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machine

Machine Learning Operations (MLOps) refers to a set of practices and processes
that aim to effectively integrate data science and machine learning in the
production and support of enterprise-level applications and products.
Distributed energy resources (DERs), such as photovoltaic (PV) panels, energy
storage systems, and wind turbines, play a special role in making power grids
smarter. These resources contribute to a more decentralized and resilient
energy infrastructure, but the probabilistic nature of their energy production
poses significant challenges for grid management. Data science provides
powerful tools to address these challenges and optimize the operation and
scheduling of DERs, to maximize their benefits and ensure grid stability. MLOps
can help manage and optimize energy consumption by using machine learning
algorithms to analyze energy consumption data and identify consumption
patterns. Afterwards, by predicting consumption trends and identifying areas
energy
implemented. For example, in industries with high energy consumption, MLOps
can help develop and deploy models that automatically adjust systems for
greater efficiency and, as a result, reduce energy consumption. This could
include adjusting building temperatures, optimizing manufacturing processes,
or even better managing city traffic to avoid excessive fuel consumption.
Ultimately, using MLOps, organizations can automate and continuously improve
energy consumption optimization processes.

consumption reduction strategies can be

Introduction

achine learning is a subfield of

artificial intelligence that focuses on

enabling computer systems to learn

and make decisions based on data,

without explicit programming. The

goal of machine learning is to develop
algorithms and models that can learn from data

and make predictions about new data, or make
decisions. Several different techniques are used
in machine learning, each with its own
strengths and weaknesses depending on the
type of data being analyzed and the problem at
hand (Figure 1). Planning is essential to
determine the optimal location and size of DERs
to install on the power grid to maximize their
efficiency and minimize their potential impacts
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on the grid. Data science techniques, such as
optimization algorithms, can analyze
geographic, meteorological, and demand data to
determine the best locations to install new PV
panels, wind turbines, and energy storage
systems [1].

This strategic planning ensures that DERs
contribute effectively to the network without
causing local network instability.
Telecommunications networks are complex and
require continuous optimization to operate
efficiently [2]. Deep learning models can
analyze large volumes of network data and
optimize routing, resource allocation, and
traffic management. By predicting network
congestion and identifying optimal paths for
data transmission, deep learning algorithms can
improve network performance and reduce
latency. Successful implementation of deep
learning for network optimization has led to
significant improvements in service quality and
user experience [3].

The Mav Home (Managing an Adaptive and
All-Around Home) project is a multi-
disciplinary research project at Washington
State University and the University of Texas,
with the goal of maximizing occupant comfort
and minimizing operational costs. Another
study examined the simulation of a model of
household electricity consumption [4]. The
model included: the placement of household
appliances for cooling, heating, ventilation, air
conditioning, lighting and electricity
consumption related to the activities of the
occupants. The results of the studies provided
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patterns of energy demand changes, load
fluctuations and variations between location
and household size configurations [5].

In another study, smart grid technology for a
smart home included: AMI (Advanced Metering
Infrastructure) deployed within the building
facilities to manage dynamic tariffs in homes
and to provide energy status awareness,
renewable energy generation sources and
HEMS (Home Energy Management System). In a
study, scheduling and control techniques for
household appliances were presented to
implement demand side management using the
smart grid to control electricity consumption in
homes and offices. The techniques used
reduced the cost of energy consumption and
consumers were encouraged to schedule their
devices using load-shedding methods [6].

In a study, the electrical energy consumption
in a sample of domestic buildings in the UK was
examined to identify trends in energy
consumption. The study introduced a series of

new analysis techniques to improve
understanding  of  domestic  electricity
consumption. In France, the research

laboratory (G-SCOP) has created a model of the
behavior of residents in different states at each
hour of the day and attempted to predict the
possible state using a Bayesian network [7].

The models were created by examining a
database of household energy consumption
monitoring in the European Union. At the
University of Virginia, Ge et al. developed a
model for regulating home temperatures using
smart thermostats.
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Figure 1: Advanced machine learning techniques.
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The model focused on the arrival and
departure of residents, and the database was
formed by monitoring a typical home for a
month. Given that the most electrical energy is
consumed in the presence scenario, that is,
during times when residents spend most of
their time at home, this study examines the
electrical power consumed in the presence
scenario. Variable data collection is carried out
according to the type of home electrical system.
Home electrical systems are divided into the
socket system, lighting system, cooling and
heating system [8]. The socket system records
their power consumption during the day and
night only based on the actions of residents in
using electrical equipment, but in lighting,
cooling, and heating systems, in addition to the
actions of residents, environmental conditions
also affect the amount of power consumed, and
in this case, they have different power
consumption.  Accordingly, lighting and
temperature sensors in accordance with the
standards of the Standards and Research
Institute for all parts of the building are
presented in Tables 1 and 2 as follows. After
collecting data, analyzing, and formatting them
based on techniques, the data mining algorithm
divides the data into two groups of recurring
data and periodic data in the database system,
storing the overall and comprehensive
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different times of the day [9]. This recorded
electrical power is provided to the smart home
grid system by monitoring and controlling the
amount of energy requested at different times,
and supplying it according to the amount of
production of household renewable energy
sources (Table 1).

Energy

To date, most energy transition efforts have
focused on hardware, with little investment in
data and next-generation digital technologies,
especially artificial intelligence. Energy-
intensive sectors such as power, transportation,
heavy industry, and buildings are at the
beginning of the de-carbonization journey to
rapidly reduce carbon dioxide emissions, but
fortunately, renewable energy generation is
growing rapidly due to falling costs and
increasing investor interest in this area [10].
The increase in renewable energy generation
for de-carbonization also means that more
energy is being supplied from sources such as
solar and wind. Since electricity is the mainstay
of energy supply, the use of low-carbon energy
systems will enable rapid growth in power
generation, storage, and advanced demand
response. Of course, these trends pose major
strategic and operational challenges for energy-

electrical power consumed by each system at  intensive industries.
Table 1: [llumination intensity standard by the Standards and Research Institute
Suggested (lux) Minimum (lux) Location
200 70 Living room and reception
500 150 Study room
200 100 Kitchen
100 50 Bedroom
100 50 Toilet and bathroom
500 200 Washroom and mirror
150 100 Staircase
150 50 Corridor and elevator
Table 2: Temperature standard provided by the Standards and Research Institute
Autumn and winter (°C) Spring and Summer (°C) Venue
Maximum Minimum Maximum Minimum
23 20 26 23 Restaurant
21 18 28 25 Other rooms
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This is where a data-driven approach and the
use of technologies such as the Industrial
Internet of Things and artificial intelligence to
create intelligent coordination in the
production, transmission and use of energy
play a decisive role. Likewise, with the
increasing decentralization and digitalization of
the electricity grid, it becomes more difficult to
manage a large number of participants in the
grid and maintain grid balance. Therefore, there
is a need to evaluate and analyze the flood of
data, which big data and artificial intelligence
help to process this data quickly and efficiently.
Al can help develop and manage smart
electricity grids that are able to automatically
and optimally adjust energy distribution. These
grids can prevent power outages and severe
fluctuations by predicting changes in supply
and demand and help improve the stability of
the energy system [11].

Preventive maintenance

Using data from various sensors and
equipment, Al can predict potential problems
and suggest preventive measures to prevent
failures and sudden stops. This type of
maintenance can extend the useful life of
equipment and reduce maintenance costs.

Energy supply chain optimization

Al can play a role in optimizing the energy
supply chain, from production to distribution.
By analyzing various data, Al can identify
weaknesses and inefficiencies and provide

optimization solutions that lead to cost
reduction and increased efficiency [12].
Reducing greenhouse gas emissions

Artificial intelligence can help reduce

greenhouse gas emissions. By optimizing
energy production and consumption processes,
Al can help reduce carbon emissions and
protect the environment. Al can also play a role
in developing new and cleaner technologies for
energy production.

Promoting smart energy programs
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Al can play a role in developing smart energy
programs that are able to adapt to
environmental changes and consumer needs.
These programs can manage energy resources
optimally and prevent overuse of resources
[13].

Facilitate strategic decision-making

Al can help energy managers make strategic
decisions by providing accurate analysis and
reliable forecasts. These decisions can include:
developing new infrastructure, investing in new
technologies, and formulating sustainable
energy policies. In general, artificial intelligence
can help reduce the energy crisis by providing
smart and optimal solutions and help transition
to a more sustainable and efficient energy
system.

Technological solutions for smart energy grid
management

The current trend shows that in the long term,
especially in developing countries, energy
consumption will increase steadily, and this
energy demand is challenging despite the
scarcity of resources. Thus, the development
and deployment of smart energy management
systems is essential. Al solutions in the form of
smart meters help users control energy
consumption and reduce peak consumption by
at least five percent. A study in South Africa
shows that using smart meters saves the
equivalent of one month’s rent in energy costs
over a year. Likewise, in some countries, to
address electricity transmission problems, the
use of smart grids has been defined as a
national policy goal, which requires a fully
automated electricity delivery network. For
example, the US Department of Energy has
invested $4.5  billion in smart grid
infrastructure since 2010 and has installed
more than 15 million smart meters. As
mentioned, the smart grid monitors the energy
consumption of each device with the help of
smart meters and warns electricity companies
about local outages. Al, the foundation of this
smart grid, continuously collects and combines
significant amounts of data from millions of
smart sensors across the network, using IoT
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technology, to make timely decisions on how
best to allocate energy resources [14].

The impact of smart grid on demand

One of the main applications of Al and smart
metering in the electricity grid is to optimize
energy generation, transmission, and
distribution using advanced analytics and
machine learning algorithms. These algorithms
can use data collected from smart meters and
other sensors to predict electricity demand and
supply, regulate electricity flow, and reduce
losses and reduce grid costs. For instance,
Google has used Al to reduce the energy
consumption of its data centers using smart
meters and machine learning to optimize
cooling systems [15]. Another example is the
European Smart Grid project, which aims to use
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Al and smart metering to coordinate the actions
of transmission system operators and
distribution system operators with the aim of
integrating more renewable energy sources and
distributed generation into the grid. Another
application of Al and smart metering in the
electricity grid is to balance electricity supply
and demand in real time using smart meters,
demand response, and dynamic pricing. These
mechanisms can use data collected from smart
meters and other devices to adjust
consumption or generation according to grid
conditions and prices. For example, the
American energy company PG&E has
implemented a demand response program
called Smart Rate, which uses smart meters and
pricing to encourage customers to reduce their
electricity consumption (Figure 2) [16].
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Figure 2: The impact of smart grid on demand.
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The effects of smart grid on the supply side

Another benefit of using Al and smart
metering in the electricity grid is the increased
integration of renewable energy sources,
distributed generation, storage, and so forth
[17]. These sources can provide clean energy
solutions and flexibility for the grid, but they
themselves face challenges such as variability
and uncertainty in the amount of electricity
generated due to the nature of renewable and
clean energies. Al and smart metering can help
coordinate the operation of these sources and
ensure their reliability and sustainability by
using data analysis and machine learning. For
example, IBM has developed a system called
HyREF that uses Al and smart metering to
predict the power output of wind and solar
farms based on weather data and information
received from sensors. Other applications of Al
and smart metering in the power grid include
increasing the resilience and reliability of the
grid by identifying and preventing faults, power
outages, and cyberattacks. Al and smart
metering can help identify any anomalies or
threats and take corrective actions by
constantly monitoring the conditions of the
grid. For example, Siemens has developed a
system called Grid Diagnostic Suite that uses Al
and smart metering to analyze data from
various sources such as transformers, circuit
breakers to detect any faults or failures in grid
components [18]. Another example is
Microsoft’'s Azure Defender for IoT platform,
which is an Al-based platform that uses smart
meters and other devices to protect the
network from cyberattacks by detecting any
malicious activity or vulnerabilities.

Challenges of using ai and smart meters

Finally, it should be noted that the use of Al
and smart meters in the electricity grid faces
significant challenges and obstacles. For
example, the high costs of deploying these
technologies, the lack of standards and
regulations, subscriber privacy and security
risks, and end-user acceptance challenges.
Therefore, the full effectiveness of Al and smart
meters depends entirely on various factors such
as technical design, legal framework, business
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model, consumer engagement, social context,
and culture [19].

Application of machine learning in electrical
engineering

Machine learning has numerous applications
in electrical engineering. From optimizing
power systems to improving energy efficiency.
Here are some of the key applications of
machine learning in electrical engineering:

Power system optimization

Machine learning algorithms can be used to
optimize power generation and distribution
systems, forecast demand, and identify areas
for improvement. This can include forecasting
load demand, optimizing power generation, and
identifying areas for infrastructure
improvement.

Fault detection

Machine learning can also be used to identify
faults in electrical systems, identifying potential
problems before they occur; for example,
predicting the failure of transformers, motors,
and other electrical equipment.

Energy efficiency

Analyzing energy consumption data and
identifying areas for improving energy
efficiency are other applications of machine
learning in the field of electrical engineering.
This can include optimizing energy
consumption in commercial buildings, reducing
energy consumption in industrial processes,
and identifying areas for renewable energy
development [20].

Power quality

One application of machine learning is to
analyze power quality data and identify ways to
improve it. For example, detecting voltage sags,
harmonic distortion, and other issues can affect
the performance of electrical equipment.
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Load forecasting

Machine learning algorithms can be used to
predict load demand and identify potential
areas for improvement in electricity generation
and distribution, including forecasting demand
for electric vehicles, identifying potential areas
for grid upgrades, and improving energy
management in large buildings.

Electricity consumption forecasting

Using historical electricity consumption data,
machine learning models can detect
consumption trends and provide accurate
predictions of future consumption. This
information helps manager’s better plan the use
of energy resources and, as a result, reduce
costs.

Identifying high consumption patterns

By analyzing electricity consumption data,
patterns that lead to high electricity
consumption can be identified. This
information helps to optimize processes and
reduce electricity consumption.

Real-time monitoring and optimization

Using sensors and real-time data, machine
learning models can continuously monitor
electricity consumption and provide
recommendations to reduce consumption in
real time. This helps to reduce energy costs and
increase efficiency [21].

Equipment failure prediction

Machine learning models can predict possible
equipment failures by analyzing sensor data.
This helps to prevent sudden failures and save
electricity.

Smart air conditioning management

Using MLOps, the temperature of buildings can
be automatically adjusted based on weather

Journal of Engineering in Industrial Research

data and the presence of people. This helps to
reduce electricity consumption and increase the
comfort of residents.

Urban lighting optimization

Using MLOps, lighting in urban areas can be
controlled based on human movement and
activities. This helps to reduce electricity
consumption and increase urban security.

Predictive renewable enerqgy generation

Using MLOps, energy generation from
renewable sources such as wind and solar can
be predicted. This helps optimize the energy
mix and reduce dependence on fossil fuels.

Advanced energy consumption analysis

Using MLOps, energy consumption at the
household appliance level can be analyzed in
detail. This helps provide consumer-centric
savings solutions.

These examples show how MLOps can help
optimize electricity consumption at different
levels, from homes to factories and even at the
city level, and move towards a more sustainable
future [22].

A case of successful implementation of demand
forecasting in a vending machine network

One of the successful examples in the field of
demand forecasting is the implementation of
this system in Coca-Cola and Pepsi vending
machines. Using artificial intelligence and
machine learning algorithms, these companies
have been able to predict the demand for their
products with high accuracy and thus optimize
their inventory planning. For example, Coca-
Cola has been able to reduce the number of
product reorders by analyzing daily and weekly
demand patterns and using advanced artificial
intelligence systems, while preventing product
shortages [23]. In another study, the
implementation of neural network algorithms
in PepsiCo vending machines resulted in a
reduction in the need for repeated visits and
reduced logistics costs.
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Figure 3: Reducing maintenance costs and increasing the useful life of the devices.

In this method, the algorithms analyzed spatial
and temporal data related to sales, allowing the
company to optimize its supply and distribution
planning and reduce the costs associated with
maintaining and supporting the vending
machines.

Sensor data analysis for preventive maintenance

Using sensor data and artificial intelligence, it
is possible to predict and prevent vending
machine failures before they occur. This
process helps reduce repair and maintenance
costs and extend the lifespan of the devices. The
following are various aspects of this approach
in detail:

Reducing maintenance costs and increasing the
useful life of the devices

One of the key benefits of preventive
maintenance is reducing maintenance costs and
increasing the useful life of the vending
machines. By accurately predicting the time and
type of repairs, not only are the costs due to
unexpected failures reduced, but the need for
replacement parts is also optimized. On the
other hand, reducing the frequency of
emergency repairs and unexpected stops
directly helps improve the productivity of the
devices and reduce operating costs [24]. This
strategy is especially important in managing a
large fleet of vending machines. Because by
reducing the costs associated with logistics and

emergency repairs, a smart and efficient system
is created in equipment management (Figure
3).

Energy consumption optimization
Smart grids

Artificial intelligence increases the efficiency
of smart grids by more accurately predicting
energy demand and supply. This helps balance
the grid and reduce energy waste.

Renewable energy integration

Artificial intelligence algorithms can predict
weather patterns and optimize the use of
renewable energy sources such as solar and
wind. This ensures that renewable energy is
used effectively and reduces dependence on
fossil fuels.

Energy management systems

Al-based systems in buildings and industries
can monitor and control energy consumption,
leading to significant energy savings [25].
Energy requirements of Al
Data centers

The computing power required for Al

especially for training large models, is
enormous. Data centers, where the servers that
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run Al algorithms run, consume a lot of
electricity. For example, training a single Al
model can consume as much energy as several
families in a year.

Carbon footprint

The energy consumption of Al contributes to
carbon emissions especially if the electricity is
supplied from non-renewable sources.
Companies such as Microsoft and Google have
reported a significant increase in their carbon
footprint due to the expansion of data centers.

Energy balance in Al

The key to harnessing the potential of Al while
reducing its energy impact lies in innovation
and policy:

Efficient Al

Developing Al models that require less
computing power can help reduce energy
consumption. Techniques such as model
pruning and quantification are steps in this
direction [26].

Renewable energy for data centers

Running data centers on renewable energy
can offset the carbon footprint of Al. Companies
are increasingly investing in renewable energy
sources to power their operations.

Regulatory frameworks

Governments and organizations should create
policies that promote energy-efficient Al
practices and the use of renewable energy. The
impact of Al on energy consumption is a
double-edged sword. While it offers significant
potential for optimizing energy consumption
and integrating renewable resources, its own
energy demand is also significant. Striking a
balance through innovation, the use of
renewable energy, and effective policies will be
crucial in ensuring that Al positively
contributes to a sustainable energy future [27].
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Advantages and challenges of implementing
artificial intelligence in vending machines

Advantages

Using artificial intelligence in vending
machines has several advantages that not only
help optimize internal processes, but also
improve the customer experience and, as a
result, the overall performance of these
machines:

Increased productivity and reduced operating
costs

Artificial intelligence helps vending machines
maintain the most optimal level of performance
by being able to predict demand and automate
various  processes such as inventory
provisioning and preventive maintenance.
Reducing the need for frequent visits for
provisioning and maintenance leads to savings
in time and logistics costs, which significantly
increases productivity [28].

Improved customer experience and increased
sales

One of the most important advantages of
artificial intelligence is the ability to personalize
the customer experience. By analyzing
customer behavioral data and providing
personalized recommendations, these machines
can meet different customer needs in real time
and improve customer satisfaction. In addition,
by providing products tailored to customer
preferences, conversion rates and sales volume
increase significantly.

Ability to respond quickly to market and demand
changes

Artificial intelligence algorithms allow vending
machines to respond quickly to changes in
market demand and needs by analyzing real-
time data. This flexibility in dealing with market
fluctuations allows businesses to quickly adapt
to seasonal or location-specific demand
changes and identify new sales opportunities
[29].
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Challenges

Along with the benefits, implementing Al in
vending machines also brings challenges that
require careful attention and planning:

Initial implementation costs and the need for
technical expertise

Setting up and implementing Al as well as

machine learning technologies in vending
machines is costly and requires significant
investment in hardware, software, and
specialized manpower. Also, setting up and
configuring these systems for optimal
performance requires high knowledge and
expertise in various fields of Al

Issues related to privacy and data security

One of the main challenges of using customer
data in vending machines is maintaining
privacy and information security. Biometric
information and other sensitive data collected
must be carefully maintained and protected to
prevent unauthorized access. Compliance with
privacy principles and the use of encryption
and data anonymization techniques are
essential measures in this regard.

The need for continuous maintenance and
updating of Al systems

Al systems require continuous maintenance
and updating, so that they can accurately
respond to environmental needs and changes.
These systems must be constantly reviewed
and their algorithms and models updated, so
that their accuracy and efficiency are
maintained over time [30].

Future trends and innovations
machine optimization with Al

in vending

Artificial intelligence in vending machines is
advancing rapidly, and emerging trends in this
area promise to create new features and
significant improvements in efficiency and user
experience.

2025, Volume 6, Issue 2

Reinforcement learning to improve real-time
decision-making

Using reinforcement learning in vending
machines allows for improved real-time
decision-making. These models, by utilizing
environmental data and user behavior, give
vending machines the ability to respond
intelligently and automatically to
environmental changes and make optimal
decisions for product recommendations and
price adjustments (Figure 4).

Integration with the Internet of Things (IoT) to
create smart vending machine networks

Integrating vending machines with the IoT
allows these devices to operate in a networked
and coordinated manner. This intelligent
connection between vending machines and
cloud platforms can provide many
improvements in areas such as inventory
provisioning, energy consumption control, and
location optimization. IoT networks also allow
central management to view data from all
vending machines in a unified dashboard and
take corrective actions if necessary.

Development of augmented reality (AR) and
virtual reality (VR)-based user interfaces

The use of AR and VR technologies in vending

machines can provide new and engaging
interactive experiences for users. These
technologies allow customers to virtually
inspect products and view them in greater
detail, which helps increase customer
engagement and satisfaction [31].

Artificial intelligence
logistics management

in supply chain and

Artificial intelligence plays an important role
in optimizing the supply chain and logistics of
vending machines. By analyzing sales and
inventory data, artificial intelligence systems
can provide predictions about product supply
needs and automatically send orders to the best
suppliers. This helps reduce supply time,
reduce logistics costs, and improve product
availability.
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Figure 4: Future trends and innovations in vending machine optimization with Al.

Applications of statistics in machine learning
Descriptive analysis

This analysis helps to summarize and
understand data. Indicators such as mean,
variance, and standard deviation are used to
describe the behavior of data.

Example: In a customer database, the average
monthly purchase is 500 thousand tomans and
the standard deviation is 120 thousand tomans.
This information can help the machine learning
model to identify high-spending customers
[32].

Outlier detection

Outliers can have a negative impact on the
performance of models. Statistical methods
help to identify and remove this data.

Example: If in an electricity consumption
database, a value of 1000 kW is recorded for a
small house, it is clearly an outlier that should
be removed.

Identifying data distribution

Machine learning models often depend on the

distribution of data. Statistics helps to identify
these distributions. Example: If the student
score data has a normal distribution with a
mean of 75 and a variance of 10, this
information is important for choosing the
appropriate algorithm.

Optimization and applications of optimization in
machine learning

After analyzing the data with statistical tools,
the optimization process begins to improve the
performance of the model. Optimization
specifically plays a role in adjusting the
parameters and reducing errors:

Error minimization

The main goal of optimization is to reduce the
gap between the model's prediction and reality.

Example: In a house price prediction model, if
the average prediction error decreases from
10% to 5%, it indicates the success of the
optimization [33].

Hyper parameter tuning

Selecting the best parameters for the model
can significantly increase the accuracy.
Example: In a decision tree model, optimizing
the depth of the tree can increase the prediction
accuracy from 70% to 85%.

Real-time optimization

Some systems, such as robots, require
immediate optimization. Example: A robot
moving along a path can detect obstacles and
correct its path with real-time optimization.

Energy = consumption  optimization in
industries is one of the basic necessities in
today's world. With increasing energy demand
and decreasing non-renewable resources,
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industries need to change their approach to
energy consumption. This change not only leads
to improved efficiency and reduced costs, but is
also of great importance from an environmental
perspective.  Because  excessive  energy
consumption and waste lead to climate change
and increased greenhouse gases. In the
meantime, technological advances and the use
of new solutions have created a golden
opportunity for industries to optimize their
energy consumption by utilizing new
technologies. The use of smart systems,
automation and renewable energies are just
some of the advanced solutions that are used
today to optimize energy consumption in
various industries. Smart energy storage
systems are one of the main smart methods in
the electricity industry, which are used to
improve efficiency, increase flexibility and
better manage energy demand and supply. By
using energy storage systems, it is possible to
respond to fluctuations caused by sudden
changes in demand and maintain a balance
between production and consumption [34].

Likewise, in the event of a grid outage or fault,
smart energy storage systems can be activated
as immediate backup sources and increase grid
security. Through intelligent management of
energy production and consumption, energy
storage systems help balance supply and
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demand. Ultimately, smart energy storage
systems use these features to optimize the
performance of the power grid and increase
efficiency in energy management. The use of
artificial intelligence as another intelligent
method in the power industry in the
maintenance of the power industry enables
improving equipment performance, predicting
faults, and increasing network efficiency.
Machine learning models are used to analyze
data collected from various equipment in order
to predict faults and potential problems [35].
They also use artificial intelligence to analyze
real-time data to detect and identify faults and
problems more quickly. The use of artificial
intelligence in maintenance in the power
industry increases productivity, reduces costs,
and increases equipment reliability. These
methods help companies to manage
maintenance problems more proactively and
efficiently. They also use artificial intelligence to
optimize production in the power industry,
which provides opportunities to improve the
performance of the energy production system.
This optimization can help reduce costs,
increase efficiency, and optimally integrate
energy from different sources. Machine
learning algorithms are used to predict energy
demand at different times.
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Furthermore, energy production from
renewable sources can be improved using
meteorological data and intelligent models [36].

Improving the performance of power plants
and reducing operating costs by optimizing
production parameters can also be done using
artificial  intelligence  algorithms.  Using
intelligent algorithms to make optimal
decisions when to store and discharge energy
from storage systems can also be done with this
method (Figure 5). The use of artificial
intelligence in optimizing energy production
generally improves energy systems and helps to
produce, distribute, and consume energy more
efficiently [37].

Conclusion

Optimizing network resources is one of the
main challenges for network administrators in
the modern world. Increasing data traffic, the
need for stable and efficient communications,
and the rapid growth of network-connected
devices all require intelligent and optimal
management of network resources. Artificial
intelligence (Al), with its capabilities in data
analysis, prediction, and process automation,
can significantly help optimize network
resources. Advanced developments in the field
of artificial intelligence and machine learning
have led to significant optimization in the
performance of vending machines. By providing
tools such as demand forecasting, preventive
maintenance, and personalized experiences,
these technologies have been able to elevate the
operational efficiency and user experience of
these machines to a higher level. The benefits of
these improvements, including reduced
operating costs, increased sales, and the ability
to respond quickly to market changes, indicate
the importance of investing in this area.
However, challenges such as implementation
costs, the need for technical expertise, and
security and privacy issues still require proper
planning and management. Future trends such
as reinforcement learning, integration with IoT,
and the use of augmented and virtual reality
promise the development of smarter and more
efficient vending machines that will play a vital
role not only in the retail industry, but also in
supply chain and logistics management. By

Journal of Engineering in Industrial Research

taking advantage of these technologies,
businesses can survive in today's competitive
market and benefit from the long-term benefits
of these investments by providing better and
more  efficient services to customers.
Ultimately, the future of vending machines with
artificial intelligence is expected to open a new
path towards enhancing the customer
experience and improving  operational
performance. Energy distribution networks are
very complex due to their radial structure and
require efficient management to minimize
losses and ensure highly reliable power
delivery. Data science provides tools to
optimize these networks by analyzing data
collected from smart meters, sensors, and other
sources. Optimization algorithms can balance
load distribution, reduce peak demand, and
improve overall network efficiency. For
example, machine learning models can identify
energy consumption patterns and suggest
optimal distribution strategies, leading to
energy savings and cost reductions for both the
grid operator and the consumer.
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