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Abstract 
The Smart home energy consumption represents much of the total 
energy consumed in advanced countries. For this reason, the main 
objectif of this paper is to study the energy consumption profile by 
day for each home appliances: controllable appliances for example 
Washing machine, Tumble dryer and Air conditioning and 
uncontrollable appliances for example TV, PC, Lighting, 
Refrigerator and Electric heater. In this paper, we start with 
presentation of a smart home energy management systems. Next, 
we present the modeling and simulation of controllable appliances 
and uncontrollable appliances. Finally, concludes this paper with 
some prospects. The modeling and the simulation of a Smart home 
appliances is based on MATLAB/Simulink software. 
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1. Introduction 
 

Smart grids are electricity distribution networks. 
They collect information from consumers and 
producers and adjust their operations accordingly 
automatically. The objective being, on the one hand, 
to ensure a balance between electricity supply and 
demand at all times and, on the other hand, to provide 
consumers with a secure, sustainable and competitive 
supply [1]. They aim to achieve customer satisfaction. 
It operates to supply the required quality of electricity 
every second and with very high quality. 
 

In fact, a large number of electric appliances 
installed at home. This paper has the same goal of 
several works presented in the literature which is the 
decrease of power demand. To achieve the objective, 
this paper proposes the modeling and simulation of 
domestic appliances based on Matlab/Simulink 
software. 
 

Domestic appliances are divided into two categories: 
controllable appliances and uncontrollable appliances 
[2], [3], [4]. 
 
The controllable appliances can be totally or partially 
switched off by a controller for example Washing 
machine, Tumble dryer and Air Conditioning.  
 
The uncontrollable appliances are passive loads that 
cannot be switched off or partialized for example TV, 
PC, Lighting, Refrigerator and Electric heater. 

 
 
2. Smart home energy management systems  
 

The smart home energy management is an 
essential home system to achieve the successful 
demand-side response in smart grid. It is used to 
monitor and control various home appliances in 
real time. 
Therefore, smart home energy management is 
defined as “a system that is used to provide 
different energy management services such as 
monitoring, controlling and managing energy 
generation, energy storage, and energy 
consumption in smart houses” [5]. 
 

Figure 1 illustrates the five main functions of 
smart home energy management systems, including 
monitoring, logging, control, management and alarm. 
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Figure 1. Smart home architecture 
 
There are four main functions of smart home energy 
management, monitoring, logging, control, 
management and alarm [6]: 

 Monitoring: This function offers consumers 
easy access to their consumption of electrical 
energy in real time. In addition, it offers 
services for the operating modes and the 
energetic state of the home appliances. 

 Control: This functionality classified into two 
types namely direct control and remote 
control. Direct control is applied on both the 
appliances and control system. Remote 
control enables consumers to monitor and 
control their appliances on line via a personal 
computer or smart phone from outside the 
home. 

 Management: Is the most important function 
of smart home energy management, in order 
to optimize the power consumption in the 
smart home. This functionality includes 
renewable energy system management, 
energy storage management and home 
appliance management. 

 Logging: Smart home energy management 
aims also to collect and save data on power 
consumption of appliances, generation from 
renewable energy resources, and the energy 
storage state of charge. 

 

 

3. Modeling of the Smart home appliances  

The simulation model of smart home appliances 
developed in this work is depicted in Figure 2. The key 
components in the model are [2], [3], [4]: 

 Domestic Appliances: These are divided into 
two categories: controllable appliances 
(Washing Machines, Tumble dryers and Air 
Conditioning) and uncontrollable appliances 
(TV, PC, Lighting, Refrigerator and Electric 
heater).  

 Appliance Energy Controller: This block 
performs the load scheduling for the loads 
based on the results from the optimization and 
sends out instructions to the appliances to 
determine their operation time. 

Figure 2. Simulink model of the Smart home appliance 

 

4. Modeling and simulation of controllable 
appliances  

In this section, we are modeling the controllable 
appliances which are Washing machine, Tumble dryer 
and Air conditioning. 
 

a. Washing machine model 

The washing machine is a device with multiple 
operation phases [7], [8], [9]. For the purpose of 
simplicity, the washing machine model for this paper 
is lumped into three phases; the heating and prewash 
phase, the washing and cooling phase, and the rinsing 
and spinning phase. Each phase of the washing 
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machine consumes a specific amount of power and its 
operation last for a specific duration of time.  

After simulation of the washing machine, the 
output of the washing machine shows the different 
operation phases with their corresponding power 
consumption and operation times. This is shown in 

figure 3 below. 
Figure 3. Energy consumed during the day for Washing 

machine 
 

According to the proposed model, we can reduce the 
power of washing machine. We have to reduce the 
degree of the temperature, the amount of clothing, the 
rotation speeds and choose the most economic 
program for the seconds fuzzy [17]. 
 

b. Tumble dryer model  

In this work, we use the Tumble dryer. It is modelled 
to consume a power value of 1000 Watts. The 
simulation of the synthetics program in MATLAB is 
presented in figure 4. 

Figure 4. Energy consumed during the day for Tumble 
dryer 

 

c. Air conditioning model 

Modeling of air conditioning systems is 
necessary for studying and regulation of energy 
consumption and quality of indoor environment [18], 
[19], [20].  

The Air Conditioning model is used in the 
summer when the temperature is very hot. In this work, 
the model is simulated from 11h to 18h and the figure 
5 is the energy used in these seven hours at the day. 

Figure 5. Energy consumed during the day for Air 
conditioning 

 

d. Total energy consumption for controllable 
appliances 

Figure 6 shows the demand of the controllable 
appliances during the day. It is clear that the most 
important peak consumption is about 3.6 kW between 
14am and 16am and 3.3 kW at 11am due to the 
activation of most appliances in the same period. 

Figure 6. Total energy consumed during the day for 
controllable appliances 
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5. Modeling and simulation of uncontrollable 
appliances  

In this section, we are modeling the 
uncontrollable appliances which are Electric heater, 
Television, PC, Lighting and Refrigerator. 
 

a. Electric heater model  

The electric heater is single phase appliance 
which is modelled and operated using an ideal switch 
to switch the appliance on and off as at when required. 
It is modelled to consume a power value of 800 Watts 
and the duration of operation can vary depending on 
specified on and off times [16]. This is shown in figure 
7 below. 

Figure 7. Energy consumed during the day for Electric 
heater 

 

b. Refrigerator model 

The refrigerator model presented in figure 8 is 
modeled by equation 1 and 2 with the hypotheses of: 
homogenous materials, linear cooling cycle with 
constant COP and neglect of the freezer compartment. 
 

 
 
 
 
 
 
 

 
 

 
Figure 8. Refrigerator mode 

𝑇 𝑇 𝑇 𝑇 𝜎 𝑑𝜔                      (1)                                

𝑇 𝑇 𝐴 𝜑 𝜎 𝑑𝜔                       (2)                                

 
With: 𝐴 = COP, Overall Coefficient of Performance. 
 
The refrigerator is a single-phase appliance which is 
also controlled by a single ideal switch receiving 
instructions from the appliance energy controller [10], 
[11], [12]. 

However, the operation of the refrigerator 
differs from the electric heater, as the refrigerator is an 
appliance modelled to operate throughout the day. It is 
modelled to switch on and off continuously as typical 
refrigerator controlled by a thermostat to maintain a 
certain temperature. This is achieved using a pulse 
generator which sends instructions to the ideal switch 
to continually switch the appliance on/off throughout 
the simulation period. The refrigerator is modelled for 
a typical small household and consumes a power value 
of 110 Watts. Figure 9 illustrates the output simulation 
of the refrigerator as simulated from the model. 

Figure 9. Energy consumed during the day for 
Refrigerator 

 

c. Low power device 

The lighting, the PC and the TV energy consumption 
are modeled as a constant amount of electricity used 
during a given time period [13], [14], [15]. 
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Figure 10. Energy consumed during the day for Television 

 

 
Figure 11. Energy consumed during the day for Lighting 

 

Figure 12. Energy consumed during the day for PC 

 

d. Total energy consumption for 
uncontrollable appliances 

Figure 13 shows the demand of the uncontrollable 
appliances during the day. It is clear that the most 

important peak consumption is about 1.7 kW between 
20pm and 22pm. 

Figure 13. Total energy consumed during the day for 
uncontrollable appliances 

 

6. CONCLUSIONS 
 

Currently, Smart grids are aiming for profound 
changes to be able to improve and find the right 
balance of energy distribution in real time. 
In this paper, we proposed a modeling and simulation 
of the home appliances: controllable appliances and 
uncontrollable appliances. We notice that the major 
areas of energy consumption in smart home are 
controllable appliances (washing machine and air 
conditioning). 

By studying the modeling and simulation of 
smart home energy consumption presented in this 
paper, we will study the development of the fuzzy 
logic control strategy for household appliances to 
reduce power consumption and electricity costs. 
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