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ABSTRACT

The need for energy access is still a major challenge in developing countries, where millions do not have
access to reliable and affordable power. Notably, this inequality has far-reaching implications,
particularly for rural and marginalised communities, and only exacerbates socio-economic disparities
while stifling opportunities for sustainable development. Renewable energy is a game-changing solution,
providing local, clean, and scalable replacements for conventional fossil fuel systems. The paper focuses
on linking renewable energy and social equity by examining the role of off-grid solar systems, mini-grids
and decentralized energy technologies to connect energy bridges. What are the barriers for equitable
acceptance of energy, and how can we integrate strategies for equity in renewable energy interventions;
these constitute the key objectives of our study. The results show that decentralized renewable solutions
have led to improved energy access rates by over 80%, lowered the cost of household energy bills by
more than 30%, and reduced annual greenhouse gas emissions by 1,000 metric tons in beneficiary
regions. And inclusive strategies, like participatory planning and targeted subsidies, improved gender
equity as well, with women making up 60% of energy decision-makers in some projects. Despite these
assets, ongoing challenges such as high installation costs and policy gaps emphasize the need for
enhanced international cooperation and funding. The study recommends that renewable energy
transitions be inclusive, sustainable, and transformative, and concludes with robust recommendations to
do so: inclusion of alley equity-oriented policies in regulatory frameworks, a strengthened regulatory
framework for all future renewable energy projects, and addressing the structural inequalities that exist
at the community level through community engagement and participation.

1. INTRODUCTION

Looking towards the future, renewable energy has become a pillar of worldwide initiatives to tackle climate change and
promote sustainable development. We have also come to know the availability of clean energy that can be supported by
technologies like solar, wind, hydropower, and biomass [1]. This is especially noteworthy for developing countries where
demand for energy is increasing quickly, yet fossil fuel-based systems frequently do not provide for underserved populations.
Utilizing the plenty of natural resources - sun, wind and others, renewable energy is one of the ways to bridge the energy
deficit, reduce greenhouse gas emission and trigger socio-economic development [2]. But access to energy is not simply a
technological or economic issue, but a profoundly social one [3]. Social equity refers to the fair and just distribution of
resources and opportunities, and it is essential for making sure that the systems established around renewable energy serve
all segments of society [4]. Energy inequities still exist in many developing countries, where rural populations, low-income
households, and marginalized groups remain at risk of being excluded from affordable and reliable energy access [5].
Tackling these disparities will require not just expanding renewable energy systems, but creating systems that prioritize
equity and inclusion [6], [7]. A specific focus on social equity in renewables intervention is essential to not only avoid
deepening existing inequalities but also to ensure the chance of not creating new ones [8]. However, access on human equality
in renewable power in third world countries is both a possibility and a challenge. The goal is to assess the present state of
access to energy, determine socio-economic and policy factors that influence equitable outcomes, and provide
recommendations to embed equity in the development of renewable energy [9], [10]. Through examination of successful
case studies and crafting relevant policy recommendations, the paper argues that renewable energy could serve as a tool of
social equity and sustainable development [11].
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In Figure 1, the interconnected interplay between energy equity, energy accessibility and energy affordability is represented,
emphasizing their mutual reinforcements and underlying components. The metric at the top is energy equity: or the fairness
and just-ness of access and affordability (disparities in access and affordability for different socio-economic groups) of
energy flowing into the system [12]. A critical aspect of energy equity is energy accessibility, which describes the availability
and reach of energy resources, especially in underserved or remote regions. Infrastructure, meaning how energy, be it via
grids, microgrids, or off-grid solutions, is delivered and the amount and reliability of available energy per location, plays a
critical role in shaping accessibility [13]. Equity among consumers is another critical driver of energy affordability, making
the use of energy affordable in terms of both economic access and economic viability to use an energy source sustainably.
Affordability contains two elements: the cost of obtaining the energy resources (e.g. connection fees, renewable systems
installation) and the cost of using the energy (e.g. electricity bills, fuel costs, maintenance). This highlights the interdependent
nature of these components [14], [15]. Improving affordability through cost-reduction measures, and accessibility based on
optimum infrastructure and reliable energy supply directly contributes to the achievement of energy equity. On the other
hand, equity-focused priorities can push for targeted policy and investment that improves accessibility and affordability,
together creating a virtuous cycle of sustainable energy development [16].
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Fig 1. Interrelationship Between Energy Equity, Accessibility, and Affordability
The framework highlights that achieving energy equity necessitates a holistic approach that simultaneously addresses both
accessibility and affordability. This requires targeted efforts to develop infrastructure that ensures energy delivery to
underserved areas, improve the availability and reliability of energy resources, and implement cost-reduction measures to
make energy economically viable for all. By focusing on these interconnected elements, a balanced and inclusive energy
system can be developed, ensuring fair access and use of energy resources across diverse socio-economic groups.

2. RELATED WORK

Millions of people still have no access to affordable and reliable energy supply in many developing countries. More than
700 million people, mostly in sub-saharan Africa and parts of South Asia, still have no access to electricity according to up-
to-date estimates, while many more have to make do with an unreliable or inadequate supply [17]. The energy deficits hamper
the socio-economic development due to limited access to the education, healthcare and economic growth opportunities [18].
Data on Energy Access Lackfulness in Developing Nations (Table I11). Energy infrastructure investments tend to favour
urban centres, whereas rural areas are forced to resort to traditional biomass, kerosene and diesel which are both polluting
and inefficient--not to mention disastrous for health and the environment [19]. Further, the socio-economic disparities are
intensified because low-income families are not able to pay for energy services. Generating energy from renewable resources
is a good solution to fill up the mentioned energy gaps, providing an energy system that is sustainable and can grow to meet
growing global energy demand and the planet's allocation for energy resources. Solar photovoltaic panels, wind turbines,
and small hydropower systems have effectively extended energy access to remote and off-grid populations [20]. Renewable
energy solutions can also be used in decentralized systems (e.g., solar microgrids, solar home systems), as opposed to
centralized fossil fuel systems, and for this reason they can be more readily adopted and tailored to local context [21].
Additionally, green energy lessens reliance on foreign energy sources, stabilizes energy costs, and is consistent with global
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efforts to mitigate climate change. Renewable energy provides an avenue for developing countries to reduce energy
inequalities and realize inclusive growth while at the same time addressing the dual challenges of energy access and
environmental sustainability [22], [21], [22].

Table I shows the various methods currently employed to address energy access challenges in developing countries, along
with their limitations and typical application areas. While centralized grid expansion remains a key strategy for urban and
peri-urban areas, decentralized solutions like off-grid solar systems, mini-grids, and biogas systems have gained prominence
in remote and rural regions. Each method presents unique advantages but also faces limitations, such as high installation
costs, maintenance challenges, or environmental impacts. By tailoring these methods to specific local needs and contexts,

governments and stakeholders can address energy gaps effectively and sustainably.
TABLE I. METHODS, LIMITATIONS, AND APPLICATION AREAS OF ENERGY ACCESS SOLUTIONS

Method
Grid Expansion

Description
Extending centralized electricity grids to
rural and underserved areas.

Limitations

High cost of infrastructure development;
limited feasibility in remote or sparsely
populated areas.

Application Areas
Urban and peri-urban areas;
densely populated rural regions.

Off-Grid Solar | Standalone solar home systems for = High upfront costs; limited energy capacity for = Remote rural areas; small
Systems households or small businesses. larger applications. households; micro-businesses.
Mini-Grids (Solar, = Decentralized systems providing power High installation  costs; ~ maintenance =~ Rural ~ communities;  small
Wind, Hydro) to small communities or villages. challenges; limited scalability for industrial use. ~ agricultural hubs.

Biogas Systems

Using organic waste to generate clean
cooking fuel and electricity.

Requires consistent supply of feedstock; limited
awareness and technical expertise in some
regions.

Rural households; agricultural
farms; small-scale industries.

Improved Energy-efficient ~ stoves  reducing = Limited adoption due to cultural preferences;  Rural households; areas reliant
Cookstoves biomass use for cooking. reliance on biomass still contributes to on traditional cooking methods.
deforestation.

Wind Energy = Wind turbines for electricity generation, = Dependent on consistent wind availability; high = Coastal regions; wind-rich rural
Systems often at a community scale. initial investment costs. and semi-urban areas.
Hydropower Small dams or run-of-river systems for = Environmental impact on local ecosystems; Mountainous or water-rich
(Small-Scale) local power generation. limited application in arid regions. areas; small industrial zones.
Bioenergy Generating energy from organic wasteor = Competition with food production for = Agricultural areas; waste-rich

biomass, such as biofuels.

feedstock; sustainability concerns with large-

regions; transport sector.

scale operations.

Diesel Generators Small-scale electricity production using = High operational costs; dependence on volatile =~ Emergency  power  supply;
diesel. fuel markets; significant environmental impact. = remote areas without
alternatives.
Hybrid Systems Combining renewables (e.g., solar, High initial costs; technical complexity; Remote and off-grid areas;
wind) with backup diesel generators or = reliance on diesel as a backup. disaster-prone regions.
batteries.
3. METHOD

Energy access social equity is concerned with both the overall build-out of the energy system interlinked with burdens
associated with energy on the community level along with the systemic barriers that prevent equitable access and benefit
across energy systems. This idea starts with uninterrupted but free access for the disadvantaged segment of the population
to electricity and energy and then progresses in the direction of systemic inequalities within the energy sector that need to be
repaired if the consequences should help all people in the society, guaranteeing accessibility to the most vulnerable and
marginalised sections of people. Social equity can be seen in multiple aspects such as equitable energy distribution, inclusive
decision-making processes, and empowerment of disadvantaged groups. Income inequality is one of the primary barriers to
equitable energy access in many developing countries. The initial connection fees, installation of renewable systems, or the
ongoing costs of energy consumption are often is too high for low-income households to pay for, leaving them reliant on
inefficient and unhealthy traditional fuels, like biomass or kerosene. Such disparities increase the energy poverty gap and
continue the vicious circles of economic and social disadvantage.” Territorial differences are crucial in the making of energy
differences as well. Rural and remote regions are often neglected in energy investment efforts, as urban areas are the primary
target, as the population density and existing infrastructure can be targeted. Consequently, rural communities are
disproportionately underserved by modern energy services, continuing to depend on crude and environmentally damaging
energy solutions. Rural energy access should be centered around decentralized solutions, such as off-grid solar systems and
mini-grids that are tailored for the hurdles of rural areas. Finally, gender and disadvantaged groups have a more complex
challenge to engage with energy. Since the brunt of energy poverty often lies on those in charge of household energy
responsibilities primarily cooking and collecting fuel in many developing countries, women generally find themselves at the
forefront of energy poverty. The absence of clean and affordable energy multiplies their workload and health risks and time
poverty. Social, economic or political discrimination against ethnic minorities and displaced populations among other
marginalized groups often prevents them from having access to energy infrastructure. Combating the nexus of these
overlapping inequalities with targeted policies and programs will be necessary to achieve greater social equity in energy
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access to guarantee that energy solutions are inclusive, affordable and attuned to the needs of every sector of society.
Renewable energy can increase social equity through eliminating existing systemic barriers for energy access, focusing on
poor and marginalized communities. Renewable energy solutions provide a decentralized and flexible approach to energy
access, unlike the centralized infrastructure and fossil-fuel dominated equipment of legacy energy systems, enabling
expanded inclusion and equity in energy access. For instance, off-grid and decentralized energy solutions (like solar home
systems and mini-grids) can be deployed in remote or rural areas were connecting to the centralized grid is frequently greater
economic or technical infeasibility. These systems both provide households and communities access to clean and reliable
energy source while also allowing households and communities to participate in generating and managing their own energy,
fostering energy independence and resilience. Due to reduced costs and availability of renewable technologies, there are
opportunities for equity as they promote new opportunities for communities. The decline in costs of renewable technologies,
and solar photovoltaic systems in particular, in recent years has made them more accessible for low-income households and
small businesses. New financing solutions and innovative payment models, including pay-as-you-go systems and
microloans, have enabled even the most impoverished households to pay for and deploy renewable energy technologies
without the need to invest in costly upfront purchases. In addition, renewable energy systems are both modular and scalable,
allowing users to add more energy than they had, as needs and resources become available, a particular advantage in rural
and low-income areas. Such solutions can impact social equity very deeply, as demonstrated by numerous successful
renewable energy initiatives in developing countries. The companies M-KOPA, AZA, and Forty Spikes have made a very
big impact, especially in East Africa, with solar home systems which has provide affordable and reliable energy, replacing
kerosene and have a positive health and development outcomes. Decentralized solar mini-grids in India have brought power
to remote villages, enabling local businesses to thrive and enabling children to do their homework after dark. Small
hydropower projects in Nepal, too, have helped provide energy access to remote mountain communities, energizing local
economies as well as closing gender gaps by alleviating the labor burdens typically carried by women, such as gathering
firewood. Renewable energy is, in theory, an equalizer in terms of decreasing disparities in access to energy, meeting the
needs of vulnerable populations, and lowering prices for local communities. With decentralized access, lower costs, and new
business models, it is meeting energy inequities that have been ignored by current energy systems. These solutions drive
higher quality of life, and help towards bigger goals of sustainable development and inclusive growth.

An overview of now used procedures for renewable energy is summarize in Table I, which highlights the description,
restrictions and possible area of application for each method. With a range of energy solutions available to suit different
circumstances, this further emphasizes the spectrum of options available in the energy access space, from grid extensions
and solar mini-grids all the way across to small-scale hydropower and biogas installations. However, these methods have
their limitations, including high installation costs, environmental impact, and technical maintenance challenges. With a clear
perception of these strengths and limitations, strategy can be devised by stakeholders to implement a sustainable solution for
equitable energy access, globally and for every part of the globe- urban, rural and remote.

TABLE II. APPLICATIONS AND CHALLENGES OF RENEWABLE ENERGY METHODS

Method
Grid Extension

Description
Expanding centralized electricity grids
to underserved areas.

Limitations
High infrastructure costs; impractical for remote
or sparsely populated areas; slow implementation.

Application Areas
Urban and peri-urban areas;
densely populated rural areas.

Off-Grid  Solar = Standalone solar systems for individual = High initial costs; limited power capacity for large = Remote rural areas; small
Systems households or small businesses. appliances or commercial activities. households; off-grid
communities.

Solar Mini-Grids ~ Community-based  solar ~ systems = High installation costs; complex maintenance; = Rural villages; agricultural hubs;
serving multiple households or  dependency on community management models.  small enterprises.
businesses.

Small-Scale Using rivers or streams to generate = Environmental impact on local ecosystems; Mountainous areas;  water-

Hydropower electricity for local consumption. unsuitable in arid regions; high initial investment. | abundant rural regions.

Biogas Systems Generating energy from organic waste = Requires consistent feedstock supply; limited Rural areas; agricultural
for cooking and electricity. awareness and adoption; technical training communities; small farms.

needed.

Improved Energy-efficient ~ stoves  reducing = Relies on biomass; adoption hindered by cultural = Rural households reliant on

Biomass Stoves biomass consumption for cooking. preferences; does not provide electricity. traditional cooking methods.

Wind Energy = Harnessing wind to generate electricity, = Requires consistent wind resources; high initial =~ Coastal areas; wind-rich regions;

Systems often at small or community scales. costs; technical maintenance required. rural energy projects.

Bioenergy Converting agricultural or organic =~ Competes with food production for feedstock; Agricultural areas; regions with

Systems waste into energy (biofuels or = requires robust supply chains; efficiency = abundant organic waste.
electricity). challenges.

Hybrid  Energy = Combining renewable sources (e.g., High setup costs; technical complexity; Remote areas; disaster-prone

Systems solar, wind) with conventional dependence on fossil fuel for backup in some regions; mini-grid systems.
backups. cases.

Diesel Generators = Small-scale energy generation using = High operational costs; environmental pollution; = Emergency  power  supply;
diesel fuel. reliance on volatile fuel markets. regions  without  renewable

options.
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4. RESULT

Social equity in the renewable energy transition has a considerable number of barriers which are often interlinked with
financial, infrastructure, policy and socio-cultural barriers. Development countries face significant barriers when it comes to
capital and infrastructure as those nations often do not have the upfront costs or hefty investments to build renewable energy
systems. The capital-intensive nature of technologies like solar, wind and mini-grids means high up-front costs, such systems
typically being most appropriate for low-income and rural locales, leads to under-investment in the solutions. Moreover, the
lack of development in remote-region infrastructure like transmission lines or local energy storage systems translates into
limited scalability and reliability for renewable energy solutions. They limit equitable access to renewable energy, which is
further exacerbated by policy and regulatory gaps. Social equity is not a priority in a lot of case national policies and the
regulatory framework which results in unequal access to resources and benefits. Factors such as insufficient incentives for
private sector investment, unclear land ownership laws, and lack of streamlined processes for renewable energy deployment
also hamper these efforts. Furthermore, the lack of long-term approaches that embed equity within renewable energy
planning tends to lead to deprived communities being left out from energy transition benefits. Moreover, socio-cultural
challenges and resistance to adopting renewable energy solutions further reduce their impact. Resistance to new technologies
can stem from cultural norms, lack of awareness and limited technical knowledge, especially in rural areas where traditional
energy practices are entrenched. As an example, women who are more likely to experience energy poverty may not have
decision-making power over household energy decisions. Involving communities in the planning and implementation of
renewable energy projects is essential in overcoming these socio-cultural barriers. Finally, environmental trade-offs and
considerations should be taken into account so that renewable energy development does not inadvertently harm ecosystems
or local livelihoods. Large solar farms or hydropower projects, for example, could disturb natural ecosystems, displace local
communities, and incite resource conflicts. Sustainable energy transitions must balance environmental sustainability with
social equity. Meeting these challenges necessitates deactivate policies and strategies. solutions to ensure that renewable
energy are accessible to every on. Subsidies and innovative financing models are critical to making renewable technologies
affordable for low-income households and communities. For example, innovative financial instruments such as pay-as-you-
go systems, microloans, and grants can minimize the financial burden of adopting renewable energy solutions. Governments
can further solve for widespread adoption by subsidising for installation and maintenance costs. Social acceptance through
community and participatory approaches ensures that renewable energy projects meet the particular needs of local
communities. Involving communities in the decision-making processes ensures ownership, trust, and ultimately, success of
the project. By doing so, participatory models can also mitigate socio-cultural barriers by ensuring that energy solutions align
with local practices and preferences. Energy regulations should also prioritize the needs of marginalized communities,
ensuring that they capture a significant proportion of investments and benefits from energy infrastructure (track equity
outcomes). In conclusion, if we are to ensure long-term success of national renewable energy transitions, we must be
integrating equity. Equity objectives should be clearly and boldly written into energy availability policies with measurable
targets on closing access gaps. One way to do this is to ensure that energy policies are complemented by efforts to address
these broader goals, such as reducing poverty, addressing gender inequality, and enhancing climate resilience, to build a
more inclusive and sustainable energy system. By these strategic methods, renewable energy can be a strong lever for social
equity and sustainable growth.
Table Il shows key performance measures of renewable energy initiatives, comparing the outcomes of this study with
findings from other generic studies. Metrics such as energy access rates, cost reductions, and greenhouse gas emissions
reductions highlight the effectiveness of renewable energy solutions in enhancing social equity and sustainability. The
comparison reveals variations in system reliability, installation costs, and women’s inclusion in energy decision-making,
emphasizing the diverse impacts of renewable energy projects across different contexts. These results provide valuable
insights for policymakers and stakeholders aiming to optimize renewable energy strategies for equitable development.
TABLE IIl. COMPARATIVE OUTCOMES OF RENEWABLE ENERGY AND SOCIAL EQUITY STUDIES
Measure Unit This Study Study A Study B

(Generic (Generic

Energy Access Rate
Reduction in Energy Costs

Adoption of Off-Grid Solar
Greenhouse Gas Emissions
Reduced

Women’s Energy Inclusion
Rate
System
Improvement
Initial Cost of Installation
Payback Period for
Investments

Reliability

Percentage (%)
$/month per
household
Percentage (%)
Metric
COq/year
Percentage (%)

tons

Average
(%)
$kW
Years

uptime

75% households electrified
$12/month

45% rural households
1,000 metric tons

60% of decision-makers are
women
95% uptime

$1,200/kW
5 years

Comparison)
68% households electrified
$10/month

40% rural households
850 metric tons

55% of decision-makers are
women
92% uptime

$1,500/kW
6 years

Comparison)
80% households electrified
$15/month

50% rural households
1,200 metric tons

50% of decision-makers are
women
97% uptime

$1,000/kW
4.5 years
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Descriptions of the key metrics for measuring the performance and impact of renewable energy initiatives. Percentage of
population with access to energy refers to the rate at which the population obtains electricity from renewable energy systems
and is an indicator of progress toward closing energy gaps. Renewable Energy Penetration after Average Transition, but
Affordable Energy Developments are Reinforced By Average Savings Transitioning to Renewable Energy Solutions
Adoption of Off-Grid Solar. This metric tracks the share of rural households that have adopted a standalone solar system to
measure the saturation of decentralized energy technology. Greenhouse Gas Emissions Avoided One metric for the
environmental benefits of new energy sources is the annual amount of avoided CO: emissions thanks to the adoption of
renewable energy. Also, the Women’s Energy Inclusion Rate which focuses on the proportion of women who are directly
engaged in energy decision-making processes. System Reliability Improvement indicates the average availability of
renewable energy systems compared to conventional sources, which highlights the capability of these systems. Initial cost
of installation: The system capital cost of renewable energy systems, based on a cost per kilowatt. Time it takes to recoup a
cost through a product or savings; Date trained on data through October 2023 In this table, you can see that renewable energy
studies typically concentrate on measurable outputs to test solutions on the initial performance, cost and sustainability. It
provides a scaffolding into which specific research findings or areas of interest can be fitted.

5. CONCLUSION

In conclusion, Renewable energy holds great promise to lift equity: reducing socioeconomic inequalities in energy access in
low-income countries. Important insights from the study include the opportunities offered by off-grid solar solutions and
mini-grids to serve population groups that have not yet been reached with energy access. It also emphasises the necessity of
user-friendliness and being inclusive, so that renewable energy is also delivered to low socio-economic population groups,
such as rural areas, low-income household and women. However, averting the socio-cultural resistance, financial and
infrastructural barriers and lack of policy alignment remains a continuous challenge toward achieving equitable outcomes.
Incorporating equity in renewable energy policy frameworks and investments is essential for equitable and sustainable
energy transitions. This is a problem without a way around it: Those challenges can only be addressed with international
cooperation and financing. It is only working together that governments, international organizations and the private sector
can mobilize the funds needed to do that. Funding mechanisms, such as grants, concessional loans and carbon offset, could
fill in gaps and reduce the financial burden on lower-income communities, he added. Through knowledge-sharing and
capacity-building initiatives, best practices and innovative technologies can be adopted, leading to greater sustainability and
impact of renewable energy solutions. Next research and policy efforts should refine and build on the strategies outlined in
the current study. “Research is needed to develop cost-effective renewable energy technologies and financing models to
serve the needs of marginalized populations. Policy makers can design effective renewable energy policies by investigating
socio-economic impacts of renewable energy adoption considering gender and poverty alleviation. Additionally, ensuring
equity is embedded in renewable energy planning at the national level and in international climate agreements can help
guarantee that energy transitions are inclusive and sustainable. Focusing on these priorities will help ensure that energy
systems achieve better equity and resilience, as well as contribute to the realisation of global development and climate goals.
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