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Energy Justice and Microgrids in Vulnerable Urban Areas: A Sustainable Approach
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This article explores the critical intersection between energy justice and the transformative role of microgrids
in socially vulnerable urban areas. The research addresses inequalities in energy access that affect these
communities, highlighting how the implementation of microgrids can promote equity, resilience, and
sustainable development. The social, economic, and environmental benefits of integrating microgrids were
analyzed, including benefits to communities, fostering the local economy, and reducing carbon emissions. The
results achieved demonstrate that microgrids not only ensure a more reliable and accessible energy supply but
also empower communities, allowing them greater control over their energy resources. The analysis of global
success cases illustrates the viability and positive impact of these solutions, despite technical, financial, and
regulatory challenges. We conclude that microgrids are an ally in building a more just and equitable energy
future, with significant implications for public policies and future research aimed at overcoming energy poverty

and promoting urban sustainability.
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Equitable access to energy remains one of the
main challenges in vulnerable urban areas, where
structural inequalities persist that directly impact
the quality of life and socioeconomic development
[1].

These populations face not only precarious
energy supply, but also high costs, deficient
infrastructure, and environmental risks that
amplify social and economic exclusion [2,3]. In
this context, energy justice presents itself as a field
of study that seeks to understand and mitigate
disparities in access, promoting sustainable, safe,
and socially just solutions.

Among the emerging alternatives, microgrids
stand out, decentralized systems for energy
generation, storage, and distribution that operate
either integrated with or isolated from the main
grid [4].

By allowing greater energy autonomy,
integration ofrenewable sources, and strengthening
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of local infrastructure, microgrids emerge as a
viable alternative to face the challenges posed by
energy poverty, especially in communities with
low socio-environmental resilience [5].

Such systems also enable new community
arrangements and sustainable business models,
aligning with a more inclusive energy transition.
Considering these premises, this study seeks to
critically analyze the potential of microgrids in
promoting energy justice in vulnerable urban
contexts.

The investigation focuses on identifying
critical dimensions of energy injustice, evaluating
the effectiveness of microgrids in terms of access,
reliability, and sustainability, and formulating
applicable guidelines for their implementation,
with a view to maximizing community benefits and
overcoming technical and institutional challenges.

Energy Justice in Vulnerable Areas

Energy justice seeks to ensure that the benefits
and burdens related to energy production,
distribution, and consumption are shared equitably
among all individuals, regardless of their location,
socioeconomic status, or origin [1]. In vulnerable
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urban areas, poverty and precarious infrastructure
frequently limit access to adequate energy
services, reflecting in high costs, insecurity, and
exclusion [2]. These challenges can manifest in
the form of energy poverty, environmental risks,
and vulnerability to disasters.

The understanding of social vulnerability and
its relationship with energy access varies according
to the context. In Chile, for example, the condition
of immigrants can represent an additional barrier
to accessing energy services [4]. In Spain, low-
income communities are frequently the most
exposed to the effects of pollution associated
with energy generation and use [5]. In the United
Kingdom, energy poverty remains a relevant factor
that affects the health and well-being of millions
of families [6]. In the United States, the lack of
access to reliable energy intensifies the impacts
of extreme climatic events on socially vulnerable
populations [3].

In India, the absence of basic electricity
infrastructure directly compromises areas such
as education, health, and income generation,
perpetuating cycles of exclusion [2]. In South
Africa, issues such as food insecurity and
inequality are strongly linked to restricted access
to energy, affecting essential daily practices
(16). In Australia, demographic and economic
factors contribute to the vulnerability of remote
communities, which face difficulties in accessing
modern energy solutions [7].

These international experiences suggest that
contexts of social vulnerability are multifaceted
and require specific approaches to promote energy
justice. The formulation of public policies and
technical strategies must consider these variables
so that the adopted solutions are effective,
sustainable, and adapted to local realities.

Microgrids as a Solution: Functioning and
Benefits

Microgrids are configured as decentralized
energy systems that integrate generation, storage,
and distribution of energy, capable of operating

interconnected to the main electrical grid or
autonomously. This characteristic provides them
with flexibility and resilience in the face of
conventional supply failures [8]. By incorporating
renewable sources, such as solar and wind, and
storage technologies, these systems enable the
diversification of the local energy matrix and
contribute to reducing dependence on fossil fuels.

In urban vulnerability contexts, microgrids
represent a promising alternative to mitigate the
impacts of energy poverty. Their implementation
can expand energy access, improve supply
reliability, and enable more sustainable practices
in energy consumption and resource management
[5]. Decentralization also allows for greater
community autonomy, favoring the adaptation
of solutions to local realities and strengthening
technical and organizational capacities [6,9].

From an environmental perspective, the use
of renewable sources associated with microgrids
can contribute to the mitigation of greenhouse
gas emissions and atmospheric pollutants,
aligning with global sustainability goals and
climate change combat [10]. Additionally, the
reduction of technical losses in distribution and
the possibility of managing local demand make
microgrids more efficient systems [10,11].

In socioeconomic terms, studies demonstrate
that the installation of microgrids can generate
job opportunities, foster local businesses, and
stimulate more participatory energy governance
models [6,9,12]. Distributed generation can
be converted into a source of income for
communities, through the commercialization
of energy surpluses, or in the reduction of
household electricity expenses. These initiatives
contribute to strengthening the local economy
and community empowerment, especially when
articulated with public policies and technical
training programs.

Despite the identified benefits, the adoption of
microgrids still faces barriers related to the initial
implementation cost, technological complexity,
and the need for regulatory adjustments. These
limitations demand coordinated actions among
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governments, the private sector, and civil society
to enable their widespread diffusion.

Integration of Renewable Energies

The integration of renewable sources is one of
the main components of microgrids, especially
in vulnerable urban contexts [11]. Sources such
as solar photovoltaic, wind, and biomass can
be adapted in a decentralized way, meeting
local needs. This approach contributes to the
diversification of the energy matrix and to the
strengthening of energy supply security.

Renewable generation associated with storage
technologies, such as batteries, allows for the
continuity of supply even in adverse conditions,
such as conventional grid interruptions or climatic
variations [10]. This aspect is particularly relevant
in regions with fragile infrastructure, where the
intermittency of energy compromises the functioning
of schools, health posts, and small businesses.

In addition to reliability, the adoption of
renewable sources can reduce operational costs
and pollutant gas emissions, aligning with climate
change mitigation goals. The decentralization of
the system also enables the creation of cooperative
generation arrangements, in which residents or
community associations assume a leading role in
the management and rational use of energy.

However, the effective integration of these
technologies requires adequate technical planning,
initial investment, and training of the communities
involved.

Hybrid models that combine different sources
and adapt to local characteristics have proven more
efficient in overcoming the limitations imposed by
environmental, regulatory, and economic factors.

Success Stories and Case Studies

Case studies documented in the literature
demonstrate that the implementation of microgrids
in vulnerable urban areas can generate positive
results, provided they are adapted to local
conditions.

In communities with limited infrastructure,
microgrids have been employed as an alternative
to ensure a more dependable, accessible, and
sustainable energy supply [6]. Such experiences
have contributed to broadening the debate on
energy justice and social innovation.

In Brazil, initiatives such as those developed
in isolated communities in the Amazon show that
the adoption of hybrid solar microgrids can favor
energy supply in hard-to-reach regions, reducing
dependence on diesel generators and operational

costs [4].
These  projects  involved  community
arrangements, institutional partnerships, and

continuous technical support, factors that enabled
their execution and maintenance.

In South Africa, experiences conducted in urban
settlements demonstrate that the combination of
solar energy with small-scale storage systems has
the potential to meet basic residential demands,
while fostering social participation and the
development of local micro-enterprises [13].

The direct involvement of residents in planning
and management was a differential for the
acceptance of technology.

In Bangladesh, programs financed by
international organizations enabled the installation
of solar microgrids in rural and peri-urban areas,
promoting significant improvements in health,
education, and local productivity.

The replication of these models requires
technological and institutional adaptation,
according to the specificities of each territory [8].

These cases illustrate that, although promising,
microgrids demand implementation strategies
sensitive to the socioeconomic, environmental,
and political context.

The success of projects is often related to the
articulation between communities, local governments,
the private sector, and financing agents.

Thus, the analyzed case studies reinforce
the need for integrated approaches, with active
community participation and continuous technical
support, as a path to consolidate energy justice in
vulnerable populations.
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Materials and Methods

This study adopts an exploratory and
descriptive approach, based on a literature review
and analysis of case studies. The research was
conducted using high-impact scientific databases,
such as Scopus and Web of Science, employing
key terms such as “energy justice,” “microgrids,”
“urban vulnerability,” and “renewable energy.”

The selection of articles followed the principles
of the PRISMA protocol (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses),
as shown in Figure 1.

The methodological process included:

(1) Identification of studies through systematic
search;

(i1) Screening of titles and abstracts;

(iii) Selection of full-text articles based on
inclusion criteria; and

Figure 1. Flowchart of the study selection process.

Records collected
from the database:
Scopus: 257

Identification

Screened - N: 257

Screening

Selected - N: 249

Full texts assessed
for qualitative
analysis - N: 52

S

Studies included
in the review
synthesis - N: 23

Included

Duplicates
excluded - N:8

Inclusion/Exclusion
N: 198

Qualitative
adequacy - N: 29

(iv) Analysis of the extracted data.

Priority was given to articles published in
the last five years, focusing on empirical studies,
systematic reviews, and theoretical works related
to the intersection between energy justice and
microgrids. Duplicate articles or those not directly
aligned with the research objectives were excluded.

The qualitative analysis of the full texts
followed the thematic content analysis technique,
as proposed by Babalola and colleagues (6), based
on the categorization of extracted data into themes
such as: social impacts, technical and economic
feasibility, community participation, and public
policies.

This approach allowed the identification of
patterns, gaps, and recurring contributions in the
reviewed studies, enabling a critical discussion
aligned with the research objectives.

Reasons for
exclusion:
-Not aligned with
the study
objectives: 132
- Duplicates or
unrevised
versions: 53
- no access to full
text or insufficient
data: 13

Not all relevant
information for
research questions

described: 13
Do not present
clear data: 16
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The integration of systematic review with
qualitative analysis aimed to ensure that the study’s
findings were applicable to real-world contexts,
sensitive to sociocultural specificities, and capable
of supporting the formulation of public policies
and innovative practices.

Results and Discussion

The analysis of the literature and case studies
selected through the PRISMA methodology
revealed that microgrids represent a promising
alternative to address the challenges of energy
access in vulnerable urban areas.

Although the results are qualitative, the data
collected indicate significant impacts across
social, economic, and environmental dimensions.

Table 1 presents a summary of the main impacts
identified in the literature, organized by dimension
and accompanied by the respective references.

The inclusion of quantitative indicators
strengthens the findings. As shown in Table 1,
microgrid projects have demonstrated tangible
results: in Brazil, up to 300 households benefited
from hybrid solar systems [4]; in India, energy
supply increased from 8 to 24 hours daily [14];
and in South Africa, schools and health posts
gained reliable electricity [13]. Economically,
families reduced their bills by 20-40% (6),
projects created 10-20 local jobs [5], and surplus
energy generated revenues of up to US$ 15,000
annually in Bangladesh [8]. Environmentally,

hybrid systems avoided up to 120 tons of CO-
per year in the Amazon [10], while increasing the
share of renewables to 70% in some communities
[4,13] and reducing technical losses by 15% [10].
These figures reinforce the qualitative evidence,
providing more robust support for the conclusions.

Based on these impacts, it is possible to deepen
the discussion of qualitative evidence related to
each dimension, as presented in the following
paragraphs.

In the social dimension, several studies indicate
that the implementation of microgrids contributes
to strengthening community autonomy, access to
basic services, and improving quality of life [1,5].

In projects carried out in Latin America, for
example, communities began to have stable
energy supply for schools, health posts, and public
lighting, which enabled significant improvements
in local daily life.

However, social benefits do not materialize
uniformly. The literature highlights that the success
of such initiatives strongly depends on community
engagement, the existence of local leadership, and
the capacity to maintain the systems in the long
term [8].

In some contexts, the lack of technical training
and adequate governance models compromised
the continuity of operations.

From the economic perspective, the cases
analyzed suggest that microgrids can reduce
electricity costs for families and local enterprises,
especially when power is generated from

Table 1. Impacts of microgrid implementation in vulnerable urban areas.

Dimension Main Impacts Indicators References
Quality of life, energy 300 households served (Brazil); supply

Social poverty reduction, increased 8h—24h (India); schools and [1,4,8]
community resilience  health posts benefited (South Africa)

. —20-40% energy cost; 10-20 jobs/
Economic Sr?tizrj:rlll;tllr(:lll’ij EEs project; annual revenue up to US$ 15,000 [2,5,14]
p p (Bangladesh)
Environmental GHG reduction, —120 tCO2/year (Amazon); renewables up [4.10,13]

efficiency, renewables

to 70% of matrix; —15% technical losses
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renewable sources and storage technologies are
used [5].

Additionally,job creationinthe implementation,
operation, and maintenance stages has the potential
to boost the local economy. However, high initial
costs and the lack of accessible financing lines
remain significant barriers [5].

In the environmental dimension, the
replacement of fossil sources with solar or wind
energy contributes to the reduction of greenhouse
gas emissions and improves air quality [10,13].

The decentralization of generation and the use
of storage reduce transmission losses and increase
energy efficiency. Despite these advances, studies
warn that improper battery and waste management
may represent new environmental challenges [10].

It is important to emphasize that, although
the benefits are recurrent in the experiences
analyzed, microgrids do not constitute a universal
solution. Their effectiveness is conditioned by the
political, institutional, and cultural context of each
community.

Some authors point out that without public
incentive policies, proper regulation, and
continuous technical support, projects tend to lose
momentum over time [14].

The convergence between the results obtained
and the specialized literature reinforces the need for
integrated and participatory approaches involving
governments, the private sector, universities, and
the community itself.

In this context, it is essential to develop
methodological strategies that promote dialogue
between technical-scientific knowledge and
local knowledge, ensuring the adequacy of
energy solutions to socio-territorial realities and
strengthening the sustainability of interventions.

Conclusion

This study demonstrated that microgrids are an
essential tool for mitigating inequalities in access
to energy in vulnerable urban areas. Based on a
systematic literature review and analysis of case
studies, it was identified that the adoption of these

systems can generate significant social, economic,
and environmental benefits.

From a social perspective, microgrids not
only improve the quality of life and strengthen
community resilience but also deliver measurable
results, such as providing reliable electricity to
up to 300 households in Brazilian communities,
expanding daily supply from 8 to 24 hours in
Indian villages, and ensuring stable energy access
to schools and health posts in South Africa.

In the economic dimension, projects have led
to reductions of 20-40% in household electricity
costs, the creation of 10 to 20 local jobs per
initiative, and additional revenue of up to US$
15,000 annually through the sale of surplus energy,
as observed in Bangladesh. These figures highlight
the potential of microgrids not only to reduce
poverty but also to stimulate local entrepreneurship
and strengthen community autonomy.

From an environmental standpoint, hybrid
renewable systems have proven effective in
avoiding up to 120 tons of CO: emissions annually,
increasing the share of renewables in the local
energy mix to nearly 70% in some communities,
and reducing technical losses by approximately
15%. These quantitative indicators reinforce the
role of microgrids in advancing climate goals and
promoting sustainable urban development.

Despite these advances, the realization of
benefits still requires overcoming significant
barriers related to high initial costs, technological
complexity, and regulatory challenges. The
success of microgrid projects depends on active
community participation, the presence of public
incentive policies, and the provision of continuous
technical support.

The integration of qualitative insights with
quantitative evidence in this study strengthens the
validity of the findings and provides a more solid
foundation for policymaking. Future research is
recommended to further expand the quantitative
analysis of microgrid impacts and to develop
replicable models adaptable to diverse urban
contexts. By combining technical feasibility with
social and environmental justice, microgrids
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emerge as a viable pathway toward a fairer, more
resilient, and sustainable energy future.
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