
 

152 

International Journal of Economics, Environmental Development and Society, 2026, 7(2), 152-167. 

 

ADVANCING GREEN KNOWLEDGE ECONOMIES THROUGH 

HUMAN CAPITAL DEVELOPMENT IN DEVELOPING 

COUNTRIES: A CONCEPTUAL EXAMINATION 
 

Juliet Adaobi IGWE 
Department of Educational Management  

Ignatius Ajuru University of Education, Nigeria  

igwejulietadaobi@gmail.com  

 

Chineme Anita OHOCHUKWU 

Department of Psychology, Guidance and Counseling 

Ignatius Ajuru University of Education, Nigeria  

chinemeanitaohochukwu@gmail.com 

----------------------------------------------------------------------------------------------------------------------------- --------------- 

 

ABSTRACT 
 

The emergence of green knowledge economies in developing countries is fundamentally dependent on the strategic 

development of human capital. This conceptual paper examined the ways in which education, skills development, 

and knowledge sharing function as critical drivers for preparing individuals and institutions to foster 

environmentally sustainable innovation and economic transformation. Drawing on perspectives from economics, 

education and environmental sustainability, the paper highlighted the significance of human capital in facilitating the 

adoption of green technologies, sustainable production systems, and environmentally responsible practices. It further 

explores the structural challenges that hinder progress in many developing nations, including weak educational 

systems, limited technical and professional competencies, inadequate research capacity, and inconsistencies in 

policy implementation. To address these challenges, the paper advocates for a holistic approach that integrates 

formal education, technical and vocational training, industry-academia partnerships, and knowledge exchange 

mechanisms to enhance workforce readiness for emerging green sectors. Positioning human capital development as 

a cornerstone of sustainable economic transformation makes this paper to offer a conceptual framework for 

policymakers, educators and development stakeholders who seek to align economic advancement with 

environmental sustainability. The discussion emphasized the necessity of sustained investments in human 

capabilities, institutional strengthening, and innovation ecosystems to promote inclusive growth, resilience and low-

carbon development pathways in resource-constrained environments. 
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INTRODUCTION  

 

The transition to green knowledge economies has become a strategic priority for developing 

countries that seek sustainable economic growth and environmental resilience (Ololube & 

Nweke, 2025). Human capital development, through education, skills acquisition and innovation 

play significant role in this transition. According to Ololube and Wome (2025), the global 

transition toward green knowledge economies constitutes to structural reorientation of 

development paradigms in which economic growth, environmental sustainability and 

knowledge-intensive production are mutually reinforcing rather than competing objectives. 

Green knowledge economy is characterized by the systematic integration of innovation systems, 

advanced human capabilities, and environmentally responsible technologies into productive 

sectors (Chen et al., 2022). As climate risks intensify and carbon-intensive growth models face 

diminishing returns, competitiveness increasingly depends on a nation’s capacity to generate, 

diffuse, and apply knowledge that supports low-carbon transformation. In this context, the 

strategic role of human capital extends beyond traditional productivity enhancement to 

encompass ecological innovation, adaptive resilience and institutional modernization (Asongu & 

Odhiambo, 2020). 

Recent empirical research such as Okachi and Ananyi (2025), Hanushek and Woessmann 

(2020) consistently affirmed that the quality of human capital is a decisive determinant of long-

run economic performance. Hanushek and Woessmann (2020) demonstrated in their study that 

cognitive skills rather than years of schooling alone exert powerful effects on growth trajectories, 

particularly in lower- and middle-income economies. Extending this argument into sustainability 

domains, Dechezleprêtre et al. (2021) showed that regions with stronger educational 

endowments exhibit higher levels of green patenting and environmental technological diffusion. 

These findings suggest that human capital operates as a catalytic input into environmentally 

oriented innovation systems. Thus, the transition to green growth is not merely technological but 

fundamentally educational and institutional. 

Developing countries face a dual challenge: accelerating structural transformation while 

simultaneously internalizing environmental constraints. In such contexts, investments in skills 

and competencies are essential for technological upgrading, industrial diversification, and 

resilience to climate shocks. Pegkas et al. (2022) provided cross-national evidence that human 

capital significantly strengthens the growth effects of renewable energy adoption, implying that 

workforce quality conditions the returns to green investments. Similarly, McGrath and Powell 

(2021) argued that skills ecosystems must be reconfigured to support sustainable production 

systems, emphasizing the importance of vocational education, lifelong learning, and industry-

aligned training pathways. These insights underscore the centrality of education systems in 

mediating sustainability transitions. 

The festschrift by Okachi and Ananyi (2025) highlighted development frameworks of 

national, policy connections with the education, industrial strategy, and environmental 

governance ravel led challenges in aligning higher education outputs with labour market 

demands across African contexts, particularly in emerging sectors requiring specialized technical 

competencies. The Federal Republic of Nigeria (2014) articulated education as an instrument for 

national development and technological advancement; however, translating policy intent into 

green sector capability requires institutional coherence and sustained investment. At the global 

level, the United Nations Sustainable Development Goals persistent normative architecture 

establish, an integrated linking quality education (SDG 4), decent work and economic growth 
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(SDG 8) and climate action (SDG 13), thereby reinforcing the interdependence of human capital 

formation and sustainable development outcomes (Ananyi & Onyekwere, 2024). 

Notwithstanding, growing scholarly attention to green growth and human capital, 

important analytical gaps remain. Much of the literature treats environmental innovation, 

education policy and industrial transformation as parallel domains rather than interconnected 

empirical studies frequently prioritize macroeconomic indicators without sufficiently examining 

institutional and higher education dynamics that shape skill formation in developing economies 

(Dechezleprêtre et al., 2021b). Lema et al. (2023) contended that innovation capability 

accumulation in the Global South depends on the interplay between knowledge institutions, 

industrial policy, and international collaboration an integrated perspective that remains under-

theorized in sustainability scholarship. 

Against this backdrop, this paper advances a conceptual and policy-oriented analysis of 

how human capital development functions as a strategic enabler of green knowledge economies 

in developing countries, with contextual reference to higher education systems operating within 

sustainability-oriented policy environments. Specifically, it seeks to (1) articulate the theoretical 

foundations linking human capital to environmentally sustainable growth, (2) synthesize 

contemporary empirical evidence across education, innovation, and green sector development, 

(3) propose an integrated conceptual framework clarifying causal pathways, and (4) generate 

evidence-informed recommendations for strengthening institutional alignment. Through framing 

education at the centre of green structural transformation, the study contributes to ongoing 

debates on how developing economies can achieve inclusive growth while advancing 

environmental sustainability objectives.  

 

Statement of the Problem 

 

Not minding the increased global recognition of the importance of green knowledge economies 

for sustainable development, many developing countries such as Nigeria continue to face 

significant challenges in transitioning toward environmentally sustainable and knowledge-driven 

economic systems. A major constraint is the inadequate development of human capital required 

to support green innovation, technological adaptation and sustainable production practices. 

Educational institutions in many developing nations including Nigeria in particular, often lack 

the capacity to provide relevant green skills, while technical and vocational training programmes 

remain insufficiently aligned with emerging environmental and labour market demands.  

In addition, limited investment in research, innovation and knowledge dissemination has 

weakened the ability of individuals and institutions to contribute effectively to green economic 

transformation. The mismatch between existing workforce competencies and the requirements of 

green industries further hinders productivity, competitiveness and sustainable growth. As a result, 

there is the need to conceptually examine how human capital development facilitate the 

emergence of green knowledge economies and identify strategies for strengthening human 

capabilities to support inclusive, resilient and environmentally sustainable development. 

 

 

 

 

 

 



 

155 

THEORETICAL PERSPECTIVE  

 

Human Capital Theory  

 

Human Capital Theory, by Becker (1964), as cited in Dechezleprêtre et al. (2021a) set that 

investments in education, training and health enhances the productive capacities of individuals, 

thereby generating measurable economic returns at both private and societal levels. Becker’s 

foundational proposition reframed education not as consumption but as capital formation, 

embedding skills and knowledge within growth theory. Subsequent empirical refinements have 

validated and extended this framework, particularly within developing country contexts where 

structural transformation depends heavily on workforce capability accumulation. Contemporary 

evidence by Hanushek and Woessmann (2020) demonstrated that cognitive skill acquisition 

rather than mere years of schooling exerts a powerful influence on long-run economic growth, 

reinforcing the theory’s emphasis on quality-adjusted human capital. 

In sustainability-oriented development trajectories, Human Capital Theory acquires 

renewed relevance. The transition to low-carbon and knowledge-intensive sectors requires not 

only expanded schooling but specialized competencies in science, technology, engineering, 

environmental management and digital systems (Ololube, 2025). Psacharopoulos and Patrinos 

(2020) provided updated global rate-of-return estimates confirming that education yields 

substantial social returns, particularly in lower-income settings where marginal gains in skill 

formation translate into productivity acceleration. These findings substantiate the argument that 

human capital investments are central to achieving inclusive and sustainable economic growth. 

Recent theoretical and empirical scholarship further demonstrates how skilled labor 

directs innovation toward environmentally sustainable outcomes. Scholarships show that when 

appropriate policy signals are present, higher levels of human capital facilitate “directed 

technical change” toward cleaner production technologies (Acemoglu et al., 2022). This aligns 

with the structural transformation needs of developing economies, where transitioning from 

resource-dependent or carbon-intensive production requires adaptive and innovation-oriented 

workforces, with the sectoral level, evidence indicating educational attainment significantly 

shapes green innovation performance. Dechezleprêtre et al. (2021a) found that regions with 

stronger human capital endowments exhibit higher rates of environmental patenting and cross-

border diffusion of green technologies. Such findings reinforce the theoretical proposition that 

investments in knowledge, competencies, and absorptive capacity enhance not only productivity 

but also environmental innovation outputs.  

In developing country contexts, where technological catch-up remains a strategic priority, 

human capital thus functions as both a growth determinant and a sustainability enabler. 

Accordingly, Human Capital Theory provided a significant academic framework for analyzing 

how education systems, vocational training structures, and institutional learning mechanisms 

contribute to green knowledge economy outcomes. The connection between investments in skills 

to productivity, innovation, and technological upgrading, offered the theory a coherent 

explanatory framework for understanding how developing economies can leverage human 

capital formation to achieve low-carbon structural transformation.  
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LITERATURE REVIEW  

 

The literature on human capital development and green knowledge economies increasingly 

recognizes that sustainable economic transformation depends on the integration of education 

systems, innovation capacity, and environmental policy. Rather than treating growth, skills 

formation, and ecological transition as separate domains, recent scholarship emphasizes their 

systemic interdependence. This academic discouraged critically amalgamates contemporary 

scholarship, highlighting conceptual foundations, empirical evidence, and unresolved gaps across 

two core domains: human capital development and green knowledge economies. Evidence from 

developing countries demonstrates that workforce capabilities condition the effectiveness of 

renewable energy expansion, sustainable agriculture, and environmental technology adoption. At 

the same time, institutional weaknesses and skills mismatches often limit the translation of 

educational investments into green sector productivity (Bhorat et al., 2020).  

 

Conceptual Framework for of Human Capital Development and Green Knowledge 

Economy Outcomes 
 

 
 

Figure 1: Conceptual Framework of Human Capital Development and Green Knowledge 

Economy Outcomes. Source: Author’s Conceptualization (2025). 

 

Figure 1 illustrates the conceptual relationships between human capital development and green 

knowledge economy outcomes. Foundational inputs, including formal education, vocational 

training, lifelong learning, and capacity-building initiatives, drive key processes such as 

workforce skills application, innovation adoption, and adaptive capability development. This 

designed framework adapted from the input, process, output (IPO) model, integrating 

educational investments, workforce processes, sustainability outcomes, and moderating 

institutional factors. These processes generate outcomes in inclusive economic growth, 

environmental sustainability and low-carbon development (Ololube & Nweke, 2025). 
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Moderating factors such as institutional capacity, policy coherence, and infrastructural readiness 

influence the strength and direction of these relationships. The feedback arrows from outcomes 

to inputs represent the iterative and dynamic nature of sustainable development, highlighting 

mechanisms of knowledge reinforcement, policy learning, and continuous workforce skill 

enhancement. This framework provides a visual guide for identifying strategic intervention 

points for universities, vocational institutes, government agencies, industry partners, and 

professional associations. 

 

Human Capital Development as Input to the Green Economy 

 

Human capital refers to the stock of knowledge, competencies, technical expertise, and adaptive 

capabilities embodied in individuals and institutions that enhance productive capacity. In 

development contexts, it extends beyond schooling attainment to encompass workforce 

readiness, professional skills, and institutional learning systems. Hanushek and Woessmann 

(2020) demonstrated that cognitive skill quality exerts a stronger influence on economic growth 

than years of schooling alone, reinforcing the centrality of learning outcomes rather than 

enrollment expansion. This distinction is particularly important in developing countries where 

rapid access expansion has not consistently translated into productivity gains. Human capital 

development foundation poised on the following driving components of human capital 

development input to the green economy:  

 

Formal Education Quality and Productivity-Enhancing Skills 

 

Formal education encompasses primary, secondary, and tertiary systems that cultivate critical 

thinking, scientific literacy, and domain-specific knowledge. High-quality education provides the 

cognitive foundation necessary for understanding complex environmental, technological, and 

economic systems (Hanushek & Woessmann, 2020). Universities and research institutions serve 

as key nodes for knowledge production, supplying graduates equipped to contribute to green 

innovation, policy formulation, and sectoral transformation. 

Evidence suggests that alignment between curricula and emerging green sector demands 

enhances employability and sectoral adaptability. Analytical reasoning, quantitative skills, and 

scientific literacy enable graduates to translate theoretical knowledge into practical solutions for 

renewable energy, sustainable agriculture, environmental technologies, and industrial 

transformation (McGrath & Powell, 2021). Institutional frameworks that link formal education 

with industry and government initiatives strengthen human capital relevance and capacity for 

applied innovation. 

 

Vocational and Technical Training for Sectoral Green Transition 

 

Vocational training focuses on practical, industry-relevant skill acquisition in technical and 

occupational domains. These programs are critical for bridging the gap between formal 

education and workforce requirements, particularly in emerging green sectors such as renewable 

energy, environmental monitoring, and sustainable production (Fu et al., 2021). Structured 

apprenticeships, technical certifications, and applied training modules cultivate competencies 

that directly enhance employability and productivity in sustainability-focused industries. 

Empirical studies demonstrate that vocational training contributes to accelerated adoption of 
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green technologies, improved operational efficiency, and higher environmental performance in 

industrial and agricultural contexts (Pegkas et al., 2022). In developing countries, strategic 

partnerships between training institutes and industrial actors ensure that curricula remain 

responsive to sector-specific skill demands, thereby maximizing human capital impact. 

 

Capacity Building Initiatives 

 

Capacity building initiatives aim to strengthen institutional and organizational capabilities that 

support knowledge production, dissemination, and utilization. These initiatives include 

development of research infrastructure, faculty training, and creation of innovation networks 

linking academia, industry, and government (Lema et al., 2023). Effective capacity building 

enhances institutional governance, improves the quality of education and training, and facilitates 

the transfer of technical knowledge across sectors. 

Evidence suggests that comprehensive capacity building is essential for consolidating 

gains from human capital development. Strengthened research systems, professional networks, 

and policy coordination mechanisms enable developing countries to respond effectively to 

sustainability challenges and drive green sector innovation (Acemoglu et al., 2022). In this 

context, capacity building complements formal education, vocational training, and lifelong 

learning, ensuring that human capital development yields tangible outcomes in both economic 

and environmental domains. 

  

Emerging Sectors within Green Knowledge Economies  

 

A green knowledge economy is an economic system in which growth is driven by knowledge 

creation, innovation, and technological advancement oriented toward environmental 

sustainability and low carbon development. It integrates environmental objectives with research 

intensity, digital transformation, and skill based productivity expansion. According to OECD 

(2021), green growth strategies require coordinated investments in innovation capacity and 

human capabilities to ensure that environmental objectives reinforce economic competitiveness. 

The concept of a green knowledge economy extends beyond the traditional understanding of 

economic growth by integrating environmental sustainability, innovation, and knowledge-

intensive production. Emerging research emphasizes that green knowledge economies rely on the 

interplay of human capital, technological innovation, and institutional capacity to achieve low-

carbon growth and resource efficiency (Rodrik, 2021).  

Developing countries face distinct challenges in operationalizing green knowledge 

economies, including gaps in technical skills, limited research infrastructure, and 

underdeveloped knowledge transfer systems. The literature underscores that strategic human 

capital development is pivotal for enabling countries to leverage emerging green sectors, 

translate research into applied technologies, and enhance workforce adaptability to 

sustainability-driven industrial transformation (Acemoglu et al., 2022). 

Lifelong learning encompasses continuous professional development, in-service training, 

and skills upgrading that allow workers to adapt to technological change and evolving industrial 

requirements. The literature indicates that continuous learning improves adaptive capacity, 

supports innovation adoption, and enhances resilience in dynamic green knowledge sectors (Fu 

et al., 2021). Developing country evidence suggests that integrating lifelong learning into 

workforce strategies strengthens the overall capacity to implement renewable energy projects, 
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sustainable agricultural systems, and resource-efficient industrial processes. Modular training 

programs, online learning platforms, and sector-specific workshops provide flexible avenues for 

ongoing skill enhancement, reinforcing the long-term sustainability of human capital 

investments. 

 

Renewable Energy 

 

Renewable energy encompasses solar, wind, hydro, and bioenergy systems and requires 

substantial technical expertise, systems thinking, and engineering knowledge. Scholars argue that 

successful adoption and expansion of renewable energy systems in developing countries depend 

on both cognitive competencies and applied technical skills that support installation, 

maintenance, and optimization of energy systems (Ahmad et al., 2021). Workforce competencies 

in electrical engineering, energy system modeling, and digital monitoring tools are essential for 

ensuring operational efficiency and long-term sustainability. 

The literature indicates that renewable energy sectors are particularly sensitive to skill 

mismatches, which can delay project implementation and reduce returns on investment. 

Empirical studies demonstrate that technical training programs combined with hands-on 

experience significantly increase local labor absorption and enhance the effectiveness of energy 

transition policies (Pegkas et al., 2022). Developing countries with integrated training pipelines 

for engineers, technicians, and maintenance personnel are better positioned to scale renewable 

energy deployment, attract investment, and generate knowledge spillovers that facilitate broader 

green innovation. 

In addition, capacity building within renewable energy firms enhances adaptive 

innovation, allowing organizations to respond to evolving regulatory frameworks and emerging 

technologies. Evidence suggests that regions with higher concentrations of technical expertise 

and applied research capability show greater efficiency in integrating distributed energy systems 

and advancing low-carbon infrastructure (Dechezleprêtre et al., 2021a). 

 

Green Agriculture 

 

Green agriculture emphasizes climate-smart farming, resource-efficient practices, and 

ecosystem-based management strategies. It is knowledge-intensive, relying heavily on adaptive 

capacity, extension services, and continuous innovation to maintain productivity under 

environmental constraints (Abid et al., 2023). Human capital development in agronomy, 

environmental sciences, and agroecology is critical for translating research findings into practical 

interventions for smallholder and commercial farming systems. 

Evidence demonstrates that farmers and agricultural technicians with enhanced education 

and technical training adopt sustainable practices at higher rates, including precision irrigation, 

soil conservation, and integrated pest management (Fu et al., 2021). Knowledge dissemination 

through farmer training programs and extension networks has been linked to improved resilience 

against climate variability and increased economic returns, emphasizing the centrality of skilled 

personnel in green agricultural systems. 

Moreover, capacity-building initiatives that incorporate participatory research, 

demonstration farms, and community knowledge sharing foster broader adoption of sustainable 

practices. Such approaches reinforce innovation networks within agricultural communities and 
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ensure that green practices are contextually relevant, locally adaptive, and scalable across regions 

with differing ecological and socioeconomic conditions (Lema et al., 2023). 

 

Green Environmental Technologies 

 

Environmental technologies include waste management, water treatment, pollution control, and 

environmental monitoring systems. These sectors require interdisciplinary technical expertise, 

combining knowledge in engineering, chemistry, biology, and information systems to design, 

implement, and manage sustainable solutions (Dechezleprêtre et al., 2021a). Human capital 

development is critical for ensuring that technical skills translate into practical, operational 

outcomes that reduce environmental externalities while maintaining cost efficiency.Research 

shows that developing countries with a higher concentration of skilled environmental engineers, 

technicians, and policy specialists achieve better performance in waste reduction, water 

purification, and air quality management (Ahmad et al., 2021). 

Workforce training in applied technologies, combined with regulatory knowledge and 

systems integration competencies, enhances the capacity to implement novel environmental 

solutions. Institutional mechanisms, including research partnerships, public training initiatives, 

and industry-academia collaborations, further support the transfer of knowledge and adoption of 

best practices (Audretsch & Belitski, 2021). Continuous professional development ensures that 

practitioners remain responsive to technological change, regulatory updates, and evolving 

environmental challenges, solidifying environmental technologies as a cornerstone of the green 

knowledge economy. 

 

Green Sustainable Industrial Practices 

 

Sustainable industrial practices involve resource-efficient manufacturing, circular economy 

production models, and environmentally responsible supply chains. These practices require 

workers and managers to have expertise in production planning, materials optimization, energy 

efficiency, and life cycle assessment (Lema et al., 2023). Human capital in engineering, 

operations management, and environmental compliance underpins the capacity of firms to 

implement sustainable industrial processes effectively. 

Evidence suggests that industries with higher levels of technically skilled labor and 

management competence achieve greater adoption of circular economy principles and 

demonstrate reduced waste generation, lower energy consumption, and enhanced innovation 

outputs (Rodrik, 2021). The presence of trained personnel who can integrate sustainability into 

operational decision-making drives both productivity and environmental outcomes. 

Capacity building through industrial training programs, knowledge exchange platforms, 

and technology demonstration centers ensures that sustainable practices are transferable across 

sectors. These initiatives are particularly relevant in developing countries, where structural 

adjustment toward resource-efficient industrialization requires concerted human capital 

investments to support innovation, maintain competitiveness, and meet environmental 

performance standards (Acemoglu et al., 2022).  
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Policy Interventions for Sustainable Green Economy 

 

Policy architecture plays a decisive role in aligning human capital systems with the requirements 

of green knowledge economies. Contemporary literature emphasizes that sustainability 

transitions are not automatic market outcomes but are shaped by deliberate state coordination, 

regulatory frameworks, and strategic investment in skills formation. Rodrik (2021) argued that 

green industrial policy must integrate education reform, sectoral targeting, and institutional 

capability development to direct structural transformation toward environmentally sustainable 

industries. This perspective positions human capital policy as a central pillar of green economic 

strategy rather than a peripheral social investment. 

Empirical evidence indicates that effective policy interventions combine skills 

development with innovation incentives. Tagliapietra et al. (2022) demonstrate that public 

investment in green transition programs across European contexts strengthened employment 

resilience by supporting workforce retraining and sectoral mobility. Although these findings 

derive from advanced economies, the underlying mechanism is transferable: targeted workforce 

training enhances adaptability during structural change. In developing country contexts, Aghion 

et al. (2021) showed that coordinated innovation policy and research funding significantly 

increase clean technology development, suggesting that human capital investments are most 

effective when embedded within broader innovation ecosystems.  

 

Public Private Partnerships 

 

Public private partnerships represent structured governance arrangements through which 

governments, industry actors, and educational institutions jointly coordinate curriculum design, 

applied training, and employment pipelines aligned with sustainability objectives. Empirical 

research indicates that such partnerships reduce skills mismatches by embedding industry 

defined competency standards within tertiary and technical education programs. Recent cross 

country analyses show that coordinated training ecosystems significantly improve graduate 

employability in renewable energy engineering, environmental management, and green 

construction sectors (OECD, 2021). Evidence further suggests that countries implementing 

structured industry engagement models demonstrate stronger alignment between higher 

education outputs and emerging green labor market demands, thereby accelerating sectoral 

transformation. 

Beyond curriculum alignment, public private partnerships facilitate capital intensive 

investments in laboratories, demonstration facilities, and applied research centers that individual 

institutions may not independently finance. Studies highlight that multi stakeholder financing 

arrangements enhance knowledge diffusion and promote rapid technological upgrading in 

developing economies (World Bank, 2022). These partnerships also strengthen feedback loops 

between employers and training providers, ensuring that competency frameworks evolve in 

response to technological change. Despite these gains, governance fragmentation, weak 

regulatory coordination and limited monitoring systems often undermine sustained impact, 

underscoring the importance of coherent institutional design. 
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Research Collaborations 

 

Research collaborations, both national and transnational, constitute a second critical mechanism 

for strengthening technical capability accumulation in green sectors. Collaborative research 

enhances the production of context relevant knowledge, particularly in renewable energy 

systems, climate adaptation technologies, and environmental data analytics. Empirical analyses 

demonstrate that international research networks increase environmental patenting rates and 

scientific output in clean technology domains, especially when supported by stable funding 

mechanisms and open innovation platforms (Dechezleprêtre et al., 2021a). Knowledge spillovers 

generated through these collaborations significantly improve innovation performance and 

facilitate access to global sustainability knowledge systems. 

National research consortia also contribute to capacity deepening through shared 

infrastructure, joint doctoral training, and interdisciplinary sustainability research programs. 

Evidence suggests that research intensive institutions embedded within collaborative networks 

demonstrate stronger commercialization outcomes and higher rates of green enterprise formation 

(Acemoglu et al., 2022). Nevertheless, disparities in research financing, limited absorptive 

capacity and weak intellectual property governance frameworks often constrain the translation of 

research outputs into scalable green technologies. Addressing these structural bottlenecks 

remains essential for maximizing developmental returns. 

 

Workforce Training Initiatives 

 

Structured workforce reskilling and upskilling programs play a decisive role in preparing labor 

markets for green industrial transitions. Training initiatives targeting solar engineering, 

sustainable agriculture, environmental auditing, waste management, and energy efficiency 

auditing have been shown to enhance technical competency and productivity growth in emerging 

green sectors. Psacharopoulos and Patrinos (2020) affirmed that targeted vocational and 

technical education yields particularly high returns in lower income contexts, where skills gaps 

remain pronounced. Contemporary labor market analyses further reveal that green sectors 

demand hybrid competencies combining technical proficiency, digital literacy, and 

environmental systems knowledge (International Labour Organization, 2022). 

Workforce training initiatives are most effective when embedded within broader 

industrial strategies that integrate certification systems, employer co funding, and competency 

based assessment frameworks. Evidence indicates that modular training pathways and 

continuous professional development programs strengthen adaptability in rapidly evolving 

sustainability industries (McGrath & Powell, 2021). However, persistent funding gaps, limited 

trainer capacity, and inadequate quality assurance mechanisms frequently reduce program 

effectiveness. Long term sustainability requires stable financing models and rigorous 

performance evaluation systems. 

Notwithstanding these promising approaches, institutional challenges persist. Bhorat et 

al. (2020) identify financing constraints and governance fragmentation as significant 

impediments to effective skills alignment in developing economies. Similarly, Altenburg and 

Assmann (2021) noted that policy misalignment between education ministries and industrial 

development agencies often weakens green industrial strategies. Funding volatility, limited 

administrative capacity and infrastructural deficits further constrain implementation. The 
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literature thus underscores that policy coherence and institutional coordination are prerequisites 

for translating human capital investments into sustainable green economy outcomes. 

 

Mechanisms Facilitating Skills Transfer and Innovation Adoption 

 

The effectiveness of human capital in driving green economic transformation depends 

substantially on knowledge dissemination mechanisms and innovation systems. Innovation 

systems theory emphasizes the interaction among universities, research institutes, industry, and 

government in generating and diffusing technological knowledge. In sustainability contexts, 

these linkages determine the speed and scale of clean technology adoption. Empirical studies 

highlight the importance of absorptive capacity in mediating knowledge transfer. Fu et al. (2021) 

showed that firms with stronger internal skill bases are more likely to adopt and adapt 

environmentally sustainable technologies.  

This finding reinforces the human capital foundation of innovation systems: knowledge 

diffusion requires recipients with sufficient cognitive and technical capacity to internalize new 

practices. Moreover, Audretsch and Belitski (2021) demonstrated that entrepreneurial 

ecosystems anchored in knowledge institutions significantly enhance green innovation intensity 

by fostering collaboration and reducing information asymmetries. Notwithstanding these 

advances, systemic constraints remain evident. Infrastructure deficits, limited research funding, 

and weak intellectual property frameworks often undermine sustained knowledge flows. 

Furthermore, the absence of robust monitoring and evaluation systems complicates assessment of 

long term human capital impacts within green innovation ecosystems. 

 

Collaborative Research Initiatives 

 

Joint university industry research programs provide structured platforms for aligning academic 

inquiry with sector specific sustainability challenges. These initiatives facilitate 

commercialization pathways by integrating applied research with prototype development and 

pilot testing. Empirical evidence demonstrates that universities engaged in sustained industry 

collaboration generate higher rates of environmental technology patents and spin off enterprises 

(Dechezleprêtre et al., 2021a). Such collaborations strengthen absorptive capacity within firms 

by embedding advanced scientific expertise into production processes. Institutional arrangements 

that support doctoral mobility, co supervised research projects, and shared intellectual property 

agreements further enhance the translation of research into marketable innovations. Research 

indicates that collaborative innovation ecosystems reduce technological uncertainty and 

accelerate time to market for clean technologies (OECD, 2023). Nonetheless, uneven research 

capacity and limited private sector research expenditure often restrict scalability in lower income 

contexts. 

 

Technology Adoption Programs 

 

Government supported technology adoption programs constitute another critical mechanism for 

expanding green innovation diffusion. These programs typically provide technical assistance, 

demonstration projects, concessional financing, and extension services aimed at accelerating 

renewable energy deployment and climate smart agricultural practices. Evidence from 

developing country case studies reveals that structured demonstration initiatives significantly 
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increase firm level adoption of clean production technologies and energy efficient systems 

(World Bank, 2022). Technology adoption programs are particularly effective when combined 

with training modules that enhance user competency and operational maintenance skills. 

Empirical studies show that technological diffusion without complementary human capital 

investments yields limited productivity gains (Acemoglu et al., 2022). Institutional coordination 

challenges, limited infrastructure, and information asymmetries frequently constrain broader 

adoption. Strengthening local technical advisory networks and ensuring policy coherence remain 

essential to sustaining diffusion impacts. 

 

Professional Development and Mentorship Schemes 

 

Structured professional development networks linking experienced practitioners, academic 

experts, and emerging professionals play a strategic role in building sector specific 

competencies. Mentorship schemes facilitate tacit knowledge transfer, professional socialization, 

and exposure to best practices in sustainability management. Empirical analyses suggest that 

structured mentoring arrangements enhance innovation capacity and improve organizational 

performance in technology intensive sectors (International Labour Organization, 2022). 

Continuous professional development frameworks anchored in competency standards and 

industry certification systems further reinforce workforce adaptability. Evidence demonstrates 

that sustained professional learning ecosystems contribute to higher productivity growth and 

stronger innovation performance within green industries (McGrath & Powell, 2021). Capacity 

constraints, limited institutional coordination, and insufficient monitoring mechanisms often 

limit scalability. Strategic integration of mentorship networks within national skills strategies 

therefore remains essential for achieving durable green economic transformation.  

As operationalized derived economic specification in Figure 1 hypothesized human 

capital inputs paths, green economy processes, outcomes, and moderating institutional factors. 

Structural Equation Model adopting the input, process, output model, integrating educational 

inputs, innovation processes, and sustainability outcomes, with moderating institutional factors. 

Figure 2 presents the structural equation model that operationalizes the conceptual 

framework into testable constructs. Human capital inputs formal education, vocational training, 

lifelong learning, and capacity-building initiatives affect processes such as workforce application 

of skills, innovation adoption and adaptive capability development. These processes directly 

influence outcomes in inclusive economic growth, environmental sustainability and low-carbon 

development (Ololube & Nweke, 2025). Institutional capacity, policy coherence and 

infrastructure readiness moderate the strength and direction of these relationships, and feedback 

loops indicate the dynamic interplay between outcomes and future investments in human capital. 

This design provides the basis for empirical testing of direct, indirect and moderated effects that 

enables qualitative and quantitative validation of the conceptual framework in developing 

country contexts 
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Human Capital Construct in Green Economy and Institutional Outputs Structural 

Equation Model 

  
Figure 2: Structural Equation model Human Capital Inputs in Formal Education. Source:  

Author’s Conceptualization (2026) 

 

CONCLUSION 

 

This study has established that human capital development is a central driver of green knowledge 

economies, linking investments in education, vocational training, lifelong learning, and 

institutional capacity to processes of innovation, workforce competency application and adaptive 

capabilities in sustainability sectors. The analysis highlighted that these inputs when supported 

by coherent policy frameworks and robust institutional infrastructures, generate inclusive 

economic growth, environmental sustainability and low-carbon development outcomes. 

The integrated framework in this paper demonstrated the dynamic and cyclical 

relationships between human capital investments and green sector performance, by emphasizing 

that continuous knowledge reinforcement, innovation uptake and capacity building are essential 

for long-term sustainability. Developing countries, particularly Nigeria with emerging green 

industries must strategically coordinate education, labour and environmental systems to 

maximize human capital returns and accelerate transformative sustainable development. 

 

Recommendations 

 

To operationalize the study’s insights, the following strategic interventions are proposed: 

 

 Educational institutions (universities, colleges, and vocational training centers) should 

integrate sustainability competencies into their curricula to equip graduates with the skills 

required for renewable energy, green agriculture, environmental technologies and 

sustainable industrial practices. 

 Government agencies and industrial partners (federal and state ministries of environment 

and energy, and sector-specific private firms) should establish collaborative training 

pipelines connecting educational institutions with employers to enhance workforce 

readiness in emerging green sectors. 
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 Research funders and innovation policy makers (national research councils, innovation 

boards, and sector-specific incubators) should expand funding, technology incubation 

hubs, and innovation laboratories to strengthen knowledge creation, technology adoption 

and commercialization within green economies. 

 Policy authorities (federal and state education, labor and environmental agencies) should 

align policies across sectors to reduce institutional fragmentation and ensure coherent 

governance of human capital initiatives supporting sustainability transitions. 

 Professional associations and sector regulators (engineering, agricultural, and 

environmental professional bodies) should implement structured lifelong learning and 

capacity-building programs that enable workers to acquire, update and apply sector-

specific competencies in dynamic green economy contexts. 
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