Journal of Energy and Power Engineering 19 (2025) 85-90
doi: 10.17265/1934-8975/2025.03.001

PUBLISHING

The Role of Artificial Intelligence in Energy Optimization

and Efficiency

Sneh Parikh
Notre Dame Catholic Secondary School, Brampton L6R1N9, Ontario, Canada

Abstract: AT’s (artificial intelligence) groundbreaking impact on energy optimization and efficiency across various fields is growing,
minimizing costs, increasing environmental sustainability, and improving energy resource management. As the global energy demand is
predicted to rise, traditional energy management methods are proved to be inefficient, calling for new, innovative Al-driven solutions. This
research unfolds the revolutionary impact of Al in energy optimization, focusing on its modern approaches, most significantly, predictive
maintenance and analytics. A notable achievement is reflected by Stem Inc., whose Al-powered energy storage system reduced its
electricity costs by 60%, through predictive analytics of demand-based battery charging and discharging. Additionally, the study also
investigates the logic behind AT’s energy optimization methods and AI’s role in crucial sectors like oil extraction, solar energy maintenance,
and smart buildings, showcasing its flexibility across various fields. Finally, the study also uncovers a groundbreaking solution to improve
AD’s role in energy optimization. Ultimately, this paper highlights the significance of Al in energy optimization and efficiency in the 21st

century, the current methods used, and its projected growth and potential in the future.
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1. Introduction

Al (artificial intelligence) is increasingly recognized
for its critical role in transforming various industries,
including software, finance, and medicine, as well as in
enhancing energy efficiency and optimization. Such
practice can significantly reduce costs, environmental
damage and improve energy efficiency by utilizing resources
more effectively. According to the U.S. Environmental
Protection Agency [1], the energy sector is the largest
emitter of greenhouse gas emissions into the atmosphere,
fueling the growth of global warming. However, with
the help of new and exciting developments in Al, its use
can help fight and mitigate this issue. As global energy
demands are projected to double [2], one prominent
example of the use of Al for energy optimization is by
an energy storage systems provider company, Stem Inc.,
where customers saw a 60% decrease in the price of
electricity [3]. The Al could charge batteries when the
demand was lowest and discharge them when the
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demand was at its peak. Stem Inc. used machine
learning and predictive analytics in its Al platform,
Athena, for this energy optimization strategy. With this
technology, Athena was able to predict when the
demand was highest and lowest and leverage upon the
data. As a result of its impressive ability to predict and
harness consumer usage trends, Athena was titled &
awarded “Best Predictive Analytics Platform” [4] in the
sixth annual Al Breakthrough Awards program. Al is a
transformative force in global energy conservation,
offering advancements in predictive analytics, real-
time decision-making, and process automation. By
replacing outdated methods like manual monitoring
and preventive maintenance with Al-driven solutions,
energy efficiency increases, and operational costs are
reduced, while also fighting challenges such as greenhouse
gas emissions, and resource waste. Al leverages advanced
algorithms, data analytics, and machine learning, and
presents innovative solutions to address challenges by
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optimizing energy usage, predicting future demand,
and enhancing the overall management of renewable
energy sources. This paper will explore the challenges
and limitations of current energy optimization strategies,
the role of Al in optimizing energy usage, notable
examples, and new ideas for improving energy
efficiency in the sector.

2. Understanding Energy Optimization and
Efficiency, along with the Limitations of
Current Methods

Before investigating the revolutionizing role of Al in
advancing energy optimization and efficiency, there
must be a firm understanding of the differences
between optimization and efficiency. Energy efficiency
refers to the proportion of energy input that is
converted into useful output, such as light, heat, or
mechanical work, with minimal waste. For instance,
traditional coal burning is not an efficient energy
source, and it is a major contributor to climate change.
A typical coal power plant is 32%-33% efficient,
meaning only ~32.5% [5] of energy is usable energy,
while the remainder (~68.5%) is lost to other forms of
energy. The graph below (Fig. 1) illustrates the growth
of efficiency in coal-fired generating plants over 54
years, however, the percentage of useful energy
remains below 50%.
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Fig. 1 Efficiency of coal-fired generating plants from 1960
to 2014 [6].

Overall, this highlights the effort made over decades
to improve efficiency, yet, more than half of the energy
produced continues to be converted into lost energy.
However, a study shows the use of Al resulting in a
reduction of pollutants like CH4, CO;, Hg, etc.
emissions by 210.2 kt/year estimated in a sample coal
power plant [7]. Energy optimization improves efficiency
by using real-time data to improve energy distribution.
Improper maintenance can result in harm to an
equipment’s efficiency. Essentially, enhancing energy
optimization is key to improving energy efficiency. A
few notable examples of traditional methods for energy
optimization include Manual Monitoring and Scheduled
(Preventive) Maintenance. Manual Monitoring involves
workers continuously checking equipment for errors or
inefficiencies in real-time, relying on direct observation
and manual data collection [8]. This method is time-
consuming and prone to human error. Scheduled
(Preventive) Maintenance [9], on the other hand,
involves routine checks of equipment at predetermined
intervals, regardless of its current condition. While it
helps prevent unexpected failures, it may lead to
unnecessary maintenance and higher costs. Manual
Monitoring is extremely labour intensive, expensive,
and highly prone to errors, leading to inefficiencies &
increased operational costs. Additionally, Scheduled
(Preventive) Maintenance can get expensive,
especially with many instruments. To replace both
processes, Al can use “predictive maintenance”, by
constantly monitoring equipment data through sensors
to identify possible failures before they occur, alerting
workers to attend to the problem in advance.
Additionally, businesses using predictive maintenance
reports have a 20%-30% reduction of the equipment’s
downtime [10]. Ultimately, as humanity envisions a
future with increasing energy demands, traditional
methods of managing efficiency must be replaced by
Al, whose capabilities far surpass those of humans.

3. How Al Uses Energy Consumption Data
for a Greener Future

This section will delve further into the underlying
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science of Al, explaining how it processes data to
enhance optimization, identify patterns, make accurate
predictions, etc. Many corporations, businesses, and
buildings are switching over to Al to cut costs and
increase efficiency to reduce unnecessary, harmful
emissions to improve its impact on the environment. Al
energy management works by analyzing, interpreting,
and understanding vast amounts of energy consumption
data. Then, through its advanced algorithms and machine
learning models, it will identify patterns, trends, and
anomalies through these data sets, allowing insights
into accurate predictions of energy needs, reducing
energy waste [11]. Predictive maintenance is an
excellent example of Al models that use historical data
to predict faults in equipment that could cause the
energy efficiency to be degraded.

Referring to the diagram below (Fig. 2), in Phase 1
(Model Training), historical data such as sensor
readings and maintenance logs are given to the Al to
identify patterns correlated with failures. This trains a
predictive model that understands the relationship
between operational conditions and failure risks. In
Phase 2 (Model Testing), the model processes, new, real-
time data such as temperature, vibrations, etc., from the
equipment to generate predictions, such as the likelihood
of a breakdown, or degradation of energy efficiency,
and life expectancy. Additionally, businesses also require
energy efficiency in buildings, workplaces, and factories
to minimize energy usage. The Al models used by
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Fig. 2 The diagram illustrates a two-phase workflow for
developing and deploying a predictive model [12].

these businesses are integrated with sensors on energy-
consuming devices to collect data for analysis. Like
Predictive Maintenance, the model will then predict
energy trends, detect inefficiencies, and offer
recommendations for optimization. Often in buildings
and offices, it can automate tasks like adjusting lighting
and thermostats based on how many people are present
and other factors like temperature, humidity, and lighting
[13]. For example, if a room is empty, the Al model can
automatically turn off lights and adjust the heating or
air conditioning to reduce energy waste and lower costs.
Such Al-driven energy management networks are
frequently cloud-based, offering flexibility for access at
any time and from any location. This adaptability
enables the model to be scaled up or down according to
specific requirements. Scaling up involves allocating
additional processing power, thereby enhancing the
model’s capacity to manage more complex tasks or
larger volumes of data, though this typically results in
increased costs. Whereas scaling down refers to
reducing the resources and simplifying the model to
save costs when less processing power is required.
There is a growing trend in the adoption of Al across
waorkplace environments, such as data centres, as they
have now become the backbone of modern business
operations to ensure that all energy usage is efficient.
These Al models learn from historical data through
analyzing data of past energy consumption patterns,
correlating it with factors such as workload,
temperature, and time of day. Through this, Al can
uncover valuable information and trends, establishing
predictive models. Notably, Al uncovers complex
patterns that humans may overlook, helping data
centers optimize energy use. These models improve
over time by learning from real-time data collected by
loT (Internet of Things) devices, making predictions
even more accurate. A notable example of such use is
at Microsoft, where Al algorithms are developed and
used to improve energy efficiency, just as mentioned
Through predictive analytics, Microsoft’s
algorithm uses predictive analytics (a broader term for

before.
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predictive maintenance), letting servers enter low
power modes to save electricity during times of
decreased demand. Additionally, Meta also employs Al
in their data centers as well. Although Meta utilizes Al
to run their facilities efficiently, they have also made
use of it in the safety sector, preventing unsafe working
conditions by controlling heat, emissions, and working
conditions [14]. Huawei used this approach in its China
data centers, cutting energy consumption by 8% through
predictive analytics and machine learning [14] Ultimately,
Al-driven energy management is revolutionizing how
businesses optimize energy, reduce waste, lower costs,
and contribute to a greener, and more sustainable future.

4. Real-Life Applications of Al in Energy
Optimization

So far, this research paper has touched upon
predictive analytics, predictive maintenance, automated
energy adjustments, Al-based demand forecasting, and
more. The following are notable real-world examples
of Al technology in energy optimization across various
industries, building on these previously discussed
methods.

4.1 Oil Industry

In regions like Permian Basin, situated in Texas and
New Mexico, Al optimizes drilling operations,
resulting in increased oil production, and reduced
operational costs. As a result, one expert thinks Al
usage can help them extract so much more oil than
usual, that it is equivalent of what is being produced in
the Middle East. Rakesh Jaggi, leading the digital
business at SLB, the world’s largest oil-services company
states “It’s like getting a Kuwait on-line”. As more and
more oil production companies are determined to
pursue a future of higher oil production, and lower costs,
Al is helping with exactly that. Over the past 10 years,
due to using Al, the U.S. pumped out 60% more oil a
day with 40% fewer workers. Subsequently, in the
Permian, the break-even (price at which company
neither loses money nor gains profits) cost of oil

dropped from a sky-high $90 in 2012, to $40 [15].
4.2 Solar Panels

Predictive maintenance improves the efficiency and
lifespan of solar plants by detecting potential issues
before they become critical. Infrared thermography and
drones are essential tools in monitoring solar panels,
with thermographic cameras identifying overheating,
degradation, and other risks. Equipped with advanced
imaging technology, drones enable large-scale, real-
time assessments, ensuring solar arrays operate at peak
efficiency while reducing downtime and maintenance
costs. Additionally, inverters remain one of the most
frequent failure points in solar panels, significantly
affecting energy conversion and overall performance.
Predictive maintenance algorithms continuously track
inverter health, analyzing real-time data against
expected performance patterns to detect irregularities.
When anomalies arise, the system generates immediate
alerts, allowing operators to respond swiftly, prevent
costly failures, and maintain the long-term stability of
the solar power system [16].

4.3 Smart Buildings

The Edge in Amsterdam is a smart building that uses
Al-driven systems to optimize energy efficiency. It has
28,000 sensors to monitor and adjust lighting,
temperature, and other environmental factors based on
occupancy. The building features energy-efficient LED
(light emitting diode) lighting powered by Philips’ PoE
(power over Ethernet) technology, and a smart HVYAC
(heating, ventilation, and air conditioning) system to
reduce consumption. Additionally, it generates more
energy than it uses via solar panels and geothermal
energy. The building has a BREEAM (building
research establishment environmental assessment
method) score of 98.36% and integrates sustainability
features such as natural light optimization and rainwater
harvesting [17, 18].

In conclusion, Al is revolutionizing energy optimization

across various industries, enhancing efficiency,
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reducing costs, and supporting sustainability. From
improving oil production and predictive maintenance
in solar panels to optimizing power grids and smart
buildings, Al-driven solutions are the future of energy
management. As Al technology advances, its role in
achieving global sustainability goals will only grow.

5. Proposing New Al Solutions for Energy
Efficiency for the Modern World

As industries increasingly search for innovative
ways to improve energy efficiency, Al has become an
invaluable tool in helping them achieve this goal. In this
proposal, | have conceptualized an Al model designed
to continuously monitor and research various methods
of reducing energy consumption, like replacing a
specific metal for another to reduce emissions or
shipping products with a different type of cargo ship to
minimize environmental damage and shipping costs.
These Al models are specifically designed to constantly
assess complex processes and find the most effective
ways to optimize them, making them indispensable for
businesses looking to reduce environmental impact.
Take, for example, the electric vehicle industry. The
mining of lithium, essential for battery production, is
an energy-intensive process that can harm the
environment. Al can play a pivotal role in transforming
this industry by analyzing every step of the lithium
mining and transportation chain. By evaluating
different variables, Al models can suggest practices
that use less energy and have a smaller ecological
footprint. This, in turn, not only makes the process
more cost-effective but also supports the industry’s
sustainability efforts. Additionally, the logistics sector
also stands to benefit greatly from AI’s capabilities. A
trucking company, for instance, may need to balance
efficiency with reducing emissions while delivering
goods. Al can assist by optimizing routes and
monitoring vehicle performance in real time. By
considering factors like traffic, vehicle load, and road
conditions, Al can guide drivers to the most energy-
efficient routes, thus minimizing fuel consumption and

emissions. Ultimately, by staying up-to-date and alert
to new advancements & methods, these Al solutions
represent a future where businesses can be both
environmentally  responsible and  economically
successful. This dual benefit of increased efficiency
and sustainability is what makes Al such a powerful
force in shaping a more energy-conscious world.

6. Conclusion

In conclusion, Al is rapidly transforming the energy
sector, offering innovative solutions for energy
efficiency, optimization, to lower costs, and reduce
environmental impact. As the global demand for
energy rises, it is unfortunately no longer feasible for
traditional methods of efficiency to be used due to their
high costs, and prone to error. Instead, Al is stepping in
to create smarter, and more sustainable systems.
Through analyzing vast amounts of data and making
real-time decisions, Al also helps businesses identify
inefficiencies in production, equipment, workplaces,
etc., saving money and resources. AI’s role is diverse,
from predicting energy demand, to monitoring the
health of infrastructure and equipment through
predictive maintenance to avoid degradation in energy
efficiency. Additionally, the impact of Al is seen across
multiple sectors, from oil and gas to solar power.
Looking forward to the future, AT’s potential in energy
optimization is endless, as new Al technology is
developed every day to tackle a new problem, Al is
becoming indispensable in building a more sustainable
and energy efficiency world. Ultimately, Al serves as
more than just a tool, as it is a game changer for our
future generation to sustain planet earth for the
foreseeable future.
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