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This paper presents a model called Energy Management System 

(EMS) for minimizing energy consumption in smart homes. IoT 

sensors are installed throughout the building to provide real-time 

energy usage data to a central data center for analysis. The 

proposed EMS regulates energy consumption by appliances 

through sequential moderation. A network of home appliances 

equipped with Zigbee sensors and switches is set up, allowing 

communication between the appliances and a main computer 

using Arduino. The EMS provides a visual interface for users to 

monitor and control energy consumption. The appliances can be 

controlled through remote control sensors or the EMS software 

interface. The Zigbee protocol, coordinated by Arduino, enables 

low-power and low-cost wireless communication within a range 

of 10 to 100 meters. Application results demonstrate that 

implementing this system leads to a continuous reduction in 

energy consumption in smart homes. 
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1. INTRODUCTION  

The Internet of Things (IoT) is heralded as a 

significant technological and economic shift 

in the international sector. Data is shared 

and exchanged among the billions of 

physical items that are currently connected 

to the Internet (Al-Hawawreh et al, 2022).A 

smart home is a home that uses internet-

connected gadgets to provide remote 

monitoring and administration of systems 

and appliances, such as lighting and heating. 

According to Callaham (2022), a smart 

home is one which is equipped with devices 

capable of automating tasks and also 

allowing remote access. There are several 

reasons why a smart home is desirable. 

These include: 

 To simplify life. 

 To save energy and also money. 

 To improve security. 

 For better handling of household 

tasks. 

 For entertainment purposes. 

Minimizing energy consumption is a 

cardinal consideration in contemporary 

application of technology and devices. 

Power producing firms continue to be 

concerned about predicting power 

consumption because of the rising demand 

for energy brought on by the rapid growth in 
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global population. According to scientists, if 

energy usage is not managed, it could 

eventually result in a shortage of energy. 

There are two ways to address the energy 

shortage: either by increasing energy 

production or by decreasing the use of 

already available energy resources and 

reducing waste (Shah et al, 2019).However, 

according to (Chen et al, 2009), energy 

generation is a very expensive and time-

consuming solution to the issue, but on the 

other side, by implementing some 

preventative actions, energy consumption 

can be minimized. IoT sensors can be 

installed all throughout a building, and they 

can feed real-time data on energy use back 

to a data center for analysis. IoT enables 

businesses to individually monitor massive 

objects like equipment, water heating 

systems, large refrigeration units, and 

lighting systems. Pourbeik (2022) opined 

that once sufficient information has been 

centrally gathered over time, AI algorithms 

could be used to examine the IoT data and 

identify historical trends. 

It has been opined over the years that bulk 

of energy consumption takes place in homes 

and commercial establishments. This means 

that if losses are to be minimized in energy 

consumption, efforts should be concentrated 

in buildings, both residential and 

commercial (Moreno et al, 2014). Extension 

of the foregoing position should also go to 

corporate offices and the likes, where 

frequent consumption of energy occurs from 

time to time, no matter how minimal the 

usage is. According to studies carried out, 

between 20% and 40% of the total energy 

consumed in developed countries are 

recorded in building related environments 

(Dane et al, 2009). It is expected that by 

2025, global energy demand will increase by 

40% while the residential and commercial 

energy demand put together will increase by 

25% (Energy Reports, 2019). This is due 

mainly to population growth and 

industrialization. Thus, the need to embrace 

the IoT enabled smart home scenario in 

order to minimize energy consumption in 

this era should be canvassed and pursued 

vigorously. This underscores the reason why 

this research is emphasizing a smart home 

scenario of applying IoT devices in energy 

minimization efforts. 

1.1    The Internet of Things (Iot) 

Phenomenon 

The term "Internet of Things" was first used 

by Kevin Ashton in 1999, but it took at least 

another ten years for technology to catch up 

with the concept (Ranger, 2020). The 

"Internet of Things," or "IoT," describes the 

countless numbers of physical objects that 

are currently online and collecting and 

exchanging data. With the advent of 

incredibly affordable computer chips and the 

widespread use of wireless networks, 

anything may become a component of the 

Internet of Things, from a pill to an airplane. 

By connecting all these various items and 

equipping them with sensors, digital 

intelligence is added to otherwise dumb 

gadgets, allowing them to relay real-time 

data without a human being's involvement. 

The world around us is becoming smarter 

and more responsive thanks to the Internet 

of Things, which is fusing the digital and 

physical worlds.Any physical thing that can 

be connected to the internet in order to be 

controlled or to transmit data, can be turned 

into an IoT device. 

https://www.zdnet.com/meet-the-team/steve-ranger/
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IoT devices include everything that can be 

controlled by a smartphone app, including 

connected streetlights, smart thermostats in 

offices, and motion sensors. A child's toy or 

a driverless vehicle could serve as an 

example of an IoT gadget. Several tiny 

Internet of Things (IoT) components may be 

included in some larger things. For instance, 

a jet engine might now have thousands of 

sensors that gather data and send it back to 

check on how it is doing. To comprehend 

and manage the environment, smart cities 

projects are covering entire regions in 

sensors on a larger scale. IoT refers to a 

group of connected devices that can interact 

with the network without human 

intervention and are not typically required to 

have an internet connection. As a result of 

this, despite the fact that smart phones are 

loaded with sensors, neither a PC nor a 

smartphone are typically regarded as IoT 

devices. However, a smart watch, fitness 

band, or other wearable devices may be 

considered an IoT device. 

The IoT was first most attractive for 

business and manufacturing, where its use is 

frequently known as machine-to-machine 

(M2M). However, the emphasis is now on 

bringing smart gadgets into our homes and 

workplaces, making it important to 

practically everyone. Blogjects (things that 

blog and record information about 

themselves to the internet), ubiquitous 

computing (or "ubicomp"), invisible 

computing, and pervasive computing were 

some of the early concepts for internet-

connected items. Internet of Things and IoT, 

however, has steadily gained wide 

popularity as virtually everything can enjoy 

its application for enhanced operation. 

It is neither intended to either exhaustively 

discuss the IoT expansive technology 

(which is not a puny exercise anyway) nor 

the amazing smart home scenario (which 

would have been unimaginable years ago) in 

this single presentation. It is rather the focus 

of this work to treat the how and means of 

energy usage minimization in a modern day 

contemporary home as we have it today. 

This is the crux and focus of this work. 

2. Related Works Review 

A reasonable number of researches have 

been carried out in this area in times past. 

These reviews are meant to induce more 

understanding of the subject and also show 

the depth of research already carried out in 

this field of study. 

The work of Al-Obaidiet al (2022) examined 

IoT principles, models, applications, trends, 

and issues that can be encountered in a built 

environment in detail, utilizing a systematic 

review. The results showed limits in IoT 

strategy development in cities and buildings 

by experts in this field due to inadequate 

understanding of technologies and their 

applicable approaches. The study also 

discovered limitations to using IoT when it 

is integrated into the built environment as 

well as an endless implementation. The 

report outlined key points and suggested 

actions for utilizing IoT efficiently in terms 

of energy use. According to the review's 

conclusions, IoT integration in the contexts 

of buildings and cities has beneficial effects 

on energy conservation. There were no 

precise instructions on how to position IoT 

sensors in buildings for various 

environmental situations. 

Narkar et al, (2018) identified that a network 

path was needed to connect, exchange data, 
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or control one another in IoT-based power 

usage. According the authors, keeping track 

of your electricity usage for verification 

requires visiting the meter reading room and 

record readings, which is a laborious task. A 

system with efficient device operation 

modes that will reduce energy waste in 

residential settings was advised. The web 

portal created by the authors made it simple 

to access the monitoring using internet 

notification offered by Wi-Fi module. Web 

users can view the most recent reading. 

Appliance ON/OFF automation was 

incorporated. Even though android 

implementation was intended, setting the 

threshold value and sending the notification 

were additional tasks. 

Aldabbagh et al, (2020) focused on utilizing 

ICT tools for applications related to smart 

homes. It showed how a system was 

designed and put into action to track and 

evaluate energy usage, turn on lights when 

necessary, program the temperature by 

detecting occupant absence, and set the 

temperature appropriately high or low. The 

system also employed colored LEDs to 

notify residents of various parameters, to 

turn on and off their loads based on the cost 

of electricity use, and to allow them to 

control some of their home appliances 

through a mobile application in order to 

minimize energy waste and cut down on 

electricity usage. However, the system does 

not provide the owner an opportunity to add 

new acquired household appliances for 

monitoring. 

Enas et al. (2022) presents an IoT-based 

optimal energy management approach for 

smart homes, utilizing PV and wind 

renewable energy systems along with energy 

storage systems to reduce dependence on the 

grid. The proposed algorithm incorporates 

demand response to price variations and 

applies Time-of-Use pricing to control 

household appliances. The IoT system uses 

ZigBee wireless technology for data 

exchange and communication with the 

control center, while the Harmony Search 

optimization technique is employed to save 

energy and reduce electricity bills in smart 

homes. The algorithm's effectiveness is 

demonstrated through results obtained from 

a five-floor building simulation, and its 

performance is compared against four other 

AI algorithms, showing superior cost-saving 

and runtime improvements. Overall, this 

research offers a promising solution for 

efficient energy management in smart 

homes. 

Al-Obaidi et al. (2022) addresses the 

growing utilization of the Internet of Things 

(IoT) in smart buildings and cities to reduce 

energy consumption, highlighting a 

knowledge gap in effectively applying IoT 

in the built environment for energy 

efficiency. The study aims to bridge this gap 

by providing an extensive review of IoT 

applications in buildings and cities, offering 

guidance to built environment experts. 

Through a systematic review, the paper 

examines IoT concepts, models, 

applications, trends, and challenges relevant 

to the built environment. The findings reveal 

limitations in developing IoT strategies due 

to a lack of understanding of technologies 

and their application methods. Moreover, 

the study identifies implementation issues 

and constraints when integrating IoT into the 

built environment. The paper concludes by 

providing critical arguments and suggesting 
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the next steps for effectively utilizing IoT to 

enhance energy efficiency. This research 

contributes valuable insights to the field of 

IoT and serves as a resource for 

professionals seeking to leverage IoT 

technologies in the built environment. 

Ghulam et al. (2020) presents an energy 

management strategy for IoT-enabled 

residential buildings in smart cities to 

address the future shortage of electrical 

energy. The proposed strategy utilizes a 

wind-driven bacterial foraging algorithm 

(WBFA) to optimize power usage and 

manage peak-to-average ratio, electricity 

costs, and user comfort. The WBFA-based 

strategy effectively responds to price-based 

demand response (DR) programs, 

overcoming the limitation of consumer 

knowledge. Extensive simulations 

demonstrate that the WBFA-based strategy 

outperforms benchmark strategies in terms 

of energy consumption, cost, peak-to-

average ratio, and user comfort. This 

research contributes to the sustainability of 

IoT-enabled residential buildings and offers 

a promising approach for efficient energy 

management in smart cities 

Filipe et al. (2023) focuses on the design and 

implementation of a home energy 

management system (HEMS) leveraging the 

Internet of Things (IoT) and cloud 

computing. The HEMS collects and stores 

energy consumption data from appliances 

and the main load of a home. Two scenarios 

were developed: a local HEMS using an 

edge device for processing and storage, and 

a Cloud HEMS utilizing Amazon Web 

Services (AWS) IoT Core for data 

management and data-driven services. A 

testbed was conducted in Valparaiso, Chile, 

over one year, collecting energy 

consumption data from appliances and the 

main load. The study provides the first 

electrical energy dataset with a 10-second 

sampling rate from a real household in 

Valparaiso. Results indicate that both 

implementations effectively perform the 

baseline tasks of a HEMS. This work 

contributes by offering a comprehensive 

technical implementation of HEMS, 

supporting the development and 

implementation of HEMS solutions for 

various smart home applications, benefiting 

researchers and engineers in the field. 

Singh et al. (2019) provided a 

comprehensive review of the electrical 

network, covering generation, transmission, 

distribution, and consumer aspects. It 

explores network architecture, energy 

monitoring points, causes of energy losses, 

and potential strategies for reducing those 

losses. The chapter also delves into load 

shedding, utility demand energy 

management systems, and the role of 

buildings in energy conservation. It offers an 

overview of energy management devices, 

automation protocols, smart devices, and 

applicable standards in substations. The 

importance of energy conservation in 

consumer households using IoT devices is 

highlighted, along with discussions on smart 

home components, automation techniques, 

and future technological prospects. Data 

security models, encryption, and practical 

approaches for smart homes are examined, 

along with the use of artificial intelligence 

and signal processing through IoT-based 

devices. 
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2.1 Research Gap 

While the reviews touch upon various 

energy management approaches such as 

demand response programs, HEMS, and 

smart grid applications, there may be a need 

for more detailed studies that investigate the 

effectiveness, scalability, and limitations of 

these strategies in real-world scenarios. 

3.0    METHODOLOGY 

In this research, it is intended to monitor the 

electrical appliances in a modern home with 

a view to minimizing energy usage. A 

model, known as Energy Management 

System (EMS) is proposed for minimizing 

energy consumption in homes, regulating 

energy consumptions by appliances, 

applying sequential moderation. A network 

of home appliances that can communicate 

with one another and with a main computer 

using Arduino is set up with Zigbee sensors 

and switches. Figure 1 shows a schematic 

diagram of smart home withEnergy 

Management System (EMS) automation. 

 
Figure 1: Schematic Diagram of Smart Home 

with EMS (Energy Management System) 

Automation 

The EMS enables the user to have a visual interface 

of the energy consumptions. It is developed to work 

on a graphical user interface (GUI). A GUI 

demonstrates to the user how to carry out 

tasks via windows, icons, menus, and 

buttons. This can be accomplished with a 

touch screen, keyboard, or pointer. For 

instance, one can use mouse to point and 

click to open a file icon on the desktop. For 

desktop environments, examples of well-

liked contemporary graphical user interfaces 

include Microsoft Windows, macOS, 

Ubuntu Unity, and GNOME Shell. For 

mobile platforms, examples include 

Android, Apple's iOS, BlackBerry OS, Palm 

OS-WebOS, Windows 10 Mobile, and 

Firefox OS. The appliances can be 

controlled using remote control sensor or 

using EMS software interface. Table 1 

shows appliances commands control using 

EMS. 

Table 1: EMS Commands to Control 

Appliances 

Action  

 

Command Execution 

Main Switch On MainSON (MS_ON)  

Main Switch Off MainSOFF (MS_OFF) 

Room 1 Light On Rm 1 LightON (R1L_ON) 

Room 1 Light Off Rm 1 LightOFF 

(R1L_OFF) 

Room 2 Light On Rm 2 LightON (R2L_ON) 

Room 2 Light Off Rm 2 LightOFF 

(R2L_OFF) 

Refrigerator On RefgtorON (RFGT_ON) 

Refrigerator Off RefgtorOFF (RFGT_OFF) 

Television Set On TVSetON (TVS_ON) 

Television Set Off TVSetOFF (TVS_OFF) 

The MAIN TAB of the Energy Management 

System is shown in Figure 2. Line voltage, 

load current, and various extra controls, like 

alarms and on/off controls, are all listed in 

the MAIN tab. The energy management 
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center (EMC) application software is turned 

on or off using the on/off control, and any 

erroneous functioning of the device or 

hardware fault is reported using the alarm 

control. 

 

Figure 2: EMC (Energy Management 

Center) MAIN Tab 

 The Ardiuno Uno 

A low-cost, adaptable, and simple-to-use 

programmable microcontroller board called 

Arduino UNO is available for use in a range 

of electronic applications. Relays, LEDs, 

servos, and motors can be controlled by this 

board as output devices, and it can 

communicate with other Arduino boards, 

Arduino shields, and Raspberry Pi boards. To 

put it briefly, an Arduino is an open hardware 

development board that makers, hobbyists, 

and tinkerers may use to create and construct 

objects that interact with the physical 

environment. It appears in the form shown in 

Figure 3. 

 

 

 

Figure 3: The Arduino Uno 

 

The Arduino development environment is 

connected to the Arduino board through USB 

when it is attached to a computer (IDE). The 

user creates the Arduino code in the IDE, 

uploads it to the microcontroller, and the code 

is then executed by the microcontroller while 

interacting with inputs and outputs like 

sensors, motors, and lights. 

 The Zigbee 

Zigbee is a wireless protocol for battery-

operated devices possessing both low power 

and low cost. Although there are regional 

differences, it typically runs in the 2.4GHz 
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band and enables data rates of 20 to 250 

kbits/s. However, the transmission range is 

modest when compared to technologies like 

LoRa. It can transmit for 10 to 100 meters, 

enough to cover a home, whereas LoRa can 

do it for a few kilometers. Another thing to 

keep in mind is that if there is no line of sight 

between the transmitter and receiver, Zigbee 

communication is not very effective. But two 

Zigbee modules can communicate with one 

another and subsequently transmit the result 

to an arduino thereby obviating the problem 

of line of sight communication which could 

occur in a home environment. Figure 4 shows 

an Xbee module which can effectively 

communicate with an arduino, while the pin 

configurations are presented in the figure 5. 

The arduino and the zigbee module are 

connected in the manner shown in Figure 6. 

 
Figure 4: XBee PRO 538 (Zigbee) Module 

 
 

Figure 5: The XBee PRO pin 

Configuration 

 

 
Figure 6: The arduino and the zigbee module 

 

From the figure 6; there is a connection of the 

Arduino's pins DOUT (TX) and DIN (RX) so 

that pin 2 will serve as Receiver (RX) and pin 

3 will serve as Transmitter(TX), respectively. 

Similarly, the pins Vcc and GND have been 

linked up. On the receiving end, the 

connections will be similar. If an antenna has 

already been installed, that is preferable; 

otherwise, there will be need to attach an 

antenna to the UFL socket. 

The code is really simple to understand. Not 

all digital pins on boards other than the 

Arduino Uno might support SoftwareSerial. 

The following code will be written on the 

transmitting end to automate the process; 
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1. #include 

<SoftwareSerial.h> 

2. SoftwareSerialxbeeSerial(

2,3); //RX, TX 

3. void setup()  

4. {Serial.begin(9600); 

5. xbeeSerial.begin(9600);} 

6. void loop() 

7. {if(Serial.available() > 

0){ 

8. char input = 

Serial.read(); 

9. xbeeSerial.print(input);}

} 

As can be seen, whatever the user sends to the 

XBee module via the Serial Monitor is sent 

and received by the XBee module on the 

other end. 

On the receiving side, the code should be as 

follows: 

1. #include 
<SoftwareSerial.h> 

2. SoftwareSerialxbeeSerial(
2,3); //RX, TX 

3. void setup()  
4. { Serial.begin(9600); 
5. xbeeSerial.begin(9600);} 
6. void loop()  
7. { 

if(xbeeSerial.available() 

> 0){ 

8. char input = 
xbeeSerial.read(); 

  Serial.print(input)}} 

Everything that is received from the XBee is 

sent to the Serial Monitor. Whatever is typed 

on the serial monitor on the transmitter side 

should print on the serial monitor on the 

receiver side when testing the combined 

system. 

The practical circuitry interface of Arduino 

with Zigbee is shown in Figure 7. 

 
Figure 7: Arduino interfaced with Zigbee 

 

4. RESULTS AND DISCUSSION 

The results obtained from the application of 

the scheme implemented in this presentation 

are shown in table 2 and graphically 

demonstrated in the bar chart of Figure 8. 

Table 2: Generated Data Log Tab 

Date Time  Voltage  Current  

20/12/2022 3:15:01pm 220.00 1.1301665 

20/12/2022 3:15:20pm 220.00 1.0806543 

20/12/2022 3:15:41pm 220.00 1.0611265 

20/12/2022 3:16:01pm 220.00 1.0701345 

20/12/2022 3:16:23pm 220.00 1.0612430 

20/12/2022 3:16:45pm 220.00 1.0913000 

20/12/2022 3:17:05pm 220.00 1.1001000 

20/12/2022 3:17:25pm 225.00 1.0513100 

20/12/2022 3:17:46pm 230.00 1.0058010 

20/12/2022 3:18:03pm 217.00 1.0256401 

20/12/2022 3;18;26pm 219.00 0.9841530 

20/12/2022 3:18:48pm 219.00 1.0553410 

20/12/2022 3:19:10pm 219.00 1.1240011 

20/12/2022 3:19:30pm 219.00 1.1024012 
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Figure 8: Bar Chart of Forecasted 

Cost/kWh versus Times of the Day 

The pie chart representation of the current 

forecast is shown in Figure 9. 

 

Figure 9: Forecasted Value of the Current 
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The data generated and shown in table 2 are 

used to produce the bar chart of Figure 8 as 

well as the pie chart of Figure 9. The bar chart 

of Figure 8 shows the forecasted cost of 

energy usage per kilowatt with respect to 

times of the day, making reference to table 2. 

Similarly, the pie chart of Figure 9 gives an 

idea of the current flow with respect to the 

times of the day, also given the data 

presentation of table two. As could be 

observed, this a continuous reduction in 

energy consumption in any given home where 

this system is applied. The proposed system is 

modest and relatively cost effective 

considering its merits. It will reduce the 

general and overall cost of maintaining 

household electrical and electronics 

appliances with respect to energy cost and 

expenses. 

5. CONCLUSION 

This study emphasizes the importance of 

minimizing energy consumption in 

contemporary homes, particularly in the 

context of smart homes. The proposed Energy 

Management System (EMS) provides an 

effective solution for regulating energy 

consumption by appliances through sequential 

moderation. By leveraging IoT sensors and 

Zigbee communication, the EMS enables 

real-time monitoring and control of energy 

usage, empowering users to make informed 

decisions and take necessary actions to reduce 

energy consumption. The application results 

demonstrate the effectiveness of the EMS in 

achieving a continuous reduction in energy 

consumption within homes. This study 

highlights the potential of technology and 

smart systems in addressing energy efficiency 

challenges and promoting sustainable 

practices in residential buildings. 

Implementing such energy management 

systems not only benefits individual 

households but also contributes to the larger 

goal of creating a more energy-efficient and 

environmentally conscious society. Further 

research and development in this area can 

lead to more advanced and innovative 

solutions for minimizing energy consumption 

and promoting sustainable living in the future. 

6. RECOMMENDATION 

Based on the study, the following 

recommendations can be made for future 

work: 

1. Further research should be conducted 

to investigate the potential of using 

other communication protocols 

besides Zigbee to achieve even better 

energy management results. 

2. The study focused on minimizing 

energy consumption in homes. Future 

work should expand the scope of the 

study to include commercial buildings 

and industrial settings. 

3. The current system uses a touch 

screen, keyboard or pointer as an 

interface for users to control the 

appliances. Future work should 

investigate the potential of integrating 

voice-activated interfaces such as 

Amazon Alexa or Google Assistant 

for a more user-friendly experience. 

4. The study was carried out in a 

simulated environment. Future work 

should test the system in real homes to 

validate the results and determine how 

the system can be optimized for 

different types of homes and 

appliances. 
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5. Finally, future work should focus on 

improving the security of the system. 

Since the system relies on wireless 

communication, measures must be 

taken to protect it from hacking and 

other cyber threats. 
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