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Abstract— Energy management in smart grid has been a 

growing research topic today. As there is greater limitations on 

the electricity production, making efficient energy consumption is 

given greater importance, rather than increasing it. The best 

promising way to perform this is to alter the residential energy 

consumption of shiftable loads in smart grid. Hence, in this 

paper, intelligent fuzzy reinforcer genetic algorithm is proposed 

for solving the residential energy consumption scheduling 

problem in smart grid. One of the important issues associated 

with traditional genetic algorithm is the essential gene loss during 

the execution of algorithm. This problem is also addressed in this 

work, by integrating the fuzzy logic with genetic algorithm in 

order to perform the vital gene analysis. The fuzzy system is 

designed to evaluate and find the valuable genes among the 

chromosomes. Through this gene analysis process, the important 

gene patterns are found and thereby, they are persevered and 

promoted in the successive offsprings for enhancing the 

population of genetic algorithm. In order to assess the 

effectiveness of proposed algorithm, both the intelligent fuzzy 

reinforcer genetic algorithm and existing traditional genetic 

algorithm were simulated. From the results obtained, it is clearly 

proved that the proposed intelligent fuzzy reinforcer genetic 

algorithm significantly reduces the energy cost for the residential 

consumers in smart grid. Further, the proposed algorithm 

outperforms the traditional genetic algorithm in terms of faster 

convergence of the algorithm.   

Keywords— energy management, genetic algorithm, fuzzy logic, 

smart grid, optimization problem; 

I.  INTRODUCTION  

Population and electricity demand are the twin things that 
are increasing endlessly all over the world. This rapid growth 
of electricity demand has forced the electrical grid to 
undergone various changes in their physical layout as well as 
in their logical structure.  This shift of paradigm has evolved 
the powerful and environment friendly electrical grid structure 

named as „Smart Grid‟. In other terms, smart grid can be 
defined as “Modern power grid infrastructure for enhanced 
efficiency and reliability through automated control, advanced 
metering facilities, modern communication infrastructure and 
energy management techniques” [1]. In contrast to the 
traditional power grid, the smart grid provides various 
functionalities namely dynamic network topology, advanced 
energy metering infrastructure, self healing, advanced control 
and load balancing [3]. The main idea of smart grid is to 
support the dual flow of electricity among the grid users and to 
promote the consumers as prosumers [2]. The electricity 
consumption pattern of each consumer in smart grid differs, 
which reflects their daily routine and their lifestyle. Hence, 
consumers in smart grid are classified into three groups 
namely, residential consumers, commercial consumers and 
industrial consumers,  which is based upon their energy 
consumption pattern. 

The innovation of smart grid provides enormous benefits 
economically as well as environmentally to the society. The 
environmental benefits refer to the reduction of carbon 
footprint and the elimination of fossil fuel dependency [4]. 
These benefits can be obtained through electricity production 
from the distributed energy resources. The consumers in smart 
grid are substantially encouraged to incorporate various 
renewable energy resources, so as to generate electricity on 
their own. Further, they can trade this electricity to the main 
grid and also to the other smart grid users. Furthermore, this 
power trading among nearby users in smart grid can also helps 
to reduce the spinning reverse effect. The economical profit 
refers to the monetary incentives provided to consumers 
through various dynamic electricity tariffs designed by utilities 
[5]. The cost benefits are given for inducing the consumers to 
either reduce or alter their electricity consumption pattern. 
Moreover, this dynamic pricing methodology also motivates 
the consumers to participate in the electricity market. 
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Though smart grid posses numerous benefits to the 
consumers, on the other hand, as the smart grid involves huge 
number of elements as electricity producers, it often lead to 
various stability issues in the operation of smart grid. One 
such important issue is the energy management in smart grid. 
This issue is caused mainly due to two primary factors. The 
first one is the dynamic nature presented in the electricity 
consumption pattern of consumers. Because, the consumers 
are generally not aware about their electricity consumption at 
all the time and consequently, they may unknowingly 
contribute peak load in the overall electricity demand 
submitted to smart grid.  The second factor is the irregular 
production of electricity using renewable energy generation. 
These two factors stated above can often cause instability in 
both the electricity consumption and electricity production [5]. 
As a result, balancing between the electricity demand and 
electricity production in smart grid has become very complex 
and therefore, energy management in smart grid has arisen as 
an important issue. 

The only available solution to this problem is to either cut 
down the electricity demand or to amplify the energy 
production. But, in real world scenario, none of them is easily 
achievable. This is due to the fact that, though distributed 
renewable energy generation is encouraged in smart grid, 
electricity production from them is limited with respect to the 
weather conditions. Moreover, reducing the electricity demand 
of consumers is also an undesirable one. Hence, efficient 
usage of electricity consumption is given greater importance, 
rather than either improving the electricity production or 
reducing the electricity demand. Thus, in order to realize the 
true merits of smart grid, it is very much essential to map the 
electricity demand with the available electricity production. 
For this, an intelligent energy management system is required 
for smart grid to control the electricity usage of consumers, 
where the aim is to make the electricity demand to follow the 
electricity production pattern, without affecting the comfort 
zone of smart grid users. 

Among the three types of consumers in smart grid, this 
work has concentrated on the energy management of 
residential consumer in smart grid. The residential energy 
management problem is formulated as an optimization 
problem and the intelligent fuzzy reinforcer genetic algorithm 
is proposed for solving in this paper.  

The residential appliances scheduling problem in smart 
grid can be mapped to the knapsack problem [7], where the 
objects are the residential appliances, size of objects refers to 
the power consumption of appliances, and the value of objects 
refer to the cost incurred by their power consumption. As 
genetic algorithm is proved to be well-suitable for solving 
knap-sack problems, a hybrid version of genetic algorithm 
namely, intelligent fuzzy reinforcer genetic algorithm is 
proposed for addressing the residential appliances scheduling 
problem in smart grid. Some of the methods that are used in 
the existing research works for solving the residential energy 
management problem are discussed as follows. 

II. RELATED WORKS  

Home energy management algorithm is presented in [8], 
for solving the smart home scheduling problem. The objective 
of that work is to minimize the total household load below a 
particular threshold value. A smart home with four appliances 
namely Water Heater, Space cooling unit, clothes dryer and 
electrical vehicle were analyzed in the work. The load priority 
among the devices is considered while scheduling them. The 
load scheduling among multiple smart homes is carried out 
with two evolutionary algorithms, LSEA algorithm and €- 
LSEA algorithm. The objective of that work [9] is to 
maximize the utility function, and also to lessen the total 
energy consumption cost. A multi objective genetic algorithm 
is proposed for the demand side energy management problem 
where the goal is to cut down the difference between the 
objective and actual energy consumption curve. The work [10] 
mainly emphasized on to overcome the demand valley in the 
electricity demand curve. A novel Traversal-and-Pruning (TP) 
algorithm for scheduling the Electrical Water Heater (EWH) 
in smart home is developed in [11]. The objective of the work 
is to minimize the electricity cost as well as to maintain user 
thermal comfort. The inferior pruning and violation pruning 
operations are proposed in the TP algorithm. The energy 
management of residential building is concentrated in the 
work [12], in order to maintain thermal comfort for the 
inhabitants as well as to reduce the electricity cost. Load 
scheduling combined with energy trading among the smart 
home users is carried in the work [13], where the approximate 
dynamic progamming approach is utilized for modeling the 
energy trading game among the users.  

III. ENERGY KNAPSACK PROBLEM  

The goal of energy knap-sack problem is to reduce the 
electricity cost for the residential consumers in smart grid. 
This can be achieved by encouraging the consumers with 
various dynamic electricity pricing models in order to alter the 
operational time period of the residential appliances. The 
residential appliances are divided into three types as base load 
appliances, non-shiftable appliances and shiftable appliances, 
where the shiftable appliances are further categorized as 
interruptible and non-interruptible appliances. Among these 
different types of appliances, the shiftable appliances are only 
allowed to alter the working period within the allowable 
deadline, as constrained by the user. With the prior knowledge 
of electricity price and the electricity demand of consumers, 
the proposed intelligent fuzzy reinforcer genetic algorithm is 
applied to solve the energy knap-sack problem. Hence, the 
objective of this work is to find the optimal time period for 
scheduling the residential appliances in order to minimize the 
electricity cost while satisfying the constraints. 

IV. METHODOLOGY 

Intelligent fuzzy reinforcer genetic (IFRG) algorithm is 
proposed for solving the residential energy management 
problem. The idea behind the innovation of proposed IFRG 
algorithm is to ensure that important genes must be preserved, 
which would be helpful to promote the vital genes in 
successive generations and thereby to enhance the fitness of 
chromosomes. This is due to the fact that genes are the basic 
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building blocks of chromosomes and some of the genes in 
chromosomes are carrying more useful information for the 
problem, than the other ones. But, while performing the 
crossover and mutation operations in genetic algorithm, there 
may be situations that some of the essential genes may get 
destroyed. Hence, the IFRG algorithm is designed in such a 
way that, it helps to preserve and promote the vital genes in 
the subsequent generation of chromosomes. For this, the 

individual genes in each of the chromosomes are analyzed in 
order to identify their usefulness. The gene analysis within 
each chromosome is carried out with the help of Fuzzy 
Inference System. The execution flow of the proposed IFRG 
algorithm is represented as block diagram in the following 
figure Fig.1 and the respective pseudocode is depicted in 
figures Fig.2 and Fig.3.  

 

Fig. 1. Block Diagram of Intelligent Fuzzy Reinforcer Genetic Algorithm 

The task of each block in the IFRG algorithm is explained 
as follows. 

A. SEED BLOCK 

When the IFRG algorithm gets started, seed block is the 
one that initiated at first. The task of seed block is to generate 
feasible solutions as chromosomes for the proposed algorithm. 
The chromosomes generated by the seed block are copied to 
the parent pool and then the IFRG algorithm starts the 
execution with these parent chromosomes. Binary encoded 
chromosome representation is used in this work.  

B. EVALUATOR BLOCK  

The evaluator block is used to find the fitness of 
chromosomes in parent population. In this block, the total load 
at each time slot is calculated, for each chromosome in the 
parent population. Then, the cost given by the respective load 
is found. This process is carried out for each chromosome in 
the population.  

C. PARENT SELECTOR 

Selection operator is one of the important components of 
genetic algorithm. The aim of the selection operator used to 
select the chromosomes to be filled in the mating pool. It is 
mainly used to control the chromosome that undergoes the 
crossover and mutation operations. There are several 
variations in the selection procedure. Many of the selection 

procedures operate on the raw fitness of the solutions. But, the 
demerit of this type of selection operator is the sensitivity 
towards the chromosomes with highest fitness. Hence, to 
avoid this problem, the scaled fitness based selection 
procedure is utilized in this IFRG algorithm. In the selection 
procedure, the scaled fitness of all chromosomes is mapped to 
a scale, and then equally spaced markers are placed on that 
scale to choose the respective chromosomes. In this manner, 
the chromosomes are chosen and copied to the mating pool.  

D. EVOLUTIONARY OPERATORS 

The evolutionary operators are used to generate new offspring 
chromosomes by combining the chromosomes in the mating 
pool. The key evolutionary operators of genetic algorithm are 
the crossover and mutation. The crossover operator represents 
the exploration process which takes more one chromosome for 
producing a new offspring chromosome. On the other hand, 
the mutation operator does the gene modifications within a 
single chromosome and so it refers to the exploitation process. 
Different types of crossover and mutation operators can be 
used in genetic algorithm, but they are dependent on the 
chromosome representation for the problem to be solved. 

E. INTELLIGENT FUZZY INFERENCE SYSTEM 

This block incorporates the fuzzy logic for discovering the 
different important gene patterns in the offspring population. 
The fuzzy logic contains the rule base which is used to 

International Journal of Pure and Applied Mathematics Special Issue

351



 

evaluate the usefulness of essential genes in various 
chromosomes. 

F. REINFORCER 

The task of this block is to find the useful genes in the 
offspring chromosomes and injecting them into the successive 
offspring population. Further, this block also updates and 
preserves the most useful genes in the successive population 
of chromosomes. 

G. TERMINATOR 

This block is used to check whether the algorithm has reached 
the maximum number of generations, and if so, execution of 
the algorithm gets terminated with the best schedule found. 
Otherwise, it continues with the execution loop.  

 

 

Fig. 2. Pseudocode of of Intelligent Fuzzy Reinforcer Genetic Algorithm 
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Fig. 3. Pseudocode of of Intelligent Fuzzy Reinforcer Genetic Algorithm

V. EXPERIMENTAL STUDY 

 In order to test the usefulness of the proposed iintelligent 
fuzzy reinforcer genetic  algorithm (IFRGA), it is applied for 
solving the electricity consumption scheduling problem. The 
residential electricity demand of a smart home with four 
different set of appliances was taken for the experimental 
analysis. The electricity consumption information about the 
residential appliances and electricity price information were 
taken from the literature [9, 14 and 15]. In order to exhibit the 
efficacy of the proposed algorithm, both the IFRGA and 
Genetic Algorithm (GA) were implemented and the respective 
results were obtained. The fitness evolutions graphs generated  

 

 

by both the IFRGA and GA algorithms are shown in Fig.4. 
From that figure, it can be observed that IFRGA has reduced 
the cost for the smart home with four different loads, that is, 
different set of appliances. Further, the IFRGA has converged 
faster than the GA in all the four cases.  
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Fig. 4. Fitness Evolution Graphs of IFRGA and GA 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Comparative Analysis of IFRGA and GA 
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Fig. 6. Performance Analysis of IFRGA

 The figure Fig.5 depicts the comparison of least cost 
obtained by the IFRGA and GA algorithms for the four 
different set of residential loads. The efficiency of IFRGA 
over GA is measured in terms of percentage of cost minimized 
with respect to the four different electricity load and it is 
shown in Fig.6.  From that figure, it can be evident that 
IFRGA has significantly provides the cost benefits to the 
smart home user.  

VI. CONCLUSION 

 The residential electricity consumption scheduling 
problem in smart grid was mapped to the knap-sack problem 
and it is solved using the intelligent fuzzy reinforcer genetic 
algorithm. The proposed algorithm has been tested for a smart 
home with four different electricity demands. From the results 
obtained in the experimental analysis, it is clearly proved that 
the proposed intelligent fuzzy reinforcer genetic algorithm 
provides remarkable cost benefits for the residential 
consumers of smart grid. Further, the proposed algorithm 
overcomes the problem of gene loss, by incorporating fuzzy 
logic for intelligently preserving useful gene information and 
thereby it accelerates the convergence speed of the proposed 
algorithm. Moreover, this research work can be easily 
extended to analyze the electricity demand scheduling for the 
commercial and industrial consumers with additional 
constraints, in future. 
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