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Abstract: 

A next-generation electrical power system known as the "Smart Grid" (SG) uses two-way 

communication to generate, use, and transport electrical energy. Demand Response (DR) is one 

of the SG's primary features (DR). Smart meters in DR transmit a pricing signal to the consumer, 

allowing them to adjust their demand in reaction to the corresponding price signals. Day-Ahead 

and Time-of-Use are the most widely used load scheduling schemes, however, they deviate from 

the Real Time Pricing scheme (RTP). Due to its erratic nature, integrating renewable energy 

sources like solar and wind is a difficult process in SG. Because of the fluctuations in both energy 

consumption patterns and power rates, the majority of current methods for managing demand 

are predicated either on day-ahead or time-of-use pricing rather than real-time pricing. This 

study describes a load scheduling system that uses a Genetic Algorithm (GA) to classify various 

users according to their energy use in a real-time pricing environment. Our load scheduling 

problem is formulated utilizing the knapsack mathematical formulation technique to reduce the 

electricity expenditure. In order to keep the grid stable and reduce costs, renewable energy is 

integrated with the grid's energy to lower the Peak-to-Average Ratio (PAR). The efficiency of 

the suggested algorithm in terms of electricity cost and PAR reduction is supported by simulation 

results. 

Keywords: Demand Response, Energy Management, Genetic Algorithm, Energy Optimization

1. Introduction  

      Traditional Grid (TG) contains the 
network of efficient power transmission and 
distribution. In TG, when energy consumption 
demand is increased, it disturbs the grid 
stability by causing cascaded outage and load 
shedding. It motivates the research 
community to rethink about generating more 
energy in order to fulfill this energy demand. 
However, increasing power generation is not 
the ideal solution. With increase in generation, 
line losses raise thus disrupting grid economy 
in many ways. Therefore, an ideal solution has 
been proposed by scientists that effectively 
uses available energy. By adding two-way 
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communication, information and control 
technologies, the transition from TG to Smart 
Grid (SG) is achieved. This transformation 
requires minimum modification in the 
infrastructure in the TG. 

      Demand Side Management (DSM) is the 

most important feature of SG [1]. In DSM the 

grid energy is utilized in such a way that it 

efficiently fulfills the consumer demand as 

well as improves grid stability by reducing 

PAR, which substantially enhances the grid 

economy. The primary component of DSM in 

SG is Demand Response (DR). Demand 

Response (DR) is the main feature of DSM in 

SG. It enables the user to alter its load 
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consumption pattern in accordance to the 

electricity pricing signal. Because of the 

fluctuating nature of electricity price market, 

dynamic pricing schemes are the most 

significant feature of SG. The end users are 

then informed of these pricing plans through 

the   integration of various communication 

technologies, allowing them to adjust their 

energy use in advance. Different dynamic 

pricing schemes for energy management are 

used in SG such as Day-ahead pricing, Time 

of Use, Real Time Pricing (RTP) and Critical 

peak pricing. However, except RTP, other 

pricing schemes only tell us about the 

estimated behavior of price signal [2]. Thus, 

the scheduling on the basis of this is not as 

efficient as the estimated price signal 

sometimes deviate from the original signal.  

In this work we have used RTP signal for 

appliance scheduling. Now a days, integration 

of renewable energy sources with grid energy 

is frequently used in order to minimize the 

electricity bill. This integration shares the load 

burden of grid hence improving grid stability 

and reliability. The most effective method for 

addressing the issue of energy deficit is 

distributed generation. Although it is an 

effective solution to address all of these 

problems, it is exceedingly challenging to 

implement due to the intermittent nature of 

renewable energy sources.  

In this paper, we present an efficient DSM 

technique dependent upon Genetic Algorithm 

(GA). Various types of loads with different 

operating constraints are considered in this 

work. Formulation of their constraints and 

global optimization problem is done by using 

0-1 Knapsack mathematical technique. Hence, 

this optimization problem is tackled by using 

GA. Additionally, in-depth simulations are run 

to show the suggested algorithm's usefulness 

and efficiency. 

2. Related Work 

      Recently, many Demand Side 

Management strategies have been presented. 

These DSM strategies are based on both 

heuristic and mathematical optimization 

methods. The basic purpose of all is to 

minimize the monetary expense of consumer 

and PAR to improve grid stability and 

economy. 

      In [3], different types of loads such as 

residential, commercial and industrial; loads 

are managed by using an evolutionary 

algorithm. An objective function is 

formulated whose aim is to bring the load 

curve near to the formulated objective curve. 

This curve is basically the reciprocal of the 

given price signal. The results show that the 

proposed algorithm efficiently handles the 

heuristics of the loads, which are challenging 

for any mathematical optimization technique 

to handle due to their complexity. This 

proposed algorithm also efficiently reduces 

the PAR and electricity bill. 

      In [4], an approach to predict weak points 

and failure modes in power grids by 

minimizing load shedding is introduced. The 

algorithm identifies high probability load 

configurations, known as instantons, on 

critical nodes and links. The method optimizes 

generator capacity and improves grid 

reliability. This approach has potential for 

enhancing power grid stability and addressing 

statistical challenges in the field. 

      An Integer Linear Programming (ILP) 

based load scheduling scheme is proposed in 

[5]. In this work the load is shifted from on to 

off- peak to minimize the electricity bill and 

PAR. Results show that the scheme performs 

well in a given scenario 

      [6] Explores the application of wireless 

sensor networks (WSNs) in electric power 

systems, focusing on their integration into 

smart grid technology. The study includes 

extensive experimental investigations 

conducted in real-world power delivery and 

distribution systems, providing valuable 

insights and informing design decisions for 

WSN-based smart grid applications. 
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      [7] Demonstrates the practical application 

of a novel energy planning methodology, 

INVERT, developed under the European 

Programme ALTENER in simulating various 

RES technologies and assessing their impact 

on transfer costs and CO2 emissions. The 

results highlight the potential for more 

efficient promotion of RES technologies in the 

electricity sector, providing valuable insights 

for future energy planning strategies. 

      In [8], a model for simulating electricity 

auctions with demand-side bidding (DSB) in 

the competitive power pool (CPP) framework 

has been introduced. DSB allows customers to 

actively participate in price determination by 

submitting bids for load reductions during 

specific periods. The study employs a specially 

developed Lagrangian relaxation scheme to 

simulate electricity auctions with DSB and 

effectively exploit the problem's structure. 

Numerical results from a 24-hour simulation 

on a small system contribute to a deeper 

understanding of the benefits and outcomes 

associated with incorporating DSB into 

electricity auction mechanisms, offering 

valuable insights for policymakers, market 

participants, and researchers to enhance the 

efficiency and effectiveness of electricity 

markets. 

      In [9], A system architecture i s  

p roposed  to integrate renewable energy in 

the system. A brief introduction of    DSM 

components is discussed in this paper. DSM 

problem is formulated and an algorithm is then 

proposed to solve this problem. Results show 

that proposed algorithm efficiently manages 

the load in the presence of renewable energy 

source. In [10], a mathematical Linear 

Programming (LP) based optimization 

problem for home energy management is 

proposed. Optimization-based Residential 

Energy Management (OREM) algorithm is 

proposed in this paper to solve the 

mathematical formulation. The purpose of this 

is to minimize the cost and   PAR. This is a 

novel approach in a way that it considers the 

user comfort. Results show that it performs 

good. Another   mathematical Monotonic 

optimization technique is proposed in [11]. A 

centralized renewable energy source is 

modeled and utilized in this work. Results 

show that the integration of renewable energy 

source significantly reduces the cost and PAR. 

A Mixed Integer Linear Programming (MILP) 

[9], based optimization problem formulation 

and solving technique is               proposed. The 

purpose of this is to control the various types  

of appliances with different operational 

constraints to reduce the electricity bill. 

Results show that the technique performs 

well. 

      Another strategy to prevent distribution 

system overloading is proposed in [12]. In this 

work, load is prioritized according to the user 

demand which means if the aggregated load on 

distribution transformer exceeds, the central 

controller takes actions and shuts down the 

load with lowest priority. For a test case, large 

penetration of electric appliances are 

considered in this work. In case of their 

charging time when load exceeds, the 

overloading is avoided by proper load 

scheduling. However, it is autonomous 

approach to save secondary distribution 

system but instead of load scheduling, load 

shedding mechanism is adopted in this work. 

      In [13] Optimal Stopping Rule (OSR), 

mathematical optimization technique is used to 

formulate the price threshold for each type of 

load. The controller takes decision by 

comparing price value with this calculated 

threshold. In this work, the appliance waiting 

time is also modeled. This scheme reduces the 

electricity cost as well as appliance waiting 

time. It schedules the appliance according to its 

priority, higher the priority, lesser the waiting 

time. 

      Methods that have been mentioned above 

are originated by using ILP, LP, MILP and 

OSR but are complex in handling a large 
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number of appliances and their parameters. 

Further- more, mathematical optimization 

techniques perform better in modelling, but for 

implementation point of view they are very 

complex [14]. Therefore, evolutionary 

algorithm such as GA performs well in this 

situation as it tackles all the heuristics of the 

problem in a better way. 

      The remaining part of this paper is 

organized in a way that model of system and 

formulation of problem is provided in Section 

III, Section IV presents Proposed DSM 

algorithm, Section V gives us Results and 

Discussions, lastly section VI summarizes the 

paper. 

3. SYSTEM MODEL AND PROBLEM 

FORMULATION 

      We assume an autonomous home with 

three different kinds of loads i.e., Base Loads 

(BL), Discrete type Loads (DL), Continuous 

type Loads (CL) and Residential Energy 

Source (RES). The power consumption of each 

type of load depends upon different operation 

constraints and their duty cycle [19]. The 

devices known as BL (TVs, Computers, 

Lights, Bulbs, etc.) operate anytime a user 

sends the controller an ON request even 

though they cannot directly participate in the 

DR programme. The ones that turn ON when 

the price is cheap or RES is available are CL 

(AC, water pump, etc.). Once these type of 

loads turn ON, they must complete their duty 

cycle. Whereas, DL (Microwave, Dishwasher, 

Washing Machine, etc.) are adaptable in nature 

with an interruptible duty cycle [15]. 

A. Energy Consumption Model 

      Every appliance type has a unique pattern 

of energy usage. Each appliance first share its 

appliance type with EMC, on the basis of this 

information EMC schedule these appliance 

accordingly thus calculates the overall 

electricity bill. Consumption profile for energy 

of user is calculated as follows. 

𝝔𝑻 = ∑ ∑ ∑ 𝜹𝒊𝒋
𝒎
𝒋=𝟏

𝒏
𝒊=𝟏

𝟐𝟒
𝒕=𝟏 (𝒕) × 𝝔𝒊𝒋(𝒕)  ( 1)  

t Time slots. 

i Number of appliances. 

j Type of appliance. 

ϱij       Consumption of energy of appliance i of 

type j. 

 δij ON/OFF State of appliance i of type j 

B. RES Model 

      We assumed that the user is equipped with 

RES. The user partially generates its own 

energy which results in PAR and cost 

reduction. Instead of wind turbines, 

photovoltaic panels (PV) are preferred for 

offshore areas. Therefore, in this work we 

make the assumption that the home is equipped 

with PV panels and generates the partial user 

energy demand. Solar radiation, which is 

intermittent by nature and varies month to 

month, is often the basis for PV generation. 

Solar radiations, panel direction, area, and 

efficiency all play a role in solar power of 

panels. The hourly generation solar energy is 

calculated by using following expression [12]. 

𝜺(𝒕) = 10 ×
𝟏

√𝟐𝝅𝝈 
𝒆𝒙𝒑 ( 

−
(𝒕−𝝁)𝟐

𝟐𝝈𝟐  )                (2)     

where, σ2 is variance and µ is the mean of 

distribution. It is considered that ε(t) = 0 at 

night and ε(t) > 0 at day time. 

C. Energy Consumption Cost Model 

      We assume that the price signal is real 

time in nature. The electricity bill of the user 

is calculated by simply multiplying the hourly 

price signal ζ with the energy consumption of 

user at that time slot. So, the energy 

consumption cost is calculated as follows. 

𝛀𝑻 = ∑ ∑ ∑ 𝜹𝒊𝒋
𝒎
𝒋=𝟏

𝒏
𝒊=𝟏

𝟐𝟒
𝒕=𝟏 (𝒕) × 𝝔𝒊𝒋(𝒕) ×

          𝜻(𝒕)                                                          (3)   

D. PAR Calculation 

Reduction in PAR is beneficial for both 

user and power providing companies. If PAR 

is reduced, the peak power plant at grid level is 

reduced and for user it’s beneficial in terms of 



 
Ammaiza Rashid , Optimizing Efficiency of  Home Energy Management System in Smart Grid using Genetic Algorithm 

((pp. 11 - 19)  

SJET | P-ISSN: 2616-7069 |E-ISSN: 2617-3115 | Vol. 7 No. 1 January – June 2024 

15 

price signal which depends on aggregate 

energy usage of the consumers. PAR is 

calculated by simply dividing the peak load 

with average load, which is as follows. 

𝜟 =
𝒎𝒂𝒙𝜹(𝒕)

𝟏
𝟐𝟒

∑ 𝜹(𝒕)𝟐𝟒
𝒕=𝟎  

                              (4)       

E. Objective Function 

In this subsection, the load scheduling 

problem is formulated by using 0-1 Knapsack 

mathematical formulation technique. This 

mathematical formulation technique allows us 

to limit the user energy consumption demand 

in order to minimize the PAR. The energy 

consumption cost minimization problem is 

formulated as follows. 

Minimize 

∑ ∑ ∑ 𝜹𝒊𝒋

𝒎

𝒋=𝟏

𝒏

𝒊=𝟏

𝟐𝟒

𝒕=𝟏

(𝒕) × 𝝔𝒊𝒋(𝒕) ≤ 𝝀(𝒕)       (5)  

Subject to 

 

∑ ∑ ∑ 𝜹𝒊𝒋
𝒎
𝒋=𝟏

𝒏
𝒊=𝟏

𝟐𝟒
𝒕=𝟏 (𝒕) × 𝝔𝒊𝒋(𝒕) ≤ 𝝀(𝒕)   (5a)  

 ∑ ∑ ∑ 𝜹𝒊𝒋
𝒎
𝒋=𝟏

𝒏
𝒊=𝟏

𝟐𝟒
𝒕=𝟏 (𝒕) = LOT𝒊𝒋                (5b) 

𝜸𝒊 ≤ 24-LOT𝒊                             ∀𝑫𝑳           (5c) 

𝒕𝒔  
𝒊 ≤ 𝜸𝒊 ≤ 𝒕𝒔  

𝒊 +LOT𝒊                 ∀𝑪𝑳           ( 5d)  

𝜸𝒊 = 𝒕𝒔  
𝒊                                          ∀𝑩𝑳            (5e)  

𝜟Scheduled < 𝜟Unscheduled                             (5f)  

𝝔𝑻
Scheduled

< 𝝔𝑻
Unscheduled

                            (5g)  

𝜹 ∈ {𝟎, 𝟏}                                                             (5h)             

LOT𝑖𝑗 is the number of ON request of 

appliance 𝑖 of type 𝑗, i-e duty cycle and 𝜆(𝑡) 

is maximum power limit at time slot 𝑡. 
4. ALGORITHM  PROPOSEDFOR DSM 

We consider RES-equipped building. The 

efficiency of the suggested algorithm is 

illustrated using three different classes of 

controllable loads. This building has 

numerous appliances having various 

parameters including distinct LOTs, energy 

usage and interruption priorities based on load 

types. The DSM controller connects with 

different types of appliances and generation 

unit thereby sharing the base load demand 

with the generation unit to accommodate it. 

Also, each load share has a specific kind of 

load, i.e., either it is base, discrete or 

continuous load. The DSM controller then 

schedules various types of loads in order to 

reduce the electricity bill, peak load, and user 

annoyance. All of these heuristics can be 

accommodated by GA. GA has superior 

computational capabilities and convergence 

rate as compared to other mathematical 

methods [3]. 

      In GA, we are majorly interested in 

population’s chromosomes, because they 

provide the solution to our problem. In this 

case, chromosomes are the array of bits of 

length equal to the number of appliances, 

which shows the ON/OFF state of the 

appliance. Thus, we are dealing with N 

number of controllable appliances which is 

length of the chromosome N. The major steps 

of GA are discussed below  

      Initial Population: The first stage of GA 

algorithm is to randomly initialize the 

population; this population will have one 

candidate solution called chromosome. The 

dimensions of initial population are varied 

according to user preference; which means 

greater the population, more precise the 

solution. But as the population grows, the 

algorithm becomes more complex. The initial 

population is M×N, where M represent 

population size and N represent number of 

appliances. 

      Fitness Evaluation: In this step, 

evaluation for fitness is done for each 

chromosome. For demonstration, we consider 

that the  chromosome is [0 1 0 1 0 0] which 

represents that the appliances 1, 3, 5 and 6 are 

turned OFF and appliances 2 and 4 are turned 
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ON by the algorithm according to objective 

function. In this work, the respective states of 

appliances are first multiplied    with their 

corresponding energy usage, and then the 

cumulative power consumed in a single time 

slot is thus used to determine the electricity 

bill. However, the best chromosomal design 

chosen for further examination is the one with 

the lowest electrical cost .Fitness function is 

evaluated as follows. 

Fitness= ∑ ∑ ∑ 𝜹𝒊𝒋
𝒎
𝒋=𝟏

𝒏
𝒊=𝟏

𝟐𝟒
𝒕=𝟏 (𝒕) ×

                          𝝔𝒊𝒋(𝒕) × 𝜻(𝒕)                       ( 6)                     

      Selection: Random population for fitness 

evaluation is selected only once in the whole 

algorithm. Further new population is obtained 

by cross over and mutation. For this new 

population, any two chromosomes are 

randomly chosen from the previous 

population to produce a new offspring using 

cross over and mutation of the parent 

chromosomes. 

      There are many methods for this selection. 

However, in this work we select method based 

upon tournament concept [17] [18]. 

      Cross over and Mutation: There are 

many ways with which Crossing over and 

mutation can be done. In this study, we have 

used binary mutation and single point cross 

over due to the fact that our scheduling 

problem is discrete in nature. Convergence 

refers to the point at which an algorithm 

discovers its ideal answer and it depends upon 

the two steps of the algorithm (cross over and 

mutation). If cross over rate is increased the 

convergence is fast, but it takes longer if 

mutation rate is increased since the optimal 

solution may get lost and hence results in slow 

convergence. 

      Elitism: It is not mandatory to find the 

solution just after convergence and mutation 

following fitness evaluation. It's feasible that 

we find our ideal solution in the first phase 

because of the population's random 

generation. Due to the generation of 

population randomly, a possibility arises that 

we get our desired solution in the initial step. 

However, the chances exist that after cross 

over and mutation of such a chromosome we 

may lose optimal solution. Elitism, therefore; 

enables us to maintain this solution for the 

following population, ensuring that it 

compares with the new population and 

endures until the end. The proposed DSM 

Flow chart is shown in Figure 1. 

 

Fig. 1. Flow Chart 

5. RESULTS OF SIMULATION AND 

DISCUSSIONS 

      This section discusses the results of 

simulation as shown in Table 1. MATLAB (R 

2017a) has been used for simulation purposes.  

We assume an autonomous home with 

various loads. The different load parameters 

are discussed in Table 2. 
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Table I.  Parameters of GA 

Parameters 
Value 

N 6 

Max. Generations 500 

Population size 200 

Pc (Cross-over Rate) 0.7 

Pm (Mutation Rate) 0.3 

Table II. Load Parameters 

Load Type Loads 
 

LOT (t) 

Energy 
consumpti

on 
(kWh) 

Base Load 

load 1 20 1 

load 2 24 1.5 

Discrete 

Load 

load 3 5 2 

load 4 7 2.5 

Continuous 

load 

load 5 8 3 

load 6 8 3.5 

      The price signal is assumed to be an 

RTP signal and is taken from [3], shown in 

F i gure 2. It is clear from Figure 2, that the 

price          is varying in 1 hour time slot. Figure 

3 illustrates the RES hourly generation with 

and without efficiency. It is clear from Figure 

3 that generation depends on the irradiations 

and the temperature, as it is maximum at day 

time and approaching at night time. Generally, 

the solar power generation efficiency is 

considered as 18 to 22% [16]. Hence ,  in this 

work, we have considered 22% solar 

generation efficiency. Solar generation is 

obtained by    using equation  (2) .  

                 

 

Fig. 2. RTP Signal 

      The energy consumption profile of user is 

shown in Figure 4. It is illustrated from the 

figure that DSM controller performs well and 

schedules the load efficiently. The DSM 

controller modifies the energy consumption 

profile of the user in response respectively 

 

Fig. 3. RES Generation    

to RTP signal to reduce its monetary 

expenses. Also, it is  clear from the Figure 4 

that controller also manages the load in a 

manner that the load peaks get reduced. With 

the integration of renewable energy source, 

the controller shares    the grid energy with the 

renewable energy. This mechanism further 
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reduces the electricity bills and PAR. This 

mechanism motivates the consumers to install 

RES in their homes which further improves 

grid stability and hence the electricity price 

market stability. 

 

 

Fig. 4. Energy Consumption Profile of User 

      The daily electricity consumption cost 

profile is displayed in Figure 5. This Figure 5 

clearly shows that after scheduling the bill is 

reduced. However, it is achieved by only 

transferring the load in off-peak hours instead 

of traditional load shedding. The total energy 

consumption in case of scheduled and 

unscheduled load remains same. The 

monetary saving is efficiently achieved only 

by modifying the energy consumption 

profile. 

      Results verify that the electricity bill is 

significantly reduced in case of simple 

scheduling and scheduling with RES. 

 

Fig. 5. Energy Consumption Cost Profile of 

User 

      Total electricity bill calculation of user is 
shown in Figure 6. Results are compared with 
unscheduled, scheduled and scheduled with 
RES. Result shows that the proposed algorithm 
performs efficiently in all conditions. The 
electricity bill is reduced from $1832 to $1662 
$ in case of scheduling without RES, which is 
about approximately 9.27 % reduction in 
electricity bill. On the other hand, in case of 
scheduling with RES, the electricity bill is 
reduced from $ 1832 to $ 1255, which is 
about 31.49 % reduction in electricity bill 
as compared to unscheduled load and 24.48 
% reduction as compared to scheduled load 
without RES. These results depict that the 
integration of renewable energy source has a 
large impact on DSM program, and is 
beneficial for both user and utility. 

 

Fig. 6. Daily Total Electricity Bill of User 
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      Moreover, results in Figure 7 show the 

reduction in PAR.  Figure 7 clearly shows that 

the PAR is approximately 22 % reduced after 

scheduling. And with the integration of RES, 

the PAR is further reduced to approximately 

33 %, which is 1 0 % more reduction than the 

scheduled load without RES. This reduction 

creates a significant impact on grid stability 

and reliability. The reduction in PAR results in 

cost saving of peak power plants for the power 

providers. The electricity price regulatory 

authority also regulates the electricity pricing 

based on consumption of energy of the 

consumers. If PAR gets reduced the price 

value is also reduced for the upcoming time 

slots. 

 

Fig. 7. PAR Calculation 

6.  CONCLUSION 

      In this work, a DSM algorithm is 

presented for home energy management. The 

purpose is to take PAR and cost reduction into 

consideration. For the sake of simulation 

purpose, we consider three kinds of appliances 

having distinct energy and operating limits, as 

well as the incorporation of a renewable 

energy source. First of all, the availability of 

RES is checked by algorithm for its optimal 

utilization. If RES is unable to fulfill the 

complete demand of load, then the controller 

schedules this appliance based upon RTP 

signal. Outcomes demonstrate that the 

algorithm presented performs efficiently by 

reducing the cost and PAR. The proposed 

strategy saves financial cost by 31% with RES 

utilization and 9% without RES use. Moreover, 

the PAR is reduced to 22% without 

utilization of RES and 33% with utilization of 

RES respectively. 
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