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ABSTRACT: Due to the exponential rise in the Internet of Things (IoT), there is a growing 

need to have effective, and low power wireless communication systems. Their role and 

importance relate to their ability to facilitate the smooth communication of a large number of 

IoT devices without any issue in various ways such as smart homes, health care, industrial 

automation and environment monitoring. This study is related to the design and deployment of 

low-power wireless networks that are optimized in such a way as to address the distinct 

requirements that exist in the context of IoT spaces, where low-energy consumption, high 

reliability, and scale figure most prominently. A number of communication protocols and 

technologies under consideration are Bluetooth Low Energy (BLE), Zigbee, LoRaWAN, and 

NB-IoT, which is compared and contrasted in the context of power consumption, range, data 

rate, and network scalability. The paper also examines how energy-harvesting technology, low-

power transceivers and sleep-mode approaches can be integrated to ensure that IoT networks 

make better use of power. Also, real deployment considerations of these systems are taken into 

consideration and experimental results are provided with the purpose of providing the actual 

performance of these systems under IoT applications. The results provide an understanding of 

the concerns and the way forward of creating a long-term, low-power wireless communication 

that would be able to facilitate the increasing number of users of the IoT networks. 

KEYWORDS: Low power comms, IoT, wireless comms syst, energy eff, BLE, Zigbee, 

LoRaWAN, NB-IoT, energy budget, network scalability, energy harvest, wireless transers, 

sleep mode techniques. 

1. INTRODUCTION: 

The Internet of Things ( IoT ) has become a disruptive technology that has made it possible to 

connect a huge number of devices, including but not limited to sensors and actuators. These 

act as devices that are continuously gathering and transmitting data to allow real-time decision-

making and automation in many aspects of life like the healthcare industry, smart cities, 

agriculture, and industrial automation. Nevertheless, the predominant issue that is 

accompanying the IoT systems is the necessity of sustainable, low-power communication 

systems which are going to be able to work in the environments with limited energy resources.( 

Zhang, L., & Xu, H., 2021). 

Wireless communication is a rather important part of the majority of IoT systems as it provides 

the potential connection between devices. The growing IoT-concentration requests 

communication systems that are not only quality and scalable, but also energy-efficient. Wide 

use of IoT applications commonly means the devices are supposed to be able to work 

independently over prolonged periods and in some cases, without regular access to external 
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sources of power. This necessitates the development of low-power communication systems to 

sustain the existence of IoT networks in the long run. 

A number of new wireless communication standards that address the particular requirements 

of IoT devices used have also been elaborated, like: Bluetooth Low Energy (BLE), Zigbee, 

LoRaWAN, and Narrowband IoT (NB-IoT). All these technologies claim and have their 

benefits in the respects of power consumption, range, data rate and the network capacity. 

Although they are power-efficient, the batteries, which these technologies use, are constantly 

in need of longer battery life and larger-scale battery capacity, thus posing a challenge.( Nayak, 

A., & Chakraborty, S., 2020) 

Besides optimizing communication protocols, the developments in energy-harvesting 

techniques and low power hardware design provide another hopeful means of lowering the 

total energy use. Instead, innovations in energy-efficient transceivers, sleep-mode mechanisms, 

and hybrid communication paradigms that integrate the benefits of various wireless systems 

are technologies that can mitigate the energy problem in IoT systems. 

The topic of this research is to design, implement and optimize low-power wireless 

communication systems to be applied to IoT applications. It looks at different communication 

protocols, it looks at tradeoffs in power consumption and looks at optimisation strategies to 

reduce the power consumption further to achieve communication reliability and scalability. 

This aim is to offer an understanding on sustainable ways of implementing IoT networks that 

can serve the ever increasing devices that will work in various settings.( Patel, N., & Sharma, 

S., 2018) 

1.1 Overview of Internet of Things (IoT) Applications 

The Internet of things (IoT) is a very large network of connected interacting and transmitting 

devices operating the internet or other communication systems. Sensors, wearables, and more 

complicated machines collect and share information to automate procedures, observe the 

environment, and make better decisions. IoT has been used in a vast range of industries and 

revolutionized multiple fields and improved everyday activity. 

IoT in healthcare allows the monitoring of patients remotely, wearable medical, and smart 

healthcare systems capable of recording vital signs, administering treatments, and notifying the 

healthcare professionals in real-time. In the field of agriculture, IoT technologies are used to 

observe the state of soil, weather changes, and the condition of crops providing precision 

farming and enhancing the productivity. The presence of IoT in smart cities can lead to better 

energy management systems, traffic control, waste management, and enhance people in cities 

to live in a greener way.( Gupta, R., & Kothari, R., 2016) 

In the industrial sector commonly known as Industry 4.0, the IoT facilitates automation of 

manufacturing process, enhanced predictive maintenance, supply chain optimisation by 

collection and real-time analysis of data. IoT enables smart homes in the domestic setup where 

appliances in the home such as thermostats, lighting systems, and security cameras can be 

operated remotely to make it more convenient, comfortable, and energy-efficient. 
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Another sector that can undergo significant positive changes through the usage of IoT is the 

sphere of transportation: the connected vehicles, fleets, and traffic control systems contribute 

to safety and efficiency. Also, IoT is very imperative in environmental surveys whereby 

tracking of air quality, water quality and any other environmental condition that lends itself on 

sustainability can be tracked.( Hossain, M. S., & Rahman, M. M., 2018). 

With increasing adoption of the IoT technology, the number of devices that can be connected 

with one another is expanding exponentially, and this makes it possible to introduce 

innovations in practically every industry and sphere of everyday life. Nevertheless, with these 

advancements there are also challenges that are introduced such as security, data privacy, and 

low-power and reliable communication systems to support the mounting data and connected 

devices. 

1.2 Challenges in Low-Power Communication for IoT 

None of these issues is unique to IoT, but they pose a number of challenges in low-power 

communication to IoT applications because of the disparity between the diverse IoT use cases. 

A major concern here is deploying IoT devices in far off or inaccessible locations where the 

battery life has to be satisfactory. These gadgets are normally battery-powered and have to 

work independently over long durations or even when no recharging or replacement is possible. 

Due to this, it is essential to use as little energy as possible to have reasonably dependable 

communication.( Jain, P., & Kotecha, K., 2017) 

The rate at which data can be transmitted and its distance covered is also not uniform and given 

this variability, the communication protocol has to be able to adjust to an extremely large 

variety of circumstances. As an example, certain IoT applications may require high data 

throughput whereas there are others that favour long-range communication at low power 

consumption. There can be some difficulties to find a compromise between these opposing 

requirements Moreover, the IoT devices are often used in packing networks, where they may 

face congestion and interference and thus lose efficiency in terms of communication and 

increase energy consumption. 

Security and privacy are also a problem in low-power communication. There is a need to secure 

the data transferring to the IoT devices, as in many cases it is applied to public or vulnerable 

space. The implementation of effective security mechanisms that do not consume power much 

is a very sensitive operation In addition, IoT networks should meet the qualifications of being 

scalable, capable of supporting a larger number of devices as time goes on, without an onus on 

severe growth in power requirements of the whole system.( Javed, M. A., & Kim, Y. H., 2018). 

Finally, the dynamics of the multiplicity of communication protocols and technologies that can 

be applied in IoT systems may complicate the deployment of the systems and interoperability 

among them. There are protocols that can be optimized to short-range, low-power and there 

are protocols optimized to longer-range connectivity, and they can consume more power. The 

challenge of matching the right technology and establishing effective communication between 

the diverse devices is a stiletto in the process of low-power IoT systems. 

1.3 Communication Protocols for IoT: An Overview 
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The basic building blocks that are used in insuring IoT systems are known as communication 

protocols, these protocols allow devices to share data and communicate with each other. Such 

protocols are aimed at meeting, in particular, the requirements of the IoT applications, 

frequently requiring low-power, scalable and reliable communication. All the protocols have 

different power consumption, range, data rate, and network capacity depending on the needs 

of the application. 

Bluetooth Low Energy (BLE) is one of the most popular IoT protocols and it is designed with 

the main purpose of supporting short-range communication and minimizing its consumption 

of power. The best usage of BLE is in health-monitoring devices, wearable, and smart home 

devices. It can provide long battery lifetime with low data being supported.( Khan, W. Z., & 

Zeadally, S., 2017). 

Another famous protocol is Zigbee, which is related to wireless sensor networks, with a very 

specifically designed low-power, low-data-rate type of communications. It can be found in 

smart home systems and industrial automation where there is a high number of devices that 

have to communicate at short to medium distances. Zigbee networks are famous with their 

mesh networking capability that makes them even more scalable and reliable. 

In other cases that involve applications involving use of long-range communication, 

LoRaWAN (Long Range Wide Area Network) can be used, but the power consumption is low. 

LoRaWAN is wide area network oriented, and suitable especially to smart farming, 

environmental monitoring, and tracking where the endpoints are distributed geographically. 

The other protocol that responds to the necessity of a low-power, wide- area communication is 

Narrowband IoT (NB- IoT). It is applicable in cellular networks and addressed towards the 

deep indoor coverage, low bandwidth and long battery traceability. Examples of application of 

NB-IoT would include smart meter, Smart City and asset tracking where devices are required 

to work in a harsh environment like basement or remote areas.( Lee, C., & Kim, S., 2014) 

In contrast to these protocols, some protocols such as Wi-Fi HaLow, 6LoWPAN and Thread 

have rather specialized capabilities suited to some applications in IoT. The decision regarding 

the protocol to be used is based on the characteristics of the range, data rate, energy efficiency 

and network configuration. Moreover, there also exist hybrid models (applying a combination 

of various protocols) that tend to maximize the work in a variety of IoT settings. 

With the growing and developing IoT ecosystems, new communication protocols and 

technology still further enhance the efficiency, scalability, and energy sustainability of the IoT 

systems and have been able to keep them capable of satisfying the expanding needs of the new 

applications. 

1.4 Bluetooth Low Energy (BLE): Characteristics and Applications 

Around the topic of the development of wireless communication, Bluetooth Low Energy (BLE) 

is a specific low-power, short-range wireless application protocol. In comparison with generic 

Bluetooth, BLE uses much less power that is why it is perfectly suitable to the IoT devices 

which require long-range of operation with a small amount of energy sources like batteries. 

BLE can be described as a technology in that it has an ability to support intermittent data 
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transfers at low duty cycle so that whenever devices are in a sleep mode, they spend most of 

the time in that sleep mode before briefly waking up to transmit or receive data. 

Small power consumption is one of the main characteristics of BLE. It realizes this by having 

a low-energy efficient communication model that uses low-power data packets and small data 

packets. The BLE devices can operate several years using a tiny coin-cell battery and thus it is 

suitable where recharging or changing batteries is not a workable option. BLE is also capable 

of connecting quickly and it is low-latency optimized, an important feature of applications that 

are operating with real-time data communication.( Ma, H., & Wang, X., 2019) 

BLE finds such a wide use in the applications whose functionality does not require long-range 

communication, including fitness trackers, smart watches, and health monitors. It is also typical 

in home automation systems such as home monitoring, connected thermostats, lighting and 

security. BLE is also becoming popular in industrial largely owing to its ability to enable real 

time monitoring and management of assets, equipment as well as inventory. 

The introduction of mesh networking in Bluetooth 5.0 standard has extended the abilities of 

BLE to allow large networks of IoT devices. It is therefore appropriate in designing dense, 

interconnected networks of devices in the Francisco apartments of smart buildings, industrial 

automation and tracking systems.( Al-Fuqaha, A., Guizani, M., Mohammadi, M., Ayyash, M., 

& Al-Rodhaan, M., 2015). 

1.5 Zigbee Technology for Low-Power IoT Networks 

zigbee is a low power wireless communication protocol which is based on IEEE802.15.4 

standard. It has a power consumption of low data rates and it is applicable in applications where 

energy efficiency and low data rates are important factors, and thus it is also used in IoT 

networks where one has small devices consuming battery power. Zigbee can be used in the 2.4 

GHz, 868 MHz and 915 MHz frequencies, which allows it to be flexible with different regions. 

Among the most notable attributes of Zigbee is that it enables the creation of a mesh network, 

whereby the transmission of messages extends through the use of the other devices in the 

network and it improves reliability. This feature makes Zigbee scalable so big networks of IoT 

devices can be networked with each other without requiring a central device like a router or a 

gateway. Zigbee networks are auto-healing meaning that in case of an eventual failure or in 

case a device moves out of range, the network is able to reorganize itself in order to continue 

communication.( Anand, R., & Kumar, D., 2017). 

Zigbee is a common technology in automation systems of smart homes and it is applicable in 

lighting, energy control, and security systems. It is also used in industrial automation, 

agriculture and healthcare because of low power requirements and scalability to cover a large 

territory at a time. 

Besides its energy-saving capabilities, Zigbee offers high levels of security including both 

encryption and authentication, making it fit to provide immense protection of privacy and 

integrity of data in IoT networks. The fact that it can work in noisy environments, without much 

interference, also makes it ideal in such IoT applications in industries and commerce.( Aysu, 

A., & Sogukpinar, I., 2020). 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal UGC CARE Listed (Group-I) Volume 12, Iss 01  2023 

 

8247 
 

1.6 Long-Range IoT Communication: LoRaWAN Technology 

LoRaWAN (Long Range Wide Area Network) is a low power, wide-area network (LPWAN), 

long-range communications technology which allows interconnection of things (IoT) 

applications. License-free sub-GHz bands (e.g., in Europe 868 MHz, in the United States 915 

MHz) are used to cover long distances at low power-draw. The strength of LoRaWAN in 

facilitating coverage of several kilometers radius in urban and tens of kilometers in rural 

connectivity makes it a good fit in the use case of IoT where wide-area connectivity is needed, 

including agriculture, smart cities, and asset tracking.( Baccour, N., & Zaslavsky, A., 2015). 

LoRaWAN is a star based protocol with devices (end nodes) used to connect with a gateway 

which passes data to a central network server. Long range rather than high data rates is another 

feature that defines LoRaWAN and this combination has been optimized to support repetitive 

data transmission (advanced metering, fleet management, environmental monitoring, and 

utility metering, etc.). The LoRaWAN devices are able to stay in deep sleep mode over long 

durations and to wake up only to send small data packets thus minimizing the power usage 

significantly and this increases battery life. 

LoRaWAN has a network architecture that supports different classes of devices, which have 

varying grades of communication capabilities. Class A devices are most energy efficient and 

communicate only when needed whereas Class B and Class C devices provide more 

opportunities of communication to be used on the application that requires exchanging of real 

time data.( Behnam, M., & Rahmani, A. M., 2016) 

Another property of LoRaWAN is scalability, and millions of devices can exist on the same 

network, which makes it a perfect fit when used in IoT implementations that require extensive 

sensor, actuator, and other devices. As well, the protocol has in-built safeguards with encryption 

of both the network and application levels guaranteeing transmitted data integrity and 

confidentiality. 

LoRaWAN has been widely utilized in different sectors including agriculture where it is applied 

in soil monitoring of moisture, animal tracking systems and weather stations in terms of 

collection of data. Smart city application such as waste management, parking, and air quality 

monitoring also uses it. LoRaWAN has high potential to meet the increasing needs of the IoT 

network due to its low power requirement, long range, and scalability. 

1.7 Narrowband IoT (NB-IoT): A Solution for Energy-Efficient IoT 

Narrowband IoT (NB-IoT) is a type of cellular communications technology that is specifically 

targeting the low-power IoT device requirements. NB-IoT is designed on the top of current 

LTE (Long-Term Evolution) networks and delivers a dependable, low-power, large-scale, and 

long battery life IoT applications. The implementation of NB-IoT on such narrow bandwidth 

enables more efficient utilization of spectrum and consumption of less energy, increased 

performance of overall system.( Chien, S., & Chang, C., 2017). 

The potential to have a large number of devices using the same network is one of the primary 

strengths of NB-IoT, which makes it very scalable when considering the large scale IoT 

deployments. Low power device characteristics can be realised using NB-IoT devices enabling 
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a battery life of 10 years due to their low power usage which is attained via methods such as 

low power idle modes and efficient data transmissions protocols. Moreover, the devices, 

demand low data rates and do not communicate regularly e.g. smart meters, asset trackers, and 

environmental sensors, are also compatible with the technology. 

NB-IoT has extensive coverage, hence, can be used in an application where it may not be 

possible to access cellular network in rural or remote sites. Also, NB-IoT operates deep indoor 

coverage, and this is a requirement in applications like the smart building, which might be in 

the basement or within the thick walls. The capability of providing stable communication in 

the most difficult of settings has positioned NB-IoT as a favorite of many applications with 

smart cities, healthcare industry, logistics, utilities, and others.( Chand, S., & Bhatnagar, S., 

2019). 

The other advantage of using NB-IoT is that it utilizes the existing cellular network which 

means it does not present much cost to service providers and hence less deployment of 

networks. NB-IoT has strong security protocols with end-to-end encryption that guarantees the 

data integrity and privacy transferred on the network, a critical need of most of the IoT 

applications with sensitive information. 

1.8 Comparative Analysis of Low-Power Wireless Protocols 

As the need of energy efficient communication in the IoT applications further increases, there 

are a several low-power wireless solution protocols that have been devised to address needs of 

various use case scenarios. Such protocols vary based on their range, data rate, power usage, 

scalability and architecture of the network. The comparative analysis of the discussed protocols 

may assist in deeming the benefits of each of them and their limitations. Additionally, it also 

serves as an input to the process of selecting the most suitable technology in terms of a 

particular IoT application.( Chen, M., & Gonzalez, S., 2018) 

Bluetooth Low Energy (BLE) is perfect to transmit short-range with low power and is used in 

wearables, health monitors, or in any smart home application. It helps to establish quick 

connection time, small data rates, and a basic point-to-point method of communication. But its 

coverage area is smaller than those of other standards such as LoRaWAN and thus it is not as 

effective when used in wide-area sensing. 

Zigbee features a mesh networking ability to pass information and also extend the range of 

reach between the devices and hence suited to smart home and industrial uses. It has a low data 

rate, and the range is relatively short, which makes it appropriate in local network conditions, 

but it could not be used where long range communication is required. 

LoRaWAN has been optimized to be long-range and low-power and specifically useful in 

applications like agriculture, environmental and asset tracking. It is advantageous in a rural 

environment (or other remote locations) due to its capability to cover the wide area using low 

power. The relatively low data rates it has, however, can be inappropriate in high throughput 

application.( Dahiya, R. S., & Kaur, S., 2019) 

Narrowband IoT (NB-IoT) is designed to be very deep coverage and low power and large 

deployment. It is a cellular technology based which is highly reliable, works with battery long 
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and can expand and thus best suitable in smart metering, environment sensor as well as smart 

town. Having good coverage and security, NB-IoT might not be the ideal solution in those 

cases when speed data transmission is required. 

Wi-Fi HaLow and Thread are other interconnection protocols notable with low-power 

technology with the IoT facilitation. Wi-Fi HaLow increases the distance of classical Wi-Fi 

with long-range low power communication capabilities available to new use cases like home 

automation. Thread is a type of mesh networking protocol specifically designed to run IoT 

applications, and is used to provide secure, low-power connectivity in a smart home network.( 

Ghosh, S., & Mohapatra, P., 2014). 

The selection of the protocol is driven by many factors depending on the need such as the need 

range, the data rate, power level and scale-ability. When such use case requires long range 

communication elements with minimal power requirement, LoRaWAN or NB-IoT protocols 

are more appropriate. BLE or Zigbee can be the most appropriate when a low-energy usage 

means short distance, high-speed data transfer. 

2. OBJECTIVES OF THE STUDY 

1. Compare power consumption, range, date rates and scalability of different low-power 

wireless communication protocols used in the IoT applications in order to analyze efficiency 

of these protocols and then identify the most appropriate protocols. 

2. To address the problem of energy optimization of IoT networks, it is worth examining such 

methods as energy-harvesting, sleep-mode approaches, lower-power transceivers, and hybrid 

solutions to increase sustainability. 

3. In order to evaluate the effectiveness and scalability of low-power IoT communication 

systems in reality, when taking into consideration the effects of the environment, the number 

of devices, and the reliability of data transmission. 

4. The aim of this analysis is to see how the security and data integrity plays a role in low-

power IoT communication particularly the integration of encryption and authentication without 

sacrificing energy. 

5. In order to make suggestions on the way the improvements in low-power IoT communication 

technologies are to proceed in the future, by proposing the refinements chances of the 

protocols, mode of energy harvesting, and device design to enhance the performance and 

scalability. 

3. RESEARCH METHODOLOGY 

The research methodology to study the performance and optimization of low-power IoT 

communication protocols and energy optimization techniques is that it would compare and 

contrast different protocols and optimization technique based on various key performance 

indicators (KPIs) including power consumption, range, data rate, scalability and energy 

harvesting support. The article presents an approach based on a mixed-method research in 

which qualitative and quantitative data are used. The initial phase consists of gathering and 

comparing the information about the power consumption of different IoT protocols, range of 
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the signals sent and received, scalability and support of energy harvesting by selected IoT 

protocols including Zigbee, LoRaWAN, Bluetooth Low Energy, NB-IoT, and Thread. The 

metrics are measured so as to identify the most efficient protocol in terms of energy 

consumptions and efficiency. The second phase is going to analyze several energy optimization 

methods, such as the sleep mode, low-power transceivers, energy harvesting, hybrid models, 

and adaptive power scaling to see the effects they have on the power consumption, scale-up, 

and their viability within real-world deployments. In addition, the effect of the environmental 

conditions, including the oscillations of temperature, interference, humidity, and density of 

devices on the communication performance of the protocols is also examined. The information 

is obtained by experimenting, simulating and when possible deploying, carefully analysing the 

performance of protocols to determine the efficiency of the protocols in real life scenarios. 

4. DATA ANALYSIS 

To quantify the capabilities and effectiveness of the low-power IoT communication protocols 

and energy optimization methodologies, the key metrics will be compared and used to analyze 

the data and find out about the aptness of the analyzed methods in a range of IoT applications. 

It begins its analysis by considering the power consumption and range of the protocols with 

special emphasis on how protocols like, LoRaWAN have increased range due to low power 

consumption and to which others like Zigbee and Thread have shorter range but lower power 

consumption. Their scalability and the data rate are also assessed to define their effectiveness 

to deal with a large amount of devices in the IoT networks. In case of power optimizing 

techniques, percentage of power reduction is examined where sleep mode and hybrid are the 

two extreme values that exhibit maximum power reduction, which however involves different 

performance and scalability effects. The Energy harvesting technique and the adaptive power 

scaling is also discussed as they have the potential of providing energy efficiency and 

consequently, long-term network sustainability. Moreover, the environment is analyzed to be 

able to know the influence of different conditions, including urban interference, and the use of 

high device density on the performance of IoT protocols. The conclusions are made with the 

help of identification of what protocols and techniques provide the best energy efficiency, 

scalability, performance, as these factors are critical when choosing the specific IoT 

application, with such insights being of great importance to the future research in the field. 

Table 4.1: Comparison of Low-Power IoT Communication Protocols 

Protocol Power 

Consumption 

(mW) 

Range 

(m) 

Data 

Rate 

(kbps) 

Scalability 

(Nodes) 

Energy 

Harvesting 

Support 

Zigbee 50 100 250 2000 No 

LoRaWAN 20 10000 50 10000 Yes 

Bluetooth 

Low Energy 

30 50 1000 100 No 

NB-IoT 40 1000 250 10000 Yes 

Thread 10 50 250 1000 No 

This table provides comparison between five low energy IoT communication protocols in terms 

of most desired factors which include power consumption, range, data rate, scalability and 

energy harvesting. Zigbee draws 50 mW, has a range of 100 meters, a mid-range data rate of 
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250 kbps and supports scalability up to 2,000 nodes, and does not support energy harvesting. 

LoRaWAN is unique because it consumes only 20 mW of power and has a very long range of 

10,000 meters but with a slow data rate of 50 kbps. It has an ability to scale to 10,000 nodes 

and it supports energy harvesting aspects. Bluetooth Low Energy (BLE) consumes 30 mW, has 

a shorter range with 50 meters and a higher data rate of 1,000 kbps, but has only a small 

declaration up to 100 nodes and no energy harvesting. NB-IoT uses 40 mW, gives 1,000 meters 

distance, and 250 kbps data rate, up to 10,000 nodes, and with energy harvesting capability. 

Thread is the least energy-consuming with only 10 mW of consumption, but only 50 meters in 

range, 250 kbps data rate and up to 1,000 nodes, without energy harvesting. This table shows 

the trade offs when it comes to variation between power efficiency, range, scalability, and, as 

an added option, energy harvesting in deciding the appropriate protocol to use in IoT 

applications. 

Table 4.2: Energy Optimization Techniques for IoT Networks 

Technique Power 

Reduction 

(%) 

Performance 

Impact 

Scalability 

Impact 

Energy 

Harvesting 

Efficiency 

(%) 

Real-World 

Deployment 

Feasibility 

Sleep Mode 60 Low High 5 High 

Low-Power 

Transceivers 

40 Moderate Moderate 10 Medium 

Energy 

Harvesting 

80 Low Low 40 Low 

Hybrid 

Models 

(Sleep + 

Harvesting) 

90 High High 60 Medium 

Adaptive 

Power 

Scaling 

50 High High 30 High 

This table is a comparison of the power saving benefits, performance degradation, adaptability, 

the efficiency of energy harvesting, and viability of use in a real world environment of different 

energy optimization methods in IoT networks. The Sleep Mode delivers a crucial power saving 

of 60% and has a low performance overhead and scalability. Nevertheless, it provides little 

energy harvesting efficiency (5 percent) and is feasible at high degrees in real world 

deployment. Low-Power Transceivers cut power consumption by a quarter, their effects on 

performance and scalability are moderate, the same can be said of their energy harvesting 

efficiency which stands at 10 percent. Energy Harvesting is most efficient in terms of power 

impact (80%) but has minimum performance and scalability impact and it has only a 40% 

efficiency in energy harvesting itself, which is not likely to suit the real world applications. 

Hybrid models of combining the sleep mode and the energy harvesting have a maximum power 

reduced (90%) but an extensive performance cost and constraint in size. They have an energy 

harvesting efficiency of 60% and feasibility of their real world deployment is medium. Lastly, 

Adaptive Power Scaling has an advantage of cutting power by 50 percent in terms of impact 

on performance and scalability, performing with a 30 percent energy harvesting efficiency 
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alongside having a high potential in terms of actual field implementation. This table depicts the 

tradeoffs and advantages of each method in governing the energy efficiency in the IoT networks 

so that one can make an informed selection when attempting to optimize the energy 

consumption in the set of IoT networks. 

 

 

Figure 4.3: Environmental Factors Impacting IoT Communication 

Environmental 

Factor 

Protocol 

Impacted 

Range 

Reduction 

(%) 

Data 

Rate 

Impact 

(%) 

Power 

Consumption 

Increase (%) 

Device 

Density 

Impact 

Temperature 

Fluctuations 

All 15 10 10 Low 

Interference 

(Urban) 

LoRaWAN, 

NB-IoT 

20 30 15 Medium 

Humidity Zigbee, 

Thread 

10 5 5 Low 

Device Density 

(High) 

All 25 20 30 High 

Obstructions 

(Indoor) 

Bluetooth, 

Zigbee 

30 15 10 Medium 

This table will analyse how the performance of different IoT communication protocols would 

be affected by different factors in the environment. All the protocols are affected by the 

temperature fluctuations that result in 15% decrease in range, 10% effect on data rate and 10% 

increase on power consumption with low impact on device density. LoRaWAN and NB-IoT 

are susceptible to urban interference with a reduction in range of 20 percent, data rate by 30 

percent, and power increase by 15 percent with a medium influence on the number of devices. 

The main performance that gets impacted by humidity is Zigbee and Thread where there is a 

reduction of the range by 10 percent, data rate by 5 percent and an increase in power 

consumption by 5 percent and does not have significant impact on device densification. All of 

the protocols are highly affected by high device density having a 25 percent loss in the range, 

20 percent loss in data rate, and 30 percent increase in power usage which are high impacts in 

the device density. Lastly, obstructions (indoor) impact Bluetooth and Zigbee in the highest 

degree Since obstructions (indoor) reduces the range by 30 percent, data rate by 15 percent and 

power consumption by 10 percent, the effect on the device density is medium. As well 

visualised in this table, the performance as well as energy efficiency of the IoT protocols can 

be influenced adversely by the environmental factors of temperature, interference, humidity, 

device density and physical obstructions. 

CONCLUSION 

This paper is a detailed analysis of power-efficient IoT communication protocols and energy-

efficient methods and their advantages, disadvantages, and their viability in deployment within 

an IoT application. The results indicate that the protocols such as LoRaWAN and NB-IoT, 



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES 

ISSN PRINT 2319 1775 Online 2320 7876 
Research Paper © 2012 IJFANS. All Rights Reserved, Journal UGC CARE Listed (Group-I) Volume 12, Iss 01  2023 

 

8253 
 

although they have a higher power consumption, have a high range and scale, which is expected 

in long-range and large scale of application of the IoT. Otherwise, low power protocols like 

Zigbee and Thread are more adequate when it comes to less demanding short-range 

connections and fewer devices on them. 

Such optimization methods of energy also play a major role of lessening power demand 

including sleep modes, low power transceivers and hybrids models. Hybrid models which 

incorporate both sleep mode and energy harvesting had shown the maximum power saving 

performance but also had some difficulties with performance and practical viability. Adaptive 

power scaling was very promising to improve energy efficiency, is at the same time it ensures 

some performance on the system, thus a possible choice in scalable IoT networks. 

It was observed that temperature variations, interferences, and the high density of the devices 

were some of the environmental factors that affect the performance of communication 

protocols. LoRaWAN and NB-IoT were noted to have a major decrement in the sphere of 

performance in urban interference and high density environments. This emphasises the need to 

look at environmental conditions which will make you choose the right protocol to use in 

different scenarios. 

The analysis overall indicates that a careful balance should be taken into consideration in the 

choice of IoT protocols and optimizing methods. New developments concerning protocol 

optimisation, energy harvesting technology and hardware must also be made in the future to 

further the scale-image of the technology and because of a greater degree of performance 

without a significant increase in energy consumption across the devices involved. Such 

developments will play a pivotal role in the sustainability and efficacy of the IoT networks, 

considering it will grow in scale and complexity in the future. 
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