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Abstract

Global energy insecurity significantly undermines economic stability and progress towards Sustainable Development
Goals, particularly affecting disadvantaged nations with outdated infrastructure and unreliable energy sources. This
paper discusses the challenges posed by such insecurities, including the widespread impact of load shedding and energy
inefficiencies that exacerbate the economic and social disparities. Highlighting case studies from South Africa, India, and
Pakistan, it underscores the detrimental effects on GDP and employment. The document advocates for transformative
solutions through the adoption of Al-enabled smart grids and localized microgrids, presenting a paradigm shift towards

sustainable, efficient, and equitable energy access worldwide.

Across many regions, the global energy crisis continues
as consistent, reliable, and affordable energy access
remains elusive, severely hampering economic growth
and social stability. Particularly in disadvantaged
nations, outdated and inefficient energy infrastructures,
coupled with a dependence on unreliable energy
providers, lead to frequent load shedding and power
outages. This situation hinders progress toward
achieving Sustainable Development Goals 7 and 8§,
which aim for universal modern energy services and
sustainable economic growth, respectively. Efforts like
Sustainable Energy for All (SEforALL) often fall short as
they rely on large-scale, centralized solutions that don't
meet the unique needs of remote or impoverished
communities, indicating a critical need for rethinking
energy policies to better address the varied demands of
these populations.

The Impact of Energy Insecurity on Global
Development and Economic Stability

The stark reality of global energy insecurity is exhibited
by the persistent challenges faced by disadvantaged
nations, where unreliable and insufficient energy
supply continues to hinder economic stability and social
progress. This ongoing energy crisis starkly undermines
efforts towards achieving Sustainable Development
Goals, notably SDG 7 and SDG 8. An evident indicator of
this crisis is the finding from 2022 Africa Energy
Outlook by the International Energy Agency, which
reported that 43% of Africa’s population lacked access
to electricity (Iea, 2022). This lack of access is further
complicated by load shedding, the deliberate temporary
shutdown of electricity supply to prevent grid overload,
highlighting the severe infrastructural deficiencies in
many nations across the world. In South Africa, where
the population relies on a single energy provider to

supply approximately 95% of the energy used in the
country and 45% of Africa’s electricity, frequent load
shedding has become a critical issue, resulting in
significant disruptions to daily life and economic
activities (ITA, 2024). In 2023, residents of South Africa
experienced almost 6,950 hours, or roughly 290 days, of
load shedding, marking a nearly 2.9% increase from the
previous year (Statista, 2024). This persistent issue has
had a negative impact on the country’s gross domestic
product (GDP). According to various estimates, the
South African Reserve Bank reported thatload shedding
reduced GDP growth by between 1.2 and 3.0 percentage
points in 2022, reflecting the severity of the economic
toll from frequent and prolonged power outages
(Loewald, 2023). The economic repercussions are
profound, as load shedding in South Africa has been
estimated to cost the economy between R60 billion and
R120 billion in 2019 alone, with daily economic loss
reaching as high as R1 billion in 2023. Additionally, the
extensive job losses attributed to load shedding have
further compounded the economic crisis, with
estimates predicting that South Africa could lose up to
350,000 jobs due to ongoing energy disruptions (PSA,
2023). Similarly, the ripple effects of load shedding
extend beyond national economies, severely impacting
small and medium-sized enterprises (SMEs) across
various other countries, where consistent power supply
is crucial for business operations and growth. In India, a
study highlighted that insufficient power supply
significantly reduced the productivity and economic
activity of manufacturing enterprises, severely
impacting their operational efficiencies and
profitability. Meanwhile, in Pakistan, SMEs suffer
chronic disruptions due to load shedding, leading to
increased operational costs and diminished customer
satisfaction. These disruptions not only impede day-to-



day operations but also reduce the competitive edge of
these enterprises in the global market (Mabunda et al,,
2023). These examples illustrate a broader pattern of

how energy insecurity undermines business operations,
echoing similar struggles across various developing
nations.

Figure 1. Total Number of Load Shedding Hours in South Africa from 2015 to 2023
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Figure 1. This bar chart illustrates the increasing frequency of power outages in South Africa, with load shedding hours surging from 1,153 in 2021 to 2,400 in 2022-
more than doubling- before skyrocketing to 6,947 hours in 2023. This drastic increase highlights the worsening energy crisis, underscoring the urgent need for
energy reforms, grid stability measures and investment in sustainable power solutions.

The Rise of Smart Grids in the Global Energy
Landscape

As the global demand for reliable and affordable
electricity grows, smart grids have emerged as a
transformative technology, utilized to bring equitable
energy access to many corners of the world. Smart grids
leverage advanced networks, real-time data analytics,
and predictive modeling to optimize energy distribution
and enhance grid reliability. Over the past decade, smart
grids have revolutionized power networks in regions
such as the European Union (EU), China, Japan, the
United States, and Canada. Countries are making
substantial investments in digitalization and
automation to enhance grid resilience, with the EU
allocating 184 billion USD by 2030, China investing 442
billion USD by 2025, Japan committing 155 billion USD,
Canada investing 100 million USD and the United States
in 2022 announcing a funding program of 10.5 billion
USD (Drtil et al., 2023). Their adaptability has allowed
them to meet evolving needs, including increased
cybersecurity requirements and the integration of

renewable energy sources. As technology advances,
smart grids continue to incorporate new innovations to
optimize power distribution. Reliable energy
infrastructure is a critical foundation for any country, as
energy insecurity affects people worldwide. However,
disadvantaged regions, such as Latin America, Sub-
Saharan Africa, and South Asia, face significant
challenges in implementing effective smart grids. Many
smart grids in these regions require local data centers
with high infrastructure costs and maintenance needs.
These systems rely on reactive maintenance, where
inspections occur manually and responses are only
triggered after failures have already happened (Ngoti,
2024). Energy theft, a leading cause of power failures in
developing countries, is typically detected through
community tip offs and random inspections, methods
that are both time-consuming and ineffective (O.
Shokoya & K. Raji, 2019). In Nigeria alone, electrical
distribution companies lose an estimated 30 billion
Naira (19.7 million USD) every month due to this
outdated system (O. Shokoya & K. Raji, 2019).



Al-Powered Microgrids: Combating Energy
Instability

Although many developing nations have attempted to
make smart grids more sustainable, their centralized
power distribution systems make it difficult and costly
to integrate advanced technologies into the national
grid. This is where Artificial Intelligence (Al) powered
localized microgrids offer a promising solution.
Localized microgrids minimize expenses as utilities can
build upon existing infrastructure and technologies to
ensure mutual reinforcement given the initial capital
investment. Al can predict transformer or line failures
using machine learning on sensor data, preventing
outages before they occur (Alsaigh et al, 2023).
Furthermore, instead of relying on outdated historical
data and fixed schedules, load shedding can be
optimized based on real-time sensor inputs. Smart grids
equipped with Al can dynamically adjust power
distribution based on real-time demand, reducing waste
and preventing blackouts (Liu et al, 2022). This
technology has a built-in preventative maintenance
method where Al-driven self-healing grids reduce
reliance on manual labor, minimizing human error by
automatically rerouting electricity and isolating faults
(Gavi, 2024). By analyzing meter data patterns and
detecting anomalies in real-time, Al can also mitigate
energy theft, allowing authorities to address theft as it

happens, significantly reducing capital losses
(Stracqualursi et al., 2023). Moreover, Al can optimize
microgrid performance by balancing power from
various sources such as solar panels, wind turbines, and
fuel cells, improving rural electrification—a critical
need in developing countries, where a large percentage
of the population resides in rural areas (Samal et al,,
2017).

India’s Success in Al-Enabled Smart Grids: A
Model for Developing Nations

India's experience with Al-enabled smart grids
demonstrates the potential of this technology to
transform energy distribution in developing nations. In
2013, India launched the National Smart Grid Mission
(NSGM), and as of January 2025, India has deployed
over 20 million smart consumer meters nationwide
(National Smart Grid Mission). Since NSGM’s inception,
Al has played a pivotal role to enhance cybersecurity,
improve the integration of renewable energy sources,
and support load forecasting to manage the country's
load shedding schedule (Talhar Belge et al, 2024).
India’s efforts to modernize its national grid illustrate
the scalability and cost-effectiveness of Al-driven smart
grids. With formalized policy frameworks, financial
investment, and UN support, this model can be
replicated in other developing countries.

Figure 2. Distribution of Energy Consumption Patterns Before and After Al Implementation
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Figure 2. This histogram illustrates the shift in user energy consumption before and after Al-driven energy management implementation. The study, conducted in
India, highlights the role of Al in optimizing power distribution, reducing excessive consumption, and improving energy efficiency. Data sourced from “Artificial
Intelligence in Smart Grids: Enhancing Energy Management and Optimization Through Machine Learning” (Pujari et al., 2024)
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Policy Recommendations

The United Nations (UN) should take the lead in
formalizing the deployment of Al-enabled smart meters
in developing countries to ensure realistic, achievable
energy goals. Many countries have set overly ambitious
goals like India planning to install 250 million smart
meters with World Bank funding by 2027, a 230 million
increase from 2025 (National Smart Grid Mission).
These plans lack structured frameworks for
implementation, maintenance, and workforce training.
The UN can take three key actions to address these gaps.

(1.) The United Nations (UN) should integrate Al-
enabled smart grids into existing international energy
initiatives like the UN Energy Compact program. By
working with these platforms, the UN can develop
standardized guidelines that help countries set realistic,
phased deployment targets rather than broad,
unattainable goals. For example, rather than
committing to 250 million smart meters upfront,
countries could implement a regional pilot approach
with clear progress benchmarks.

(2.) The United Nations (UN) should convene an annual
"Al for Smart Grids" working group within the Global
Sustainable Electricity Partnership (GSEP). This would
bring together representatives from developing
nations, energy providers, and private Al firms to
develop best practices for smart meter deployment and
promote open-source Al solutions that lower costs.
Countries like India, Brazil, and South Africa, which have
experimented with Al-enabled smart meters, can share
lessons on successes and remaining challenges.

(3.) The United Nations (UN) should support Al and
energy workforce training through existing programs
like the "Skills for an Inclusive Future" initiative by the
International Labour Organization (ILO). Instead of
creating entirely new training systems, the UN can work
with national technical institutes and vocational
programs to add smart grid and Al training modules,
ensuring that local engineers and utility workers have
the skills to maintain and expand these systems.
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