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Abstract 

The adoption and scaling of renewable energy in emerging and frontier markets are crucial for enhancing energy 

security, reducing greenhouse gas emissions, and promoting sustainable economic growth. This paper presents a 

holistic framework to address the multifaceted barriers to renewable energy deployment in these regions, focusing 

on technological, financial, regulatory, and social challenges. Through a detailed analysis, the paper identifies 

the inadequacy of existing energy infrastructure, high upfront capital costs, inconsistent regulatory frameworks, 

and limited public awareness as major obstacles. The proposed framework integrates policy interventions, 

innovative financial mechanisms, technological advancements, and capacity-building initiatives to create a 

supportive ecosystem for renewable energy. Practical recommendations for policymakers, investors, and other 

stakeholders emphasize the importance of clear renewable energy policies, streamlined regulatory processes, 

investment in grid modernization, public-private partnerships, innovative financing models, capacity building, 

and community engagement. By implementing these strategies, stakeholders can foster the widespread adoption 

and scaling of renewable energy, contributing to sustainable development in emerging and frontier markets. 

Keywords: Renewable energy, Emerging markets, Barriers, Policy interventions, Financial mechanisms, 

Capacity building 
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I. Introduction 

The adoption of renewable energy sources is pivotal in addressing the global energy crisis and mitigating 

climate change. In emerging and frontier markets, the transition to renewable energy holds significant promise for 

enhancing energy security, fostering economic development, and promoting environmental sustainability (Hassan 

et al., 2024). These markets, characterized by their rapid economic growth and developmental potential, are 

increasingly recognizing the importance of integrating renewable energy into their energy mix. However, the 

journey towards widespread adoption and scaling of renewable energy technologies in these regions is fraught 

with challenges (Kabeyi & Olanrewaju, 2022). 

The importance of renewable energy adoption in emerging and frontier markets cannot be overstated. 

These regions often face energy deficits, and reliance on traditional fossil fuels exacerbates environmental 

degradation and economic volatility due to fluctuating global oil prices (Raihan et al., 2025). Renewable energy 

sources such as solar, wind, hydro, and biomass offer a sustainable alternative that can help diversify energy 

portfolios, reduce greenhouse gas emissions, and create new economic opportunities through green jobs and local 

manufacturing (Das, 2025). 

Despite the clear benefits, several barriers impede the adoption and scaling of renewable energy in these 

markets. Technological barriers include the lack of infrastructure and technical expertise required to deploy and 

maintain renewable energy systems. Financial barriers are significant, as the initial capital costs for renewable 

energy projects are high, and access to affordable financing is limited (Kim, 2021). Regulatory barriers, such as 

inadequate policies and regulatory frameworks, hinder the development of renewable energy projects. Social 

http://www.ijerd.com/
mailto:ogunsolaoyusuff@gmail.com


A Holistic Framework for Addressing the Barriers to Renewable Energy Adoption and Scaling .. 

193 

barriers, including limited public awareness and acceptance, also play a crucial role (Agupugo, Ajayi, Nwanevu, 

& Oladipo, 2022). 

This study aims to develop a holistic framework for addressing these barriers to adopting renewable 

energy scaling in emerging and frontier markets. By identifying and analyzing the key challenges, and proposing 

comprehensive solutions, this paper seeks to contribute to the body of knowledge on renewable energy integration 

and provide actionable recommendations for policymakers, investors, and other stakeholders. 

 

II. Review 

2.1 Summary of Existing Research On Renewable Energy Adoption 

The adoption of renewable energy in emerging and frontier markets has been the subject of extensive 

research. Existing literature provides a comprehensive overview of the current state of renewable energy adoption, 

highlighting both the progress made and the challenges faced. Scholars have examined various dimensions of this 

transition, offering insights into the barriers that hinder the widespread deployment and scaling of renewable 

energy technologies in these regions. 

Research indicates emerging and frontier markets are increasingly investing in renewable energy 

projects. For instance, reports from the International Renewable Energy Agency (IRENA) and the International 

Energy Agency (IEA) document significant growth in solar and wind energy installations across Asia, Africa, and 

Latin America (Asmelash & Gorini, 2021). These studies emphasize the role of renewable energy in enhancing 

energy security, reducing greenhouse gas emissions, and promoting sustainable development. However, despite 

these positive trends, the adoption rate in these markets lags behind that of developed nations due to several 

persistent barriers (Strielkowski, Civín, Tarkhanova, Tvaronavičienė, & Petrenko, 2021). 

Technological barriers are among the most significant challenges identified in the literature. Many 

emerging and frontier markets lack the necessary infrastructure to support large-scale renewable energy projects. 

Existing energy grids are often outdated and unable to handle the variable nature of renewable energy sources like 

solar and wind (Streimikiene et al., 2021). Additionally, there is a shortage of technical expertise required to 

design, install, and maintain renewable energy systems. This skills gap is particularly acute in rural areas, where 

renewable energy can have the most transformative impact (Boom-Cárcamo & Peñabaena-Niebles, 2022). 

Financial barriers also play a crucial role in hindering the adoption of renewable energy. The initial 

capital costs for renewable energy projects are high, which can be prohibitive for many emerging markets with 

limited financial resources. Furthermore, access to affordable financing is constrained by high interest rates, 

perceived risks associated with investing in renewable energy, and a lack of suitable financial instruments. This 

financial gap often results in reliance on external funding, which can be inconsistent and politically influenced 

(Diógenes, Claro, Rodrigues, & Loureiro, 2020). 

Regulatory barriers further complicate the adoption process. In many emerging and frontier markets, the 

policy and regulatory frameworks necessary to support renewable energy development are either inadequate or 

poorly implemented. These include inconsistent policies, lack of long-term renewable energy targets, and 

insufficient incentives for private investment. Additionally, bureaucratic hurdles and corruption can delay project 

approvals and increase costs (Cheah & Low, 2022). 

Social barriers, including limited public awareness and acceptance of renewable energy, are also 

significant. In many cases, there is a lack of understanding about the benefits of renewable energy, leading to 

resistance from local communities. This can be exacerbated by misinformation and the influence of vested 

interests in traditional energy sectors. Overcoming these social barriers requires comprehensive education, 

awareness campaigns, community engagement, and participatory planning processes (Segreto et al., 2020). 

 

2.2 Gaps in The Current Literature 

While the literature provides a thorough examination of these barriers, it also highlights several gaps that 

need to be addressed. One notable gap is the lack of a holistic approach to tackling the multifaceted challenges of 

renewable energy adoption. Most studies focus on individual barriers in isolation without considering the 

interconnections between technological, financial, regulatory, and social challenges. This fragmented approach 

can lead to effective solutions in one dimension but fail to address the broader context. 

Another gap in the literature is the limited focus on local contexts and specificities. Emerging and frontier 

markets are diverse, with varying economic, social, and political landscapes. Solutions that work in one context 

may not be applicable in another. There is a need for more localized studies that consider the unique characteristics 

of different regions and communities (Mokogwu, Achumie, Gbolahan, Adeleke, & Ewim, 2024). 

Furthermore, the literature often overlooks the potential of innovative business models and financing 

mechanisms that can facilitate renewable energy adoption. For example, the role of microfinance, crowdfunding, 

and public-private partnerships in overcoming financial barriers is underexplored. These innovative approaches 

can provide much-needed capital and reduce perceived risks, making renewable energy projects more attractive 

to investors (Okeke, Bakare, & Achumie, 2024; Omowole, Urefe, Mokogwu, & Ewim, 2024). 
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This paper addresses these gaps by proposing a holistic framework for overcoming the barriers to 

renewable energy adoption and scaling in emerging and frontier markets. By integrating insights from various 

dimensions—technological, financial, regulatory, and social—this framework seeks to provide a comprehensive 

solution that can be adapted to different local contexts. Additionally, the paper will explore innovative business 

models and financing mechanisms that can complement traditional approaches and enhance the viability of 

renewable energy projects. 

 

III. Theoretical Framework 

3.1 Policy Interventions 
Policy interventions are crucial for creating an enabling environment for renewable energy. These 

interventions can take various forms, including legislation, regulation, and government programs. Effective policy 

measures should provide clear and consistent signals to investors and developers about the government's 

commitment to renewable energy. This can include setting ambitious but achievable renewable energy targets, 

implementing feed-in tariffs or auction systems to ensure fair pricing, and offering tax incentives or subsidies to 

reduce the initial investment costs (Agupugo et al., 2022). 

One of the most critical aspects of policy intervention is establishing a stable and transparent regulatory 

framework. This includes streamlining the permitting process, reducing bureaucratic red tape, and ensuring that 

regulations are predictable and consistently applied. Additionally, policies should promote grid integration of 

renewable energy by upgrading infrastructure and implementing smart grid technologies. Governments should 

also support research and development (R&D) to foster innovation and drive down the costs of renewable energy 

technologies (Hille, Althammer, & Diederich, 2020). 

 

3.2 Financial Mechanisms 
Access to affordable financing is a significant barrier to renewable energy projects in emerging and 

frontier markets. Therefore, the framework emphasizes developing innovative financial mechanisms to bridge the 

funding gap. Public-private partnerships (PPPs) can be particularly effective, leveraging public funds to attract 

private investment and share risks. Governments can establish green banks or dedicated renewable energy funds 

to provide low-interest loans, guarantees, or equity investments (Michoud & Hafner, 2021). 

Microfinance and crowdfunding are other innovative approaches that can mobilize local capital and 

community participation. These mechanisms can make small-scale renewable energy projects more viable and 

accessible to rural and underserved communities. International financial institutions and development banks also 

play a vital role in providing concessional financing, technical assistance, and capacity-building support 

(Abdeldayem & Aldulaimi, 2023). Moreover, financial mechanisms should include risk mitigation instruments, 

such as insurance products and guarantees, to reduce the perceived risks associated with renewable energy 

investments. These instruments can help attract a broader range of investors, including institutional investors and 

impact investors who prioritize environmental and social returns alongside financial returns (Mushtaq, Altaf, & 

Mustafa, 2025). 

 

3.3 Technological Innovations 
Technological innovations are at the heart of overcoming the barriers to renewable energy adoption. 

Advances in technology can reduce costs, improve efficiency, and enhance the reliability of renewable energy 

systems. The framework highlights the importance of supporting R&D to drive technological breakthroughs in 

energy storage, grid integration, and renewable energy generation (Ezeife, Eyeregba, Mokogwu, & Olorunyomi, 

2024). 

Energy storage technologies, such as batteries and pumped hydro storage, are critical for addressing the 

intermittency of renewable energy sources like solar and wind. Improved storage solutions can ensure a stable 

and reliable energy supply, even when renewable resources are unavailable. Grid integration technologies, 

including smart grids and demand response systems, can optimize the use of renewable energy and enhance grid 

stability (Feng & Lazkano, 2025). 

The framework also emphasizes the need for local adaptation of technologies. This involves customizing 

renewable energy solutions to fit different regions and communities' specific conditions and needs. For example, 

off-grid solar systems and mini-grids can provide reliable energy access to remote and rural areas where extending 

the central grid is not feasible. 

 

3.4 Capacity Building 
Capacity building is essential for empowering local stakeholders and ensuring the long-term 

sustainability of renewable energy projects (Dushkova & Ivlieva, 2024). This framework component focuses on 

developing the technical, institutional, and human capacities needed to support renewable energy adoption and 

scaling. Technical capacity building involves training programs and educational initiatives to develop a skilled 

workforce capable of installing, operating, and maintaining renewable energy systems. This includes training 
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engineers, technicians, and other professionals and creating educational curricula in schools and universities 

(Odulaja, Nnabugwu, Abdul, Udeh, & Daraojimba, 2023). 

Institutional capacity building aims to strengthen the capabilities of government agencies, regulatory 

bodies, and other institutions involved in renewable energy development. This can include providing technical 

assistance, developing best practice guidelines, and facilitating knowledge sharing and collaboration. 

Human capacity building focuses on raising awareness and fostering a supportive culture for renewable 

energy. Public awareness campaigns, community engagement initiatives, and participatory planning processes 

can help build social acceptance and support for renewable energy projects. By involving local communities in 

the planning and implementation of projects, stakeholders can ensure that renewable energy solutions are 

culturally appropriate and widely accepted (Altassan, 2023). 

The components of the holistic framework are interconnected and mutually reinforcing. Policy 

interventions provide the regulatory certainty and incentives needed to attract investment and drive technological 

innovation. Financial mechanisms ensure that projects have access to the necessary funding and risk mitigation 

tools, making them more attractive to investors (Adeleye, Awonuga, Ndubuisi, Oyeyemi, & Asuzu, 2024; Bakare, 

Achumie, & Okeke, 2024). Technological innovations reduce costs and improve the performance of renewable 

energy systems, while capacity building ensures a skilled workforce and supportive institutions to sustain long-

term growth. By integrating these components, the holistic framework addresses the multifaceted barriers to 

renewable energy adoption and scaling in emerging and frontier markets. This comprehensive approach ensures 

that efforts in one area support and enhance efforts in others, creating a synergistic effect that accelerates the 

transition to renewable energy. 

 

IV. Analysis of Barriers and Solutions 

4.1 Technological Barriers 
One of the most significant technological barriers in emerging and frontier markets is the inadequacy of 

existing energy infrastructure. Many of these regions rely on outdated and inefficient grids that are ill-equipped 

to integrate variable renewable energy sources such as solar and wind. Furthermore, the lack of advanced energy 

storage solutions exacerbates the intermittency issues associated with these renewable sources (Ajayi, Agupugo, 

Nwanevu, & Chimziebere, 2024). 

To address these challenges, technological innovations must be prioritized. Governments and private 

sector stakeholders should invest in modernizing the grid infrastructure to support the integration of renewable 

energy. This includes deploying smart grid technologies that enhance grid stability and efficiency by enabling 

real-time monitoring and management of energy flows. Additionally, advancing energy storage technologies, such 

as lithium-ion batteries and pumped hydro storage, can help mitigate the intermittency of renewable energy 

sources by ensuring a stable energy supply even when the sun is not shining or the wind is not blowing 

(Aniebonam, Chukwuba, Nwafor, & Taylor, 2023). 

 

4.2 Financial Barriers 
Financial constraints are a major impediment to renewable energy projects in emerging and frontier 

markets. High upfront capital costs and limited access to affordable financing deter investment in these projects. 

Moreover, the perceived risks associated with investing in renewable energy in these markets further restrict the 

flow of capital (Mhlanga, 2024). 

Innovative financial mechanisms are essential to overcoming these barriers. Public-private partnerships 

can leverage public funds to attract private investment by sharing risks and returns. For example, governments 

can establish green banks that provide low-interest loans and credit guarantees to renewable energy projects, 

thereby reducing the financial burden on developers. Microfinance and crowdfunding platforms can also mobilize 

local capital and engage communities in renewable energy projects, making small-scale installations more viable. 

An illustrative example of successful financial innovation is Kenya's M-KOPA Solar, which utilizes pay-

as-you-go financing models to make solar home systems affordable for low-income households. This approach 

allows customers to pay for their solar systems in small, manageable installments, lowering the financial barrier 

to adoption (Ochieng & Lumbe). 

 

4.3 Regulatory Barriers 
Inconsistent and inadequate regulatory frameworks present another substantial challenge. Many 

emerging and frontier markets lack clear and supportive policies for renewable energy development. This includes 

the absence of long-term renewable energy targets, insufficient incentives for private investment, and cumbersome 

bureaucratic processes that delay project approvals. 

Governments must implement clear, stable, and supportive policies to create an enabling regulatory 

environment. Setting ambitious renewable energy targets can signal long-term commitment and attract 

investment. Simplifying and streamlining permitting processes can reduce delays and costs for project developers. 



A Holistic Framework for Addressing the Barriers to Renewable Energy Adoption and Scaling .. 

196 

Additionally, implementing feed-in tariffs or auction systems can ensure fair pricing for renewable energy, making 

projects more financially viable. 

Brazil's PROINFA program is a successful example of a robust regulatory framework. The program 

includes long-term contracts and fixed tariffs for renewable energy projects, providing financial stability and 

encouraging private investment. As a result, Brazil has seen significant growth in its wind and biomass energy 

sectors (Alemede, Usuemerai, & Ibikunle, 2023). 

 

4.4 Social Barriers 
Social acceptance and awareness are crucial for the success of renewable energy projects. In many 

emerging and frontier markets, there is limited public awareness about the benefits of renewable energy. 

Additionally, resistance from local communities, often due to misinformation or the influence of vested interests 

in traditional energy sectors, can impede project development. 

Addressing social barriers requires comprehensive education and engagement efforts. Public awareness 

campaigns can inform communities about renewable energy's environmental and economic benefits. Involving 

local stakeholders in the planning and decision-making processes can build project trust and support. For instance, 

participatory planning in which community members are actively involved in designing and implementing 

renewable energy projects can ensure that these initiatives meet local needs and gain broad acceptance. 

A case in point is the Barefoot College in India, which trains women from rural communities to become 

solar engineers. This initiative empowers local communities and fosters widespread acceptance and support for 

renewable energy by demonstrating its tangible benefits (Paliwal & Chatradhi, 2024). 

The holistic framework emphasizes the integration of policy interventions, financial mechanisms, 

technological innovations, and capacity building to address the barriers to renewable energy adoption. These 

interdependent components must be coordinated to create a supportive ecosystem for renewable energy. For 

instance, policy interventions such as setting renewable energy targets and simplifying regulatory processes can 

create a favorable environment for investment. Financial mechanisms like green banks and microfinance can 

provide capital and reduce financial risks. Technological innovations can improve the efficiency and reliability of 

renewable energy systems, while capacity building can ensure a skilled workforce and informed public to support 

these initiatives (Alemede, Usuemerai, & Ibikunle, 2022). 

Germany's Energiewende (energy transition) serves as a comprehensive example of how integrated 

solutions can drive renewable energy adoption. The program combines ambitious policy targets, substantial 

financial incentives, advanced technological innovations, and robust capacity-building efforts to promote 

renewable energy. As a result, Germany has become a global leader in renewable energy, with a significant share 

of its electricity generated from renewable sources (Hassan et al., 2024). 

 

V. Conclusion 

The analysis of barriers to renewable energy adoption in emerging and frontier markets highlights a 

complex interplay of technological, financial, regulatory, and social challenges. These barriers collectively hinder 

the deployment and widespread adoption of renewable energy technologies, despite their potential to enhance 

energy security, reduce greenhouse gas emissions, and foster sustainable economic growth. Technological 

challenges include inadequate grid infrastructure and the lack of advanced energy storage solutions. Financial 

barriers encompass high upfront costs and limited access to affordable financing, while regulatory obstacles 

involve inconsistent policies and bureaucratic delays. Limited public awareness and acceptance of renewable 

energy projects characterize social barriers. 

The holistic framework proposed in this paper addresses these multifaceted barriers through integrated 

solutions, including policy interventions, innovative financial mechanisms, technological advancements, and 

capacity-building initiatives. By coordinating these efforts, stakeholders can create a supportive ecosystem that 

promotes the adoption and scaling of renewable energy in these regions. This approach ensures that the different 

aspects of the problem are tackled simultaneously, providing a comprehensive strategy to overcome the barriers 

to renewable energy deployment. 

Policymakers play a crucial role in this framework. They should develop and implement clear, long-term 

renewable energy policies, including feed-in tariffs, auction systems, and other financial incentives to ensure fair 

pricing for renewable energy projects. Streamlining regulatory processes can reduce bureaucratic delays and lower 

costs for project developers. Moreover, investing in grid modernization and integrating smart grid technologies 

are essential for accommodating renewable energy sources, enhancing grid resilience, and deploying advanced 

energy storage solutions to ensure a stable energy supply. 

Investors should leverage public-private partnerships to mitigate financial risks and attract additional 

investment. Green banks and renewable energy funds can provide low-interest loans and guarantees to support 

project financing. Innovative financing mechanisms, such as microfinance, crowdfunding, and impact investing, 

can mobilize local capital, engage communities, and make renewable energy projects more accessible and 
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financially viable. Additionally, supporting technological innovation through investment in R&D can reduce costs 

and improve the efficiency and scalability of renewable energy systems. 

Other stakeholders, including educational institutions and industry players, should promote capacity 

building through educational and training programs to develop a skilled workforce capable of supporting 

renewable energy projects. Engaging local communities is also crucial; stakeholders should conduct public 

awareness campaigns, involve local communities in project planning, and address their concerns to build trust and 

acceptance. Furthermore, fostering international collaboration can provide valuable insights and drive innovation 

by sharing best practices and lessons learned from successful renewable energy initiatives in other regions. 

In conclusion, overcoming the barriers to renewable energy adoption and scaling in emerging and frontier 

markets requires a coordinated and comprehensive approach. By implementing the recommendations outlined 

above, policymakers, investors, and other stakeholders can create an enabling environment that supports the 

transition to renewable energy. This holistic strategy will contribute to global energy security, environmental 

sustainability, and economic development, ensuring that emerging and frontier markets can benefit from the 

numerous advantages of renewable energy. 
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