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ABSTRACT: The paper examines how energy consumption in smart plants can be optimized through the technologies
of the Industrial Internet of Things (IIoT) and simulation. The challenges that are currently facing the contemporary
manufacturing industries include high requirements concerning high energy consumption, cost of operation and
sustainability. The principles of Industry 4.0 help to build smart factories and provide the possibility of real-time
monitoring of data and processing it in analytics and machine-to-machine communication to make more informed
decisions about the organization of energy management.

The study follows a secondary approach, reviewing the literature on IloT-based energy monitoring, digital twins,
simulation models, and predictive optimization methods. As the results show, the introduction of IIoT with the help of
simulation tools will allow manufacturers to investigate the consumption trend and test new opportunities and
implement energy-efficient strategies without disrupting the work. These plans can reduce operational costs, carbon gas
and resource use hence yielding to financial and environmental goals.

One of the key aspects of sustainable industrial practices identified in the study is the transforming power of IloT-based
optimization of energy. Real-time data, predictive analytics, and simulation could bring manufacturers to a measurable
level of efficiency and stay competitive. The study provides the prospects of the research design and application of
smart manufacturing to energy management in practice.

KEYWORDS: Smart factories, Industrial Internet of Things, Energy optimization
L. INTRODUCTION

The rapid development of Industry 4.0 resulted in the high interconnectivity of the traditional manufacturing into the
form of intelligent systems known as smart factories. The core of this transformation is the Industrial Internet of Things
(ITIoT), or a combination of sensor networks and real-time data analytics with machine-to-machine communication
aimed at enhancing the efficiency of the business (Hu et al., 2024). One of the most serious issues of the modern
manufacturing industry is the excessive use of energy because it directly affects the cost of the production process as
well as its environmental sustainability. Energy optimization has now become a strategic issue with the growing
pressure on industries, as well as the global sustainability goals to reduce carbon emissions (Agostinelli, 2024).

Conventional energy control techniques do not reflect on the dynamic and complex nature of smart manufacturing.
Simulation-based methods involving combinatorial use of digital reproductions of the production processes allow
achieving new opportunities to model, predict, and optimize energy usage under different working conditions (Koch,
2024). In this paper, the role of IloT-based systems in reducing the amount of energy consumed and improving the
efficiency of utilizing resources in intelligent factories will be considered. The study will establish by using simulation
tools and predictive analytics how manufacturers can create measurable efficiency and lessen their impact on the
environment. The findings may be contributed to the growing body of knowledge about sustainable industrial
transformation and contribute a valuable piece of knowledge on how to be a competent and responsible individual
simultaneously (Bajwa et al., 2024).
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II. RATIONALE AND OBJECTIVE

The manufacturing sectors are among the largest consumers of energy since they use a significant amount of global
electricity and carbon emission. The conventional energy management system may not provide the flexibility and
intelligence to handle dynamism in the production environment as the industrial processes grow increasingly complex
(Hussain, 2023). The advent of smart factories which is being marked by the concept of Industry 4.0 gives new
possibilities to resolve this dilemma through the assistance of the integration of the Industrial Internet of Things (IloT).
The ability of real-time information capture will allow manufacturers to better comprehend what consumption pattern
is and optimize processes to increase the energy efficiency of the products.

The research is motivated by the need to bridge the gap between sustainability to practice of industrial and
technological competency. The use of simulation-based studies, especially, digital twins, may be regarded as a scalable
mechanism of testing the strategies before their practical implementation at the lowest risk and costs.

Objectives:
1. To analyze energy consumption patterns in smart factory environments using [loT-enabled data.
2. To develop and apply simulation models for testing energy optimization strategies.
3. To assess the potential of [loT-driven approaches in reducing operational costs and environmental impacts.
4. To provide a practical framework for manufacturers aiming to balance competitiveness with sustainability.

1. METHODOLOGY

The paper is a follow-up of a secondary, simulation-based research to investigate the energy optimization of smart
factories by use of Industrial Internet of Things (IloT) technologies. Since the research is grounded in existing
literature in the academic and industrial sector, the data collection of such articles, case studies, and reports was
conducted via Google Scholar and other academic repositories where the information was accessible. It has focused
on the study that encompassed the themes of Industry 4.0, energy management based on IloTs, and the application of
digital twins in manufacturing.

The systematic review method was applied to focus on critical themes, such as energy monitoring, predictive
analytics, and optimization strategies. In order to deliver current data on the technological innovations, priority has
been given to relevant papers that have been published in the past two years. The data gathered under these sources
were researched so as to compare the input made by different [loT-motivated approaches towards energy-saving.

The concept of simulations was grounded on the published models where the digital twins are replicas of the actual
manufacturing processes. They are simulations that have alternative strategies that are tested under varying production
conditions but do not affect the actual operations. Findings of some studies were generalized to establish common
trends, problem, and opportunities.

This methodological decision will enable us to fully achieve the role of IIoT technologies and simulations in energy
efficiency and use solely secondary data to ensure reliability, scaling, and increased accessibility in the further
industrial use.

IV.LITERATURE REVIEW

Smart factories have introduced new opportunities to enhance efficiency, sustainability, and competitiveness in the
manufacturing process. The key aspect of this change is the capacity to optimize energy consumption. One of the
largest components of industrial spending is energy, and its minimization not only enhances profitability but also has
a less harmful impact on the environment (Aazami et al., 2025). Industry 4.0 technologies have facilitated the
emergence of the Industrial Internet of Things (IIoT), which has allowed tracking, analyzing and optimizing the use of
energy in a manner that was not achievable before. These capabilities are further advanced through simulation and
digital twin technologies that allow safe and reliable environments to test the optimization strategies prior to
implementation in actual production. The following literature analysis identifies five primary themes that support the
aims of the study, namely, energy use in smart factories, IloT-based monitoring and data analytics, simulation and
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digital twin methodologies, IloT-based energy optimization strategies, and sustainability as a competitive force in the
industry.

Theme 1: Energy Consumption in Smart Factories

According to Rahman et al. (2021), the manufacturing industries have always been faced with a critical challenge of
energy consumption. Factories use a lot of electricity to power machinery, production line, and other assistive systems
like heating, cooling and lighting. These requirements are ongoing and unpredictable resulting in high costs and
environmental impacts. Standard models of energy management have mostly devoted their attention to manual
monitoring or retrospective audits, which do not reflect the dynamism of the contemporary industrial system.

Wu et al. (2022) state that smart factories introduce a different dimension of this issue because they introduce
intelligence into all the components of the production setting. Machines have sensors, real-time communicating
devices and managers can receive live information about consumption patterns. This makes it possible to RBV know
very well how, when and why energy is consumed. The example of energy spikes is that there might be certain
production steps associated with spikes, or with machines that are not busy but are still taking power. The
identification of such patterns is the initial step to enhance efficiency.

As Salman et al. (2022) remark, the possibility to align the production with the sustainability goals is one of the most
valuable benefits of analyzing energy in smart factories. A company now understands that energy is a variable that
can be measured, controlled, and optimized rather than perceiving it as a fixed cost. The experience acquired during
energy use monitoring is the basis to implement IIoT and simulation tools that can be used to achieve additional
efficiency.

Theme 2: [TloT-Enabled Monitoring and Data Analytics

According to the recommendation by Shaikat (2025), the Industrial Internet of Things has transformed the way
manufacturers accumulate and utilize data. IloT allows monitoring machines and processes continuously through
networks of connected devices. This information gives a nice understanding of energy use on the micro level and on
the macro level. Managers can now monitor all the units of energy consumed in real-time rather than making
infrequent readings, detecting inefficiencies, and taking corrective measures.

According to the opinions of Qin et al. (2021), one strength of IloT monitoring is the predictive analytics. Through
the analysis of the past and the present, the factories will be able to predict future consumption trends and proactively
make decisions. An example is an example of predictive models, which can be used to determine when machines are
expected to consume more power than is necessary or when maintenance is necessary to avoid wastage of energy. It
enables firms to plan production better, minimize avoidable peaks, and minimize downtimes (Jenkins et al., 2025).

According to Sen et al. (2023), Data analytics also facilitate the detection of anomalies. Using energy differently than
expected can be an indicator of faults, leakage, or other unknown issues. The identification of such anomalies within a
short time will eliminate additional waste and lead to a more seamless process. Moreover, analytics platforms may be
connected to enterprise systems, which will allow the decision-makers to receive dashboards and view the essential
energy indicators in a clear format.

However, despite the obvious advantages, a number of challenges can be observed. Most factories still use an older
system that would be hard to connect to IloT networks. Infrastructure cost and handling and processing of large
volumes of data can also be obstacles. However, the fact that IIoT can convert raw energy data into practical insights
renders it a crucial action to optimization (Rawat et al., 2025).

Theme 3: Simulation and Digital Twin Approaches

According to Hua et al. (2022), although monitoring and analytics offer desirable data, they are not sufficient to
ensure optimization on their own. This is where the simulation and digital twin technologies come in. A digital twin is
an image of a physical process, product or system. When connected to the [IoT sensors, their real-time data can be
connected to such models, which allows manufacturers to obtain simulations of energy consumption in various
conditions and trial plans in a safe and cost-effective place.
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Thelen et al. (2022) stated that with simulation, managers can experiment with the scenarios of what-if without
interfering with actual production. As an example, they can experiment with the speed of machines, changing
production patterns, or rearranging operations and their impact on energy use. These experiments present information
which could otherwise be too dangerous or costly to experiment with in the actual world. Predictive maintenance is
another technique which is supported by digital twins since they operate by simulating the performance of machines
over a certain duration to determine when interventions are necessary before the machine breaks.

The second benefit of digital twins is that it is possible to incorporate various variables into one optimization model,
which includes energy, cost, and production time. This allows decision-makers to weigh up various goals and identify
the most effective resources mix. Simulations have demonstrated in practice that simple changes in operations can
result in energy savings that are significant.

Nevertheless, Guerra-Zubiaga et al. (2021) also said that digital twins demand robust technical bases. Creating proper
models may be expensive and smaller manufacturers may not be in a position to fully implement them. Another
challenge is data integration because simulations are as accurate as the information they get. Regardless of those
challenges, the increasing popularity of digital twins proves them in their usefulness as the foundation of energy
optimization in smart factories.

Theme 4: IloT-Driven Energy Optimization Strategies

Lektauers et al. (2021) additionally state that in addition to monitoring and simulation, IIoT technologies enable direct
optimization of energy consumption by automating and controlling its use with the help of smart control. The goals of
optimization strategies are to reduce wastes, load balance, and reduce the use of machines (where necessary). This
saves energy and also increases productivity.

One of the strategies to adjust production activities to low energy consumption or lower electricity cost periods is
predictive scheduling. Peaks are costly and they are not embraced because we allocate the workload wisely, this will
assist the factories to be more cost-effective in the manner in which they use the available resources in their disposal
(Mustafovski, 2025). Machine learning algorithms based on past input and adaptation to the current conditions can
also optimize these schedules.

The second approach is the demand response in which the factories will control their power use, depending on
external signals such as the grid demand or variable prices. In such schemes, manufacturers can simultaneously save
their costs, as well as ensure the stability of the entire energy of the wider network.

Gupta et al. (2025) have added that optimization can also take place on the level of machines. Machines that are not
required can be turned off automatically and real-time optimization can be conducted as an example to ensure
machines are operating at an optimum load state. This can also be enhanced with the aid of multi-agent system where
the different machines will interact with each other and synchronize the energy consumption of the production lines
such that there would be a more even distribution of energy consumption between the production lines.

These strategies are as promising as they are difficult. Cybersecurity threats are very high since the more an individual
associates with people the more he or she is exposed to attacks. The second concern is the ownership and privacy of
data, especially when cooperating with third-party energy providers (Almadhor et al., 2025). Nevertheless, the net
beneficial effects of IloT-based optimization implementation, which include reduced costs and increased efficiency
and flexibility, make it a valuable solution to the existing manufacturing industry.

Theme 5: Sustainability and Industrial Competitiveness

Oyewole et al. (2024) proposed that the concept of sustainability has become a mark of industrial prosperity.
Manufacturers are now being pressurized to minimize their environmental impact and at the same time stay
competitive in the global markets. Energy optimization is a core part of such a balance.

Business wise, sustainability directly translates into profitability by reducing the costs of energy. They also improve
the reputation because customers, investors, and governments would favor companies that are willing to be
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environmentally responsible (Haque et al., 2024). Sustainability is not a cost to many industries but a source of long
term value.

Regulatory wise, tighter environmental systems are compeling industries to use environmental friendly practices.
With the IToT and simulation tools, smart factories are in a better position to adhere to these regulations and be among
the plants that operate effectively. Incorporating sustainability into their operations, firms lower the risks of fines and
increase their preparedness to alter the policies in the future.

In their article, Salman Rahman et al. (2021) assert that resilience is also connected with sustainability. Efficient
companies can more easily resist price changes in the market, disruption of the supply chain, and an increase in the
cost of energy. In this regard, it is not only about cost-reduction when deciding to optimize energy usage but also
about assuring long-term competitiveness.

It is an expansion of the trend towards Industry 5.0, where human-centric and environment-friendly practices drive
industrialization, and IIoT and energy optimization strategies become integrated into the sustainability initiative. This
change supports the suggestion that sustainable energy optimization serves as a technological step and also as a
strategic requirement of the future of manufacturing industry.

V. CONCLUSION

As identified in the present paper, the optimization of energy in the smart factories can be realized in the process of
integrating the use of Industry Internet of Things, simulation models, and sustainable practices. The literature review
demonstrates that power usage is one of the primary costs and environmental challenges of manufacturing companies,
but it is also one of the greatest opportunities to promote efficiency. Tracking through IIoT sent real-time image of the
energy consumption and predictive analytics converted raw data into utility data. It introduces one more dimension to
the simulation and digital twins since managers can test various strategies without any risk since they can see that the
result is possible and inexpensive.

The other IIOT-based optimization schemes such as predictive scheduling, machine learning, and demand response
still have to add value to efficiency since they simply boil machines and work on the energy required. The described
methods will also have the capacity to lower the expenses and in the end enable the industries to address the demands
and emerge as competitive in the international markets.

Although the implementation, data integration, and cybersecurity threats may be seen as the problems of the
implementation, the overall trend of the study is toward IIoT and simulation, as the most critical contributors to the
sustainable transformation. These results help to confirm the truth that the optimization of energy is not only a
technical requirement, but also a strategic orientation of ecologically acceptable and responsible production.
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