects. International Journal 

of Multidisciplinary Research and Growth Evaluation. 

2020; 1(5):728-740. Doi: 

10.54660/.IJMRGE.2020.1.5.728-740 

33. Arumosoye OM, Obriki OD. Organizational Learning-

Based Conceptual Maturity Model for Continuous 

Safety Performance Improvement. International Journal 

of Multidisciplinary Research and Growth Evaluation. 

2021; 2(1):970-980. Doi: 

10.54660/.IJMRGE.2021.2.1.970-980 

34. Arumosoye OM, Obriki OD. Conceptual Risk Pathway 

Model for Lifting and Rigging Operations in Heavy 

Industrial Construction. Gyanshauryam, International 

Scientific Refereed Research Journal. 2022; 5(5):346-

369. Doi: 10.32628/GISRRJ2256237 

35. Arumosoye OM, Obriki OD. Conceptual Model for 

Emergency Response Readiness and Capability in 

Energy and Process Facilities. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2023; 9(3):897-917. Doi: 

10.32628/CSEIT25112791 

36. Arumosoye OM, Obriki OD. Conceptual Model of 

Safety Leadership Influence in Large Temporary 

Project Organizations. International Journal of 

Advanced Multidisciplinary Research and Studies. 

2024; 4(6):3034-3047. Doi: 

10.62225/2583049X.2024.4.6.5895 

37. Arumosoye OM, Obriki OD, Ozobu CO. Conceptual 

Framework for Environmental Risk Control and ESG 

Performance Through Waste Handling and Operational 

Discipline. Gyanshauryam, International Scientific 

Refereed Research Journal. 2025; 8(4):177-198. Doi: 

10.32628/GISRRJ258367 

38. Awanye EN, Ekpedo L, Morah OO, Adeyoyin O, 

Agbosu EK. Conceptual framework for integrated 

energy trading risk governance and value optimization 

decisions. Shodhshauryam, International Scientific 

Refereed Research Journal. 2024; 7(3):273-290. Doi: 

https://doi.org/10.32628/SHISRRJ 

39. Azeez LO, Badmus O. Predictive analytical framework 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2437 

for identifying vapor intrusion risks across urban 

redevelopment zones. International Journal of Scientific 

Research in Humanities and Social Sciences. 2024; 

1(1):524-555. 

40. Babawurun T, Ewim DRE, Scott TO, Neye-Akogo C. A 

comprehensive review of wind turbine modeling for 

addressing energy challenges in Nigeria and South 

Africa in the 4IR context. The Journal of Engineering 

and Exact Sciences. 2023; 9(2):15479-01e. 

41. Basnet A, Oghenemaiga E, Anene UN. Real Time 

Analytics and Monitoring Systems for Livestream 

Media Performance Using Google Platforms. 2023; 

10(1). Doi: https://doi.org/10.32628/IJSRCSEIT 

42. Basnet A, Oghenemaiga E, Anene UN. Attribution, 

Revenue, and Yield Optimization Models Using Google 

Ad Manager Reporting and Forecasting Tools. 2024; 

4(6). Doi: 

https://doi.org/10.62225/2583049X.2024.4.6.5667 

43. Bednar DJ, Reames TG, Keoleian GA. The intersection 

of energy and justice: Modeling the spatial, racial/ethnic 

and socioeconomic patterns of urban residential heating 

consumption and efficiency in Detroit, Michigan. 

Energy and Buildings. 2017; 143:25-34. Doi: 

https://doi.org/10.1016/j.enbuild.2017.03.028 

44. Bhattacharyya S, Pathak M, Sharifpur M, Chamoli S, 

Ewim DRE. Heat transfer and exergy analysis of solar 

air heater tube with helical corrugation and perforated 

circular disc inserts. Journal of Thermal Analysis and 

Calorimetry. 2021; 145(3):1019-1034. 

45. Bibire Seyi-Lande O, Arowogbadamu AA, Oziri ST. 

End-to-End Product Lifecycle Management as a 

Strategic Framework for Innovation in 

Telecommunications Services. International Journal of 

Multidisciplinary Evolutionary Research. 2020; 

1(2):54-64. Doi: 10.54660/IJMER.2020.1.2.54-64 

46. Boschma R. Towards an evolutionary perspective on 

regional resilience. Regional Studies. 2015; 49(5):733-

751. 

47. Bristow G, Healy A. Regional resilience: An agency 

perspective. Regional Studies. 2014; 48(5):923-935. 

48. Burke MJ, Stephens JC. Political power and renewable 

energy futures: A critical review. Energy Research and 

Social Science. 2018; 35:78-93. 

49. Chizoba Michael Okafor, Vivian Chilee Osuji, Omoize 

Fatimetu Dako. Harmonizing Risk Governance, 

Technology Infrastructure, and Compliance 

Frameworks for Future-Ready Banking Systems. 

International Journal of Scientific Research in 

Humanities and Social Sciences. 2024; 1(1):316-337. 

Doi: 10.32628/IJSRSSH 

50. Collath N, et al. What drives capacity degradation in 

utility-scale battery energy storage systems? The impact 

of operating strategy and temperature in different grid 

applications. Journal of Energy Storage. 2021; 44. Doi: 

https://doi.org/10.1016/j.est.2021.103217 

51. Cooke P. Transition regions: Regional-national eco-

innovation systems and strategies. Progress in Planning. 

2011; 76(3):105-146. 

52. Dada T, Isiekwu CP, Oluwo K. Advances in 

multinational cash flow consolidation and FX risk 

control using tiered treasury architecture. IRE Journals. 

2021a; 4(11):601-620. Doi: 

https://doi.org/10.64388/IREV4I11-1714351 

53. Dada T, Isiekwu CP, Oluwo K. Designing CRM-based 

sales forecasting models for multichannel lending 

institutions. IRE Journals. 2021b; 5(3):451-466. Doi: 

https://doi.org/10.64388/IREV5I3-1714352 

54. Dada T, Isiekwu CP, Oluwo K. Longitudinal study on 

the effectiveness of entrepreneurial training in emerging 

economies. International Journal of Advanced 

Multidisciplinary Research and Studies. 2024; 

4(6):2994-3007. 

55. Dagodzo D. A Conceptual Framework for UAV 

Integration into National Power Grid Inspection 

Programs. IRE Journals. 2018a; 2(5):391-412. Doi: 

10.64388/IREV2I5-1716082 

56. Dagodzo D. A Review of UAV Applications in 

Electrical Transmission Line Inspection: Methods, 

Technologies, and Challenges. IRE Journals. 2018b; 

2(6):234-254. Doi: 10.64388/IREV2I6-1716083 

57. Dagodzo D, Ahiaeke Patrick MC. UAV-Based Pipeline 

and Corridor Monitoring: A Review of Current 

Practices and Emerging Technologies. IRE Journals. 

2020; 3(10):574-597. Doi: 10.64388/IREV3I10-

1716084 

58. Dagodzo D, Ahiaeke Patrick MC. A Review of GIS 

Applications in Utility Asset Management and 

Infrastructure Planning. IRE Journals. 2021a; 5(3):468-

492. Doi: 10.64388/IREV5I3-1716085 

59. Dagodzo D, Ahiaeke Patrick MC. An Integrated 

Framework for UAV, LiDAR, and GIS in Infrastructure 

Corridor Management. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2021b; 7(5):497-524. 

Doi: 10.32628/CSEIT217566 

60. Dagodzo D, Ahiaeke Patrick MC. A Review of Right-

of-Way Encroachment Detection Methods Using 

Geospatial Technologies. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2022; 8(1):638-667. Doi: 

10.32628/CSEIT2281226 

61. Dagodzo D, Ahiaeke Patrick MC. A Framework for 

Integrating Drone Operations into Enterprise GIS 

Systems for Utility Companies. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2023a; 9(4):924-957. Doi: 

10.32628/CSEIT23564536 

62. Dagodzo D, Ahiaeke Patrick MC. A Review of UAV 

Regulatory Frameworks in Developing Economies: 

Progress, Gaps, and Recommendations. International 

Journal of Scientific Research in Computer Science, 

Engineering and Information Technology. 2023b; 

9(4):958-994. Doi: 10.32628/CSEIT23564537 

63. Dagodzo D, Ahiaeke Patrick MC. A Framework for 

National-Scale UAV Deployment in Power 

Infrastructure: Lessons from Developing Economies. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2025; 11(4):779-824. Doi: 

10.32628/CSEIT251116286 

64. Dagodzo D, Ahiaeke Patrick MC, Aliliele C. AI and 

Deep Learning for Vegetation Classification in Power 

Corridor Management: A Review. International Journal 

of Scientific Research in Computer Science, 

Engineering and Information Technology. 2022; 

8(1):668-698. Doi: 10.32628/CSEIT2281227 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2438 

65. Dawley S, Pike A, Tomaney J. Towards the resilient 

region? Local Economy. 2010; 25(8):650-667. 

66. Dioha MO, Kumar A, Ewim DRE, Emodi NV. 

Alternative scenarios for low-carbon transport in 

Nigeria: A long-range energy alternatives planning 

system model application. In Economic effects of 

natural disasters, 2021, 511-527. 

67. Efobi OZ, Akinleye OK, Fasawe O. Framework for 

Data-Driven Operations Management and Performance 

Improvement in Educational Institutions, 2021. 

68. Egieya JM, Ayo-Imoru RM, Ewim DRE, Agedah EC. 

Human resource development and needs analysis for 

nuclear power plant deployment in Nigeria. Nuclear 

Engineering and Technology. 2022; 54(2):749-763. 

69. Ekechi AT. Framework for Evaluating the 

Thermodynamic Behavior of Gas Turbine Components 

under Variable Conditions. International Journal of 

Multidisciplinary Futuristic Development. 2020; 

1(5):358-374. 

70. Ekechi AT. Conceptual Model for Renewable Energy 

Integration in Industrial Chemical Engineering 

Processes. International Journal of Future Engineering 

Innovations. 2024; 1(6):68-89. 

71. Ekechi AT. Framework for Energy Efficiency 

Enhancement through Process Parameter Optimization 

in Power Systems. International Journal of Advanced 

Multidisciplinary Research and Studies. 2024; 

4(6):2709-2730. 

72. Ekechi AT. Conceptual Framework for Sustainable 

Chemical Engineering Practices in Emerging Energy 

Economies. International Journal of Future Engineering 

Innovations. 2025; 2(6):9-36. 

73. Ekechi AT, Fasasi TS. Conceptual Framework for 

Process Optimization in Gas Turbine Performance and 

Energy Efficiency. International Journal of Future 

Engineering Innovations. 2020; 1(2):138-153. 

74. El-Rashidy N, Ali ZH, Sultan YA. A Predictive 

Machine Learning Approach for Early Fault 

Identification in Solar Photovoltaic Systems. Electric 

Power Systems Research. 2025; 247:111856. Doi: 

https://doi.org/10.1016/j.epsr.2025.111856 (Oluwo et 

al., 2024; Adelanwa et al., 2024a). 

75. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. Multi-Stakeholder Governance Alignment in Joint 

Venture Operations: A Conceptual Framework for 

Coordinating Business Processes in Highly Regulated 

Environments. IRE Journals. 2020; 4(4):418-441. Doi: 

10.64388/IREV4I4-1716955 

76. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. Translating Tax and Regulatory Requirements into 

SME Compliance Workflows: A Conceptual 

Framework for Implementing IAS 12, VAT, PAYE, 

and Withholding Tax. IRE Journals. 2021; 4(11):621-

641. Doi: 10.64388/IREV4I11-1716956 

77. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. Change Management in Small Business Digital 

Transformation: A Systematic Review and Lean 

Change Adoption Framework. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2023a; 6(6):521-550. Doi: 10.32628/GISRRJ236648 

78. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. User Acceptance Testing in Small Business 

Technology Deployment: A Structured Validation 

Framework for Lean Operational Environments. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2023b; 4(6):1512-1531. Doi: 

10.54660/IJMRGE.2023.4.6.1512-1531 

79. Eyetsemitan RA, Ambali KB, Oyeleye AO, Fadayomi 

O. An Integrated Lean-Digital Framework for Scaling 

Small Business Operations: Synthesizing SOP Design, 

Automation, Compliance, and Change Management. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2025; 6(6):1341-1360. Doi: 

10.54660/IJMRGE.2025.6.6.1341-1360 

80. Eyetsemitan RA, Oyeleye AO, Ambali KB, Fadayomi 

O. Standard Operating Procedures as Strategic Assets in 

Small Business Operations: A Systematic Review and 

Implementation Framework. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2022; 5(2):438-465. Doi: 10.32628/GISRRJ225356 

81. Eyetsemitan RA, Oyeleye AO, Ambali KB, Fadayomi 

O. CRM and Workflow Automation in Small 

Healthcare Practices: A Process Efficiency Framework 

for Scalable Patient Engagement. International Journal 

of Multidisciplinary Research and Growth Evaluation. 

2024a; 5(6):1931-1949. Doi: 

10.54660/IJMRGE.2024.5.6.1931-1949 

82. Eyetsemitan RA, Oyeleye AO, Ambali KB, Fadayomi 

O. Data-Driven Process Optimization in Micro-

Enterprises: A Conceptual Framework for Funnel 

Analysis and Bottleneck Identification. International 

Journal of Multidisciplinary Research and Growth 

Evaluation. 2024b; 5(6):1950-1968. Doi: 

10.54660/IJMRGE.2024.5.6.1950-1968 

83. Fath BD, Dean CA, Katzmair H. Navigating the 

adaptive cycle: An approach to managing the resilience 

of social systems. Ecology and Society. 2015; 20(2):24. 

84. Fawole AA, Orikpete OF, Ehiobu NN, Ewim DRE. 

Climate change implications of electronic waste: 

Strategies for sustainable management. Bulletin of the 

National Research Centre. 2023; 47(1):147. 

85. Freire-Trigo S, Truffer B, Murphy JT. Reconsidering 

fossil fuel transitions at the regional scale: A multi-level 

perspective. Energy Research and Social Science. 2022; 

84:102380. 

86. Grabher G. The weakness of strong ties: The lock-in of 

regional development in the Ruhr area. In G. Grabher 

(Ed.), The Embedded Firm. Routledge, London, 1993, 

255-277. 

87. Guerrero JM, Chandorkar M, Lee T-L, Loh PC. 

Advanced control architectures for intelligent 

microgrids, part I: Decentralized and hierarchical 

control. IEEE Transactions on Industrial Electronics. 

2013; 60(4):1254-1262. 

88. Hamdan A, Al-Salaymeh A, Al Hamad IM, Ikemba S, 

Ewim DRE. Predicting future global temperature and 

greenhouse gas emissions via LSTM model. 

Sustainable Energy Research. 2023; 10(1):21. 

89. Hassink R. Regional resilience: A promising concept to 

explain differences in regional economic adaptability? 

Cambridge Journal of Regions, Economy and Society. 

2010; 3(1):45-58. 

90. Heffron RJ, McCauley D. The concept of energy justice 

across the disciplines. Energy Policy. 2017; 105:658-

667. 

91. Hichri A, Hajji M, Mansouri M, Nounou H, Bouzrara 

K. Supervised Machine Learning-Based SALP Swarm 

Algorithm for Fault Diagnosis of Photovoltaic Systems. 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2439 

Journal of Engineering and Applied Science. 2024; 

71(1):12. Doi: https://doi.org/10.1186/s44147-023-

00344-z 

92. Idoko IP, Ayodele TR, Abolarin SM, Ewim DRE. 

Maximizing the cost effectiveness of electric power 

generation through the integration of distributed 

generators: Wind, hydro and solar power. Bulletin of 

the National Research Centre. 2023; 47(1):166. 

93. IEEFA and auctusESG. Blended Finance: A viable 

mechanism for financing energy transition in 

developing countries, 2024. 

https://ieefa.org/articles/blended-finance-viable-

mechanism-financing-energy-transition-developing-

countries 

94. Ijiga OM, Anim-Sampong SD, Ilesanmi MO. Land Use 

Optimization for Utility-Scale Solar and Wind Projects. 

International Journal of Scientific Research in Science, 

Engineering and Technology. 2022; 9(6):505-510. 

95. Ijiga OM, Okika N, Balogun SA, Agbo OJ, Enyejo LA. 

Recent Advances in Privacy-Preserving Query 

Processing Techniques for Encrypted Relational 

Databases in Cloud Infrastructure. International Journal 

of Computer Science and Information Technology 

Research. 2025; 13(3). Doi: 

https://doi.org/10.5281/zenodo.15834617 

96. Ikemba S, Song-Hyun K, Scott TO, Ewim DRE, 

Abolarin SM, Fawole AA. Analysis of solar energy 

potentials of five selected south-east cities in Nigeria 

using deep learning algorithms. Sustainable Energy 

Research. 2024; 11(1):2. 

97. Ilesanmi MO, Bamigwojo OV, Jinadu SO, Oyekan M, 

Ijiga OM. Mitigating Regulatory and Market Risks in 

U.S. Renewable Energy Portfolios: A Portfolio Asset 

Manager’s Perspective. International Journal of 

Scientific Research in Science and Technology. 2023; 

10(6):878-906. Doi: 

https://doi.org/10.32628/IJSRST5231103 

98. Ilesanmi MO, Okoh OF, Balogun SA, Ijiga OM. Data-

Driven Portfolio Optimization for Utility-Scale Solar, 

Wind, and Battery Energy Storage Systems (BESS): 

Integrating Performance Analytics with Investor 

EBITDA Targets. International Journal of Scientific 

Research and Modern Technology. 2024; 3(11):141-

155. 

99. Ilesanmi MO, Raphael FO, Oyekan M, Jinadu SO, Ijiga 

OM. Hydrogen Integrated Wind Farms: Applying Real-

Time Electrolyzer Optimization and Turbine 

Curtailment Minimization Strategies. South Asia 

Journal of Multidisciplinary Studies, 2025. 

100. International Energy Agency. Accelerating Just 

Transitions for the Coal Sector: Policies for people-

centred and just transitions. IEA, 2023. 

https://www.iea.org/reports/accelerating-just-

transitions-for-the-coal-sector 

101. International Energy Agency. Ensuring a Strong Labour 

Dimension for Just and Inclusive Energy Transitions. 

IEA. https://www.iea.org/reports/ensuring-a-strong-

labour-dimension-for-just-and-inclusive-energy-

transitions 

102. International Renewable Energy Agency (IRENA). 

Renewable Power Generation Costs in 2020. IRENA, 

Abu Dhabi, 2021. 

103. Isiekwu CP. A social marketing framework for reducing 

public resistance to new policy interventions. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2025; 11(4):602-624. 

104. Isiekwu CP, Oluwo K, Dada T. A conceptual model for 

CFO-led strategic finance in joint venture and cross-

border partnerships. IRE Journals. 2021; 4(7):383-400. 

Doi: https://doi.org/10.64388/IREV4I7-1714350 

105. Isiekwu CP, Oluwo K, Dada T. A post-pandemic 

strategic collaboration model for banks and capital 

markets: Addressing resilience, recovery, and growth 

challenges. International Journal of Advanced 

Multidisciplinary Research and Studies. 2025; 

5(6):2104-2116. 

106. Jalal M, Khalil IU, Ul Haq A. Deep Learning 

Approaches for Visual Faults Diagnosis of Photovoltaic 

Systems: State-of-the-Art Review. Results in 

Engineering. 2024; 23:102622. Doi: 

https://doi.org/10.1016/j.rineng.2024.102622 

107. Jessel S, Sawyer S, Hernandez D. Energy, Poverty, and 

Health in Climate Change: A Comprehensive Review 

of an Emerging Literature. Frontiers in Public Health. 

2019; 7:357. Doi: 

https://doi.org/10.3389/fpubh.2019.00357 

108. Jinadu SO, Akinleye KE, Ijiga OM. Deployment of 

Geological CO2 Sequestration with Proprietary 

Injection Techniques for Oil Yield Optimization and 

Energy Independence. International Journal of 

Scientific Research in Science, Engineering and 

Technology. 2024; 11(6). 

109. Kou G, Dincer H, Yuksel S, Deveci M. Synergistic 

integration of digital twins and sustainable industrial 

internet of things for new generation energy 

investments. Journal of Advanced Research. 2024; 

66:39-46. 

110. Leslie Wedraogo, Sadick Essandoh, Joy Kweku Sakyi, 

Ayomide Kashim Ibrahim, Chizoba Michael Okafor, 

Ayodele Sunday Babalola, et al. Analysis of Vendor 

Management Practices and their Effects on Supply 

Chain Performance. International Journal of 

Multidisciplinary Futuristic Development. 2025; 

6(1):42-54. 

111. Liadi KO. Developing a Peacebuilding Effectiveness 

Framework for Nigeria's Foreign Policy in West Africa. 

Gyanshauryam, International Scientific Refereed 

Research Journal (GISRRJ). 2022; 5(1). Doi: 

10.32628/GISRRJ203359 

112. Liadi KO. An Economic Interdependence Model of 

Nigeria-China Relations and Its Effects on Industrial 

Growth and Infrastructure. SHISRRJ. 2023a; 6(4). Doi: 

10.32628/SHISRRJ236175 

113. Liadi KO. Designing an Oil Diplomacy Diversification 

Model: Assessing the Shift from Petroleum Influence to 

Broader Economic Engagement. SHISRRJ. 2023b; 

6(3). Doi: 10.32628/SHISRRJ236925 

114. Liadi KO. A Model for Linking Nigeria's Diplomatic 

Engagement to Sustainable Development Outcomes in 

ECOWAS States. GISRRJ. 2023c; 6(3). Doi: 

10.32628/GISRRJ236332 

115. Liadi KO. A Soft Power Projection Framework: 

Education, Cultural Diplomacy, and Regional 

Development in Nigeria's Foreign Policy. GISRRJ. 

2024a; 7(2):241-268. Doi: 10.32628/GISRRJ247230 

116. Liadi KO. Designing a Cross-Border Security 

Cooperation Model: Nigeria's Foreign Policy Response 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2440 

to Regional Terrorism. GISRRJ. 2024b; 7(3). Doi: 

10.32628/GISRRJ247324 

117. Liadi KO. Developing a Humanitarian Diplomacy 

Model: Nigeria's Foreign Policy and Post-Conflict 

Recovery in the Sahel. SHISRRJ. 2024c; 7(4). Doi: 

10.32628/SHISRRJ247161 

118. Liadi KO. Conceptualizing a Governance Reform 

Impact Model for Nigeria's Peacekeeping Missions in 

Post-Conflict States. Int. J. Adv. Multidiscip. Res. Stud. 

2024d; 4(1):1622-1636. Doi: 

10.62573/ijamrs.4.1.2024.ID49 

119. Liadi KO. Developing a Continental Peace Integration 

Framework: Nigeria's Role in African Union Foreign 

Policy Initiatives. IJMRGE, 2025a. 

120. Liadi KO. A Policy Alignment Model for Nigeria's 

Foreign Policy and Global Climate Diplomacy Goals. 

IJMRGE, 2025b. 

121. Liao W, Ruan J, Xie Y, et al. Deep learning time 

pattern attention mechanism-based short-term load 

forecasting method. Frontiers in Energy Research. 

2023; 11. Doi: 

https://doi.org/10.3389/fenrg.2023.1227979 

122. Lilian IN, Liadi KO, Yeboah TJ. Multilingual 

ecofeminism and environmental justice: Rethinking 

gender, language, and ecology in global contexts. 

Journal of Humanities and Social Policy. 2024; 

10(6):195-222. 

123. Lilian IN, Liadi KO, Yeboah TJ. Language and 

Collaboration Across the Humanities and Social 

Sciences: Addressing Global Challenges Through 

Multidisciplinary Dialogue. IRE Journals. 2025; 9(1). 

Doi: 10.64388/IREV9I1-1713696 

124. Lilian IN, Liadi KO, Yeboah TJ, Apelehin AA. 

Understanding Cross-Cultural Communication: 

Identity, Diversity, and Global Interaction. GISRRJ. 

2020; 3(4). Doi: 10.32628/GISRRJ21352 

125. Liu W, Gu W, Sheng W, Meng X, Wu Z, Chen W. 

Decentralized Multi-Agent System-Based Cooperative 

Frequency Control for Autonomous Microgrids with 

Communication Constraints. IEEE Transactions on 

Sustainable Energy. 2014; 5(2):446-456. 

126. Lund PD, Lindgren J, Mikkola J, Salpakari J. Review of 

energy system flexibility measures to enable high levels 

of variable renewable electricity. Renewable and 

Sustainable Energy Reviews. 2015; 45:785-807. 

127. Markard J, Raven R, Truffer B. Sustainability 

transitions: An emerging field of research and its 

prospects. Research Policy. 2012; 41(6):955-967. 

128. Mbasso WF, Harrison, et al. Digital twins in renewable 

energy systems: A comprehensive review of concepts, 

applications, and future directions. Energy Strategy 

Reviews / ScienceDirect, 2025. 

https://www.sciencedirect.com/science/article/pii/S2211

467X25001774 

129. Mbonu IS, Aliliele C, Iwuanyanwu U, Oluoha OM. A 

Conceptual Framework for Legal and Ethical Risk 

Modeling in Enterprise Data Protection Governance 

Systems. Iconic Research and Engineering Journals. 

2018; 2(2):207-226. Doi: 10.64388/IREV2I2-1714911 

130. Mbonu IS, Iwuanyanwu U, Aliliele C, Uzoka E. 

Advances in Infrastructure as Code Governance for 

Secure Terraform Based Enterprise Cloud 

Deployments. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2020; 1(5):811-828. 

Doi: 10.54660/.IJMRGE.2020.1.5.811-828 

131. Mbonu IS, Iwuanyanwu U, Aliliele C, Uzoka E. 

Advances in Cloud Identity and Access Governance 

Optimization in Large Scale AWS Enterprise 

Environments. Shodhshauryam, International Scientific 

Refereed Research Journal. 2022; 5(3):403-438. Doi: 

10.32628/SHISRRJ225490 

132. Michael ON, Ogunsola OE. Analyzing the Alignment 

of Agricultural Policy Frameworks with National 

Sustainable Development Priorities. International 

Journal of Scientific Research in Computer Science, 

Engineering and Information Technology. 2021a; 

7(1):492-518. Doi: 10.32628/IJSRCSEIT 

133. Michael ON, Ogunsola OE. Assessing the Role of 

Digital Agriculture Tools in Shaping Sustainable and 

Inclusive Food Systems. Gyanshauryam, International 

Scientific Refereed Research Journal. 2021b; 4(4):154-

181. Doi: 10.32628/GISRRJ 

134. Michael ON, Ogunsola OE. Impact of Data-Driven 

Agricultural Policy Models on Food Production 

Efficiency and Resource Optimization. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2021c; 4(4):182-208. Doi: 10.32628/GISRRJ 

135. Michael ON, Ogunsola OE. Examining the 

Socioeconomic Barriers to Technological Adoption 

Among Smallholder Farmers in Remote Rural Areas. 

Shodhshauryam, International Scientific Refereed 

Research Journal. 2022a; 5(6):484-519. Doi: 

10.32628/SHISRRJ. 

136. Michael ON, Ogunsola OE. Exploring Gender Inclusion 

and Equity Across Agricultural Value Chains in Sub-

Saharan Africa's Emerging Markets. Gyanshauryam, 

International Scientific Refereed Research Journal. 

2022b; 5(5):258-289. Doi: 10.32628/GISRRJ 

137. Michael ON, Ogunsola OE. Applying Quantitative 

Agricultural Economics Models to Improve Food 

System Efficiency and Policy Decision-Making. 

Shodhshauryam, International Scientific Refereed 

Research Journal. 2023a; 6(1):228-255. Doi: 

10.32628/SHISRRJ 

138. Michael ON, Ogunsola OE. Evaluating the 

Effectiveness of Rural Innovation Hubs in Accelerating 

Agricultural Transformation and Economic 

Empowerment. Gyanshauryam, International Scientific 

Refereed Research Journal. 2023b; 6(1):369-399. Doi: 

10.32628/GISRRJ 

139. Michael ON, Ogunsola OE. Integrating 

Entrepreneurship Education into Agribusiness Curricula 

to Strengthen Sustainable Agricultural Competitiveness. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2023c; 10(1):782-808. Doi: 

10.32628/IJSRCSEIT 

140. Michael ON, Ogunsola OE. Assessing the Potential of 

Renewable Energy Technologies for Sustainable 

Irrigation and Smallholder Farm Productivity. 

International Journal of Scientific Research in 

Humanities and Social Sciences. 2024a; 1(1):380-411. 

Doi: 10.32628/IJSRSSH 

141. Michael ON, Ogunsola OE. Developing Circular 

Economy Frameworks for Waste Reduction and 

Resource Efficiency in Agricultural Systems. 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2441 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2024b; 10(8):271-300. Doi: 

10.32628/IJSRCSEIT 

142. Michael ON, Ogunsola OE. Evaluating the Role of 

International Research Collaboration in Strengthening 

Global Food Security and Agricultural Innovation. 

International Journal of Scientific Research in 

Humanities and Social Sciences. 2024c; 1(1):412-441. 

Doi: 10.32628/IJSRSSH 

143. Michael ON, Ogunsola OE. Advancing Rural 

Agribusiness Innovation Strategies for Building 

Climate-Resilient and Economically Inclusive 

Communities. Journal of Social Science and Human 

Research Studies. 2025a; 1(5):161-177. Doi: 

10.65150/EP-jsshrs/V1E5/2025-02 

144. Michael ON, Ogunsola OE. Agribusiness 

Diversification Strategies for Managing Economic 

Volatility in Resource - Constrained Agricultural 

Economies. IRE Journals, 2025b. ISSN: 2456 - 8880. f 

145. Michael ON, Ogunsola OE. Evaluating the Impact of 

Sustainable Agriculture Curriculum Integration on 

STEM Education and Career Outcomes. Journal of 

Social Science and Human Research Studies. 2025c; 

1(5):178-194. Doi: 10.65150/EP-jsshrs/V1E5/2025-03 

146. Michael ON, Ogunsola OE. Determinants of Access to 

Agribusiness Finance and their Influence on Enterprise 

Growth in Rural Communities. Iconic Research and 

Engineering Journals. 2019a; 2(12):533-548. 

147. Michael ON, Ogunsola OE. Strengthening Agribusiness 

Education and Entrepreneurial Competencies for 

Sustainable Youth Employment in Sub-Saharan Africa. 

Iconic Research and Engineering Journals. 2019b; 

2(9):416-431. 

148. Michael ON, Ogunsola OE. Assessing the Role of 

Artificial Intelligence in Transforming Decision 

Making Across Modern Agricultural Systems. 

Engineering and Technology Journal, 2025d. e-ISSN: 

2456-3358. Doi: 10.47191/etj/v10i12.06, I.F. - 8.482 

149. Michael ON, Ogunsola OE. Analyzing the Alignment 

of Agricultural Policy Frameworks with National 

Sustainable Development Priorities. International 

Journal of Scientific Research in Computer Science, 

Engineering and Information Technology. 2021; 

7(1):492-518. Doi: 10.32628/IJSRCSEIT 

150. Michael ON, Ogunsola OE. Assessing the Potential of 

Renewable Energy Technologies for Sustainable 

Irrigation and Smallholder Farm Productivity. 

International Journal of Scientific Research in 

Humanities and Social Sciences. 2024; 1(1):380-411. 

Doi: 10.32628/IJSRSSH 

151. Middlemiss L, et al. Who is vulnerable to energy 

poverty in the Global North, and what is their 

experience? WIREs Energy and Environment. 2022; 11. 

Doi: https://doi.org/10.1002/wene.455 

152. Muhtadi A, Pandit D, Nguyen N, Mitra J. Distributed 

Energy Resources Based Microgrid: Review of 

Architecture, Control, and Reliability. IEEE 

Transactions on Industry Applications. 2021; 57(3). 

Doi: https://doi.org/10.1109/TIA.2021.3065329 

153. Mutambatsere E. Blended finance can catalyse 

renewable energy investments in low-income countries. 

Global Infrastructure Hub / IFC, 2022. 

https://www.gihub.org/articles/blended-finance-can-

catalyse-renewable-energy-investments-in-low-income-

countries/ 

154. Nduka S. Digital Framework for Precision Soil 

Management Using Geospatial and Predictive 

Analytics. International Journal of Scientific Research 

in Computer Science, Engineering and Information 

Technology. 2023; 9(6). Doi: 

https://doi.org/10.32628/CSEIT23906207 

155. Neffke F, Henning M, Boschma R. How do regions 

diversify over time? Industry relatedness and the 

development of new growth paths. Economic 

Geography. 2011; 87(3):237-265. 

156. Nnabueze SB, Ike PN, Olatunde-Thorpe J, Aifuwa SE, 

Oshoba TO, Ogbuefi E, et al. End-to-end visibility 

frameworks improving transparency, compliance, and 

traceability across complex global supply chain 

operations. International Journal of Multidisciplinary 

Futuristic Development. 2021; 2(2):50-60. Doi: 

https://doi.org/10.54660/IJMFD.2021.2.2.50-60 

157. Nnaji EC, Adgidzi D, Dioha MO, Ewim DRE, Huan Z. 

Modelling and management of smart microgrid for rural 

electrification in sub-Saharan Africa: The case of 

Nigeria. The Electricity Journal. 2019; 32(10):106672. 

158. Nnaji EC, Adgidzi D, Dioha MO, Ewim DRE, Huan Z. 

Corrigendum to Modelling and management of smart 

microgrid for rural electrification in sub-Saharan 

Africa: The case of Nigeria. Electricity Journal. 2020; 

33(4):106751. 

159. Ntuli MN, Dioha MO, Ewim DRE, Eloka-Eboka AC. 

Review of energy modelling, energy efficiency models 

improvement and carbon dioxide emissions mitigation 

options for the cement industry in South Africa. 

Materials Today: Proceedings. 2022; 65:2260-2268. 

160. Ntuli MN, Eloka-Eboka AC, Mwangi FM, Ewim DRE, 

Dioha MO. Energy sustainability and carbon dioxide 

emissions mitigation options for South Africa's road 

transport sector. Bulletin of the National Research 

Centre. 2024; 48(1):37. 

161. Ntuli M, Ewim DRE, Dioha M, Eloka-Eboka AC. 

Energy efficiency improvement and CO2 emission 

mitigation options for the cement industry in South 

Africa. 5th International Conference on Engineering for 

a Sustainable World (ICESW), Covenant University, 

Ota, Nigeria, 2021. 

162. Nussbaumer P, Bazilian M, Modi V. Measuring energy 

poverty: Focusing on what matters. Renewable and 

Sustainable Energy Reviews. 2012; 16(1):231-243. 

163. Obogo SF, Arumosoye OM, Obriki OD. Advances in 

Internal QHSE Audit Systems for Industrial 

Engineering Operations. Iconic Research and 

Engineering Journals. 2020a; 4(4):399-417. Doi: 

10.64388/IREV4I4-1715499 

164. Obogo SF, Arumosoye OM, Obriki OD. Conceptual 

Risk Management Model for Heavy Lifting and Crane 

Installation Engineering Operations. Shodhshauryam, 

International Scientific Refereed Research Journal. 

2020b; 3(4):122-144. Doi: 10.32628/SHISRRJ214441 

165. Obogo SF, Arumosoye OM, Obriki OD. Critical 

Review of Occupational Safety Management Systems 

in Oil and Gas Maintenance Projects. Shodhshauryam, 

International Scientific Refereed Research Journal. 

2020c; 3(4):145-166. Doi: 10.32628/SHISRRJ214442 

166. Obogo SF, Arumosoye OM, Obriki OD. Advances in 

Proactive Hazard Recognition and Near Miss Reporting 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2442 

Systems. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2021a; 2(6):835-846. 

Doi: 10.54660/IJMRGE.2021.2.6.835-846 

167. Obogo SF, Arumosoye OM, Obriki OD. Review of 

Sustainable Environmental Practices in Occupational 

Safety Management Systems. International Journal of 

Scientific Research in Civil Engineering. 2024a; 

8(3):164-196. Doi: 10.32628/IJSRCE248420 

168. Obogo SF, Nwafor MI, Ozobu CO. Conceptual 

Leadership Model for Safety Culture Development in 

Construction and Engineering Projects. International 

Journal of Scientific Research in Civil Engineering. 

2023; 7(6):121-153. Doi: 10.32628/IJSRCE237554 

169. Obogo SF, Obriki OD, Arumosoye OM. Conceptual 

Model for Incident Prevention in Industrial 

Maintenance Engineering Environments. International 

Journal of Multidisciplinary Research and Growth 

Evaluation. 2021b; 2(6):847-858. Doi: 

10.54660/IJMRGE.2021.2.6.847-858 

170. Obogo SF, Obriki OD, Arumosoye OM. Conceptual 

Safety Governance Model for Large Commercial 

Facility Operations. Gyanshauryam, International 

Scientific Refereed Research Journal. 2022; 5(6):383-

410. Doi: 10.32628/GISRRJ225639 

171. Obogo SF, Ozobu CO, Nwafor MI. Conceptual 

Environmental Safety Compliance Framework for 

Construction and Infrastructure Projects. International 

Journal of Scientific Research in Civil Engineering. 

2024c; 8(3):132-163. Doi: 10.32628/IJSRCE248419 

172. Obogo SF, Ozobu CO, Uduokhai DO. Advances in 

Leadership Driven Safety Culture Transformation in 

Large Construction Workforces. Iconic Research and 

Engineering Journals. 2019a; 3(5):507-523. Doi: 

10.64388/IREV3I5-1715497 

173. Obogo SF, Ozobu CO, Uduokhai DO. Development of 

a Construction Safety Risk Governance Model for 

Multi Contractor High Rise Projects. Iconic Research 

and Engineering Journals. 2019b; 2(9):502-522. Doi: 

10.64388/IREV2I9-1715495 

174. Obogo SF, Ozobu CO, Nwafor MI, Adio SA. Advances 

in Hazard Identification Systems for Large Scale 

Construction Operations. International Journal of 

Scientific Research in Civil Engineering. 2025a; 

9(6):37-70. Doi: 10.32628/IJSRCE2154969 

175. Obogo SF, Ozobu CO, Sanusi AN, Ajirotutu RO. 

Conceptual Integrated Safety Management Model for 

Multi Zone Urban Infrastructure Projects. International 

Journal of Scientific Research in Civil Engineering. 

2025b; 9(5):22-55. Doi: 10.32628/IJSRCE2593012 

176. Obogo SF, Uduokhai DO, Ozobu CO. Systematic 

Review of Hazard Identification and Risk Control 

Practices in Urban Construction Projects. Iconic 

Research and Engineering Journals. 2019c; 2(12):666-

681. Doi: 10.64388/IREV2I12-1715496 

177. Obogo SF, Uduokhai DO, Ozobu CO. Review of 

Contractor Safety Compliance Systems in Infrastructure 

Engineering Projects. International Journal of Scientific 

Research in Civil Engineering. 2021c; 5(4):76-100. 

Doi: 10.32628/IJSRCE215412 

178. Odejobi OD, Okonkwo CS, Ahiaeke Patrick MC, 

Okeke OT, Mayo W. AI-Augmented Secure Software 

Engineering: Leveraging Deep Learning for 

Autonomous Threat Detection and Mitigation. 

International Journal of Engineering and Modern 

Technology (IJEMT). 2025; 11(12):101-121. Doi: 

10.56201/ijemt.vol.11.no12.2025.pg101.121 

179. OECD. Blended Finance for Clean Energy: Revisiting 

the OECD DAC Blended Finance Principles. OECD 

Publishing. 

https://www.oecd.org/en/about/programmes/clean-

energy-finance-and-investment-mobilisation/blended-

finance-for-clean-energy.html 

180. Ofoedu AT, Ozor JE, Sofoluwe O, Jambol DD. A 

machine learning-based fault forecasting model for 

subsea process equipment in harsh production 

environments. International Journal of Scientific 

Research in Civil Engineering. 2022; 6(6):123-135. 

181. Ofoedu AT, Ozor JE, Sofoluwe O, Jambol DD. A 

Holistic Control System Framework for Managing 

Complex Multistream Crude Processing in Floating 

Production Units. International Journal of Scientific 

Research in Civil Engineering. 2023; 7(3):83-101. 

182. Ogbuefi E, Aifuwa SE, Olatunde-Thorpe J, 

Akokodaripon D. Resilience in Critical Infrastructures: 

Conceptual Frameworks Addressing Convergence of 

Communication, Energy, Finance, and Healthcare 

Systems. Convergence (Ngonso et al., 2025; Oni, 

2025). 2025;33:54. 

183. Oghenemaiga E, Basnet A, Anene UN. Predictive 

Analytics Applications for Forecasting Traffic Patterns 

Across Owned and Operated Media Platforms. 2024; 

4(6). Doi: 

https://doi.org/10.62225/2583049X.2024.4.6.5668 

184. Ogunsola OE, Michael ON. Analyzing the alignment of 

agricultural policy frameworks with national 

sustainable development priorities. International Journal 

of Scientific Research in Computer Science, 

Engineering and Information Technology. 2021; 

7(1):518. 

185. Ogunwole O, Okonkwo CS, Agbabiaka J, Mayo W, 

Okeke OT. Supply Chain Resilience Framework for 

Critical Infrastructure and Gas Processing Plants. 

Shodhshauryam, International Scientific Refereed 

Research Journal. 2021; 4(4):444-461. Doi: 

10.32628/SHISRRJ214462 

186. Okafor CM, Osuji VC, Dako OF. Harmonizing risk 

governance, technology infrastructure, and compliance 

frameworks for future-ready banking systems. 

International Journal of Scientific Research in 

Humanities and Social Sciences. 2024; 1(1):316-337. 

187. Okojie JS, Filani OM, Ike PN, Okojokwu-Idu JO, 

Nnabueze SB, Ihwughwavwe SI. Integrating AI with 

ESG metrics in smart infrastructure auditing for high-

impact urban development projects. International 

Journal of Multidisciplinary Futuristic Development. 

2023a; 4(1):32-44. Doi: 

https://doi.org/10.54660/IJMFD.2023.4.1.32-44 

188. Okojie J, Ike P, Idu J, Nnabueze SB, Filani O, 

Ihwughwavwe S. Predictive analytics models for 

monitoring smart city emissions and infrastructure risk 

in urban ESG planning. International Journal of 

Multidisciplinary Futuristic Development. 2023b; 

4(1):45-57. Doi: 

https://doi.org/10.54660/IJMFD.2023.4.1.45-57 

189. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Conceptual Framework for Digital Supply Chain 

Governance in Energy and Infrastructure Sectors. 

Gyanshauryam, International Scientific Refereed 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2443 

Research Journal. 2024a; 7(4):335-356. Doi: 

10.32628/GISRRJ247423 

190. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Framework for Secure and Scalable Supply Chain 

Systems Supporting National Energy Reliability. 

International Journal of Advanced Multidisciplinary 

Research and Studies. 2024b; 4(6):2816-2826. Doi: 

10.62225/2583049X.2024.4.6.5494 

191. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Model for Predictive Procurement Planning to Sustain 

Operational Uptime. International Journal of Scientific 

Research in Humanities and Social Sciences. 2024c; 

1(2):909-928. Doi: 10.32628/IJSRSSH242772 

192. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Review of Advances in Procurement Strategy, ERP 

Adoption, and Logistics Performance. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2024d; 4(6):2827-2835. Doi: 

10.62225/2583049X.2024.4.6.5495 

193. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Review of Digital Supply Chain Models for Cost 

Control and Operational Continuity. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2024e; 4(6):2836-2846. Doi: 

10.62225/2583049X.2024.4.6.5496 

194. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Supply Chain Automation Framework Using Service 

Management Platforms. Shodhshauryam, International 

Scientific Refereed Research Journal. 2024f; 7(2):157-

177. Doi: 10.32628/SHISRRJ2472157 

195. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Framework for National-Scale Supply Chain 

Optimization Through Integrated IT and Procurement 

Systems. Gulf Journal of Advance Business Research. 

2025; 3(12):1610-1625. 

196. Okonkwo CS, Agbabiaka J, Ogunwole O, Mayo W, 

Okeke OT. Model for Demurrage Elimination and Port 

Logistics Efficiency in Emerging Economies. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2020; 1(5):552-562. Doi: 

10.54660/IJMRGE.2020.1.5.552-562 

197. Okonkwo CS, Agbabiaka J, Ogunwole O, Mayo W, 

Okeke OT. Supply Chain Resilience Framework for 

Critical Infrastructure and Gas Processing Plants. 

Shodhshauryam, International Scientific Refereed 

Research Journal. 2021; 4(4):444-461. 

198. Okonkwo CS, Agbabiaka J, Ogunwole O, Mayo W, 

Okeke OT. Conceptual Model for Materials Readiness 

and Maintenance-Driven Supply Chain Performance. 

International Journal of Multidisciplinary Research and 

Growth Evaluation. 2021a; 2(6):584-594. Doi: 

10.54660/IJMRGE.2021.2.6.584-594 

199. Okonkwo CS, Ahiaeke Patrick MC, Okeke OT, Mayo 

W. Framework for Integrating IT Systems Engineering 

with Supply Chain Operations. International Journal of 

Advanced Multidisciplinary Research and Studies. 

2023a; 3(6):2580-2589. Doi: 

10.62225/2583049X.2023.3.6.5500 

200. Okonkwo CS, Mayo W, Okeke OT. Conceptual Model 

for Asset Lifecycle Management and Inventory 

Visibility. International Journal of Scientific Research 

in Computer Science, Engineering and Information 

Technology. 2023b; 10(1):809-824. Doi: 

10.32628/CSEIT2391568 

201. Okonkwo CS, Ogunwole O, Okeke OT. Framework for 

Strategic Procurement Optimization in Oil and Gas 

Operations. IRE Journals. 2018a; 1(7):153-168. Doi: 

10.64388/IREV1I7-1713119 

202. Okonkwo CS, Ogunwole O, Okeke OT. Model for 

Inventory Availability and Plant Uptime Improvement 

in Energy Facilities. IRE Journals. 2018b; 2(4):160-

172. Doi: 10.64388/IREV2I4-1713120 

203. Okonkwo CS, Ogunwole O, Mayo W, Okeke OT. 

Framework for Regulatory-Compliant Procurement in 

High-Risk Energy Environments. International Journal 

of Multidisciplinary Research and Growth Evaluation. 

2021b; 2(6):595-605. Doi: 

10.54660/IJMRGE.2021.2.6.595-605 

204. Okonkwo CS, Ogunwole O, Okeke OT, Mayo W. 

Conceptual Framework for Cost Reduction Through 

Contract Negotiation and Vendor Governance. IRE 

Journals. 2019; 2(9):468-482. Doi: 10.64388/IREV2I9-

1713121 

205. Okonkwo CS, Agbabiaka J, Mayo W, Okeke OT. 

Conceptual Framework for Digital Supply Chain 

Governance in Energy and Infrastructure Sectors. 

Gyanshauryam, International Scientific Refereed 

Research Journal. 2024; 7(4):335-356. Doi: 

10.32628/GISRRJ247423 

206. Okoye CC, Scott TO, Uchechukwu ES, Okeke NM, 

Onyebuchi CN, Udokwu STC, et al. Integrating 

business principles in STEM education: Fostering 

entrepreneurship in students and educators in the US 

and Nigeria. IJEBD. 2023; 6(4):590-605. 

207. Okuh CO, Nwulu EO, Ogu E, Egbumokei PI, Dienagha 

IN, Digitemie WN. A Strategic Model for Carbon 

Emission Reduction through Process Optimization in 

Energy Sector Operations. International Journal of 

Multidisciplinary Research and Growth Evaluation. 

2024; 5(1):1309-1317. 

208. Okuh CO, Nwulu EO, Ogu E, Egbumokei PI, Dienagha 

IN, Digitemie WN. Creating a Workforce Upskilling 

Model to Address Emerging Technologies in Energy 

and Oil and Gas Industries. International Journal of 

Multidisciplinary Research and Growth Evaluation. 

2024; 5(1):1327-1339. 

209. Okwu MO, Samuel OD, Ewim DRE, Huan Z. 

Estimation of biogas yields produced from combination 

of waste by implementing response surface 

methodology (RSM) and adaptive neuro-fuzzy 

inference system (ANFIS). International Journal of 

Energy and Environmental Engineering. 2021; 

12(2):353-363. 

210. Olabi AG, Abdelkareem MA. Renewable energy and 

climate change. Renewable and Sustainable Energy 

Reviews. 2022; 158:112111. 

211. Oladoye SO, Bamigwojo OV, James AO, Ijiga OM. AI-

Driven Predictive Maintenance Modeling for High-

Voltage Distribution Assets. International Journal of 

Scientific Research in Science, Engineering and 

Technology. 2021; 11(2):387-411. 

212. Oladoye SO, Bamigwojo OV, James AO, Ijiga OM. 

Grid Integration and Reliability Analysis of Electric 

Vehicle Charging Infrastructure in Weak Distribution 

Networks. International Journal of Scientific Research 

in Science and Technology. 2022; 9(3):881-902. 

213. Oladoye SO, Bamigwojo OV, Ogboji AJ, Ijiga OM. 

Techno-Economic Evaluation of Hybrid Solar Diesel 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2444 

Microgrids for Underserved Communities. Engineering 

Science and Technology Journal, 2023. Doi: 

10.51594/estj.v5i 

214. Olanrewaju FB, Oboh IO, Adesina OA, Anyanwu CS, 

Ewim DRE. Modelling and simulation of hydrogen 

production plant for minimum carbon dioxide emission. 

The Journal of Engineering and Exact Sciences. 2023; 

9(1):15394-01e. 

215. Olatunde-Thorpe J, Aifuwa SE, Oshoba TO, Ogbuefi E, 

Akokodaripon D. Framework for aligning 

organizational risk culture with cybersecurity 

governance objectives. International Journal of 

Multidisciplinary Futuristic Development. 2021; 

2(2):61-71. 

216. Oluwo K, Dada T, Isiekwu CP. Transforming insurance 

underwriting with machine learning: A review and 

application cases. International Journal of Advanced 

Multidisciplinary Research and Studies. 2024; 

4(6):3008-3019. 

217. Onyiriuka EJ, Ewim DRE, Abolarin SM. An 

optimization technique to identify simulation 

assumptions for various nanofluids using machine 

learning. International Heat Transfer Conference Digital 

Library, 2023. 

218. Oparah OS, Ezeh FE, Olatunji GI, Ajayi OO. 

Framework for integrating climate data and health 

outcomes to improve mortality risk prediction systems. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2024; 10(2):1128-1150. 

219. Oparah OS, Ezeh FE, Olatunji GI, Ajayi OO. 

Framework for Integrating Climate Data and Health 

Outcomes to Improve Mortality Risk Prediction 

Systems. International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2024; 10(2):1128-1150. Doi: 

10.32628/IJSRCSEIT 

220. Orikpete OF, Ewim DRE. Harmonising efficiency and 

sustainability: A techno-economic analysis of green 

hydrogen production methods. In Challenges and 

opportunities in green hydrogen production, 2024, 537-

567. 

221. Orikpete OF, Gungura NM, Ehimare E, Ewim DRE. A 

critical review of energy consumption and optimization 

strategies in the Nigerian aviation sector: Challenges 

and prospects. Bulletin of the National Research Centre. 

2023; 47(1):170. 

222. Orikpete OF, Ikemba S, Ewim DRE. Integration of 

renewable energy technologies in smart building design 

for enhanced energy efficiency and self-sufficiency. 

The Journal of Engineering and Exact Sciences. 2023; 

9(9):16423-01e. 

223. Oyeleye AO, Eyetsemitan RA, Ambali KB, Fadayomi 

O. Reducing Client Onboarding Cycle Time in Small 

Professional Services Firms: A Lean Six Sigma Process 

Redesign Framework. Gyanshauryam, International 

Scientific Refereed Research Journal. 2022; 5(2):467-

498. Doi: 10.32628/GISRRJ225357 

224. Oziri ST, Arowogbadamu AA, Bibire Seyi-Lande O. 

Transforming Big Data into Strategy: Comprehensive 

Frameworks for Business Optimization in 

Telecommunications. Gulf Journal of Engineering & 

Technology. 2025; 1(5):94-111. Doi: 

10.47191/gjet/v10501.94 

225. Oziri ST, Arowogbadamu AA-G, Seyi-Lande OB. 

Transforming big data into strategy: Comprehensive 

frameworks for business optimization in 

telecommunications. Gulf Journal of Engineering & 

Technology. 2025; 1(5):94-111. 

226. Ozor JE, Sofoluwe O, Jambol DD. Next-generation 

micro emulsion breaker technologies for enhanced oil 

recovery. Environments. 2021; 20(1):21-35. 

227. Pai S, Harrison K, Zerriffi H. A systematic review of 

the key elements of a just transition for fossil fuel 

workers. One Earth. 2021; 4(11):1398-1411. 

228. Patrick MCA, Okonkwo CS, Mayo W, Okeke OT. A 

GIS Enabled Framework for Modern ERP Procurement 

Processes. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2020; 1(5):499-508. 

Doi: 10.54660/IJMRGE.2020.1.5.499-508 

229. Patrick MCA, Okonkwo CS, Mayo W, Okeke OT. 

Model for Data Driven Vendor Evaluation and Bid 

Selection Using Geospatial Intelligence. 

Shodhshauryam, International Scientific Refereed 

Research Journal. 2021; 4(4):426-443. Doi: 

10.32628/SHISRRJ214461 

230. Pierson P. Increasing returns, path dependence, and the 

study of politics. American Political Science Review. 

2000; 94(2):251-267. 

231. Pike A, Dawley S, Tomaney J. Resilience, adaptation 

and adaptability. Cambridge Journal of Regions, 

Economy and Society. 2010; 3(1):59-70. 

232. Plummer R, Armitage D. A resilience-based framework 

for evaluating adaptive co-management: Linking 

ecology, economics and society in a complex world. 

Ecological Economics. 2007; 61(1):62-74. 

233. Rajaperumal TA, Christopher Columbus C. Enhanced 

wind power forecasting using machine learning, deep 

learning models and ensemble integration. Scientific 

Reports. 2025; 15. Doi: https://doi.org/10.1038/s41598-

025-05250-3 

234. Rukh S, Seyi-Lande OB, Oziri ST. An integrated 

framework for AI and predictive analytics in supply 

chain management. International Journal of Scientific 

Research in Humanities and Social Sciences. 2024; 

1(1):451-491. 

235. Shah Rukh, Omorinsola Bibire Seyi-Lande, Stanley 

Tochukwu Oziri. Framework Design for Machine 

Learning Adoption in Enterprise Performance 

Optimization. International Journal of Scientific 

Research in Computer Science, Engineering and 

Information Technology. 2022; 8(3):798-830. Doi: 

10.32628/IJSRCSEIT 

236. Shah Rukh, Omorinsola Bibire Seyi-Lande, Stanley 

Tochukwu Oziri. An Integrated Framework for AI and 

Predictive Analytics in Supply Chain Management. 

International Journal of Scientific Research in 

Humanities and Social Sciences. 2024; 1(1):451-491. 

Doi: 10.32628/IJSRSSH 

237. Shittu H, Opara IS, Elumilade RA, Liadi KO, Adeniji 

IO. Hydrogen as a secondary energy carrier: Modeling 

its integration in national grids. IRE Journals. 2019; 

3(1):628-643. 

238. Smith K, et al. Life Prediction Model for Grid-

Connected Li-Ion Battery Energy Storage System. 

American Control Conference. National Renewable 

Energy Laboratory, 2017. NREL/CP-5400-67102. 

https://docs.nrel.gov/docs/fy17osti/67102.pdf 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2445 

239. Solar Electric Light Fund. Community Solar 

Microgrids: A Sustainable Solution for Energy Access, 

2025. https://www.self.org/articles/community-solar-

microgrids/ 

240. Sovacool BK, Dworkin MH. Energy justice: 

Conceptual insights and practical applications. Applied 

Energy. 2015; 142:435-444. 

241. Stirling A. A general framework for analysing diversity 

in science, technology and society. Journal of the Royal 

Society Interface. 2007; 4(15):707-719. 

242. Stirling A. Transforming power: Social science and the 

politics of energy choices. Energy Research and Social 

Science. 2014; 1:83-95. 

243. Sunday EA, Omoegun GO, Essien MA, Oluokun OA. 

Transitioning from reactive to predictive maintenance 

in mechanical systems. International Journal of 

Scientific Research in Computer Science, Engineering 

and Information Technology. 2020; 6(6):425-447. 

244. Tomaney J. Region and place I: Institutions. Progress in 

Human Geography. 2014; 38(1):131-140. 

245. Trencher G, Rinscheid A, Duygan M, Truong N, Asuka 

J. Revisiting carbon lock-in in energy systems: 

Explaining the perpetuation of coal power in Japan. 

Energy Research and Social Science. 2020; 69:101770. 

246. U.S. Department of Energy, Office of Electricity. 

Community Microgrid Assistance Partnership (C-MAP) 

for underserved and Indigenous communities, 2024. 

https://www.energy.gov/oe/articles/new-microgrid-

program-help-underserved-and-indigenous-

communities-0 

247. Uduafemhe ME, Ewim DRE, Karfe RY. Adapting to 

the new normal: Equipping career and technical 

education graduates with essential digital skills for 

remote employment. ATBU Journal of Science, 

Technology and Education. 2023; 11(4):51-62. 

248. Uduafemhe ME, Ewim DRE, Karfe RY, Abuh AY. 

Transforming technical and vocational education and 

training in Nigeria through AI and new technologies: A 

strategic framework for enhancing learner engagement 

and employability. Proceedings of the Hybrid 

Conference, 2024, p. 524. 

249. Uduokhai DO, Garba BMP, Nwafor MI, Sanusi AN. 

Techno-Economic Evaluation of Renewable-Material 

Construction for Low-Income Housing Communities. 

International Journal of Scientific Research in 

Humanities and Social Sciences. 2024; 1(2):888-908. 

250. Uduokhai DO, Nwafor MI, Sanusi AN, Garba BMP. 

Predictive framework for optimizing maintenance 

schedules in aging public infrastructure systems. Global 

Journal of Engineering and Technology Review. 2025; 

1(3):142-152. 

251. Uduokhai DO, Nwafor MI, Stephen GODI, Adio SA. 

Simulation-Based Framework for Energy Efficiency 

Optimization in Educational and Institutional Buildings. 

Gyanshauryam, International Scientific Refereed 

Research Journal. 2022; 5(5):305-321. 

252. Uduokhai DO, Nwafor MI, Sanusi AN, Garba BMP. 

Predictive Framework for Optimizing Maintenance 

Schedules in Aging Public Infrastructure Systems. 

Global Journal of Engineering and Technology Review. 

2025; 1(3):142-152. Doi: 10.65150/EP-

gjetr/V1E3/2025-06 

253. Uduokhai DO, Nwafor MI, Stephen GODI, Adio SA. 

Risk Management Framework for Mitigating Cost 

Overruns in Public Housing Development Projects. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology. 2021; 7(5):325-349. Doi: 

10.32628/CSEIT217559 

254. Uduokhai DO, Patrick Garba BM, Nwafor MI, Sanusi 

AN. Techno-Economic Evaluation of Renewable-

Material Construction for Low-Income Housing 

Communities. International Journal of Scientific 

Research in Humanities and Social Sciences. 2024; 

1(2):888-908. Doi: 10.32628/IJSRSSH242771 

255. Walker G, Day R. Fuel poverty as injustice: Integrating 

distribution, recognition and procedure in the struggle 

for affordable warmth. Energy Policy. 2012; 49:69-75. 

256. Wedraogo L, Sanni JO. Machine Learning Models 

Addressing Uncertainty in Cross-Channel Campaign 

Performance Forecasting Accuracy. International 

Journal of Advanced Multidisciplinary Research and 

Studies. 2024; 4(6):2875-2890. Doi: 

10.62225/2583049X.2024.4.6.5648 

257. Wen X, Liao J, Niu Q, Shen N, Bao Y. Deep learning-

driven hybrid model for short-term load forecasting and 

smart grid information management. Scientific Reports. 

2024; 14. Doi: https://doi.org/10.1038/s41598-024-

63262-x 

258. Wink R. (Ed.). Economic Resilience in Regions and 

Organisations. Springer, Berlin, 2014. 

259. World Bank. Towards a just coal transition for workers: 

What does it take? Studies of Wielkopolska, Silesia, 

and Lower Silesia, Poland, 2024. 

https://blogs.worldbank.org/en/jobs/towards-just-coal-

transition-workers-what-does-it-take 

260. World Bank. Tracking SDG 7: The Energy Progress 

Report 2021. World Bank Group, Washington DC, 

2021. 

261. World Resources Institute. Building a Just Clean 

Energy Transition for US Fossil Fuel Workers. 

https://www.wri.org/insights/steps-aid-us-fossil-fuel-

workers-clean-energy-transition 

262. Wustenhagen R, Wolsink M, Burer MJ. Social 

acceptance of renewable energy innovation: An 

introduction to the concept. Energy Policy. 2007; 

35(5):2683-2691. 

263. Yeboah BK, Enow OF. Conceptual framework for 

reliability-centered maintenance programs in electricity 

distribution utilities. Iconic Research and Engineering 

Journals. 2018; 2(3):140-153. 

264. Yeboah BK, Ike PN. Programmatic strategy for 

renewable energy integration: Lessons from large-scale 

solar projects. International Journal of Multidisciplinary 

Research and Growth Evaluation. 2020; 1(3):306-315. 

Doi: https://doi.org/10.54660/.IJMRGE.2020.1.3.306-

315 

265. Yeboah BK, Ike PN. Conceptual program for workforce 

training and leadership development in reliability 

engineering. International Journal of Advanced 

Multidisciplinary Research and Studies. 2023; 

3(1):1641-1650. 

266. Yeboah BK, Nnabueze SB. Policy-oriented framework 

for predictive analytics in maintenance optimization. 

International Journal of Scientific Research in 

Computer Science, Engineering and Information 

Technology, January-February 2021; 7(1):585-602. 

267. Yeboah BK, Nnabueze SB. Data-driven policy 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

2446 

framework for energy efficiency in higher education 

institutions. International Journal of Scientific Research 

in Computer Science, Engineering and Information 

Technology, December 20, 2024; 10(8):255-270. 

268. Yeboah BK, Enow OF, Ike PN, Nnabueze SB. Program 

design for advanced preventive maintenance in 

renewable energy systems. Shodhshauryam, 

International Scientific Refereed Research Journal. 

2024; 7(2):138-156. Doi: 

https://doi.org/10.32628/SHISRRJ2472156 

269. Yeboah BK, Enow OF, Ike PN, Nnabueze SB. 

Conceptual framework for condition-based maintenance 

as a utility reliability program. Global Journal of 

Engineering and Technology Research. 2025; 1(2):55-

63. 

270. Yeboah BK, Enow OF, Ike PN, Nnabueze SB. Policy 

and compliance program for safety and environmental 

standards in renewable energy projects. Global Journal 

of Engineering and Technology Research, October 

2025; 1(2). Doi: https://doi.org/10.65150/EP-

gjetr/V1E2/2025-04 

http://www.multiresearchjournal.com/

