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Abstract

Currently, there is a global shift towards Industry 4.0, which entails the transformation of environments into digital, fully
automated, and cyber-physical systems through various technologies and innovations. This review specifically examines
the impact of Industry 4.0 on the healthcare industry, which is undergoing a revolution towards Healthcare 4.0. The
implementation of Industry 4.0 methodologies has facilitated this transformation, with several technical and innovative
approaches leading the way. Among these are Internet of Things, Big Data Analytics, Block chain, Cloud Computing, and
Acrtificial Intelligence, which have been adopted in Healthcare 4.0. This review focuses on how these technologies work,
the current state-of-the-art solutions available, how they address current challenges, and how innovative start-ups have
affected the healthcare industry in the context of the Industry 4.0 paradigm.
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Introduction

The fourth industrial revolution, known as "Industry 4.0," refers to the transformation and advancement of industrial
manufacturing through the digitization of new technology [1]

The progress of science and technology has influenced nearly all aspects of human existence, with advancements in
electrical power generation, transmission, and distribution (known as "smart grids"), as well as healthcare, education,
transportation, and road infrastructure, among other areas, improving everyday efficiency and convenience [2]. The
integration of Machine Learning (ML) in various fields has facilitated the simultaneous operation of multiple interconnected
industries. [3]

The objective of Industry 4.0 technologies is to address present-day obstacles such as intense global competition,
unpredictable market conditions and demand, rising demand for personalized communication and information, and
declining innovation and product life cycles [4]

Industry 4.0 for Medical/Healthcare Services

Numerous studies have investigated the healthcare sector from various perspectives, and the advent of Industry 4.0 has
streamlined healthcare through advanced technologies such as loT-based remote monitoring systems, rapid measurement
capabilities, cloud-based record systems, and efficient communication [5]. These technologies have facilitated the rapid
transfer of data, resulting in reduced costs and time requirements, as well as providing instant healthcare support. The
utilization of 10T, Blockchain, Cloud Computing, and Al has led to remarkable enhancements in the healthcare sector.
Industry 4.0 has played an exceptional role in healthcare by reducing time and costs while implementing superior solutions

[6]
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Challenges in Industry 4.0 (InfluxDB)

Healthcare systems exhibit unpredictability and inconsistency, necessitating the utilization of a probabilistic method [7]. In
order for manufacturers to remain competitive during the 4th industrial revolution, it is imperative to lower production costs.
One effective method to achieve this is by implementing a well-defined energy management strategy within the framework
of industry 4.0. Although it is crucial to establish a strong industrial ecosystem that makes a significant contribution to the
national GDP, unfortunately, in recent decades, the industrial sector's overall value has declined, resulting in a reduced
social impact and a significant increase in unemployment rates. Energy availability and reliability play a vital role not only
in critical energy buildings and manufacturing processes but also in all other mission-critical operations encompassed by
Industry 4.0. In fact, they are an integral part of Industry 4.0 itself. Put simply, without comprehensive energy management
at the core of Industry 4.0, the concept of Industry 4.0 cannot exist [8]

Smart Energy Meter and Integration in Healthcare

Smart health is a crucial component of smart cities, as it leverages technology to enhance healthcare services. Internet-
enabled communication with medical professionals has become increasingly prevalent, benefiting individuals, particularly
elderly or disabled patients who may face mobility challenges. With accessible and affordable internet access, these patients
can take advantage of video-call consultations from the comfort of their homes. However, the implementation of smart
health systems based on the Internet of Things (IoT) and smart meters is not without its challenges [9]. In recent decades,
the energy sector has experienced significant and promising transformations in response to the Fourth Industrial Revolution,
known as Industry 4.0 (14.0). This revolution has brought forth innovative technologies and revolutionized production
models within the energy industry [10]. Industry 4.0 has brought about profound transformations in the organizational
structure of companies, distinguishing it from previous industrial revolutions [11]. Today, the production of goods and
services heavily relies on the integration of physical plants with digital technologies. The rapid advancements in information
and communication technologies (ICT) have led to the convergence of multiple enabling technologies facilitated by the
Internet. These technologies are coming together in a systemic manner, giving rise to new production paradigms that involve
various innovative solutions depending on the specific sector involved [12]. With the evolution of technology, and the well-
known concept of industry 4.0 and digitization, the energy is and always be an important factor in every field, and must
follow up with the digitization revolution, introducing energy 4.0 where the energy production, transmission and
consumption must be monitored and controlled in a smart way. The energy consumption is an end user, electrical utilities,
environment and smart grid enormous problematic, this paper discusses the impact of energy consumption on energy
management system according to 1SO 50001, and gives approaches on how to apply the functionalities of industry 4.0 to
digitize the energy, using smart meters and SCADA systems for monitoring and supervising it [13]

Benefits of Smart Energy Meter Integration in Healthcare Industry

Smart energy meters are advanced devices that provide real-time monitoring and management of energy consumption.
Integrating smart energy meters in the healthcare industry offers several benefits that can contribute to better energy
management, cost savings, and overall operational efficiency. The following are the key benefits of smart energy meter
integration in the healthcare sector [14]

e Energy Consumption Monitoring and Optimization:
Smart energy meters enable healthcare facilities to monitor and analyse their energy consumption patterns in real-
time. This information helps identify areas of high-energy usage and inefficiencies, allowing for targeted energy
optimization strategies. By closely monitoring energy consumption, healthcare providers can implement energy-
saving initiatives, such as equipment upgrades, optimizing temperature controls, and identifying energy-intensive
areas that can be modified or improved.[15]

e Cost Savings:
Smart energy meter integration in healthcare facilities can lead to significant cost savings. Real-time monitoring
and analysis of energy consumption allow administrators to identify and address energy wastage promptly. By
optimizing energy usage, healthcare providers can reduce utility bills and operating costs. The cost savings achieved
can be redirected to other critical areas such as patient care, research, or infrastructure upgrades.[15,16]

¢ Environmental Sustainability:
By integrating smart energy meters, healthcare facilities can contribute to environmental sustainability efforts. Real-
time energy monitoring helps identify areas of high energy usage and wastage, enabling healthcare providers to
implement energy-efficient practices and reduce their carbon footprint. These measures align with global
sustainability goals and demonstrate the healthcare industry's commitment to environmental responsibility.[17]
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e Enhanced Patient Safety and Comfort:
Integrating smart energy meters in healthcare facilities can indirectly contribute to enhanced patient safety and
comfort. Real-time monitoring of energy consumption ensures that essential systems, such as heating, ventilation,
and air conditioning (HVAC), are functioning optimally. Maintaining ideal environmental conditions can help
prevent the spread of infectious diseases, reduce the risk of equipment malfunction, and provide a comfortable
environment for patients, thereby improving their overall experience and recovery.[18]

Conclusion

In conclusion, the integration of smart energy meters in the healthcare industry, specifically in the context of Healthcare
Industry 4.0, brings numerous benefits and opportunities. Through real-time monitoring and analysis of energy
consumption, healthcare facilities can optimize their energy usage, reduce costs, and improve operational efficiency. The
integration of smart energy meters aligns with the principles of sustainability and environmental responsibility, enabling
healthcare providers to contribute to global efforts in mitigating climate change. Moreover, the ability to monitor
equipment performance and efficiency facilitates proactive maintenance, ensuring uninterrupted service delivery and
enhanced patient safety.

While this review emphasizes the benefits of smart energy meter integration, it is crucial to acknowledge the need for
robust data security and privacy measures. As the healthcare industry continues to embrace digital transformation, it must
prioritize safeguarding sensitive patient information and ensuring the integrity of energy data.

In conclusion, the integration of smart energy meters in the healthcare industry 4.0 holds immense potential for optimizing
energy usage, reducing costs, improving operational efficiency, and enhancing patient safety and comfort. By embracing
this technology and leveraging data-driven insights, healthcare providers can create a sustainable and energy-efficient
ecosystem that aligns with the goals of Industry 4.0.
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