
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-1, November 2019 

4199 

Retrieval Number: A6116119119/2019©BEIESP 
DOI: 10.35940/ijitee.A6116.119119 
Journal Website: www.ijitee.org 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Efficient Electricity Consumption Scheduling for 
Residential Load Integrated with Renewable 

Energy Resource in Smart Grid 
Ranjini A, B.S.E. Zoraida 

Abstract: Satisfying consumer’s electricity demand at peak 

hours is an important problem in smart grid. From the 
perspective of consumers, the residential electricity consumption 
scheduling would aim to minimize the electricity cost and also 
wish to maintain their comfort.  In contrast, the power utilities 
concentrate on to flatten the peak loads in the electricity demand. 
In this paper, both the viewpoints are taken into consideration 
while scheduling the residential appliances in smart grid. The 
Self Adaptive Mutated Particle Swarm Optimization Algorithm is 
proposed for solving the above problem.  Simulations have been 
carried out and the results are compared with the Non-
Dominated Sorting Genetic Algorithm II. From the results 
obtained, it is clearly proved that the proposed algorithm provides 
better schedules for the smart home, with minimized electricity 
cost and least Peak-to-Average Value whereas maximizing the 
user comfort. Moreover, the proposed algorithm shows its 
effectiveness with the increase in problem size. 

 
Keywords: Scheduling problem, Self Adaptive Mutated 

Particle Swarm Optimization, Smart Grid, Heuristic algorithm.  

I. INTRODUCTION 

In the recent years, the depletion of fuel resources and the 
increasing threat about the global warming have raised the 
attention towards the use of renewable energy resources for 
power generation. The recent advancements in Information 
and Communication Technology (ICT) together with the 
value addition of renewable energy resources have changed 
the traditional electrical grid into smart grid [1]. The term 
‘smart grid’ can be defined as a fully automated bi-
directional electrical grid.  

Over the traditional electrical grid, smart grid has 
encompassed several features namely efficiency, security, 
sustainability, reliability, and self-healing. However, 
completely assuring each of these features has presented 
diverse challenges to smart grid. One such challenge is to 
provide the integrity among the elements in smart grid. The 
smart grid can encapsulate various elements such as smart 
meters, Distributed Energy Resource (DER), storage 
devices, wireless sensors, and Plug-in Electrical Vehicle 
(PEV). In order to establish the information and electricity 
exchanges among these smart grid elements, ensuring the 
integrity among them is an important task and also evolves 
as a complex issue. 
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Another important issue in smart grid is to keep balancing 
between the dynamic electricity demands with the available 
power generation. This is mainly due to two factors [2], 
where the first one is the volatility caused by the load of 
PEVs. Because, charging and discharging operations of 
PEVs impose highly dynamic electricity demand to the 
smart grid. The second factor is the sporadic renewable 
power generation which also adds fluctuations to the 
electricity generation in smart grid. Hence, the power 
utilities need an efficient energy management technique to 
make the electricity demand of consumers to cope up with 
available power supply in smart grid. 

There were various energy management techniques have 
been proposed for smart grid in the recent years. One of the 
prominent techniques which controls the electricity 
consumption at the consumer’s side is the Demand Side 
Management (DSM) technique [3, 4]. The term DSM refers 
to the various load management activities involved in order 
to control the electricity consumption at the customer’s end. 

The main goal of the DSM is to allow consumers to reshape 
the energy consumption pattern so as to follow the power 
generation pattern with the help of Demand Response (DR) 
programs. 

Pierluigi Saino [5] analyzed the various DR programs in 
smart grid and presented the potential benefits gained 
through them. The consumers in smart grid can be 
categorized as residential consumers, commercial 
consumers, and industrial consumers. Since the residential 
consumers are more flexible in altering the electricity 
demand in smart grid, this paper concentrates on the 
electricity load management system of the smart home user. 
Smart homes are the means for the residential consumers to 
actively participate in the DSM activities [6].  

The Residential Electricity Load Management System for 
scheduling the residential appliances in smart grid, with the 
objective to minimize the peak load in the electricity 
demand and to minimize the electricity cost for consumers 
while preserving the user comfort is addressed in this work. 
The electricity load management problem in smart home 
with different objectives under various pricing schemes was 
experimented in the existing research works which are 
summarized in the following Table I. 
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Table I. Related Works 
Objectives  Description 
To minimize 

electricity payments 
of user and user’s 

dissatisfaction. 

In [8], the multi objective 
genetic algorithm (MOGA) had 
applied for scheduling the 
domestic loads in smart grid.  

To minimize the 
energy cost of 
consumer. 

A DSM strategy is proposed in 
[9] for the grid connected 
household that is equipped with 
the photovoltaic energy 
generation. The Time of use 
probabilities for each residential 
appliance is used to analyze 
energy consumption behaviour of 
the consumer in the work. 

To find optimal 
start time and 
operating mode to 
minimize energy 
cost. 

In [10], a distributed 
framework using the greedy 
iterative algorithm is proposed for 
scheduling the individual smart 
home user. Single utility with 
multiple users is considered in the 
scheduling scenario. 

To maintain 
thermal comfort for 
the inhabitants. 

To reduce the 
utility bills. 

In [11], the energy 
management of residential 
building with conflicting 
objectives is concentrated. 
Results were compared with 
respect to the total energy 
consumption cost, user 
convenience and thermal comfort 
level 

To alter the total 
energy demand of 
resident in order to 
meet the electricity 
bill payment with 
their budget. 

To maximize the 
overall net utility. 

The mathematical models are 
developed with respect to the 
consumption level of each 
appliance type and the Benders 
decomposition approach was 
adapted to solved the problem in 
[12]. The household appliances 
are grouped into five types based 
on their operating characteristics 
in this work. 

To reduce the 
electricity cost for 
consumer as well as 
to maintain the user 
comfort. 

Prioritization among the 
appliances was introduced in 
[13], where aim of the work is to 
enhance the customer satisfactory 
level and flexibility in household 
load scheduling. 

To maximize the 
revenue for the 
smart home users 
with excess energy. 

Load scheduling combined 
with energy trading among the 
smart home users is done in the 
work [14]. Game theory approach 
is utilized to model the energy 
trading among them. The 
proposed work is more profitable 
for the smart home, as they can 
determine the selling price of 
their excess energy and helps to 
alleviate the reverse power flow 
problem. 

To enhance and The work [15] had provided 

analyze the cost 
benefits of each 
appliance in smart 
home. 

the insight to identify what are all 
the smart appliances that helps to 
acquire cost benefits for the 
consumer. The proposed model 
has analyzed the cost benefits 
with the impact of batteries and 
plug-in electrical vehicle. 

To enhance the 
cost benefits of 
consumer. 

The role of stationary battery 
storage and electric vehicles for 
the energy management of a 
building that integrated with solar 
power generation is analyzed in 
[16]. 

To reduce the 
total system 
operations cost. 

To minimize the 
energy losses in 
branch power 
transfer. 

The objectives of work in [17], 
is to optimally schedule the 
power generators and also to 
enhance storage efficiencies of 
energy storage devices in order to 
control the energy dispatch in a 
microgrid, subjected to the power 
flow constraints. It requires only 
limited the data transfer and 
ensures the privacy among each 
agents of the system. 

To schedule the 
power flow control 
of the microgrid, 
subject to the 
network operational 
constraints. 

The online energy management 
system for a microgrid based on 
Lyapunov optimization method is 
proposed in [18]. The impact of 
the power flow structure 
underlying on the energy 
management system is analyzed. 

To reduce the 
Peak-To-Average 
ratio value and to 
increase the payoff 
of energy hubs. 

An online distributed algorithm 
is developed in [19] to optimally 
schedule the available resources 
for energy hubs. Game based 
method is utilized to model the 
interactions among the energy 
hubs. 

To keep the total 
power consumption 
of the home as 
below than the 
specified threshold 
value 

A new protocol for the energy 
controller in the home energy 
management system is proposed 
in [21]. The proposed protocol 
consists of three phases during 
the power allocation and 
deallocation process of each 
appliance. Markov chain model is 
used to calculate the average 
delay of an appliance.  
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To minimize the 
electricity cost as 
well as to maintain 
user thermal 
comfort 

 
 
 
 
 
 

 

Novel Traversal-and-Pruning 
(TP) algorithm is presented in 
[22] for scheduling the 
thermostatically controlled 
household appliances in smart 
home. In order to explain, the 
application of the TP algorithm, 
the electric water heater (EWC) is 
analyzed in the study.  A solution 
tree is built where the state of the 
EWC and the temperature of the 
water were treated as node and 
the edge respectively. The result 
of the TP algorithm is the 
schedule generated for 
controlling the ON/OFF state of 
the specific appliance, for the 
period of scheduling time 
window. 

To reduce the 
energy cost and the 
PAR (Peak-to-
Average Ratio) in a 
local area network 

 
 
 
 
 
 
 

In [23], a stochastic modelling 
of the household appliance 
scheduling in a local area 
network. The proposed method 
does not require the future 
knowledge about the energy 
demand of all other users in a 
microgrid. It was adaptive to 
accumulate the sporadic 
behaviour of the neighbourhood 
electricity demand. 

To design a smart 
home controller that 
will provide the cost 
benefits for both the 
consumers and 
power utilities 

 
 
 

An architecture for home 
energy management system along 
with a framework for load 
scheduling in a smart home was 
presented in [24] for scheduling 
the household appliances. The 
problem was addressed with the 
help of genetic algorithm. 

To minimize the 
electricity payments 
for consumer 

 
 
 
 
 
 
 
 
 
 
 

K. M. Tsui and S. C. Chan had 
analyzed the convex 
programming and regularization 
technique for the household load 
management problem. The work 
had classified the appliances in 
the household into four different 
types namely, schedule-based 
appliances with interruptible load, 
schedule-based appliances with 
uninterruptible load, battery-
assisted appliances, and model-
based appliances [25].  

To minimize the 
difference between 
the objective load 
and targeted 
demand curve. 

In [26], a heuristic 
evolutionary algorithm is 
proposed for the solving the 
energy cost minimization 
problem for third different 
consumers in smart grid. The 
proposed acted as a day ahead 

load shifting for addressing the 
problem.  

By analyzing the related works, this work got the insight 
to solve the electricity consumption scheduling problem for 
residential consumer as a constrained multi objective 
optimization problem with three different objectives taken 
from both the utility and consumer point of view, with the 
application of Self Adaptive Mutated Particle Swarm 
Optimization algorithm. To the best of my knowledge, none 
of the existing works were concentrated on the combination 
of these three objectives and hence this work made an 
attempt to solve it. The rest of the paper is structured as 
follows. 

In Section II, the problem statement is described where 
the residential electricity load management system is 
explained. In Section III, the Self Adaptive Mutated Particle 
Swarm Optimization Algorithm is discussed for solving the 
scheduling problem. The experimental results and 
discussion are presented in Section IV. The paper is 
concluded in Section V. 

II. PROBLEM STATEMENT  

A. Residential Electricity Consumption 

A smart home could consist of number of electrical 
appliances which may be either fully automated, semi-
automated or manually operated. Most of the residential 
appliances are not needed to be operated at the same time. 
This flexibility paves the way to alter the residential 
electricity demand through scheduling. In this paper, the 
residential appliances are grouped into three types namely, 
base load, immediate load and shiftable load. The base load 
refers to the set of appliances that need to be operated 
continuously throughout the day. The immediate load are 
the appliances which cannot delay its operation and must be 
turned ON immediately when it is needed. The shiftable 
loads are the appliances which can be either postpone or 
prepone their work within the preferred time interval. The 
shiftable appliances are further categorized as continuous 
shiftable and discrete shiftable appliances. The discrete 
shiftable appliances refers to the appliances that can be 
given discrete time intervals to complete its task whereas the 
continuous shiftable loads are the appliances which cannot 
be interrupted until it completes the job. 

The conceptual view of the Residential Electricity Load 
Management System in a smart home is depicted in Fig. 1. It 
does all the operations related to monitoring and managing 
the energy consumption of smart home appliances. It 
involves various components namely the smart meter, Home 
Area Network (HAN) gateway, Residential Load Scheduler, 
Residential Load Manager and User Interface. The 
Residential Load Scheduler is responsible for intelligently 
scheduling the electricity consumption of a smart home, 
which needs efficient scheduling algorithms to develop the 
feasible schedules for operating the household appliances.  
The Residential Load Manager controls the ON and OFF 
switching of the electrical appliances in smart home and also 
monitor the electricity consumption of them.  
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The user interface facilitates the smart home user to interact 
with the Residential Electricity Load Management System. 
The Home Area Network (HAN) connects all the smart 
home appliances. To add more economic benefits for 
consumers, nowadays most of the smart homes are equipped 
with the renewable energy resources as shown in Fig. 1. 

Each appliance in a smart home has its own operational 
requirements and individual characteristics. The operational 
requirements refer to the time duration required to complete 
the task of each appliance and allowable time interval for 
the operation of it. The characteristics refer to the appliance 
type of each appliance and its electricity consumption 
profile. The primary inputs given for the appliances 
scheduling problem in the smart home are the set of 
appliances taken, the time length of the scheduling period, 
the power consumption information of each appliance, the 
type of each appliance, period of time required to complete 
the task for each appliance and the deadline associated with 
each appliance. The scheduling time period is termed as 
'scheduling window’. The scheduling window can be 
divided into portions called 'Time slots'. The length of time 
period taken as a time slot can be determined either by the 
user or utility. The list of variables used in this work is 
summarized in Table- II. 

Table II. List of Variables 
A set of all Appliances 
BLA set of Base Load Appliances 
ILA set of Immediate Load Appliances 
SA set of Shiftable Load Appliances 
CSA set of Continuous Shiftable Load 

Appliances 

DSA set of Discrete Shiftable Load Appliances 
H total number of time slots in the 

scheduling period 
N total number of appliances taken for 

scheduling 
NS total number of shiftable appliances taken 

for scheduling 
    earliest possible time slot t for appliance a 
     last finishing time slot t for appliance a 
     the total number of time slots required by 

appliance a 
   

  power consumption by appliance a at time 
slot t 

    sum of power consumption by all 
appliances at time slot t 

   price of electricity at which electricity is 
purchased from grid at time slot t 

   price of electricity at which electricity is 
sold to grid at time slot t 

    number of preemptions while operating 
appliance a over H 

   
   total power consumed from solar to 

appliances at time slot t 
   
   total power consumed from grid to 

appliances at time slot t 
   
   total solar power sold to grid at time slot t 

Maxiter Maximum Iterations of algorithm 
Curiter Current Iteration in algorithm execution  

   
 

Fig. 1. Conceptual Diagram of the Residential 
Electricity Load Management System 
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In this work, A stands for the set of appliances taken for 
scheduling in the smart home and it has five subsets namely 
Base Load Appliances (BLA), Immediate Load Appliances 
(ILA), Shiftable Appliances (SA), Continuous Shiftable 
Appliances (CSA) and Discrete Shiftable Appliances (DSA). 
The relativity among these sets are given in (1) and (2).  
                                                                         
                                                                              
An appliance in smart home can be in anyone of the five 

types of appliances. The type of an appliance is decided 
before the scheduling process starts as per the need of 
consumer. An appliance can belong to only one appliance 
type during the entire scheduling window as given in (3). 
                                                               
The cardinality of the set A and SA are termed as N and 

NS respectively. The power consumption values of each 
appliance at tth time slot is termed as   

   and it can be 
defined as in (4). 
      

    
      

                                
For the shiftable appliances, the variable   

  contains the 
binary schedule for all shiftable appliances which is 
indicated in (5). 

  
   

                                      

                                       
   

                                     
The preferred time interval for each shiftable appliance to 

complete its operation is known as ‘deadline’. These 

deadlines are given by the consumers as per their 
requirements. The variable etj denotes the earliest possible 
starting time slot whereas ltj refers to the very last possible 
time slot in the deadline and it is given by (6). 
                                  

                                                       
Each shiftable appliance requires the specified number of 

time slots which is specified as nosa.  The total number of 
time slots required by an appliance must be either equal to 
or greater than the required time period to finish its task in 
order to complete its operation. This constraint is specified 
using (7).  
                                         

                                                    
The deadlines associated with each shiftable appliance are 

taken as hard constraints and it is enforced in (8). The total 
power consumption by all appliances in tth time slot can be 
computed as in (9). 
  

                                   
                                                        

   
      

 

 

   

    
                                                

As the smart home equipped with renewable energy 
resource, the amount of power generated from renewable 
resource can be used to serve the residential load at some 
time slots and so helps to reduce the total power brought 
from the electricity grid. In addition to that, it is also 
possible to sell back the excessive renewable power to the 
grid. Hence, the electricity consumption at in tth time slot as 
in (10). 

        
     

  

 

   

                                                                 

In order to induce the residential consumers to participate 
in DSM, it is very important to encourage them by providing 
cost incentives through various electricity cost models [5]. 
The electricity cost model is taken in this paper is expressed 
in (11). In this model, the electricity price varies with 
respect to each hour and within each hour the period of 
electricity changes based upon the total amount of electricity 
consumption [20].  

        
            

                  
                           

                                                     

B. Objectives of the problem 

In this work, the residential electricity consumption 
scheduling problem is addressed with three different 
objectives taken from both the utility and consumer point of 
view. The objectives of the smart home appliance 
scheduling problem are to minimize electricity cost, to 
reduce the peak loads in the electricity demand and to 
maximize the consumer comfort. To the best of my 
knowledge, none of the existing works were concentrated on 
the combination of these three objectives and hence this 
work made an attempt to solve it.  

In this work, the term ‘user comfort’ refers to the 

minimization of preemptions occurred during the schedule 
of interruptible appliances. This objective is taken in this 
work due to the fact that as discrete shiftable appliances are 
allowed to have discrete time intervals, they might have 
frequent interruptions during their operation and it may 
cause damage and shorten the lifespan of the appliances, 
which may feel uncomfortable to the smart home users. 
Hence, in this work the user comfort is also taken as an 
objective and attempted to minimize the number of 
preemptions. Finally, the objectives of Residential 
Electricity Load Management System are mathematically 
defined in (12), (13) and (14). 
 

         

 

   

                  
     

 

   

        

                                 

                      
         

     
      

              

               
    

                                                       

 
Subject to (1) to (11). 

III. METHODOLOGY 

A. Overview of Particle Swarm Optimization 
Algorithm 

Particle Swarm Optimization algorithm (PSO) is one 
among the population-based techniques, which was 
introduced by Kennedy and Eberhart in 1995. It is based on 
the social behaviour of the birds flocking. Due to its ease of 
implementation and reasonable computation time, 
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 the PSO algorithm has been applied to a wide range of 
applications in various fields. There has been an extensive 
survey on PSO algorithm and its several variants for solving 
optimization problems were made.  

In PSO algorithm, each particle flying in the search space 
represents a candidate solution for the problem to be solved.  
Each particle has an inbuilt memory and hence has the 
ability to store and share their individual search history. This 
unique character makes the PSO algorithm to perform better 
than the other evolutionary algorithms.  

As in all other evolutionary algorithms, PSO starts to 
work with some random initial collection of particles. Each 
particle i has a position xi and velocity vi in the search space. 
The dimension of the search space is determined by the 
number of objectives of the problem and the position of 
each particle represents the objective values of a solution. 
As in genetic algorithm, the traversal through the search 
space is done through the velocity and positional updates of 
the solutions. Each particle is attracted to move towards the 
global best position and their individual local best position 
in the search course of the algorithm as dictated by the 
acceleration coefficients. The global best position is the best 
position among the neighbourhood solutions. The 
neighbourhood can be a specific topology or the entire 
swarm which can be treated as the neighbourhood of each 
particle. The particles communicate the personal best 
position information with one another at each iteration and 
in turn they can find the global best position.  

B. Self-Adaptive Mutated Particle Swarm Optimization 
Algorithm 

Meta-heuristic algorithms were good enough for finding 
solutions for the combinatorial optimization problems. As 
the smart home appliance scheduling problem is also tend to 
be Nondeterministic Polynomial (NP) hard problem, the 
SAMPSO algorithm is proposed in this work to solve the 
problem. Further, the SAMPSO algorithm is robust while 
finding the solutions for the smart home scheduling 
problem.  

The frequent problem associated with the PSO algorithms 
is the premature convergence. This problem is defeated by 
the SAMPSO algorithm successfully by means of 
incorporating the self-adaptive inertia weight and mutation 
operator. As premature convergence occurs due to low 
diversity, mutation operator is used to improve the diversity 
of the population. Further, the proposed algorithm updates 
the inertia weight (w) adaptively as computed in (15).  

   
               

       

                                         

Through the adaptive inertia, the SAMPSO algorithm 
escapes from premature convergence problem when it tends 
to trapped into it. The pseudocode of the SAMPSO 
algorithm is given as follows. 

 
Pseudocode of Self Adaptive Mutated Particle Swarm 
Optimization Algorithm 

Inputs: Swarm Size-N, No of Iterations-I, Dimension of 
Each Particle-D, Velocity for Each Particle -V, Position for 
Each Particle -P, Inertia Weight -w, Acceleration Co-
efficients -C1, C2, Random Variables -R1, R2, Personal best 

archive of Each Particle- PB, Global best archive of Entire 
Swarm -GB 

Initialize the Input Variables 
Place the initial set of particles randomly in the solution 

space 
Loop 
Calculate the objective values for each particle i in the 

swarm 
Call the Pareto_Finder (); 
Find the local best for each particle i in the swarm 
Update the PB for each particle in the swarm 
Call the Pareto_Finder (); 
Find the global best among the local best ones 
Update the GB of the entire swarm 
Check if GB has not changed, then 
Increase w; 
End if 
Calculate the inertia weight w using (15) 
Update the position and velocity for each particle i 
Mutate all particles in the swarm randomly 
Loop until the stopping criteria is reached 
Output Solutions 
Output: Global best archive of Entire Swarm GB 
 
Pseudocode for Pareto_Finder () 
Inputs: S = {Set of Solutions} 
For Each Solution i in the S 
Q= {All Other Solutions in the S except Solution i} 
SSi={empty }; 
For Each Solution j in the Q 
Check if Solution i dominates Solution j then, 
Add Solution j to the Subset SSi 
Add all Solutions from SSj to the Subset SSi 
Remove Solutions from Qi that are in SSi 
End if 
End For 
End For 
Construct Each Subset SSias a Solution tree with the 

Solution i as root and all the items in SSias children of it. 
Begin Loop 
For Each tree i 
For Each other tree j 
Check if root of tree j is presented as a child in tree i 

then, 
Combine the tree j under tree i as a subtree 
Check if leaves of tree j is present as a child in tree i then, 
Remove them from tree i 
End if 
End if 
End For 
End For 
Loop until there is no more trees can be combined 
Output Root Solutions of all the trees 
Output: First Pareto Front 
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IV. EXPERIMENTAL STUDY 

Both the SAMPSO algorithm and the existing algorithm 
NSGA-II were simulated and the results are presented in this 
section. For the experimental study, a smart home with two 
different cases are taken for scheduling. In the first case, a 
smart home equipped with a renewable energy resource is 
considered and the smart home without using renewable 
energy resource is examined in the second case. 

 In order to evaluate the scalability for the proposed 
algorithm, the smart home with three different set of 
appliances namely, Load1, Load2 and Load3 are taken for 
experiments.  The electricity price data, the appliance details 
and the renewable energy information are taken from [7].  

For each of the three objectives namely, electricity cost, 
PAR value and number of preemptions, the fitness evolution 
graphs for the smart home with Load1, Load2 and Load3 are 
generated and presented in Figures [3, 5 and 7].  In each of 
these figures, the performance of SAMPSO and NSGA-II 
algorithms were compared for the two cases i) smart home 
with renewable (SAMPSO WR and NSGA-II WR) and ii) 
smart home without renewable resource (SAMPSO and 
NSGA-II). 
 
 

Fig. 2. Evolution Graphs for Cost Minimization 
 

 
Fig. 3. Analysis of Cost Minimization 
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A. Cost Minimization  

The fitness evolution graphs with respect to the cost 
minimization objective for scheduling the smart home for 
Load 1, Load 2 and Load 3 are shown in the Fig. 2 with 
subsections (a), (b) and (c) respectively. Fig. 3 shows the 
final cost value reached by the algorithms SAMPSO and 
NSGA-II for the two cases of smart home, with the three 
different loads. From Fig. 3, it is observed that SAMPSO 
algorithm provides better cost minimization for the 
consumer. Further, it is also understood that smart home 
equipped with renewable energy resource offers more cost 
benefit for the consumer than the smart home without 
renewable energy resource. 

B. Peak-to-Average Ratio Reduction 

According to the objective of PAR value reduction, the 
fitness evolution graphs for the smart home with the three 
different loads are given in the Fig. 4 with subsections (a), 
(b) and (c). Fig. 5 shows the final PAR value reached by the 
algorithms SAMPSO and NSGA-II for the two cases of 
smart home with three different loads. From the Fig. 5, it is 
observed that the SAMPSO algorithm provides the least 
PAR value for the smart home consumer. It can also be 
noted that the use of renewable energy resource further 
helps to reduce the PAR value for the consumer. 
 

Fig. 4. Evolution Graphs for Peak-To-Average Ratio Reduction 
 

Fig. 5. Analysis of Peak-To-Average Ratio Reduction 
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C. Preemptions Reduction  

The fitness evolution graphs for the objective of 
preemptions reduction for the smart home with the three 
different loads are depicted in Fig. 6 with subsections (a), 
(b) and (c). The total number of preemptions reached by the 
algorithms SAMPSO and NSGA-II for the two cases of 
smart home with three different appliances sets is depicted 
in Fig. 7.  

 

 
It is evident from that figure, the SAMPSO algorithm 

provides minimum number of preemptions than the NSGA-
II. Moreover, it is also realized that the SAMPSO algorithm 
provides faster convergence than the PSO and NSGA-II 
algorithms in most of the cases. 
 

Fig. 6. Evolution Graphs for Preemptions Reduction 

Fig. 7. Analysis of Preemptions Reduction 

V. CONCLUSION AND FUTURE WORK 

In this paper, the appliances scheduling problem for 
residential energy management system in smart grid has 
been addressed using SAMPSO algorithm. The proposed 
algorithm has been experimented with two different cases 
namely, i) smart home with renewable energy resource and 
ii) smart home without renewable energy resource. The 
schedules obtained by the SAMPSO algorithm are compared 
with the NSGA-II algorithm, in order to exhibit the 

effectiveness of the proposed algorithm. It is clearly 
observed that SAMPSO algorithm minimizes the electricity 
cost for the consumers with maximizing the user comfort. 
Further, it also reduces the peak load of the electricity 
demand. Furthermore, the proposed algorithm shows better 
diversity among the points in the pareto optimal set.  
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Moreover, the use of renewable energy resource helps the 
consumers to further reduce their electricity cost and the 
PAR value. In order to analyze the usefulness of the 
proposed algorithm, it has been tested for the smart home 
with three different set of loads. From the results, it is 
realized that the proposed algorithm provides better 
scalability in terms of the problem size. This work can be 
further extended for scheduling multiple consumers in smart 
grid, equipped with energy storage devices. 
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