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ABSTRACT

The Internet of Things has become influential force in Smart Manufacturing. Our study focusses on
advanced data analytics making it possible by data collection at real time from sensors linked with
each other and various equipment, which helps manufacturers optimise resource allocation and
expedite workflows. Through case study we have created IIOT-based system at a medium sized
manufacturing facility. Utilising cloud-based analytics and machine-to-machine(M2M)
communication, this system optimises energy use, forecasts component failures, and keeps an eye
on machine-health. As a part of our process, wireless sensor networks (WSNs) are deployed to
collect critical data points including pressure, temperature, and vibration. To prevent possible
machine breakdowns, these data are processed using algorithms. The findings show significant cost
savings, operational efficiency gains and the predictive maintenance with high accuracy rate.
Initiatives to optimise resources also resulted in decrease in energy use. The study concludes by
highlighting the potential of IIOT in improving operational effectiveness and prolonging equipment
lifespan in Smart Manufacturing. IIOT is a key technology for the future of industrial operations by
enabling manufacturers to attain previously unheard levels of efficiency, sustainability and cost
effectiveness through the use of real time data and predictive analytics. The effective deployment
of IIOT has opened door for additional study into its uses in different industries, which helps create
creative solutions that can boost competitiveness and growth in the global economy.
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1 INTRODUCTION
The term Internet of Things represents a physical network connected electrical items, including various
appliances that possess sensors and software-based technology and network connection within them.
Imagine a world where your refrigerator orders groceries, your thermostat adjusts automatically, and
your car navigates traffic seamlessly. This isn't science fiction; it's the reality enabled by the Internet of
Things (IoT) [1]. The Internet of Things (IoT) is a network of interconnected devices. These devices
have sensors and software. They connect and share data with other devices and systems using the
internet. [oT is becoming more important and affects many industries and our daily lives. The Internet
of Things, or IoT, connects everyday objects to the internet [2]. These objects gather and share data.
Think of your smart TV or a sensor in a factory. IoT turns ordinary things into smart devices. Four things
make [oT work. These are sensors, connectivity, data processing, and the user interface. Sensors collect
data, like temperature or motion. Connectivity, such as Wi-Fi or Bluetooth, sends data to the cloud. Data
processing turns that data into useful info. The user interface lets you see and control the device. They
all work together. This creates an IoT ecosystem. the internet used to be mostly for people using
computers. [oT is different [3]. It's about machines talking to each other. It's called machine-to machine
(M2M) communication. This means things can happen automatically. Data is analysed in real-time [4].
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1.1 Important Components of IOT

1.1.1 Sensors For I1IOT
A machine that can tell you when they need fixing, boosting how well they work and stopping them
from breaking down. It's now a real possibility! At the heart of this are sensors and actuators; together,
they are changing how machines get work done [5]. These two components work together to make
things better. This blend of sensors and actuators means things get done quicker, with less money spent,
and in a much safer way [6]. There are many types of sensors. Each are designed to measure specific
things about a machine's condition:

« Temperature sensors are key for ensuring components don't
overheat. High temperatures can indicate problems [7].

«  Pressure sensors check the force inside a system. For example, they ensure
hydraulic systems are working correctly.

« Vibration sensors are helpful for spotting when parts are wearing out.
For instance, bearings in motors show wear through changing vibration
patterns.

+  Humidity sensors watch the moisture levels around equipment. Too much
moisture can cause corrosion [8].

+ Acoustic sensors listen for unusual noises. These noises may mean that
something isn't working as it should [9].

1.1.2  Connectivity

A world where your phone can't connect, your smart TV goes dark, and your work computer loses its
internet link. Scary, right? Connectivity infrastructure is like the invisible network that keeps all our
gadgets talking to each other. It's the backbone of how we live, work, and play in today's always-on
world. There are many Ethernet cable types. Each is designed for different speeds and uses. Cat5e is an
older standard, while Cat6 and Cat6a offer faster speeds and better shielding. Cat7 cables provide even
more protection against interference. Picking the right cable ensures optimal performance for your
network. Consider your bandwidth needs when choosing a cable. Wi-Fi has become the king of wireless
connectivity. It's in our homes, coffee shops, and offices, giving us the freedom to connect without wires.
The future of Wi-Fi looks promising, with new standards boosting speeds and reliability [10].

1.1.3  Data Analytics
The number of IoT devices is rising fast. Projections estimate over 75 billion devices by 2025. Each
device constantly sends data, from temperature readings to location updates. The sheer quantity of
information can be overwhelming. This is necessary to filter and analyse what's important. Different
departments or systems collect their own data. This makes it hard to get a complete picture. Latency is
another big problem. Some applications, like self-driving cars, need real-time analysis. Security is also
a major concern. Finally, systems need to grow as the amount of data increases [11].

1.1.4  Artificial Intelligence
Suddenly, a critical machine grinds to a halt. Production stops, deadlines are missed, and profits
plummet. This nightmare scenario is all too common, but what if it could be avoided? Traditionally,
maintenance was a simple choice: fix equipment when it breaks (reactive) or perform scheduled checks
(proactive). Reactive is costly and disruptive. Proactive maintenance can be wasteful if parts are
replaced before they're worn out. Artificial intelligence (Al) and machine learning (ML) offers a better
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way. Predictive maintenance uses these technologies to forecast equipment failures. You can reduce
downtime, lower costs, and increase efficiency [12]. From figure 1 we can say that smart factory
ecosystem consists of various components within it like Artificial Intelligence, Automation and
Robotics, 3D Printing, Industrial Internet of Things, Machine Learning, Digital Twin, Blockchain,
Augmented Reality, Big Data and Cloud Connectivity.

1.2 The Impact of the Internet of Things (IoT) on Manufacturing

1.3 Monitoring and Controlling Systems in Real-Time
IIoT brings sensors, software, and data analysis together in manufacturing. Its core function is to monitor
devices and the surrounding environment. This monitoring empowers manufacturers to make smart
choices. They can optimize how things run. They can also stop problems before they start. This boosts
overall efficiency [13].

1.3.1  Scheduled Maintenance
Predictive maintenance is revolutionizing manufacturing. It minimizes unplanned downtime, optimizes
resource allocation, and improves overall efficiency. It does this through the strategic application of
data-driven insights. Real-time data gives current insights. It shows up-to-the-minute equipment health.
This data is crucial for proactive maintenance. It allows quick action when needed [14].

1.3.2  Enhanced Supply Chain Management
IIOT has alleviated silence across the supply chain and given access to real- time information such as
inventory and shipment status against suppliers' performance for the manufacturers. It will facilitate
better decision-making, reduced lead time, and enhanced collaboration with suppliers. The suppliers
may then use such advanced analytic tools to identify and locate chokepoints in the supply chain so that

manufacturers can optimize their logistics and inventory management [15].

1.3.3  Data-Driven Decision-Making
The vast amounts of data collected through IOT systems enable manufacturers to make the right
decisions with the help of insights instead of intuition [ 16]. This results in optimal operational strategies
and a competitive advantage since innovation and optimization are possible with data analysis [17].
From figure 2 we can say that sensing devices are mainly responsible to control communicating
technologies which mainly contribute towards data processing and ultimately to Smart Manufacturing
[18].
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Figure 1. Smart Factory Ecosystem Using IIOT [19]
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Figure 2. Modern IOT Based Solutions for Smart Manufacturing [20]
1.4 The Future of IloT in Manufacturing

1.4.1  Integration with Edge Computing

Edge computing performs data processing right where it is created rather than going back all the way to
a server farm. This reduces response time to happenings and helps decision-making that needs to be fast
indeed. Think of it this way, the grocery order is processed just at the point where the store scanning
facility reads the barcodes, as opposed to sending the data to some far-off super main server and having
it send back. This way, the grocery gets the information much faster and can respond more quickly to
its clients. This integration allows responding very fast and IIOT techs are ready for changes when
conditions occur.

1.4.2  Advancements in AI and Machine Learning
Al and Machine Learning advancements have revolutionized data analysis and prediction. The increased
productivity that will come with this will automate factories in making complex decisions and fine-
tuning workflows with real-time information. Increased deployment of 5G technologies will enhance
the IIOT connectivity of devices, allowing for faster data transfer and reliable communications.
Improved connectively will pave the way for large-scale applications spurring the establishment of

smart factories and state of the art smart manufacturing.

1.4.3  Focus on Sustainability
With a growing interest in sustainability, [IoT systems will play a significant role in minimizing energy
consumption, reducing waste, and enabling green practices. Manufacturers employing IloT data can
conserve valuable resources and engage in sustainable practices throughout their operations.

1.4.4  Increased Collaboration and Ecosystem Development
The IIoT ecosystem will continue to expand with manufacturers teaming with tech providers, data
analysts, and other stakeholders to promote innovation and tackle ubiquitous concerns. An atmosphere
of such collaborative will help foster innovation, allowing the companies to share best practices and
expedite the birth of new technologies.

1.5 Key Technologies Enabling IIoT

1.5.1 Sensor Technology
Advanced sensing capabilities in IIoT systems rely upon a variety of sensors that measure key
parameters in real-time, such as temperature, pressure, humidity, vibration, and energy use. It is this data
input that provides the fundamentals of monitoring and optimization of the manufacturing process.
Advanced sensor technologies include MEMS, or micro-electro-mechanical systems, providing
miniaturized sensors capable of extremely high precision measurement capabilities. This has enhanced
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the ability to integrate sensing into machinery and equipment at a level previously unattainable. Sensor
technology mainly consists of RFID tags, gas sensors, infrared sensors, ultrasonic sensors [21].

15.2  Edge Computing

Edge computing is the very basic concept of maintaining data processing close to where data is being
generated as opposed to relying on centralized cloud infrastructure. The paradigm shift is important for
IIoT applications requiring real-time data processing. Edge devices can analyse and process the data on-
site so that it can immediately react to events without delaying in a cloud-processed response [22]. This
also reduces bandwidth consumption because data are filtered and aggregated at the edge, so only
relevant information is sent to the cloud, significantly cutting bandwidth usage [23]. From figure 3 we
can say that edge computing also links itself to various communication systems like 5G technology,
WiFi, ethernet. Actuators play an important role which consists of servo motor, frequency counter,
electric valve [24].

1.5.3  Expansion of 5G Connectivity
5G tech's adaptability influences how IIOT devices connect, ensuring data travels faster and helps
devices talk to each other more reliably. This method helps elevate big apps into implementation, leading
more smart factories and state-of-the-art smart manufacturing [25].

1.5.4  Digital Twin Technology
Digital twins are virtual replicas of physical assets or processes that enable real-time monitoring, as well
as simulation of performance under multiple conditions. Digital twins receive continuous data from the
sensors installed on the physical assets to accurately reflect their present state [26]. Digital twins are
virtual replicas of physical assets or processes that enable real- time monitoring, as well as simulation
of performance under multiple conditions. Digital twins receive continuous data from the sensors

installed on the physical assets to accurately reflect their present state.

1.5.5 Real-Time Location Systems
RTLS technologies use wireless systems (such as RFID tags or Bluetooth Low Energy beacons) to track
assets' locations within industrial environments accurately. This capacity advances operational visibility
[27]. RTLS provides accurate location information of assets within the facilities through RFID or
Bluetooth Low Energy technologies [28]. RTLS solutions are usually integrated with ERP solutions for

seamless operations management [29].
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Figure 3. Key Technologies Of IIOT [30]
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2 CASE STUDIES

2.1 Monitoring Systems for Compressors

Elgi Equipment Ltd has developed a compressor monitoring system to improve efficiency and minimize
downtime. The client wanted real-time predictions of performance and instant alerts about any
malfunctions. There would also be some problems relating to the unplanned downtime due to interrupted
compressed air supply and poor energy efficiency because of over-operating the compressors. To cater
to these issues, an implementation was made for a data transmission system for monitoring critical
parameters. This involved the implementation of GSM module cloud communication. Data analytics
enabled predictive maintenance, fault detection, and energy saving practices. This was further
supplemented with Variable Frequency Drives (VFDs) in real time to control the dispenser's discharge
air flow rate relative to the pressure exerted by the process. From figure 4 we can say that gateway sends
the data to the cloud after acquiring it from compressor. With the help of internet the SMS gateway and
application are carried out. Alerts are mainly sent out by failure prediction engines.

Gateway ac data from g Failure prediction engine detects
COMPressor ends it to the cloud anomalies and sends out alerts

Cloud Platform

1. Data Collection& Storage
2. Failure Prediction Engine
3. Alerts & Report Engine

API’s to connect the plat form and machine
APIs & Channels to connect plat form to ELGI business system

Figure 4. Air Compressor Monitoring System [31]

2.2 Big Basket Cold Chain

Big Basket installed a cold chain monitoring solution across PAN India to meet SOP compliance
requirements while maintaining product quality in the course of material delivery. For attaining location
visibility, these modelled insulated cold boxes for the specific 'cold' temperatures for temperature-
sensitive goods were imported in inventory management. However, several problems were triggered,
like determining whether the on-field staff complied with passive-cooling SOP during packaging,
inconsistency of cold chain products such as dairy and meat during and from temperature fluctuations,
and sometimes misplacement of cold boxes leading to order fulfilment issues and loss cases. To
overcome these issues, each cold box was imbued with temperature sensors and barcodes, and the
company's ERP was integrated with an analytic platform to capture order-level temperature history.
M2M cellular and Wi-Fi gateways installed in the warehouses transmitted data directly to the cloud.
Besides, the delivery personnel were provided with a mobile app for real-time temperature logging
during the last leg of delivery. This resulted in 30% less product spoilage and an 80% lesser count of
cold-box losses for Big Basket, thus making the process much more efficient and reliable. From
the figure 5 we can conclude that excursion risk is 86%.
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Figure 5. Predicted Temperature Data Analysis [32]

2.3 Energy Waste Minimization in AC’s
Poor visibility of energy savings-for example, high energy costs without a clear strategy to lower them-
and a lack of predictive insights into building operations to identify potential savings were the challenges
faced by the customer. The energy optimization system was put in place to monitor important
performance metrics of the chiller plants in real time- one-minute data capturing. It was also integrated
with analytics to generate alerts and automatically correct errors. In addition, supported continuous
energy auditing and automatic detection of efficiency improvements, and included embedded systems
for intelligent controls. All these from the so-called solution, and the customer was able to realize a
Payback period of two months along with the Annual energy savings of 30,000 kWh per year per AHU.
The figure 6 shows the energy monitoring system prepared wherein the daily consumption and target,
monthly consumption and target, tonnage delivery and chiller plant efficiency. Weekly consumption and
last hour consumption have also been obtained using this system.
St s Cament Load Leet Hoor Consumpton ) WeedyConsumpton

u Saved 2 1,04.71,880 in 26 days this Billing
Period

ours Load Pattem m g AT e cnsumption Pattern For Last 7 Day
Main HT Panel 8 Jul 2019- 24 2019
|

Carrier Chiller 434 TR EM NF-29
4.7%, 116 kVAh, 103 kW

Connected To Carvier Chiller 434 TR EM
NF-29

Daily Consumption - 5,996 kVvAh Monthly Consumption - 3,63,670 kVAh Tonnage Delivery - 216 TR

Figure 6. Energy Monitoring System [33]
2.4 RO Monitoring System for Aqua guard

A nationwide solution has been developed that will enable consumers to monitor water purifiers in real-
time, with everything that needs to be accurate and functional, but alert them for maintenance or
servicing. One of the main issues that branded players have to deal with is loss of revenue due to
counterfeit filters available in the market for low costs. On the other hand, branded originals have better
durability along with consistent water quality throughout the life cycle, but brands found it difficult to
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substantiate it to their end-users. The installation of sensors was done to track the quality of purified
water and to tag the requirement for replacement of RO membranes. The same sensor data was
harnessed to provide relevant information to consumers through mobile app, hence increasing
transparency. This data also helps to improve future developments in RO membrane performance.
Service revenue saw an increase of almost 30% and water wastage was estimated to decrease by 25%
to 30%. The figure 7 shows the water purifier with RO life monitoring system [34].

Figure 7. Water Purifier with RO Life Monitoring [35]

2.5 Electricity Saver in Water Heater

A nationwide initiative was implemented to help consumers resisting energy waste and electricity bills
decrement by providing better insights into power usage and water heater operations in their homes.
One of the main challenges was that water heaters continued to draw power when connected to a power
source, even when hot water was not in use. Additionally, users often lacked awareness of the water
temperature and would set the heater to maximum levels unnecessarily. To address these issues, sensors
were integrated to track the heating cycle and optimize power consumption accordingly. Features such
as automatic shut-off and standby modes were introduced to schedule usage efficiently. As aresult, each
smart water heater contributed to an estimated 15% reduction in electricity consumption. Figure 8
indicates the power saving in the water heater.

hindware
i

Figure 8. Power Saving in Water Heater [36]
3  Proposed Analysis from Case Studies on [IOT

3.1 Indian Economy Of IOT

3.1.1 Market Trends and Growth Projections
The Indian I[IoT market is growing at a rapid pace and is projected to reach market size of approximately
$75.25 billion by 2026, registering a CAGR of 6.7% during the forecast period. The wider IoT market
in India is expected to achieve a size of $1 trillion in the next 5-7 years with a growth rate of 17.1%
[37]. With an estimated market size of $58.91 billion in 2024, TIoT in Manufacturing is expected to grow
to $112.69 billion by 2030, reflecting a CAGR of 11.25%.
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3.1.2  Government Initiatives Driving Growth
Make in India initiative aims to position India as a global manufacturing hub by fostering innovation
and attracting foreign investments was launched in 2014. It has led to the establishment of over 7,700
tech startups, making India the third-largest startup ecosystem globally [38]. Digital India campaign
focuses on improving online infrastructure and increasing internet connectivity to empower citizens
digitally. It supports IoT-based solutions that enhance service delivery and governance [39]. Smart Cities
Mission initiative aims to develop urban areas with smart technologies for improved infrastructure and
quality of life. It is expected to drive significant investments in [oT technologies across various sectors
[40].

3.1.3  Sectoral Impact
In manufacturing, the adoption of smart factories equipped with IloT technologies enhances operational

efficiency and reduces costs through predictive maintenance and real-time monitoring. IoT solutions
also optimize supply chain management through real-time tracking and predictive analytics.

3.14  Economic Benefits
Predictive maintenance can reduce maintenance costs by up to 30%, lower unexpected failures by 70%,
and decrease downtime by 50%. Companies like General Electric have reported significant savings; for
instance, their IIoT implementation in aviation services resulted in savings of $300 million in fuel costs
[41].

3.2 Global Economy Of IIOT

3.2.1 Market Size and Growth Projections
The global IToT market is expected to reach approximately $194.4 billion by 2024, with projections
indicating it could grow to about $286.3 billion by 2029, reflecting a CAGR of 8.1%. Some estimates
suggest that the market could reach as high as $503.07 billion by 2029 with a CAGR of 34.41%.
According to Accenture, the IIoT could contribute up to $14.2 trillion to global output by 2030,
significantly boosting productivity across various industries [42]. From Table 1 we can say that by 2026
market size would be $75.25 billion in India and $194.4 billion at a global level.

3.2.2 Initiatives and Policies by the Government Supporting Growth
The demand for digital transformation across many industries is major IloT growth drivers globally.
Companies are using I[IOT technologies to improve the efficiency of their operations, to reduce costs,
and diversify revenue streams. Another driver would be the increasing levels of automation and data-
driven decision-making.

3.2.3  Economic Impact
The project impacts IloT in a wide arena worldwide:
Manufacturing: Automation and predictive maintenance presently generating productivity. Healthcare:
Remote monitoring and data analytics through IoT devices for enhanced patient care. Transportation:
Smart logistics applications optimize supply chains and reduce operational costs [43].

3.24  Economic Benefits

IIoT is reported in many industries to have saved millions due to improved productivity and operational
efficiencies. Siemens' Amberg plant has very nearly attained a perfect 99.99885% quality level, thereby
conserving waste and rework costs considerably. Harley-Davidson has taken down the assembly time
for their motorcycles from 21 days to just 6 hours, which translates into enhanced output and faster
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delivery timings. From Table 1 we can say that jobs are likely to be created through startups in India
and significant GDP contributions up to $14.2 trillion by 2030. But there are various challenges to it in
India like Infrastructure gaps and skill shortages while at a global level cybersecurity risks and lack of
standardization exists [44].

Table 1: Comparative Analysis: Economic Impact in India vs. Abroad

Aspect India Global
Current Market Size $75.25 billion (by 2026) $194.4 billion (2024)
Projected Market Size $1 trillion (by 2025) $286.3 billion (by 2029)
Key Government Make in India, Digital India Various national policies supporting digital
Initiatives transformation
Sectoral Focus Manufacturing, Energy, Manufacturing, Healthcare, Transportation
Logistics
Major Economic Job creation through startups | Significant GDP contributions (up to $14.2 trillion
Contributions by 2030)
Challenges Infrastructure gaps and Cybersecurity risks, lack of standardization
skill shortages
4 Results

The processing power, self-services, the senses, communication protocols, predictive analytics, and
artificial intelligence have reached a new peak of development that impresses the whole world. The
business world realizes that technology is not added to an everyday activity in vain; neither could it
afford to be complacent. Many commercial projects based on the IoT will emerge in propagation and
deployment of the commercial projects adopting machine learning in the next 5 years since the transition
from pilots and POCs to commercial has been thrown open now. The Government is striving to make

India one among the top global giants.

5 Conclusion

Both India and the world over would seem to be easily bitten by the economic impact of the IloT. Then
again, with government initiatives, such as Make in India and more recently, Digital India, much of
India's growth in the IIoT sector was being revolutionized, and innovation and business opportunities
were coming forth. However, strong growth potential also seems to prevail in the global landscape, as
various sectors generating GDP revenues significantly will adopt the IIoT technologies. Both regions
challenge the infrastructure gap and a plethora of cybersecurity risks but promise great opportunities for
economic transformation through the IloT initiative. Continued development coupled with investment
and policy support would elevate the future of the II-OT into global testimony with higher productivity,
effectiveness, and creativity throughout world industries. The making of new countries' winners in the
race will be a direct outcome of the changes in IloT, which will transform not just industries but
economies on an entirely new shape globally.
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