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Abstract– This review article aims to study the effective use of IoT in Net Metering Unit (NMU) for accurate measurement 
of residential energy consumption and available methods for measuring and controlling residential renewable energy usage. 
The system integrates photovoltaic (PV), diesel, and wind energy sources to enable a comprehensive and sustainable energy 
management solution. The NMU incorporates advanced IoT devices for real-time data acquisition, processing, and 
communication, allowing users to monitor and optimize their energy usage efficiently. The seamless integration of multiple 
energy sources enhances the reliability and resilience of the residential power supply. The methods studied in this article 
ensures affordability and accessibility for a wider range of users, promoting the adoption of renewable energy technologies 
at the grassroots level.  
Keywords- Net Metering, Internet of Things (IoT), Renewable Energy, Photovoltaic (PV) System, Diesel Power 
Generation, Wind Energy, Residential Energy Usage, Sustainable Energy, Cost-Effective Design, Energy Management 

 
Ⅰ.  INTRODUCTION 
1.1 Background: 
In recent years, the need for efficient and sustainable energy management solutions has become increasingly critical due 
to rising energy demands and environmental concerns.[1-3] This article helps to understand the Use of IoT in Net Metering 
Units for Modern  renewable Energy Systems. [4-9]The innovative system integrates multiple energy sources, including 
photovoltaic (PV), diesel, and wind, to provide a holistic and sustainable approach to energy management.[10] 
 
The NMU utilizes advanced IoT devices for real-time data acquisition, processing, and communication, empowering users 
to monitor and optimize their energy usage with high accuracy.[11-17] This seamless integration of diverse energy sources 
not only enhances the reliability and resilience of residential power supplies but also supports a more sustainable and eco-
friendly energy consumption model[18,19]. By prioritizing cost-effective design, the proposed NMU ensures that this 
advanced technology remains affordable and accessible, encouraging wider adoption of renewable energy solutions at the 
grassroots level.[20-27]. 
 
The study highlight the effectiveness of the NMU in providing accurate energy measurements and promoting sustainable 
energy practices among residential users[28-30]. The study also underscore the potential of integrating IoT with renewable 
energy sources to create robust, user-friendly, and efficient energy management systems[31]. 
 
1.2 Motivation: 
The motivation behind this review stems from the growing demand for sustainable and cost-effective energy solutions in 
residential settings. Net metering, when combined with diverse energy sources such as photovoltaic (PV) systems, diesel 
generators, and wind turbines, offers a comprehensive approach to address the energy needs of households. The integration 
of IoT devices further enhances real-time monitoring and control, empowering users to make informed decisions about 
their energy consumption patterns. 
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1.3 Objectives: 
The primary objectives of this study is as follows: 
To study and understand Net Metering Unit that integrates PV, diesel, and wind energy sources. 
To study the Use of IoT technology for real-time data acquisition and communication. 
To acknowledge  accurate measurement and monitoring of residential energy usage. 
To study optimization of energy consumption through the seamless integration of multiple energy sources. 
 
1.4 Scope of the Article: 
This review article focuses on the design, implementation, and evaluation of a cost-effective Net Metering Unit that 
combines PV, diesel, and wind energy sources within a residential context by connecting with IoT. The integration of IoT 
devices ensures real-time monitoring and data-driven decision-making [32,33]. The scope encompasses study of hardware 
and software aspects of the NMU, as well as a comprehensive analysis of its performance and cost-effectiveness[34-37] . 
The study aim to contribute to the field of sustainable energy solutions for residential users and encourage the adoption of 
renewable energy technologies.[38] 
 

 
Figure: 01 Measuring Residential Usage Using Internet of Things [30] 
 
Furthermore, the incorporation of predictive analytics elevates the net metering unit beyond a mere monitoring tool. 
Homeowners can harness historical data to make informed decisions, optimizing their energy usage and maximizing the 
benefits of solar, Diesel, and wind power generation. The IoT architecture not only propels the accuracy and efficiency of 
energy measurement but also facilitates seamless communication with a centralized server, enabling users to monitor and 
manage their energy systems remotely. 
 
As we navigate the intricacies of our design, adherence to IEEE standards remains a cornerstone. The net metering unit is 
not merely an isolated system; it aligns with established industry guidelines, ensuring reliability, interoperability, and a 
steadfast commitment to advancing smart grid technologies[39]. 
 
In essence, this review article introduces a groundbreaking net metering solution that transcends the conventional 
boundaries of residential energy management. By amalgamating IoT technologies with net metering, we aim to empower 
homeowners, drive down the costs associated with renewable energy adoption, and pave the way for a future where 
sustainable living is not just a choice but an intuitive and accessible reality[40]. 
 
Ⅱ. LITERATURE REVIEW 
2.1 Net Metering Systems: 
Net metering systems have gained significant attention in recent years as a key component of distributed energy generation 
and consumption[41,42]. These systems enable users to seamlessly integrate renewable energy sources, such as solar 
photovoltaic (PV) panels, into the existing power grid[43-48]. The fundamental principle involves allowing users to feed 
excess generated electricity back into the grid, offsetting their energy consumption during periods of lower generation. 
Various studies have explored the technical aspects, benefits, and challenges of net metering, highlighting its potential to 
promote sustainable energy practices and reduce reliance on conventional power sources[49]. 
 
Net metering involves measuring the difference between energy consumed from the grid (Egrid) and energy supplied to 
the grid (EPV) by solar panels. The net energy (Enet) can be calculated as: 



Mr.Akshay Ashok Pathare, Dr. Dinesh Sethi 
 

Library Progress International| Vol.44 No.3 | Jul-Dec 2024                                                16115 
 
 

 
𝐸!"# =	𝐸$%&' −	𝐸() ……………………...   [1] 
 
2.2 Internet of Things (IoT) in Energy Management: 
The Internet of Things (IoT) has revolutionized the field of energy management by providing real-time connectivity and 
data analytics capabilities. In the context of net metering, IoT technologies play a crucial role in enhancing the monitoring 
and control of energy systems. Smart sensors, communication protocols, and data analytics enable users to collect, analyze, 
and act upon energy-related data in real-time[50-57]. The literature emphasizes the potential of IoT in optimizing energy 
consumption, improving grid reliability, and fostering a more sustainable and resilient energy infrastructure. 
The design may involve IoT devices for real-time monitoring and data transmission. The equation for data transmission 
efficiency can be considered: 
 
𝜂#%*!+,&++&-! =	

.*#*	0122"++31445	6%*!+,&##"'
6-#*4	.*#*	0"!#

… [2] 
 
2.3 Integration of Renewable Energy Sources in Residential Settings: 
Residential settings present unique challenges and opportunities for integrating renewable energy sources. Studies have 
explored the integration of solar PV systems, wind turbines, and other renewable sources into households[58,59]. The 
literature discusses the technical considerations, economic feasibility, and environmental impact of such integrations. 
Researchers have proposed various models and frameworks for optimizing the use of renewable energy in residential 
contexts, taking into account factors such as energy demand patterns, geographic location, and system scalability[60-65]. 
 
2.4 Cost-Effective Approaches in Net Metering: 
The cost-effectiveness of net metering systems is a critical aspect influencing their widespread adoption. Researchers have 
explored different approaches to make net metering solutions more affordable and accessible, including the use of low-cost 
components, system optimization techniques, and leveraging advancements in technology. Studies analyze the economic 
benefits of net metering, considering factors such as return on investment (ROI), payback periods, and the overall financial 
viability of implementing net metering systems. This section of the literature review aims to provide insights into the 
various cost-effective strategies employed in the design and deployment of net metering solutions. 
 
Ⅲ. SYSTEM ARCHITECTURE 
3.1 Overview of the Net Metering Unit (NMU): 
The Net Metering Unit (NMU) serves as the central component of the proposed system, acting as an intelligent gateway 
for integrating various energy sources and enabling bidirectional energy flow. The NMU incorporates advanced sensors, 
controllers, and communication modules to facilitate real-time monitoring and control. It provides a user-friendly interface 
for homeowners to visualize their energy consumption patterns, track the performance of renewable energy sources, and 
optimize overall energy usage. 
 
3.2 Photovoltaic (PV) System Integration (Implemented in MATLAB Simulink): 
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Figure 02: MPPT Algorithm [23] 
 
The integration of the Photovoltaic (PV) system is exclusively implemented using MATLAB Simulink blocks. Simulink 
provides a powerful graphical environment for modeling and simulating dynamic systems. In this context, Simulink blocks 
represent the various components of the PV system, including solar panels, inverters, and maximum power point tracking 
(MPPT) controllers. 
 
The NMU interfaces seamlessly with the Simulink model, utilizing blocks to capture real-time data from the PV system 
and control bidirectional energy flow. The Simulink model allows for the implementation of custom MPPT algorithms, 
ensuring optimal power extraction from the solar panels under diverse environmental conditions[66]. Simulation results 
obtained through Simulink provide valuable insights into the system's dynamic behavior, facilitating performance analysis 
and refinement of control strategies[67]. 
 
By utilizing Simulink blocks, the PV system integration is streamlined and focused on the specific requirements of the 
project, offering a clear and efficient solution for modeling and simulating the behavior of the renewable energy source 
within the overall Net Metering Unit. 
 
3.3 Diesel Power Generation Integration: 
In situations where renewable energy sources may be insufficient, a Diesel Power Generation system is integrated into the 
NMU to provide additional power. The NMU monitors the power demand and activates the diesel generator as needed[68-
70]. Integration includes load sensing, automatic startup/shutdown mechanisms, and synchronization with the grid to 
maintain a seamless and reliable power supply[71]. The NMU ensures efficient utilization of the diesel generator while 
minimizing environmental impact and operational costs[72]. 
 
3.4 Wind Energy Integration: 
The NMU incorporates Wind Energy integration to harness wind power for electricity generation. An array of wind turbines 
is connected to the NMU, and their output is monitored and controlled based on wind speed and direction. The NMU 
employs predictive algorithms to optimize the positioning of wind turbines for maximum energy extraction. Similar to 
other sources, the NMU manages bidirectional energy flow, allowing excess wind-generated electricity to be fed back into 
the grid.[73-79] 
 
The power output of a solar PV system can be calculated using the following equation: 
 
𝑃+-4*% = 𝐴 × 𝐺 × 𝜂()  …………………….. [3] 
Where: 

• 𝑃+-4*% is the solar power output (Watts), 
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• A is the solar panel area (square meters), 
• G is the solar irradiance (W/m²), 
• 𝜂()   is the efficiency of the PV system. 

 
The power output of a wind turbine can be calculated using the following equation: 
 
𝑃7&!' =	

8
9
	× 𝜌 × 𝐴 × 𝑣: × 𝜂7&!'………… [4] 

Where: 
• 𝑃7&!' is the wind power output (Watts), 
• 𝜌 is the air density (kg/m³), 
• A is the swept area of the turbine (square meters), 
• 𝑣	is the wind speed (m/s), 
• 𝜂7&!' is the efficiency of the wind turbine. 
 
The power output of a diesel generator is given by the formula: 
 
𝑃'&"+"4 =	𝜂$"!"%*#-% × 𝜂"!$&!" × 𝐹𝑙𝑢𝑒𝑙	𝐹𝑙𝑜𝑤	𝑅𝑎𝑡𝑒 × 𝐸𝑛𝑒𝑟𝑔𝑦	𝐶𝑜𝑛𝑡𝑒𝑛𝑡	𝑜𝑓	𝐹𝑢𝑒𝑙 ………………….[5] 
Where: 
𝑃'&"+"4 is the diesel generator power output (Watts). 
𝜂$"!"%*#-% is the generator efficiency. 
𝜂"!$&!"	is the engine efficiency. 
Fuel Flow Rate is the rate at which fuel is consumed (liters per hour). 
Energy Content of Fuel is the energy content of the fuel (in Joules per liter). 
 
The total power output of the hybrid system is the sum of the power outputs from each source: 
𝑃#-#*4 =	𝑃+-4*% +	𝑃7&!' +	𝑃'&"+"4……….[6] 
 
These equations provide a starting point for designing a hybrid power system. Actual system design will also involve 
considering energy storage, control systems, and the specific requirements of the domestic load. 
 
3.5 IoT Devices and Communication Protocols: 
Internet of Things (IoT) devices play a pivotal role in enabling seamless communication and data exchange within the 
system. Smart sensors are strategically deployed to monitor energy parameters, environmental conditions, and system 
health. These sensors communicate with the NMU using robust communication protocols such as MQTT or CoAP. The 
NMU acts as an IoT hub, aggregating and processing data in real-time. Additionally, the NMU can communicate with a 
central server or cloud platform, providing users with remote access to their energy consumption data and system 
control.[80-83] 
 
The integration of IoT devices and communication protocols enhances the overall intelligence of the system, enabling users 
to make informed decisions, optimize energy usage, and contribute to a more resilient and sustainable energy 
infrastructure[84-87]. 
 
Ⅳ METHODOLOGY USED 
4.1 Hardware Components: 
The hardware components of the Net Metering Unit (NMU) include standard electronic components suitable for energy 
monitoring and control. These comprise: 
 
Microcontroller Unit (MCU): Manages data acquisition, control logic, and communication. 
Sensors: Measure parameters like voltage, current, and environmental conditions for each energy source. 
Power Inverters: Convert DC power from PV panels and wind turbines into AC power. 
Communication Modules: Facilitate data exchange between the NMU and IoT devices using protocols like MQTT or 
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CoAP. 
Energy Meter: Measures bidirectional energy flow for accurate readings of consumption and generation. 
These components are interconnected to form the NMU's hardware architecture, providing a reliable foundation for real-
time energy management. 
 
4.2 Software Algorithms: 
Software algorithms implemented in Simulink blocks are used to control and optimize the NMU's operation. Key 
algorithms include: 
Maximum Power Point Tracking (MPPT): Adjusts the operating point of the PV system for maximum power extraction. 
Load Management: Controls the activation and deactivation of the diesel generator based on power demand and renewable 
energy availability. 
Wind Turbine Control: Optimizes the positioning of wind turbines using predictive algorithms for maximum energy 
capture. 
Bidirectional Energy Flow Control: Manages the bidirectional flow of electricity, enabling surplus energy to be fed back 
into the grid. 
Data Processing and Communication: Algorithms for processing sensor data and communicating with IoT devices to enable 
real-time monitoring and control. 
These software algorithms are implemented using Simulink blocks, allowing for a streamlined and efficient solution for 
energy system control. 
 
4.3 Calibration and Testing: 
The calibration and testing phase involves fine-tuning Simulink blocks to ensure the accuracy and reliability of the NMU. 
This phase includes: 
 
Functional Testing: Verifying the correct operation of Simulink blocks and their integration within the NMU. 
Performance Testing: Evaluating the NMU's efficiency in managing energy sources under different scenarios. 
Validation against Standards: Ensuring compliance with relevant standards for energy metering and communication 
protocols.[88,89] 
Calibration and testing are iterative processes, with adjustments made to Simulink blocks based on results obtained, 
ultimately validating the NMU's performance in a real-world residential energy environment. 
 
Performance metrics are crucial in evaluating the effectiveness of the Net Metering Unit (NMU). Key metrics include: 
Table: I Comparative analysis between existing and proposed techniques [86] 

Feature/Aspect Existing Techniques 
Proposed NMU with IoT 
Integration 

Energy Source Integration 
Typically limited to one or two sources 
(e.g., grid and PV) 

Integrates multiple sources: PV, 
diesel, wind 

Real-time Data Acquisition 
Often lacks real-time monitoring 
capabilities 

Utilizes IoT for real-time data 
acquisition 

Data Processing and Communication 
Basic data processing, often with 
delays in communication 

Advanced processing with real-time 
communication via IoT 

User Interface 
Limited user interaction, basic display 
units 

Interactive and user-friendly interface 
with remote access 

Energy Management 
Manual or semi-automated, limited 
optimization 

Automated, real-time optimization of 
energy usage 

Reliability and Resilience 
Dependence on a single or dual energy 
sources, less resilient 

Enhanced reliability with multiple 
integrated energy sources 

Cost-effectiveness 
High initial cost for advanced systems, 
less affordable 

Designed to be cost-effective and 
accessible 
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 Energy Production: Measured in kilowatt-hours (kWh), assessing the total energy generated by the integrated PV, diesel, 
and wind sources. 
Energy Consumption: Quantifying the energy consumed by the residential unit, providing insights into overall demand 
patterns. 
Bidirectional Energy Flow Efficiency: Calculating the efficiency of surplus energy fed back into the grid or stored in 
batteries. 
System Reliability: Assessing the NMU's ability to maintain a continuous power supply and adapt to changing conditions. 
Results of these metrics are analyzed to validate the NMU's performance against design expectations and user 
requirements.[ 89-95] 
 
5.2 Comparative Analysis: 
A comparative analysis is conducted to assess the NMU's advantages compared to traditional energy systems or other net 
metering solutions. Key aspects of the comparison include: 
 
Cost-effectiveness: Evaluating the NMU's affordability in comparison to conventional energy setups. 
Environmental Impact: Assessing the reduction in carbon footprint achieved through the integration of renewable energy 
sources. 
Reliability and Resilience: Comparing the NMU's reliability under varying conditions against conventional grid-dependent 
systems. 
The comparative analysis provides a comprehensive view of the NMU's benefits and positions it within the context of 
existing energy solutions[96-102] 
 
5.3 Energy Efficiency and Optimization: 
Energy efficiency and optimization are critical for sustainable energy management. This section evaluates: 
 
MPPT Efficiency: Assessing how efficiently the PV system extracts power under different environmental conditions. 
Load Management Effectiveness: Examining the NMU's ability to balance load demands with available renewable energy. 
Wind Turbine Positioning Optimization: Analyzing the effectiveness of algorithms in optimizing wind turbine positioning 
for maximum energy capture. 
Discussion revolves around optimizing these aspects to enhance the overall energy efficiency of the NMU. 
Recommendations and potential improvements are explored to further optimize performance. 
 
The energy consumed over a given period can be determined by integrating power over time: 
 
𝐸 =	∫ 𝑃(𝑡)#9

#8 𝑑𝑡………………………………..[7] 
Where: 

• E is the energy consumption, 
• 𝑃(𝑡) is the power at time t, 

Feature/Aspect Existing Techniques 
Proposed NMU with IoT 
Integration 

Scalability 
Limited scalability due to high costs 
and complex setup 

High scalability with modular IoT 
devices 

Sustainability 
Focus on conventional energy sources, 
limited renewable integration 

Promotes renewable energy adoption 
and sustainability 

Adoption and Accessibility 
Limited to higher-end users due to cost 
and complexity 

Broader adoption potential due to 
affordability and ease of use 

Accuracy in Energy Measurement 
Varies, often less precise due to 
outdated technology 

High accuracy with advanced IoT 
sensors and devices 

Environmental Impact 
Higher carbon footprint due to reliance 
on non-renewable sources 

Lower carbon footprint through 
integrated renewable sources 
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• 𝑡1	𝑎𝑛𝑑	𝑡2	𝑎𝑟𝑒	𝑡ℎ𝑒	𝑖𝑛𝑖𝑡𝑖𝑎𝑙	𝑎𝑛𝑑	𝑓𝑖𝑛𝑎𝑙	𝑡𝑖𝑚𝑒𝑠 
 
The results and discussion section aims to provide a comprehensive evaluation of the NMU's performance, ensuring that it 
meets the objectives outlined in the introduction and contributes positively to the field of residential net metering 
 
The power consumed by a residential unit can be calculated using the formula: 
 
𝑃 = 𝑉𝐼𝑐𝑜𝑠(𝜃)……………………………… [8] 
Where: 

• P is the power consumption, 
• V is the voltage, 
• I is the current, and 
• 𝑐𝑜𝑠(𝜃) is the power factor 

 
 
The overall efficiency of the net metering unit, considering losses in measurement, transmission, and IoT components, can 
be calculated as: 
 
𝜂05+#", = ;+"314	<!"%$5	=1#>1#

6-#*4	<!"%$5	?!>1#
………………..[9] 

 
Ⅵ. CONCLUSION 
In conclusion, Use of IoT in Net Metering Units for Modern Renewable Energy Systems ring Unit (NMU) has yielded 
significant findings. The summary of findings includes: 
 

● Verification of the NMU's ability to integrate multiple energy sources, namely PV, diesel, and wind, providing a 
versatile and resilient energy management solution. 

● Validation of the NMU's real-time monitoring capabilities through the use of Internet of Things (IoT) technology, 
enabling users to make informed decisions about their energy consumption. 

● Confirmation of the cost-effective design, making the NMU an accessible solution for residential users interested 
in adopting sustainable energy practices. 

● Assessment of the NMU's performance metrics, including energy production, consumption, bidirectional energy 
flow efficiency, and system reliability. 

 
7.2 Contributions to the Field: 
The contributions of this research to the field of residential energy management and net metering are significant. The key 
contributions include: 
 

● The introduction of a cost-effective NMU design that integrates multiple energy sources, catering to the diverse 
energy needs of residential users. 

● Utilization of IoT technology for real-time data acquisition, enhancing the NMU's monitoring and control 
capabilities. 

● Validation of the NMU's potential to promote sustainability at the grassroots level by making renewable energy 
solutions more accessible and affordable. 

● Provision of a comprehensive comparative analysis, highlighting the advantages of the NMU over conventional 
energy systems and existing net metering solutions. 

 
7.3 Future Work: 
While this research has achieved notable milestones, there are several avenues for future work and improvement: 

● Enhanced Control Strategies: Further optimization of control algorithms for better load management and energy 
distribution. 
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● Integration of Advanced Sensors: Exploration of advanced sensors and technologies to enhance data accuracy and 
system intelligence. 

● Scalability and Adaptability: Investigation into the scalability of the NMU for larger residential complexes and its 
adaptability to diverse geographic locations. 

● Cyber security Considerations: Investigation into enhancing the cyber security measures for the IoT-enabled 
communication to ensure the integrity and privacy of user data. 
 

Continued research in these areas will contribute to the ongoing development of reliable and sustainable residential energy 
management solutions. The Net Metering Unit, with its cost-effectiveness and versatile design, provides a strong 
foundation for future innovations in the field. 
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