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Smart grid integration based on renewable energy offers developing nations a game-

changing chance to attain equitable and sustainable growth. The socioeconomic effects of 

installing smart grid systems in low-and middle-income areas that are fuelled by renewable 

energy sources like solar, wind, and biomass are investigated in this paper. In addition to 

improving energy availability and dependability in under privileged rural and peri-urban 

region, these technologies help boost economic growth by empowering disadvantaged 

people. The report emphasizes effective models, identifies important policy and 

infrastructural obstacles, and provides governments, development agencies, and 

stakeholders with practical suggestions based on real-world case studies from nations 

including Bangladesh, Kenya and India. 

Objective: To evaluate the policy and socio-economic impacts of smart grids integrated 

with renewable energy in enhancing energy access, economic development, social 

inclusion, and environmental sustainability.  

Methods: It incorporates a case study analysis of real-world smart grid implementations 

across five countries –India. Kenya, Bangladesh, Rwanda, and Nepal. highlighting 

practical outcomes and challenges. Studies are systematically mapped to the United 

Nations Sustainable Development Goals (SDGs). 

Results: Smart grid interventions have led to improved electrification, delivering clean 

energy access to over 4 million rural households. The deployment of smart grids has 

contributed to significant reductions in greenhouse gas emissions and indoor air pollution. 

Additionally, affordability and equity have been enhanced through lower lifetime energy 

costs, the implementation of transparent tariff systems, and the promotion of community-

driven ownership models. 

Conclusions: Renewable-based smart grids represent a transformative solution for 

addressing energy poverty and promoting inclusive development in the Global South. They 

not only provide clean and reliable electricity but also catalyze improvements in health, 

education, gender equality, and economic resilience.  

1. Introduction  

More than 700 million people still do not have access to electricity in many developing nations, 

making it extremely difficult to obtain inexpensive, dependable, and clean energy [1]. In rural or thinly 

inhabited locations, traditional grid extension is sometimes impractical from a financial and logistical 

standpoint. By using digital technologies like automation, smart metering, and real-time monitoring 

systems with decentralized renewable energy sources like solar, wind, and biomass, renewable-based 

smart grids provide a revolutionary approach in this regard [2]. By facilitating real-time load balancing 

and demand response, as well as two-way communication between customers and utility suppliers, smart 

grids improve the adaptability, robustness, and efficiency of electrical systems [3]. Such systems can 

decrease transmission losses, lessen reliance on fossil fuels, and give underprivileged groups steady 

access to electricity in emerging nations. Additionally, mini-grids and microgrids may be integrated with 

smart grids, which is particularly important for rural electrification in South Asia, Southeast Asia, and 

Sub-Saharan Africa [4]. 
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Smart network powered by renewable energy have significant socioeconomic effects in addition 

to technological advantages. Better access to energy stimulates local companies, create jobs, and boosts 

agricultural output, all of which contributes to economic growth. Improved educational results through 

digital access, and increased gender parity through lessened educational results through digital access, and 

increased gender parity through lessened energy-related constraints on women are examples of social 

effects [5]. By replacing the use of biomass and diesel, they contribute to the improvement of indoor air 

quality and the reduction of greenhouse gas emission. 

This research examines the socioeconomic effects of smart networks driven by renewable energy 

sources in emerging nations, given the interconnectedness of energy availability and development. It 

investigates the ways in which these systems might support environmental sustainability, inclusive 

growth, and the achievement of the Sustainable Development Goals (SDGs) of the UN, including SDG 7 

(Affordable and Clean Energy), SDG 1 (No Poverty), and SDG 13 (Climate Action). In developing 

nations, the implementation of smart grids powered by renewable energy sources is increasingly seen as a 

game-changing answer to the dual problems of energy poverty and sustainable development. Literature 

offers a wealth of information about the social, economic, and technological aspects of implementing 

smart grids. 

According to [2], smart grids provide notable enhancements in energy efficiency, dependability, 

and environmental sustainability when combined with renewable energy sources like solar, wind, and 

biomass. They highlight how smart microgrids are useful for electrifying rural areas where centralized 

grid extension is neither practical nor cost-effective. [12] conducted more research on the use of smart 

grid technologies in rural areas and concluded that these systems facilitate adaptable and flexible energy 

management. They discovered that smart networks powered by renewable energy sources greatly lower 

electricity prices and increase system reliability-two important aspects of raising the standard of living in 

isolated villages. [13] examines the socio-economic impacts of this transition, highlighting both 

opportunities, like job creation and sustainable development, and challenges, including economic 

disparities and infrastructure demands. [5] Explored the connection between energy systems and the 

Sustainable Development Goals (SDGs) of the UN from a socioeconomic standpoint. Their research 

showed that, especially when supported by smart grid infrastructure, access to clean and dependable 

electricity had a favorable impact on other development sectors including gender equality, health, and 

education. Local communities can be empowered by decentralized smart grids, according to [4]. Smart 

grid systems not only provide power but also foster social inclusion, skill development, and economic 

involvement, particularly among women and young people, according to their examination of mini-grid 

projects in India and sub-Saharan Africa. 

A cost-benefit approach for rural electrification initiatives based on renewable based on 

renewable energy was created by [6]. His research backs up the claim that, even with greater upfront 

expenditures, smart grid investments result in substantial long-term financial gains through enhanced 

livelihoods, more production, and a decreased need on biomass or diesel fuels. These include insufficient 

funding sources, a lack of legislative backing, and a scarcity of qualified personnel to run and maintain 

cutting-edge energy infrastructure. To guarantee long-term sustainability, the authors emphasized the 

necessity of local capacity building and participative approaches. According to the research, smart 

networks based on renewable energy have enormous potential to produce a variety of socioeconomic 

advantages in developing nations. However, attaining these results requires infrastructure and education 

expenditures, inclusive planning, and supporting policies. 

 
Table 1 Socio-Economic Impacts of Renewable-Based Smart Grids 

Author(s) Focus Area Key Findings / Contributions Relevance to 

SDGs 

International Energy 

Agency (IEA, 2023) 

Global energy access 

statistics 

Over 700 million people still lack access 

to electricity; traditional grid expansion is 

challenging in remote areas. 

SDG 7 

Bui et al. (2021) Smart grid integration with 

renewables; microgrids 

Smart grids improve efficiency, 

reliability, and sustainability; ideal for 

rural electrification via smart microgrids. 

SDG 7, SDG 

13 

Khan et al. (2023) Smart grid applications in 

rural settings 

Smart grids reduce electricity costs and 

enhance reliability, supporting adaptive 

energy management in remote regions. 

SDG 7, SDG 

9 

Nerini et al. (2018) Energy systems and SDG 

interlinkages 

Access to clean energy improves health, 

education, and gender equity; energy 

systems are foundational to multiple 

SDG 7, SDG 

3, SDG 4, 

SDG 5 
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SDGs. 

Palit & 

Bandyopadhyay 

(2016) 

Mini-grids and 

decentralized smart grids in 

India and Africa 

Decentralized systems empower local 

communities, boost economic 

participation, and support youth and 

women through skill development. 

SDG 1, SDG 

5, SDG 8 

Bhattacharyya (2019) Economic framework for 

rural electrification projects 

Smart grid projects have higher upfront 

costs but yield strong long-term 

economic returns, enhanced productivity, 

and reduced fossil fuel dependency. 

SDG 7, SDG 

8, SDG 13 

    

 

[14] highlights challenges such as financing hurdles and policy stability concerns in Iraq's 

renewable energy transition. It emphasizes the need for technical expertise and outlines a roadmap for 

achieving 25% renewable electricity by 2030, impacting socio-economic development positively. [16] 

discusses that integrating renewable energies can create significant job opportunities, enhance energy 

security, and reduce greenhouse gas emissions. However, it emphasizes the need for supportive policies 

and economic assessments to ensure successful implementation in developing economies. [14] highlights 

regulatory and policy barriers in integrating renewable distributed generation within smart grids, 

emphasizing outdated frameworks and financial constraints as significant challenges. A holistic approach 

is essential for addressing these socio-economic impacts in developing economies. [12] focuses on net 

metering in Pakistan, emphasizing regulatory frameworks, financial incentives, and public-private 

partnerships to enhance renewable energy integration, addressing socio-economic impacts through 

improved investment conditions and grid upgrades, crucial for developing economies facing energy 

challenges. [17] highlights that integrating energy access, efficiency, and renewable energy policies in 

Sub-Saharan Africa can reduce residential energy consumption by 25%, cut emissions by a third, and 

lower energy-related investments by 30%, enhancing socio-economic development. [15] emphasizes that 

public policies significantly influence social acceptance of solar technologies, highlighting the need for 

tailored policy frameworks in developing economies to enhance the socio-economic impacts of renewable 

energy, particularly in the context of photovoltaic systems. [10] address the policy and socio-economic 

impacts of renewable-integrated smart grids in developing economies. It focuses on policy integration in 

renewable energy deployment and its effects on environmental sustainability in Sub-Saharan Africa. [18] 

emphasizes the need for overhauling legal frameworks and fostering public-private partnerships to 

support renewable energy growth in Nigeria. This integration is crucial for achieving energy security, 

reducing environmental impact, and promoting socioeconomic equity in developing economies. 

[11] emphasizes that renewable energy transitions in developing countries require policy reforms 

that enhance citizen participation, promote social inclusion, and ensure economic development, ultimately 

leading to improved energy efficiency, affordability, and reliability through integrated smart grid systems. 

[19] highlights that renewable-integrated smart grids in developing economies face challenges in user-end 

acceptance, regulatory needs, and operational flexibility, impacting policy and socio-economic dynamics. 

Addressing these challenges is crucial for effective integration and sustainable energy transition. [20] 

discusses policy implications for tariff regulations and business models for renewable minigrids in rural 

Ghana, highlighting households' willingness to pay for reliable electricity, which can inform socio-

economic development and energy access strategies in similar developing economies. [21] emphasizes 

the need for supportive policy frameworks to facilitate renewable energy integration in smart grids, which 

can enhance energy security, reduce greenhouse gas emissions, and promote environmental sustainability, 

ultimately benefiting socio-economic development in emerging economies. [22] emphasizes that 

enhancing productive socioeconomic potential through policies integrating productive assets, 

entrepreneurial skills, and industrial connections can significantly promote renewable energy 

development, which is crucial for developing economies transitioning to renewable-integrated smart 

grids. 

[23] address the policy and socio-economic impacts of renewable-integrated smart grids in 

developing economies, focusing instead on the environmental and welfare effects of integrating 

renewables in the European electricity sector.  [24] specifically address the policy and socio-economic 

impacts of renewable-integrated smart grids in developing economies. It focuses on challenges and 

solution strategies related to grid integration of renewable energy resources and their effectiveness in 

power networks. [25] address the policy and socio-economic impacts of renewable-integrated smart grids 

in developing economies. It focuses on social equity outcomes from renewable energy transitions, 

highlighting the influence of technology, policy toolkits, and human development indicators. [26] address 

the policy and socio-economic impacts of renewable-integrated smart grids in developing economies. It 
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focuses on the Comprehensive Energy Solution Planning (CESP) framework for sustainable energy 

access projects, integrating engineering and social sciences. [9] emphasizes that distributed energy 

systems (DESs) can significantly enhance socio-economic conditions in remote communities, improving 

quality of life and advancing sustainability goals, particularly when integrated with local socio-economic 

and cultural systems, as demonstrated in case studies from Pakistan. 

[27] address the policy and socio-economic impacts of renewable-integrated smart grids in 

developing economies. It focuses on VRE integration impacts related to generator type, penetration level, 

and grid characteristics. [28] discusses how renewable-based microgrid deployment can strengthen local 

economies and achieve sustainable development goals, emphasizing socio-economic impacts through 

energy efficiency and emissions reduction, while proposing a customized debt financing model to support 

these initiatives in remote areas. [29] specifically address the policy and socio-economic impacts of 

renewable-integrated smart grids in developing economies. It focuses on the impacts of renewable energy 

policies on technological change systems in solar PV and wind power. [30] discusses incentive policies 

that enhance renewable energy source (RES) penetration in microgrids, reducing net present costs and 

carbon emissions, thereby promoting socio-economic benefits in developing countries like Iran, though it 

does not specifically address smart grids. [31] discusses challenges in accessing clean energy in 

developing countries, emphasizing that existing policies, particularly public-private partnerships, have 

failed due to endemic poverty, limiting the development of renewable technologies like biogas and solar, 

which are crucial for socio-economic improvement. [32] emphasizes that renewable energy policies, 

particularly in developing countries, can empower vulnerable groups through entrepreneurship and 

microfinance, enhancing energy security and sustainable development. However, oil-exporting nations 

often show less inclination towards renewable energy adoption. Summary of key studies and gaps are 

presented in Table 2. 

Table 2 Literature Review – Summary of Key Studies and Gaps 

Study Main Contributions Identified Limitations / Gaps 

Bui et al.  Emphasizes smart microgrids' technical 

benefits (efficiency, reliability) in remote areas. 

Lacks analysis of socio-economic outcomes 

and local community impact. 

Khan et al.  Demonstrates flexibility and cost-effectiveness 

of smart grid deployment in rural areas. 

Limited discussion of policy sustainability 

and financing barriers. 

Nerini et al.  Explores linkages between energy access and 

SDGs (e.g., health, education, gender equity). 

Primarily conceptual; lacks empirical 

evidence across multiple developing 

countries. 

Palit & 

Bandyopadhyay  

Highlights mini grids' role in social inclusion, 

skill development, and local empowerment. 

Does not address issues of scalability or 

national policy harmonization. 

Bhattacharyya  Provides cost-benefit analysis supporting long-

term viability of smart grid investments. 

Assumes ideal institutional conditions; may 

not reflect policy realities in low-resource 

settings. 

Sovacool et al.  Identifies key technical and institutional 

barriers (e.g., funding, policy, skilled labor). 

Offers limited practical guidance for 

overcoming challenges in varied contexts. 

 

[33] identifies key parameters influencing microgrid economics, such as real discount rates and 

grants, which can enhance renewable energy penetration and reduce costs, thereby positively impacting 

socio-economic conditions in remote communities, particularly in developing economies like Bolivia. 

[33] focuses on evaluating the comprehensive benefits of power grid investments considering renewable 

energy, emphasizing economic, social, and environmental criteria. It does not specifically address policy 

and socio-economic impacts of renewable-integrated smart grids in developing economies. [34] address 

the policy and socio-economic impacts of renewable-integrated smart grids in developing economies. It 

focuses on the challenges and management strategies for low-voltage networks in the context of 

renewable energy communities in Italy. [35] address the policy and socio-economic impacts of 

renewable-integrated smart grids in developing economies. It focuses on community energy systems and 

energy transitions in Ethiopia and Mozambique, emphasizing inclusivity and local governance in energy 

access. [36] address the policy and socio-economic impacts of renewable-integrated smart grids in 

developing economies. It focuses on off-grid photovoltaic systems and their role in electricity access in 

Sub-Saharan Africa, considering reliability and carbon pricing impacts. [37] address the policy and socio-

economic impacts of renewable-integrated smart grids in developing economies. It focuses on the 

economic viability and emissions of energy communities using various technologies in a renewable 

energy context. 
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[38] highlights that subsidies and citizen behavior are crucial for sustainable cities, emphasizing 

the economic viability of renewable energy communities (RECs) through residential photovoltaic 

systems, which can significantly impact policy and socio-economic dynamics in developing economies. 

[39] addresses socio-economic impacts by proposing a hybrid renewable energy system that creates 

0.2179 jobs/year and emphasizes the importance of integrating technical, environmental, economic, and 

socio-political factors for effective energy solutions in developing economies like Dschang, Cameroon. 

[40] focuses on government subsidies for renewable microgrids, emphasizing their role in correcting 

market failures and enhancing social welfare, but it does not specifically address the policy and socio-

economic impacts of renewable-integrated smart grids in developing economies.  

Section 2 presents the literature review. Section 3 outlines the methodology. Sections 4 to 7 

provide a thematic analysis of smart grid impacts on energy access, economic development, social 

outcomes, and environmental performance. Section 8 methodology, Section 9 discusses policy 

frameworks and behavioral change. Section 10 presents a dedicated discussion of findings and 

limitations. Section 11 challenges and risks, Section 12 concludes with recommendations and future 

research directions. 

1.1 Energy Access and Electrification 

One of the major pillars of socioeconomic growth is still energy availability. Nonetheless, more 

than 700 million people worldwide still lack access to electricity as of 2023, primarily in sub-Saharan 

Africa and portions of South and Southeast Asia [1]. Due to high transmission costs, challenging terrain, 

and a low return on investment, traditional centralized grids have frequently failed to reach rural and 

distant populations. In this regard, decentralized, adaptable, and intelligent energy systems based on 

renewable energy sources have surfaced as a viable way to close the gap in access to power. In order to 

facilitate real-time data interchange and effective energy management, smart grids combine digital 

technology like smart meters, sensors, and automated controls with renewable energy sources [12]. These 

systems may function independently of the central grid when installed as microgrids or mini-grids, which 

makes them ideal for off-grid and underserved locations. In addition to offering basic communication and 

lighting services, these smart grids facilitate the effective use of power in small businesses, agriculture, 

and social facilities like as hospitals and schools [4]. 

Research indicates that electricity through renewable smart grids significantly enhances people’s 

quality of life. While schools profit from digital learning resources and longer study hours, households 

gain access to lights, refrigerators, and connectivity. Reliable electricity for telemedicine, medical 

devices, and vaccinations improves healthcare services [5]. Furthermore, because smart grids are 

modular, flexible, and less reliant on centralized fossil fuel-based infrastructure, they provide resilience 

benefits in the face of climate-related disturbances [2].  Crucially, accessible energy access is also 

supported by smart electrification methods, particularly for underserved groups. Prepaid smart meters, 

mobile energy payments, and peer-to-peer energy trading platforms are examples of technologies that 

make electrically accessible and transparent, enabling communities to efficiently control their usage [6]. 

Additionally, by incorporating clean energy into rural grids, these systems help to mitigate climate change 

and alleviate poverty, which is in line with global like SDG 13 (Climate Action) and SDG 7 (Affordable 

and Clean Energy). Notwithstanding the potential, there are still issues with funding, scalability, and 

ongoing upkeep. However, recent pilot projects in Bangladesh, Kenya, and India show that renewable-

based smart grids may become a key component of equitable electrification policies in developing nations 

with the right kind of policy backing and community involvement. 

1.2 Economic Development 

Smart networks powered by renewable energy are essential for promoting regional and national 

economic growth in emerging nations. Beyond the immediate objective of supplying power, smart grids 

are also catalysts for the expansion of small and medium-sized businesses (SMEs), the creation of jobs, 

and higher productivity. Through the provision of dependable and reasonably priced energy access, these 

systems enable people, communities, and businesses to participate in economic activities more 

successfully. The capacity of smart grids to facilitate efficient energy consumption is among its most 

important economic advantages. Agricultural mechanization, irrigation, cold storage, and food processing 

are all made easier in rural regions by dependable energy. These operations immediately boost revenue 

and lower post-harvest losses [6]. For example, in East African nations, solar-powered mini-grids have 

been utilized to power sewing machines, water pumps, and grain mills, resulting in the growth of rural 

economics and the emergence of new microenterprises [4]. 
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The creation of smart grids also encourages the creation of jobs in several industries, such as 

infrastructure construction, grid installation, system upkeep, and the production of renewable energy. 

These consumptions, which vary from low-skilled to highly technical professions, support workforce 

diversity and skill development [12], Additionally, training initiatives and neighborhood energy 

cooperatives give women and young people options, which lessens gender and generational gaps in the 

workforce. Macro economically speaking, smart grids lower transmission losses and increase energy 

efficiency, which may save governments and utilities a lot of money. These savings can then be used to 

find further healthcare, education, or infrastructure projects. 

Additionally, digital connectivity which is becoming increasingly associated with economic 

competitiveness is made possible by reliable power. Entrepreneurs who have access to electricity may 

utilize computers, smartphones, and internet-based platforms for online learning, mobile banking, and e-

commerce. Such connection improves access to information, financial services, and markets, especially 

for underserved populations in rural locations [5]. Despite these advantages, community involvement, 

appropriate finance methods, and enabling regulations are necessary for smart grid-based economic 

growth. By facilitating efficient energy usage, increasing employment, lowering energy-related expenses, 

and encouraging entrepreneurship, renewable-based smart grids provide a substantial contribution to 

economic growth. They can turn underprivileged neighborhoods into centers of regional economic 

activity when used in conjunction with inclusive policies. 

1.3 Social Impact 

Installing smart networks powered by renewable energy sources in underdeveloped nations has 

societal ramifications that go beyond just supplying electricity. Smart grids have a revisionary effect on 

healthcare, education, gender parity, and general quality of life by expanding access to clean, inexpensive, 

and dependable electricity, especially in rural and underserved places. 

1.3.1 Education 

The results of schooling are greatly enhanced by having access to electricity. The presence of 

illumination in many rural schools allows for study hours to be extended into daylight hours, facilitating 

test preparation and nighttime sessions [5]. Additionally, electrification encourages the use of digital 

resources like computers, projectors, and the internet, which improve digital literacy and the quality of 

instruction. Power access and dependability are guaranteed by smart grid systems, which is essential for 

the reliable functioning of educational infrastructure. 

1.3.2 Healthcare 

Operating medical facilities, storing vaccinations, and powering life-saving and diagnostic 

devices all depend on stable energy. Smart networks with solar or hybrid power provide clean, consistent 

electricity that supports health services in places where diesel generators are unreliable or prohibitively 

expensive [4]. Furthermore, as telemedicine grows, online health consultations depend more and more on 

reliable energy, a function that smart grids are intended to supply. 

1.3.3 Gender Equity and Empowerment   

By substituting electrically powered alternatives for labor-intensive jobs like gathering firewood 

or manually processing grains, energy availability through smart grids helps alleviate women’s time 

poverty [12]. Public lighting improves safety for women and gives them more chances to earn money and 

start their own businesses. In order to foster leadership and financial independence, women have also 

received training as solar technicians, operators, and energy entrepreneurs in several initiatives [6]. 

1.3.4 Social Inclusion and Community Participation 

Planning ownership and administration of decentralized renewable smart grids sometimes 

require community involvement. In certain situations, village-level energy committees and cooperatives 

have given locals the authority to decide on rates, use guidelines, and upkeep as a group. 

1.3.5 Quality of Life 

Community involvement in planning, ownership, and management is common in decentralized 

renewable smart grids. Cooperatives and village-level energy committees have given locals the authority 

to decide on rates, use guidelines, and upkeep as a group in certain situations. 

1.4 Environmental and Health Benefits 
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These are major health and environmental benefits to integrating renewable energy with smart 

grid technologies, particularly in underdeveloped nations where there is still a large dependence on 

biomass and fossil fuels. These advantages cover public health outcomes, mitigation of climate change, 

emission reduction, and air quality improvement. 

1.4.1 Reduction in Greenhouse Gas Emissions 

Smart networks powered by renewable energy sources significantly lower greenhouse gas 

(GHG) emissions by reducing reliance on coal-fired power plants, biomass burning, and diesel 

generators. When controlled by intelligent grid technology, solar, wind, and small hydro systems provide 

optimal energy dispatch with a low carbon impact [1].  Mini-grids powered by solar photovoltaics have 

supplanted diesel-based generation in many developing countries, slashing energy prices and CO2 

emissions [6]. 

1.4.2 Improved Air Quality 

Wood, charcoal, or kerosene are frequently used to provide energy demands in rural homes and 

off-grid settlements for lighting and cooking. This results in indoor air pollution, which is a major 

contributor to respiratory illnesses, particularly in children and women. Smart grids reduce particulate 

matter (PM2.5) an harmful pollutants like carbon monoxide by facilitating cleaner electrification and the 

use of electric cooking and lighting equipment [4]. 

1.4.3 Health Benefits  

The effects of better air quality on health are significant. The World Health Organization 

estimates that every year, home air pollution results in around 3.2 million fatalities [7]. Clean energy –

powered smart grids significantly reduce exposure to dangerous smoke, enhancing cardiovascular and 

respiratory health. Additionally, electrification facilitates clean water pumping, supports medical 

diagnostics, and drives vaccine refrigeration-all of which improve public health outcomes [12]. 

1.4.4 Environmental Conservation   

Decentralized renewable deployment is supported by smart grids, which decrease deforestation 

from fuelwood collection and eliminates the need for substantial transmission infrastructure. Through 

demand response and real-time monitoring, they also make energy efficiency possible, which lowers 

wasteful use and encourages environmental stewardship [2]. 

1.4.5  Climate Resilience  

Developing countries are disproportionately affected by climate change’s effects, such as intense 

heat and unpredictable rainfall. By incorporating distributed renewable technologies that can operate 

independently (as microgrids) in the event of a disaster or grid failure, smart grids improve climate 

resilience.  

1.5 Affordability and Energy Equity   

Two essential tenets of sustainable energy transitions are affordability and energy equity, 

particularly in developing nations where sizable portions of the populace continue to live in energy 

poverty. Smart networks powered by renewable energy provide creative methods to close gaps in energy 

availability while resolving economic inequalities in energy price and use. 

1.5.1 Lower lifetime Energy costs  

Renewable-based smart grids can have somewhat high upfront expenditures for infrastructure 

and smart metering systems, but they have far lower ongoing operating expenses. For example, solar 

photovoltaic (PV) systems may function without relying on the unstable markets for fossil fuels and have 

low marginal costs after installation [1]. By improving energy distribution, enabling demand-side control, 

and limiting losses, smart grids further lower operating costs [2]. Overtime, these benefits result in more 

stable and reasonably priced power prices for customers in rural and peri-urban areas. 

1.5.2 Flexible and Transparent Tariff Structures  

Prepaid billing, time-of-use rates, and remote disconnection/reconnection are all made possible 

by smart grids, and they all support affordability and openness [6]. Low-income households may better 

control their energy consumption, prevent bill shocks, and pay in smaller, more manageable amounts via 
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mobile platforms. Furthermore, consumers may monitor and lower their energy use with the help of real-

time consumption data, which improves cost management even further [4]. 

1.5.3 Cross-subsidization and Pro-poor Tariffs 

Cross-subsidization programs, in which commercial or higher-income customers fund power for 

disadvantaged communities, are made possible by smart grids. Smart grids are a useful tool for creating 

inclusive energy systems since this fair pricing model works better when usage is tracked in real time. 

Utilities may increase access without sacrificing their financial stability by including equity into the 

design of their systems. 

1.5.4 Gender and Social Inclusion   

Making sure that underserved groups, especially women, the elderly, and indigenous peoples, 

have equitable access to dependable energy services is another aspect of energy equity. Women are 

disproportionately affected by energy poverty in many developing stations, where they frequently spend 

hours gathering firewood or putting up with indoor air pollution (UNDP, 2022). By increasing safety, 

facilitating access to clean cooking technology, and freeing up time for work and education, smart grid-

based electrification promotes gender parity. 

1.5.5  Localized Ownership and Job Creation 

Microgrids run by community have the potential to promote local economic engagement and 

democratize electricity access. Smart grids strengthen the idea of energy justice by creating local jobs and 

encouraging community ownership via the involvement of local stakeholders in design, operation, and 

maintenance [12].   

1.6 Community Participation and Behavioral Change 

The effective implementation and long-term viability of smart grids powered by renewable 

energy depend heavily on community involvement and behavioral shifts. To guarantee ownership, social 

acceptance, and economical energy consumption, smart grid projects- particularly in rural or 

underprivileged areas-need strong community engagement, in contrast to typical top-down grid extension 

projects. 

1.7 Community Engagement in Planning and Governance 

Project relevance and social validity are increased when communities are included in the 

planning and decision-making stages. Research indicates that initiatives created in collaboration with 

local users are more long-lasting and more in line with the demands of the community [6].  By allowing 

communities to participate in tariff setting, system monitoring, and maintenance, participatory 

governance structures-like local energy communities or cooperatives-increase accountability and 

transparency. 

1.7.1 Behavioral Change through Information and Feedback 

  Smart grids encourage behavior change by delivering real-time data on energy use via smart 

meters, smartphone notifications, and dashboards. This feedback loop enables users to learn peak demand 

periods, identify energy waste, and alter their usage habits accordingly. Educational campaigns and 

capacity-building programs boost energy literacy, particularly among women and adolescents, resulting in 

more energy-conscious societies.  

1.7.2 Social Acceptance and Trust Building 

  The acceptance of new technologies is dependent on faith in system dependability and service 

providers. Local participation builds trust and lessens resistance to change [4]. Training local individuals 

as system operators or technicians increases system ownership and technical capability within the 

community, minimizing the need for external assistance.  

1.7.3 Cultural Norms and Gender Roles 

  Cultural attitudes and social conventions can influence energy behavior. In several areas, gender 

roles impact family energy decisions. Including women in energy planning, training, and leadership 

positions has been found to increase energy adoption and promote widespread behavioral change [8]. 

Women-led energy cooperatives in East Africa and South Asia are prime instances of community-driven 

grid success. 
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1.7.4 Adaptation to Technological Change 

  Behavioural change is also necessary for adjusting to smart grid features like time-of-use 

pricing, load shifting, and energy-efficient appliance usage. Successful programs in India and Kenya 

show how education and incentive mechanisms (such as lower off-peak pricing) may help customers shift 

to new consumption models, resulting in more efficient grid operations [12].  

 

Table 2 Case Studies on Socio-Economic Impact of Renewable-Based Smart Grids in Developing Countries 

2. Methodology 

  This study adopts a qualitative, comparative review approach to examine the policy and socio-

economic impacts of renewable-integrated smart grids in developing countries. A combination of 

academic literature, policy reports, institutional publications, and real-world case studies was reviewed to 

ensure both theoretical and practical relevance. 

Country Selection Justification: 

  Five countries—India, Kenya, Bangladesh, Rwanda, and Nepal—were selected based on the 

following criteria: 

− Demonstrated progress in smart grid adoption and integration with renewable energy. 

− Representation of regional diversity across South Asia and Sub-Saharan Africa. 

− Availability of publicly documented case studies and policy frameworks. 

Country 
Project / 

Initiative 
Technology Used 

Key Socio-Economic 

Impacts 
Notable Features 

India 

Smart Power for 

Rural 

Development 

(SPRD) 

Solar PV Mini-

Grids with Smart 

Meters 

− Energy access to 250+ 

villages 

− Increased rural 

entrepreneurship 

− Empowered women-led 

enterprises 

− Improved healthcare and 

education services 

Mobile-based payment 

system  

Productive use focus 

(e.g., mills, irrigation) 

Kenya M-KOPA Solar 

Pay-as-you-go 

Solar Home 

Systems (SHS) 

− Affordable energy to over 1 

million homes 

− Job creation in solar retail 

and servicing 

− Reduced kerosene 

dependency and CO₂ 
emissions 

IoT-enabled smart 

meters  

Mobile money 

integration (M-Pesa) 

Banglade

sh 

IDCOL Solar 

Home Systems 

Program 

Solar panels with 

smart battery units 

− Electrified over 4 million 

rural homes 

− Enabled night-time study for 

students  

− Health clinics operate with 

solar lighting  

− Women's participation in 

maintenance and sales 

Largest off-grid SHS 

program globally  

Public-private finance 

model 

Rwanda 

BBOXX with 

Rwanda Energy 

Group 

Smart Solar Mini-

Grids 

− Access to electricity in 

remote villages 

− Boosted microenterprises 

and digital services 

− Climate-friendly power 

delivery 

Smart grid analytics 

platform  

AI-driven demand 

forecasting 

Nepal 

Renewable 

Energy for Rural 

Livelihoods 

(RERL) 

Micro-Hydro + 

Solar Hybrid 

Grids 

− Improved livelihoods in 

mountainous regions  

− Increased agricultural 

productivity  

− Reduced migration to urban 

areas 

Community-managed 

grids  

Integration with local 

industries 
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− Presence of ongoing development programs in energy access, often supported by international 

agencies and public-private partnerships. These countries offer contrasting socio-economic contexts 

and policy environments, enabling a balanced comparative analysis of opportunities, barriers, and 

outcomes. 

  The literature reviewed includes: 

− Peer-reviewed journal articles, conference papers, institutional reports (e.g., IEA, WHO, UNDP). 

− Publications dated between 2015 and 2024 to ensure recent and relevant insights. 

− Studies specifically focused on smart grids, renewable energy integration, and socio-economic 

impacts in developing regions. 

Exclusion criteria: 

− Studies focused solely on technical simulations without policy or social dimensions. 

− Reports that address developed countries exclusively. 

− Literature without full text availability or lacking methodological transparency. 

  The reviewed material was categorized thematically to support structured cross-country 

comparison across five key domains: energy access, economic impact, social outcomes, environmental 

effects, and policy design. 

3. Policy and Institutional Framework 

A strong policy and institutional framework is required for the deployment of renewable-based 

smart grids in underdeveloped nations. Governments must build conductive environments by establishing 

clear legislation, incentives and standards for renewable energy and digital technology integration into the 

grid. Policies should support public-private partnerships (PPPs) =, risk mitigation tools, and investment in 

rural infrastructure (IEA, 2021). Tariff structures must be modernized to enable distributed generation, 

demand response, and net metering systems. Capacity building in local institutions and utilities is critical 

for ensuring the technical, administrative, and operational expertise necessary for smart grid rollout. 

National electrification plans should include smart grid components that are associated with wider 

objectives such as energy security, sustainability, and poverty reduction. International support, such as 

concessional financing and information sharing from international institutions, strengthens the policy 

ecology. 

4. Discussion 

This study highlights the socio-economic and policy impacts of renewable-integrated smart grids 

in five developing countries. The findings reinforce the potential of these systems to enhance energy 

access, foster inclusive growth, and support environmental sustainability. However, several 

methodological and contextual limitations must be acknowledged. 

Table 3 Comparative Review of Decentralized Energy Initiatives across 5 Countries 

Unique Socio-Economic Impacts India Kenya Bangladesh Rwanda Nepal 

Energy Access Increase ✓  ✓  ✓  ✓   

Rural Entrepreneurship ✓    ✓   

Women Empowerment ✓   ✓    

Health Care Service ✓   ✓    

Job Creation ✓  ✓  ✓   ✓  

CO2 Emission Reduction  ✓   ✓   

Green Energy ✓  ✓  ✓  ✓  ✓  

 

The comparative review of decentralized energy initiatives across India, Kenya, Bangladesh, 

Rwanda, and Nepal are shown in Table 3 reveals a shared commitment to leveraging renewable 
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technologies for inclusive and sustainable development. While all countries prioritize energy access, their 

approaches diverge in focus and outcomes, shaped by local socio-economic and geographic contexts.  

India’s model stands out for its dual impact on women’s empowerment and public service 

enhancement, demonstrating that energy infrastructure can serve as a backbone for broader human 

development goals. Kenya uniquely advances employment generation in solar retail and environmental 

sustainability, integrating clean energy with financial innovation. Bangladesh's program is remarkable in 

both scale and depth, fostering educational access and women’s technical involvement in off-grid 

systems. Rwanda emphasizes the synergy between electrification and digital services, setting a 

benchmark for climate-smart, tech-integrated rural development. Nepal addresses topographical 

challenges by combining renewable technologies with livelihood improvements and demographic 

stabilization in remote areas. These case studies collectively affirm that there is no one-size-fits-all energy 

solution. Instead, success lies in tailoring interventions to local needs—whether it's entrepreneurship, 

health, education, migration, or digital transformation. Going forward, the global south can draw valuable 

lessons from these differentiated models to design more inclusive, resilient, and context-specific energy 

ecosystems. 

4.1 Methodological Limitations: 

First, the study relies on secondary data and literature, which may not capture recent 

developments or region-specific nuances. The availability and consistency of data across countries varied, 

which may affect the comparability of outcomes. Second, while the case studies offer practical insights, 

they are not exhaustive and may reflect selective implementation success. Third, this review does not 

include detailed technical or economic modeling, which limits the ability to assess long-term financial 

viability or technological performance of smart grids under different deployment scenarios. They are not 

exhaustive and hence can be extended to sustainable cities responsible consumption and climate action 

aligning with SDG 11, SDG 12 and SDG 13. 

4.2 Future Research Directions 

To address these gaps, future research should: 

− Conduct longitudinal field studies to measure the long-term socio-economic outcomes of smart grid 

interventions. 

− Investigate the scalability and financial models for decentralized smart grid systems in resource-

constrained settings. 

− Explore gender-specific impacts using disaggregated data, especially on how smart energy solutions 

influence women's livelihoods and empowerment. 

− Examine policy coherence and regulatory frameworks that facilitate smart grid expansion, especially 

in fragile governance environments. 

− Assess the interoperability of smart grids with national energy infrastructure and their resilience to 

climate-related disruptions. 

While the promise of renewable-integrated smart grids is evident, realizing their full impact 

requires continued research, adaptive policy design, and context-sensitive implementation strategies. The 

social economic effects considered are confined to energy entrepreneurship, healthcare and emission 

reduction. It can be further extended to sustainable cities responsible consumption and climate action 

aligning with SDG 11, SDG 12 and SDG 13. The research can be further extended on above lines, 

making a wholistic approach.  

4.3 Challenges and Risks 

Despite its promise, renewable-based smart grids confront several implementation hurdles in 

underdeveloped nations.  

Financial Constraints: The high initial costs of smart grid infrastructure, along with uncertainties 

about the return on investment, might inhibit investors and utilities (World Bank, 2020).  Scalability and 

dependability are hampered by technical constraints such as poor grid infrastructure, limited digital 

connection, and insufficient local manufacturing skills. Regulatory gaps: The lack of dynamic pricing 

mechanisms, variable grid codes, and data privacy regulations stifle innovation and user participation.  

Institutional Inertia: Resistance to change within utilities and fragmented governance systems 

impede the adoption of new technology.  
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Social acceptance: Low participation might be caused by a lack of consumer knowledge, pricing 

concerns, and confidence in automated systems. 

Cybersecurity risks: Increased digitalization introduces vulnerabilities that necessitate among 

data protection and incident response systems. Addressing these risks needs a collaborative effort from 

governments, utilities, technology providers, financers and civil society.  

5. Conclusion 

The integration of smart grids powered by renewable energy presents a transformative 

opportunity for developing nations to achieve sustainable and inclusive development. As evidenced by 

the case studies from India, Kenya, Bangladesh, Rwanda, and Nepal, smart grid systems have 

substantially improved energy access, especially in underserved rural and peri-urban areas. These 

advancements have directly contributed to enhanced quality of life through cleaner energy, better health 

outcomes, reduced greenhouse gas emissions, and more equitable economic participation. By aligning 

with the United Nations Sustainable Development Goals, renewable-based smart grids demonstrate their 

potential not only as technical solutions but also as catalysts for broader social change—supporting 

gender equality, educational attainment, and community empowerment. To realize this potential on a 

scale, supportive policies, infrastructure investment, and inclusive governance models are essential. With 

the right frameworks in place, smart grids can play a pivotal role in eradicating energy poverty and 

fostering resilient, low-carbon economies in the Global South. 
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