
Iranica Journal of Energy and Environment 15(3):287-293, 2024 

Please cite this article as: Esmaeili Shayan M. Application of IoT and non-intrusive load monitoring techniques in microgrid energy 
management and monitoring systems, Iranica Journal of Energy and Environment, 2024 July, 15(3): 287-93. Doi: 10.5829/ijee.2024.15.03.07 

 
 

Iranica Journal of Energy and Environment 
Journal Homepage: www.ijee.net 

IJEE an official peer review journal of Babol Noshirvani University of Technology,  ISSN:2079-2115 

 
 

Application of IoT and Non-Intrusive Load Monitoring Techniques in Microgrid 

Energy Management and Monitoring Systems 
 
M. Esmaeili Shayan* 

 
Department of Biosystem Engineering, Tarbiat Modares University, Tehran, Iran

 

 

P A P E R  I N F O  

 
 

Paper history: 
Received 19 September 2023 
Accepted in revised form 17 November 2023

 
 

Keywords: 
Internet of things 
Microgrids 
Non-intrusive load monitoring  
Smart cities 
Smart homes 
 
 
 
 
 
 
 

A B S T R A C T  

Environmentally sustainable metropolitan environments are characterized by their ability to 
effectively produce and distribute power while reducing their impact on the environment. Smart 
homes are essential in smart cities since they enhance sustainability and efficiency in urban 
settings. A key advantage of smart homes is their capacity to diminish energy use and carbon 
emissions. This is accomplished by optimizing energy consumption in home appliances, which is 
customized to fulfill the individual requirements and preferences of consumers. However, there 
is still a need for further academic research to investigate and improve the functioning of 
intelligent residential homes in microgrids. To efficiently manage microgrids, it is crucial to 
gather and analyze large amounts of electrical data related to power production from microgrid 
sources and energy consumption of the loads. This study examines the use of Non-Intrusive Load 
Monitoring (NILM) methods to monitor electrical parameters of different loads in microgrids. The 
research focuses on the application of affordable smart meters that are equipped with Internet of 
Things (IoT) capabilities. An empirical study showcases the possibility of collecting significant 
data on microgrid operation via the deployment of an operational microgrid that integrates a 
hybrid wind-solar power source with a variety of home appliances. 
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INTRODUCTION1 
 

Integrating smart homes into microgrids has the capacity 

to improve the sustainability, efficiency, and resilience of 

urban areas. In addition, during times of reduced demand, 

it becomes possible to redirect the surplus energy 

generated into the power grid (1). The concept of smart 

cities has undergone a transformation, progressing 

towards increasingly intricate ecosystems (2-4). These 

systems are distinguished by the extensive utilization of 

smart technology, the incorporation of renewable energy 

sources and energy conservation systems, and the 

advancement of intelligent transportation systems (5). 

Moreover, these entities are additionally distinguished by 

the advancement of ever intricate data analysis techniques 

and the ongoing expansion of the Internet of Things (6). 

A microgrid can be characterized as a small-scale 

electrical grid that has the capability to function 

autonomously or in conjunction with the larger power 

grid by utilizing local generation sources, such as 
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renewable energy systems, and energy storage 

technologies (7). Considering the fact that urban areas are 

significant contributors to the production of greenhouse 

gases, it is possible to mitigate these adverse impacts by 

incorporating renewable energy sources into the electrical 

generation systems of cities. One of the primary 

advantages associated with the use of microgrids in smart 

cities pertains to the enhancement of energy reliability 

and resiliency (8). Microgrids have the capacity to 

generate and distribute electricity at a localized level, 

hence enabling the provision of electric power to essential 

infrastructure and services in the event of grid disruptions 

or natural calamities (9). One further benefit of 

microgrids is in their capacity to incorporate renewable 

energy sources into the overall energy composition. 

Furthermore, microgrids possess the capability to 

mitigate energy expenses through the optimization of 

energy consumption and the alleviation of peak demand 

on the primary power grid (10). This phenomenon has the 

potential to generate cost savings for both consumers and 
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utilities, while also alleviating the burden on the broader 

power system during moments of high demand (11). 

Smart homes are considered a crucial component of 

sustainable smart cities  (12) . Smart homes are comprised 

of residences that are outfitted with intelligent equipment 

and appliances capable of intercommunication with each 

other and the electrical grid (13). This integration 

empowers consumers to exercise greater authority over 

their energy consumption and associated expenses. The 

integration of smart houses inside microgrids can be 

achieved through many mechanisms (14), so facilitating 

the optimization of energy consumption and the 

enhancement of energy efficiency. The integration of 

smart houses inside microgrids enables homeowners to 

produce electricity from renewable energy sources and 

utilize it for powering household appliances. Any surplus 

electricity can be stored in batteries or returned to the 

main power grid  (15). This enables individuals to 

decrease their dependence on the centralized power grid 

and maybe achieve cost savings on their energy 

expenditures. The implementation of smart meters and 

energy management systems can facilitate the effective 

administration of data within microgrids (16). 

Furthermore, the use of microgrids enables smart 

homes to actively engage in demand response initiatives, 

wherein homeowners have the ability to curtail their 

energy consumption during instances of heightened grid 

demand (9, 17). This practice aids in alleviating stress on 

the electrical grid and has the potential to provide 

households with incentives or credits for their active 

involvement. The measurement of energy consumption of 

household appliances is a crucial aspect for smart homes 

situated within microgrids, as it enables the 

implementation of intelligent control systems that can 

effectively reduce energy usage. In addition, the 

assurance of cyber-security can be achieved by the 

implementation of secure measurement, communication, 

and control protocols (18, 19). 

Several studies have suggested various smart 

metering infrastructures that can be implemented in 

microgrids (19). Smart meters are sophisticated devices 

capable of monitoring and measuring various energy 

metrics of diverse loads, encompassing household 

appliances (20). The proposed methodology for 

monitoring and analyzing energy variables in a microgrid 

is structured into distinct stages. 

• The initial task involves identifying the quantity and 

classification of smart meters that will be deployed 

within the microgrid. One potential technique is the 

implementation of Intrusive Load Monitoring (ILM), 

as suggested by Gao, et al. (21). This method involves 

the utilization of low-cost electricity meter devices 

that directly measure the energy consumption of 

individual devices. In this approach, smart plugs or 

other similar devices establish communication with 

the smart meter to provide real-time information 

regarding energy usage. Given the potentially 

enormous number of loads, the utilization of 

numerous smart meters may prove to be cost-

prohibitive (22). Non-Intrusive Load Monitoring 

(NILM) approaches can be employed as an alternative 

in light of this rationale (23, 24). In practical 

applications, the latter option frequently involves the 

utilization of a singular meter for quantifying power 

generation, while employing another meter to assess 

the aggregate demand across various appliances. The 

utilization of affordable smart meters with great 

precision, such as the openZmeter device (25), can be 

justified for this purpose. The efficacy of this 

intelligent meter in accurately measuring electrical 

data pertaining to household appliances has been 

demonstrated (26). Consequently, due to its 

affordability, compact dimensions, and 

straightforward installation process, it can be readily 

implemented in multiple locations within the 

microgrid. This facilitates the observation of power 

transfers between the microgrid and the primary grid, 

as well as between the distributed generation and 

batteries, at a granular level encompassing individual 

devices. 

• The implementation of smart meters: The proposal 

suggests employing a limited number of openZmeter 

devices for the purpose of monitoring power 

generation and energy consumption within the 

microgrid. Figure 1 illustrates the mechanism by 

which openZmeter collects energy data from 

household appliances at a singular location, thereafter 

transmitting this data to a computer responsible for 

processing the acquired information. Homeowners 

have the option to utilize either a website or a mobile 

application to access and monitor their energy 

consumption data, as well as get notifications in the 

event of any anomalous readings detected by the smart 

meter. 

Data processing involves the utilization of real-time 

energy usage data by homeowners to enhance energy 

efficiency through various means such as modifying 

device settings, deactivating idle equipment, or upgrading  

 

 

 
Figure  1. The openZmeter is utilized for the measurement of 

energy characteristics in domestic appliances 
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to more energy-efficient models. In order to achieve this 

objective, the utilization of artificial intelligence 

techniques can be employed (27). 

As previously mentioned, this measurement technique 

facilitates the utilization of non-intrusive load monitoring 

(NILM) approaches (28). A significant field of research 

pertaining to Non-Intrusive Load Monitoring (NILM) 

encompasses the examination of methodologies that 

specifically aim to separate the overall power 

consumption of a residential or commercial structure into 

data pertaining to the power consumption of individual 

appliances (29). This data can be utilized to detect 

appliances that consume high levels of energy and 

enhance their energy efficiency, resulting in energy 

conservation and decreased electricity expenses. The 

ideas of smart cities, microgrids, and smart homes are 

interrelated in the context of promoting sustainable urban 

development. A smart city is a city that incorporates 

advanced technology and data-driven solutions to 

improve the quality of life for its citizens and support 

sustainable growth in urban areas (30). One potential 

strategy for a smart city to accomplish this objective is 

through the integration of microgrids, which are self-

sustaining energy systems capable of functioning 

autonomously from the primary power grid. Smart homes 

refer to residential structures that utilize contemporary 

technology and automation systems with the aim of 

enhancing energy efficiency and waste management (31). 

This study presents a comprehensive examination of 

the monitoring and analysis of energy and power quality 

characteristics within microgrids that incorporate home 

devices, utilizing modern smart meters. In pursuit of this 

objective, Section 1 provides a comprehensive 

examination of contemporary developments pertaining to 

smart cities and microgrids, as well as the use of 

sophisticated power metering techniques within these 

contexts. Section 2 of this research paper outlines the 

materials and methods employed in the inquiry, and 

provides a detailed account of a case study conducted in 

an authentic setting. Section 3 of this study ultimately 

provides the primary findings and outlines potential 

avenues for future research. 

 

 

MATERIAL AND METHODS 
 
The case study was conducted within the microgrid 

situated in Tehran, Iran, at the geographic coordinates of 

35.7219° N and 51.3347° E, as depicted in Figure 2. The 

generation system comprises two solar tracker systems, 

each with a capacity of 3600 watts, employed for the 

purpose of harnessing solar energy to produce electricity. 

Additionally, it is possible to integrate three wind turbines 

into the microgrid system. The energy that is produced is 

subsequently stored in batteries to be used later during 

periods of reduced energy output or increased energy 

demand. The batteries inside the microgrid are tasked 

with the responsibility of effectively managing and 

storing the energy produced by the renewable sources, 

thereby guaranteeing a consistent and uninterrupted 

provision of electricity to the various loads. The 

microgrid encompasses a diverse range of loads, 

comprising numerous household equipment such as 

refrigerators, air conditioners, and lighting fixtures, 

among other examples. These gadgets utilize energy from 

both conventional batteries and renewable sources, taking 

advantage of the latter when they are accessible. The 

controller is responsible for the regulation of battery 

charging and discharging processes, the allocation of 

energy to various loads, and the seamless transition 

between different renewable energy sources based on 

their respective availability.  

 

 

RESULTS AND DISCUSSION 
 

The openZmeter device possesses the capability to collect 

instantaneous data pertaining to the primary electrical 

parameters. For instance, the measurement of energy 

production is of utmost significance in assessing the 

adequacy of electricity generation inside the microgrid to 

satisfy the prevailing demand. The power generated by 

the solar panels over the course of a week is depicted in 

Figure 3. It is evident from the graph that the sun intensity 

exhibits periodic variations, as seen by the repeated 

patterns. 

Conversely, the openZmeter device is employed for 

the purpose of quantifying the electrical parameters 

associated with the loads within the microgrid. Figure 4 

illustrates the energy consumption patterns of various 

appliances within a 2-hour timeframe. The data reveals 

notable disparities in energy usage among different 

appliances, with the television, fridge, and kitchen hood  

 

 

 
Figure 2. (a) Photovoltaic (PV) generation in the microgrid; 

(b) Power electronics and batteries; (c) and (d) domestic 

appliances (loads) 
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Figure  3. Microgrid energy produced from renewable 

sources 
 

 

 

 
Figure 4. Microgrid energy usage 

 

 

exhibiting relatively modest energy consumption, while 

the oven and water heater demonstrate much higher levels 

of energy consumption. 

In addition to assessing active power, it is crucial to 

additionally quantify reactive power (32). Active or real 

power, denoted in watts (W), refers to the electrical power 

that is utilized by a device and transformed into practical 

output, such as generating heat, light, or motion. 

Conversely, reactive power, quantified in volt-

amperes-reactive (VAR), is the segment of electrical 

power that does not contribute to productive tasks, but 

rather is necessary for certain devices (such as motors, 

transformers, and fluorescent lamps) to generate and  
 

 
Figure 5. Home appliances' active and reactive power 

 
 
sustain magnetic fields. Figure 5 illustrates the active and 

reactive power consumption of various household 
appliances as measured by the openZmeter. Each data 

point in the figure corresponds to a measurement recorded 

at a frequency of 200 milliseconds. The evidence 

demonstrates that heating element loads, such as ovens 

and bulbs, exhibit a predominantly resistive nature. 

Consequently, these appliances consume a minimal 

quantity of volt-ampere reactive (VAR) power. 

In contrast, other appliances like vacuum cleaners, 

microwaves, and freezers consume more significant 

quantities of reactive power. 

Additionally, the openZmeter possesses the capability 

to acquire power quality data that holds significant value 

inside the microgrid context. In a more particular manner, 

openZmeter records the occurrences in accordance with 

the EN50160 power quality standard (33). As depicted in 

Figure 6, the microgrid exhibits frequency fluctuations in 

relation to the standard 50 Hz frequency, which is often 

employed in electrical networks across Iran and 

numerous other regions globally. OpenZmeter is capable 

of measuring additional power quality characteristics, 

such as harmonics and the flicker effect. 

It is evident that not all power quality factors achieved 

a visually distinct separation. The clusters are dispersed 

over the search space and do not form distinct entities. 

This phenomenon may arise due to the fluctuating  

 

 

 
Figure 6. Home appliances' active and reactive power 
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influence of the appliances on the network or the 

network's adaptation. Consequently, the power quality 

responses do not exhibit a notable magnitude. The 

clustering of PQ parameters is advancing at a 100% state 

of completion. The calculated probabilities of appliances 

being assigned to specific clusters are as follows: (a, d) 

represents voltage frequency with corresponding 

appliance probabilities, (b, e) represents total harmonic 

distortion of voltage with corresponding appliance 

probabilities, and (c, f) represents V with corresponding 

appliance probabilities. Nevertheless, some appliances, 

particularly the microwave, drill, mower, and air 

conditioner heating, may be accurately distinguished, 

indicating that their existence influences the system to 

exhibit a certain behavior in relation to a specific power 

quality parameter. 

In additional research, there is a planned endeavor to 

explore the incorporation of high-dimensional data 

through the utilization of machine learning and prediction 

methodologies (34, 35). The objective of this study is to 

examine the utilization of various methodologies, such as 

soft computing techniques (36, 37), in order to enhance 

the optimization of energy management inside 

microgrids. 

 
 
CONCLUSION 

 
Evaluating energy and power quality indicators in a 

microgrid that feeds electricity to a smart home is crucial 

for assuring the efficiency and reliability of the energy 

supply needed to support smart cities. Smart meters play 

a crucial role in gathering up-to-date information on 

energy use, generation, and power quality measurements, 

such as voltage, current, power factor, and harmonics. 
This paper presents an overview of the methodology 

employed for monitoring energy data through the 

utilization of a collection of affordable smart meters 

equipped with IoT capabilities. The objective is to gather 

measurements from a microgrid encompassing a hybrid 

wind-solar generation system, a battery, and a selection 

of household appliances. The findings indicate that 

information can be collected from different components 

of the microgrid in order to support the optimization of 

energy utilization. Smart meters have the capacity to offer 

significant insights into the quantification of energy 

generation and consumption. This data can be utilized by 

homeowners and utility providers to enhance energy 

management, minimize inefficiencies, and improve 

energy generation to align with the prevailing demand. 

Conversely, smart meters possess the capability to 

measure power quality metrics in real-time, thereby 

offering valuable insights into the overall quality of the 

electrical supply. The provided data can be utilized for the 

purpose of identifying and resolving power quality 

concerns that may result in appliance damage or energy 

inefficiency. Additionally, it serves to guarantee the 

dependability and robustness of the microgrid system. 

Furthermore, with precise monitoring of energy usage, 

operators of microgrids have the ability to uncover 

potential avenues for diminishing energy consumption, 

optimizing energy production, mitigating energy 

expenses, and curbing carbon emissions. This 

optimization is achieved by effectively utilizing 

information obtained from power sources, storage 

systems, and energy-consuming appliances. The topic of 

interest pertains to the active and reactive power 

consumption of household appliances. 

 

 

REFERENCES 
 

1. Shayan ME, Najafi G, Ghobadian B, Gorjian S, Mamat R, Ghazali 
MF. Multi-microgrid optimization and energy management under boost 

voltage converter with Markov prediction chain and dynamic decision 

algorithm. Renewable Energy. 2022;201:179-89.  

Doi: 10.1016/J.RENENE.2022.11.006 

2. Esmaeili Shayan M, Esmaeili Shayan S, Nazari A. Possibility of 

supplying energy to border villages by solar energy sources. Energy 

Equipment and Systems. 2021;9(3). Doi: 10.22059/ees.2021.246079 

3. Hoang AT, Pham VV, Nguyen XP. Integrating renewable sources 

into energy system for smart city as a sagacious strategy towards clean 
and sustainable process. Journal of Cleaner Production. 

2021;305:127161. Doi: 10.1016/j.jclepro.2021.127161 

4. Yang H, Zhang S, Zeng J, Tang S, Xiong S. Future of sustainable 
renewable-based energy systems in smart city industry: Interruptible 

load scheduling perspective. Solar Energy. 2023;263:111866.  

Doi: 10.1016/j.solener.2023.111866 

5. Shayan ME, Najafi G, Nazari A. The Biomass Supply Chain 

Network Auto-Regressive Moving Average Algorithm. International 

Journal of Smart grid. 2021;5(1):15-22.  

Doi: 10.20508/ijsmartgrid.v5i1.153.g135 

6. Nuvvula RSS, Devaraj E, Madurai Elavarasan R, Iman Taheri S, 

Irfan M, Teegala KS. Multi-objective mutation-enabled adaptive local 
attractor quantum behaved particle swarm optimisation based optimal 

sizing of hybrid renewable energy system for smart cities in India. 
Sustainable Energy Technologies and Assessments. 2022;49:101689. 

Doi: 10.1016/j.seta.2021.101689 

7. Shayan ME, Najafi G, Ghobadian B, Gorjian S, Mazlan M. A novel 
approach of synchronization of the sustainable grid with an intelligent 

local hybrid renewable energy control. International Journal of Energy 

and Environmental Engineering. 2023;14(1):35-46.  

Doi: 10.1007/s40095-022-00503-7 

8. Gao J, Asamoah KO, Xia Q, Sifah EB, Amankona OI, Xia H. A 

Blockchain Peer-to-Peer Energy Trading System for Microgrids. IEEE 
Transactions on Smart Grid. 2023;14(5):3944-60.  

Doi: 10.1109/TSG.2023.3237624 

9. Esmaeili Shayan M, Ghasemzadeh F, Rouhani SH. Energy storage 
concentrates on solar air heaters with artificial S-shaped irregularity on 

the absorber plate. Journal of Energy Storage. 2023;74:109289.  

Doi: 10.1016/j.est.2023.109289 

10. Li H, Hui H, Zhang H. Consensus-Based Energy Management of 

Microgrid With Random Packet Drops. IEEE Transactions on Smart 

Grid. 2023;14(5):3600-13. Doi: 10.1109/TSG.2023.3241653 

11. Arul U, Gnanajeyaraman R, Selvakumar A, Ramesh S, Manikandan 

T, Michael G. Integration of IoT and edge cloud computing for smart 

microgrid energy management in VANET using machine learning. 
Computers and Electrical Engineering. 2023;110:108905.  

Doi: 10.1016/j.compeleceng.2023.108905 



M. Esmaeili Shayan / Iranica Journal of Energy and Environment 15(3):287-293, 2024 

292 
 

12. Sitharthan R, Vimal S, Verma A, Karthikeyan M, Dhanabalan SS, 
Prabaharan N, Rajesh M, Eswaran T. Smart microgrid with the internet 

of things for adequate energy management and analysis. Computers and 

Electrical Engineering. 2023;106:108556.  

Doi: 10.1016/j.compeleceng.2022.108556 

13. Esmaeili Shayan M, Najafi G, Lorenzini G. Optimization of a dual 

fuel engine based on multi-criteria decision-making methods. Thermal 
Science and Engineering Progress. 2023;44:102055.  

Doi: 10.1016/j.tsep.2023.102055 

14. Al-Dhaifallah M, Alaas Z, Rezvani A, Nguyen Le B, Samad S. 
Optimal day-ahead economic/emission scheduling of renewable energy 

resources based microgrid considering demand side management. 
Journal of Building Engineering. 2023;76:107070.  

Doi: 10.1016/j.jobe.2023.107070 

15. Esameili shayan m, Najafi g, Esmaeili Shayan S. Smart Micro-Grid 

Electrical Energy Management: Techno-Economic Assessment. Energy 

Engineering and Management. 2023;13(1):90-101.  

Doi: 10.22052/jeem.2023.113605 

16. Li J, Herdem MS, Nathwani J, Wen JZ. Methods and applications 

for Artificial Intelligence, Big Data, Internet of Things, and Blockchain 

in smart energy management. Energy and AI. 2023;11:100208.  

Doi: 10.1016/j.egyai.2022.100208 

17. Esmaeili Shayan M, Najafi G, Esmaeili Shayan S. Microgrids 

Energy Management System Based on Renewable Energy. Amirkabir 
Journal of Mechanical Engineering. 2023(Articles in Press).  

Doi: 10.22060/mej.2023.20755.7346 

18. Esmaeili Shayan M, Hayati MR. Thermal Performance and Heat 
Dynamics Energy and Exergy of Integrated Asphalt Collector Storage: 

Sources of Thermal Energy, and Thermoelectric Energy. Iranica Journal 

of Energy & Environment. 2023;14(1):17-25.  

Doi: 10.5829/ijee.2023.14.01.03 

19. Zjavka L. Power quality daily predictions in smart off-grids using 

differential, deep and statistics machine learning models processing 

NWP-data. Energy Strategy Reviews. 2023;47:101076.  

Doi: 10.1016/j.esr.2023.101076 

20. Esmaeili Shayan M, Ghasemzadeh F. Nuclear Power Plant or Solar 
Power Plant. In: Awwad N, editor. Nuclear Power Plants -  

The Processes from the Cradle to the Grave: IntechOpen; 2021. 

21. Gao A, Zheng J, Mei F, Sha H, Xie Y, Li K, Liu Y. Non-intrusive 
multi-label load monitoring via transfer and contrastive learning 

architecture. International Journal of Electrical Power & Energy 

Systems. 2023;154:109443. Doi: 10.1016/j.ijepes.2023.109443 

22. Wang Z, Xu Y, He S, Yuan J, Yang H, Pan M. A non-intrusive 

method of industrial load disaggregation based on load operating states 

and improved grey wolf algorithm. Applied Energy. 2023;351:121934. 

Doi: 10.1016/j.apenergy.2023.121934 

23. Etezadifar M, Karimi H, Mahseredjian J. Non-intrusive load 

monitoring: Comparative analysis of transient state clustering methods. 
Electric Power Systems Research. 2023;223:109644.  

Doi: 10.1016/j.epsr.2023.109644 

24. Wang H, Ma J, Zhu J. Identifying household EV models via 
weighted power recurrence graphs. Electric Power Systems Research. 

2023;217:109121. Doi: 10.1016/j.epsr.2023.109121 

25. Ghosh S, Chatterjee A, Chatterjee D. Extraction of statistical 
features for type-2 fuzzy NILM with IoT enabled control in a smart 

home. Expert Systems with Applications. 2023;212:118750.  

Doi: 10.1016/j.eswa.2022.118750 

26. Solatidehkordi Z, Ramesh J, Al-Ali AR, Osman A, Shaaban M. An 

IoT deep learning-based home appliances management and 

classification system. Energy Reports. 2023;9:503-9.  

Doi: 10.1016/j.egyr.2023.01.071 

27. Rehman AU, Wadud Z, Elavarasan RM, Hafeez G, Khan I, Shafiq 

Z, Alhelou HH. An Optimal Power Usage Scheduling in Smart Grid 
Integrated With Renewable Energy Sources for Energy Management. 

IEEE Access. 2021;9:84619-38. Doi: 10.1109/ACCESS.2021.3087321 

28. Alahmad MA, Wheeler PG, Schwer A, Eiden J, Brumbaugh A. A 

Comparative Study of Three Feedback Devices for Residential Real-

Time Energy Monitoring. IEEE Transactions on Industrial Electronics. 

2012;59(4):2002-13. Doi: 10.1109/TIE.2011.2165456 

29. Khani H, Dadash Zadeh MR. Real-Time Optimal Dispatch and 

Economic Viability of Cryogenic Energy Storage Exploiting Arbitrage 
Opportunities in an Electricity Market. IEEE Transactions on Smart 

Grid. 2015;6(1):391-401. Doi: 10.1109/TSG.2014.2357253 

30. Saha S, Chakraborty S, Zhai X, Ehsan S, McDonald-Maier KD. 
ACCURATE: Accuracy Maximization for Real-Time Multicore 

Systems With Energy-Efficient Way-Sharing Caches. IEEE 

Transactions on Computer-Aided Design of Integrated Circuits and 

Systems. 2022;41(12):5246-60. Doi: 10.1109/TCAD.2022.3161407 

31. De Carne G, Lauss G, Syed MH, Monti A, Benigni A, Karrari S, 

Kotsampopoulos P, Faruque MO. On Modeling Depths of Power 
Electronic Circuits for Real-Time Simulation – A Comparative Analysis 

for Power Systems. IEEE Open Access Journal of Power and Energy. 

2022;9:76-87. Doi: 10.1109/OAJPE.2022.3148777 

32. Sun X, Yao Z, Dong C, Clarke D. Optimal Control Strategies for 

Metro Trains to Use the Regenerative Braking Energy: A Speed Profile 

Adjustment Approach. IEEE Transactions on Intelligent Transportation 

Systems. 2023;24(6):5883-94. Doi: 10.1109/TITS.2023.3248653 

33. Sioshansi R, Short W. Evaluating the Impacts of Real-Time Pricing 

on the Usage of Wind Generation. IEEE Transactions on Power 

Systems. 2009;24(2):516-24. Doi: 10.1109/TPWRS.2008.2012184 

34. Bhasker B, Murali S. Host utilization prediction using Taylor 

Kernel Convolutional Neural Network (TKCNN) and workflow 
scheduling for smart irrigation cloud data centers. Measurement: 

Sensors. 2023;28:100833. Doi: 10.1016/j.measen.2023.100833 

35. Salinas S, Li M, Li P, Fu Y. Dynamic Energy Management for the 
Smart Grid With Distributed Energy Resources. IEEE Transactions on 

Smart Grid. 2013;4(4):2139-51. Doi: 10.1109/TSG.2013.2265556 

36. Forghani A, Lotfi MM, Ranjbar M, Sadegheih A. A two-step 
scheduling and rescheduling framework for integrated production and 

usage-based maintenance planning under TOU electricity tariffs: A case 

study of the tile industry. Journal of Cleaner Production. 

2023;416:137844. Doi: 10.1016/j.jclepro.2023.137844 

37. Yadav K, Singh M. Implementation of DC net metering scheme in 

off-board EV charging systems with a time of usage capability. Electric 
Power Systems Research. 2023;224:109690.  

Doi: 10.1016/j.epsr.2023.109690 
 

 

 
 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 
 

 

 
 

 



M. Esmaeili Shayan / Iranica Journal of Energy and Environment 15(3):287-293, 2024 

293 

  

COPYRIGHTS 
©2024  The author(s). This is an open access article distributed under the terms of the Creative Commons 

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as 

long as the original authors and source are cited. No permission is required from the authors or the publishers . 
 

 

 
Persian Abstract 

 چکیده 

ها به عنوان بخش تعیین  ساختمان.  شوندمتمایز می  یطیمح  ست یز   راتیو کاهش تأث  یمؤثر انرژ  عیو توز   دی تول  ییتوانا   لیبه دل داریپا کشورهایی با الگوی توسعه  

  یکاهش مصرف انرژ  تی هوشمند قابل  یهاخانه  یدیکل  یای از مزا  یکیموثر هستند.    یو کارآمد  یداریهوشمند در تحقق پا   یدر شهرها  کننده در مصرف انرژی

به    ازی حال، هنوز ن   نی. با ا شودیانجام م  انی مشتر  ی فرد  حاتی ترجی با توجه به  در لوازم خانگ  یمصرف انرژ  ی سازنهیامر با به  نی است. ا  یکربن  یگازهاانتشار  و  

بهبود عملکرد خان   یبررس  یبراعمیقتر    قاتیتحق تجربی  ( و مطالعه  IoT)  اءیاش  نترنتیا  تیقابلدر این تحقیق  ها وجود دارد.  شبکهریز  هوشمند در    یهاهو 

تجهیزات بررسی    یکیالکتر  یهااز داده  یادی حجم ز  لیو تحل  هیو تجز  یآورجمع  ،هاشبکهریز  کارآمد    تی ری مدگیری هوشمند مبتنی بر هزینه معرفی شده و  اندازه

های تحقیق  ها از نوآوریریز شبکهمختلف در    ی بارها  ی کیالکتر  یبر پارامترها  نظارت  ی برا  (NILMی )نفوذ  ر ینظارت بر بار غ  یهاستفاده از روشا.  می گردد

بررسی و    کپارچهبه صورت یرا    یاز لوازم خانگ  یاو مجموعه  یدیخورش-باد  ترکیبی  دیکه منبع تول  یاتیعمل  ریزشبکه  ک ی استقرار    قیاز طرباشد. این سامانه  می

 .دهد یم ش یرا نما مصرف انرژی هر بخش 

 

 


