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 

Abstract: Rapid growth of information and communication 

technology benefits both the consumers and utilities for efficient 

utilization of the available power. A smarter grid has the potential 

to make our electricity system more efficient and cleaner. 

Imbalance in supply and demand can also be effectively taken 

care with the inclusion of demand response programs such as 

load based and price based without addition of generation which 

in turn is a long-term process. If the utilities fail to predict or 

balance the system during the power deficit it may lead to black 

outs and disturbs the operation of power grid. At present, in order 

to obtain the system stability in a short span of periods and to 

address the variable demand conditions of the consumers the 

utilities are mainly concentrating on the meta-heuristic 

algorithms which provides the solutions very quickly and brings 

the grid into stable condition. The performance of three well 

recognized population based meta-heuristic algorithms such as 

GA, ACO and PSO, to solve load management at the consumer 

level in the smart grid environment were examined in terms of 

their efficiency, effectiveness and consistency in obtaining the 

optimal solution.  

 

Index Terms: Load Management, Load Shedding, Smart Grid.  

I. INTRODUCTION 

  Demand response began as an economical approach for 

utilities to manage things wherever the generation or 

transmission capacity was not sufficient to service customer 

loads during peak usage periods (Tariq 2012). Recent 

advances in information and communication technologies 

made the two way communication between energy provider 

and end user lead to greater Demand Response capabilities as 

discussed by Zahir (1998). 

Zhong Fan (2011) proposed load management as sets of 

objectives which are used  to control and change the demand 

patterns of various consumers connected to the  power utility. 

It is one of the ways for implementing Demand Response. The 

control and modification of demand patterns will enable the 

utilities to satisfy the consumer demands at all times in an 

economic manner. Consumer load management when 

implemented efficiently can provide benefits which could 

have resulted from capacity addition. Load management can 

be achieved in a number of ways like direct intervention of the 

utility in real time or by introducing special tariffs to influence 

the consumer behavior. The main benefit of load management 

is that it can reduce the need for new capacity and can also 

defer any planned capacity addition aimed to meet the 

increased demands of the consumers. They also help the 

utilities to reshape the load curve and reduce the peak demand 

on the system. By altering the energy use patterns we can 
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change the demands on the system and also the loading of the 

distribution system equipment’s as proposed by Farookh et al 

(2013). 

Load shedding (Direct Load Control) is a strategy adopted by 

electric utilities whenever they are faced with an disparity 

between supply and demand. The situation of generation 

deficiency can result in the decline of power system 

frequency. Similarly faults or disturbances can result in 

voltage instability problems within the power system which 

requires sudden reduction in load. Load shedding becomes 

important in this context in order to preserve power system 

stability as discussed by Amraee (2006).  

 In the existing grid system, load shedding takes place at the 

feeder level with the help of “Round Robin” technique. In this 

method, feeders whose consumption equals the amount of 

load to be shed are disconnected in a cyclic manner in blocks 

of an hour or less. It is difficult to shed the exact amount of 

load to meet the load shedding requirement with this method. 

A feeder may contain loads belonging to different categories 

such as industrial, residential, commercial etc. Each of them 

has a different priority time of usage of power. Since load 

shedding takes place at the feeder level effective distribution 

of power to the consumers does not takes place.  

When load shedding takes place both the consumers and the 

utilities suffer from revenue loss. It would be beneficial if 

power can be supplied to a consumer when he needs it the 

most as quoted by Peqas (1999). 

This paper mainly concentrates on the application of meta 

heuristic optimization techniques such as Genetic Algorithm 

(GA), Ant colony optimization (ACO) and Particle Swarm 

Optimization (PSO) for load management techniques such as 

Direct Load Control and curtailable load which is one of the 

demand response program adopted by the utilities at the time 

of power deficiency or during the peak demand periods. The 

paper has also introduced the concept of relating load 

shedding to the grade point of a consumer, at the time of 

shedding. Loads with least grade points are shed, instead of 

randomly shedding them. The details are discussed in the 

following sections.  

II. PRIORITIZATION OF LOADS 

The different consumers connected to the smart grid are given 

priority at each time during load management. Grading of 

loads is a strategy by which we assign priorities to loads 

belonging to different categories and also those falling under 

the same category. The idea behind grading is to allocate 

some values or grade points to loads which indicates the 

importance of that load in a specified  time of the day. With 

the adoption of such a scheme selective control of loads is 

possible at the feeder level. Here we consider a sample feeder 

system of 100 loads 

belonging to various 

categories. Loads are graded 

by considering certain 
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factors and assigning weightages to those parameters.  

The factors considered for grading and the weightages 

allotted to each of them are shown Table 2.1 below: 

 
Table 2.1: Factors considered for grading the loads 

 

 
Any other parameters can be included for grading depending 

on the requirements of the distribution company. A consumer 

should be assigned high grade value during his priority time. 

For example, consumers belonging to residential category 

should be assigned with high grade points between 6:00 AM – 

9:00 AM in the morning and during late evenings as 

residential consumer uses the power mostly during this time. 

 Grade points assigned to a load lies in the range of 0-100 

and changes at each and every hour of the day depending on 

its priority time of usage. High values should be assigned to 

critical loads like hospitals, data centers to signify their 

importance. Therefore we create a priority table describing 

the grade points for 100 loads on an hourly basis for a day. 

This will be taken as an input while running the algorithm. At 

no point of time is any consumer completely cut off without 

power. The issue in the approach proposed is to supply each 

consumer with partial power, to meet atleast the important 

loads of the consumer. The amount of load to be shed is 

decided by the grade point of that particular consumer. the 

different ranges of grade values and  load shedding limits for  

execution of partial load shedding  is as shown in Table 2.2. 
Table 2.2: Load Shedding Limits 

Range  Limits 

0-20 70-80% 

21-40 60-70% 

41-60 40-60% 

61-80 20-40% 

>80 10-20% 

III. META-HEURISTICS TECHNIQUES 

Meta-heuristics are problem-independent techniques that can 

provide solution for a broad range of problems. The main 

objective function of the algorithms used is to shed partial 

load to each consumer, based on their grade, so as to reduce 

the error between the amount of load that needs to be shed and 

the actual amount of load being shed. The three Meta heuristic 

algorithms GA, ACO and PSO techniques are used for 

achieving the objective function.   

A.  Meta-heuristics Optimization techniques: 

 Genetic algorithm is the most commonly used optimization 

techniques for solving both constrained and unconstrained 

optimization problems. It searches for the global optimum 

value of the objective function through a search space called 

‘population’. ‘population’ constitutes a number of possible 

solutions known as individuals and each individual is known 

as a ‘chromosome’. Initially, a set of chromosomes is 

randomly generated as initial population. Individuals are 

ranked based on their fitness and a suitable fitness value is 

assigned. Depending on the position of the individuals the 

fitness value is calculated ignoring their distinct performance. 

Maximum and minimum limits between the fitness values are 

calculated with fixed incremental steps and assigned to the 

ranked individuals. In the next step, each individuals are 

subjected to crossover and mutations and the best solution is 

obtained.  

 In 1992, M. Dorigo et al. proposed a meta-heuristic 

technique known as Ant Colony Optimization which can be 

applied to any optimization problems. This optimization 

algorithm is inspired by the real ants behavior on how they 

forage for food. A finite size colony of artificial ants is created 

and each ant builds its own possible solution to the problem. 

Each ant collects and stores information while building its 

own solution based on the problem characteristics and on its 

own performance on the pheromone trails. In the whole ant 

search process the pheromone trails plays the important role 

of a distributed long term memory. Updation of the 

pheromone trail is done by the algorithm using all solutions 

produced by the ant colony at the end of their tour. 

 Particle Swarm Optimization (PSO) is predicated on the 

collective behavior of a colony of insects. For example, a bee 

in a colony or a fish in a school represents the word particle.  

Random population of particles is generated initially and each 

particle represents the possible solution of the system. 

Position, velocity and fitness are the three indicators 

represented by each particle. At start each particle with 

random velocity travels dynamically by adjusting the velocity 

and position through its oven experience which is termed as 

‘personal best’ and also their neighbor’s termed as ‘global 

best’. Through continuous learning and updating the entire 

group of particles will travel in the search region with higher 

fitness. Until it reaches the maximum iterations or the set 

minimum fitness, this process will be repeated.  

B.   Implementation of the algorithm 

The algorithm for load shedding is developed based on the 

following assumptions: 

 Utility considered each electrical connection as one lumped 

load. 

 Information regarding the power consumption, voltage, 

power factor to the control center is sent through the Smart 

meters installed within the customer premises continuously. 

 Loads installed at the consumer site are controlled by the 

utilities from a remote control center. 

 The Load Dispatch Centers communicate with the 

substations regarding the amount of load that has to be shed in 

case of power deficit to deal with the situation. 

 Substations shed the loads   in blocks of 1 hour duration. 

 We consider a test system of 100 loads which belongs to 

different categories and grade them based on their priority. 

MATLAB R2017a of Mathworks is used to develop the code. 

Time of day is taken as the input and the corresponding grade 

points of the loads are extracted from the database. 

The objective function ‘F’ defined in this algorithm is as 

follows:  
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F = Minimization of PE 

Where, PE is the error in load shedding and is given by,  

PE = (Amount of load to be shed ‘PL’) - (Amount of load 

being shed ‘PS’) 

IV. RESULTS AND DISCUSSIONS 

To test the efficiency of the different algorithms a test system 

of 100 loads is considered. Based on the real time data 

obtained from an Indian Substation the test system is 

generated. The Loads are classified as High Tension (HT) and 

Low Tension (LT) depending on the voltage levels. For 

example, in the test systems LT2a1 and LTa2 represents Low 

Tension loads such as residential loads, educational 

institution, etc., with maximum power consumption 5 kW. 

Similarly, HT1 and HT2 represent High Tension commercial 

and industrial loads.  

 Table 4.1 gives the information of Power Consumption ‘P’ 

assumed for each load at the time of load shedding. Power 

consumption of each lumped load if given in each column. 

Based on the tariff the loads are categorized which is 

proportional to substation data. 

 
Table 4.1: Power Consumption of each load connected to the utility 

 

 
 

A.  Partial load shedding solution using GA, ACO and 

PSO 
  The efficiency of the different proposed algorithm is 

tested for partial load shedding of the test system; power 

consumption of loads is taken from Table 4.1. The priority 

time usage for a residential consumer is usually between 6: 00 

AM - 9: 00 AM in the morning and during late evenings, 

whereas industrial and commercial consumer’s priority time 

usage will be during 9: 00 AM to 5: 00 PM and 6: 00 PM to 

10: 00 PM respectively. For example, at 7:00 AM the priority 

is given to residential consumers and at 11: 00 AM industrial 

consumers will have more priority. The commercial 

consumers will have more priority between 6:00 PM to 10:00 

PM. The grade points assigned for each load depending on the 

priority time usage lies in the range of 0 - 100 and it varies at 

each and every hour of the day.  

 The priority table describing the grading values for each 

load at 7: 00 AM and 11: 00 AM are as shown in Table 4.2 

and 4.3 respectively.   

 

 

 

 

 
Table 4.2: Grade values of the loads at 7:00 AM 

 
 

Partial load shedding solution for ‘Ps’ of  600 kW at 7: 00 AM 

and 11: 00 AM given by the ACO is as shown in Figure 4.1 

and Figure 4.2 respectively. 
 

Table 4.3: Grade values of the loads at 11:00 AM 

 
From the solution obtained we can know that no load is 

completely shed and also minimum amount of load is 

available to all the connected loads depending on the grading 

values at that particular time. During morning the higher 

priority is given to domestic consumers and from the figures 

we can know that this requirement is met and at 11: 00 AM the 

industrial and commercial loads along with the critical loads 

have been given priority which is as shown in figures.  

 
 

Figure 4.1: PS for 600 kW at 7:00 AM using ACO 

 
 

Figure 4.2: PS for 600 kW at 11:00 AM using ACO 
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Similarly, the partial load solutions given by the GA and PSO 

at 7: 00 AM and 11: 00 AM are depicted in Figure 4.3, Figure 

4.4, Figure 4.5 and Figure 4.6 respectively. 

The results shows that the consumers load is being partially 

shed based on the priority time usage and also we can observe 

that the no load is completely shed a partial amount of power 

is supplied to each consumers. 

 

 
 

Figure 4.3:  PS for 600 kW at 7:00 AM using GA 

 
 

Figure 4.4:  PS for 600 kW at 11:00 AM using GA 

 

 
Figure 4.5: PS for 600 kW at 7:00 AM using PSO 

 

 
 

Figure 4.6: PS for 600 kW at 11:00 AM using PSO 

 

Solutions show that the loads are given priority based on the 

grade points and each consumer is given a partial load instead 

of shedding the complete load. For partial load shedding the 

loads which are having the minimum grade values at the time 

of the load shedding is considered. From this, it can be seen 

that the proposed algorithm optimizes load shedding based on 

priority assigned to each load. The algorithms are also 

capable of handling the dynamic constraints assigned. 

 

 

B.   Different load shedding requirement at same time of 

the day using GA, ACO and PSO 

Main objective of proposed partial load shedding is to 

provide ensure that no consumer is fully shed and a small 

amount of power is always available to satisfy their basic 

demands. In this section, partial load shedding using GA, 

ACO and PSO for different load shedding requirements are 

considered. As the priority for residential loads and industrial 

loads are mostly during the morning and in the forenoon here 

we consider the load shedding at 7: 00 AM and 11: 00 AM for 

testing algorithm efficiency in minimizing the load shedding 

error. Based on the priority time usage of each consumer the 

proposed algorithm computes the grade points and partial 

amount of power is being shed. In the Table 4.4 and Table 4.5, 

load shedding error and the % error partial load shedding ‘PE’ 

for different load shedding requirements at 7: 00 AM and 11: 

00 AM using ACO, GA and PSO are shown in detail. 
 

Table 4.4: Comparison of % PE of a consumer at 7: 00 AM using ACO, GA 

and PSO 

 

 
 

 
 

Figure 4.7: Comparison of % PE of a consumer at  7: 00 AM using 

ACO, GA and PSO 

 

Table 4.5: Comparison of % PE of a consumer at 11: 00 AM using 

ACO, GA and PSO 
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Figure 4.8: Comparison of % PE of a consumer at 11: 00 AM using 

ACO, GA and PSO 

The result shows that the % PE is around 20% when the load 

required to be shed is less than 10% of the total load 

connected and the % PE is less than 1% when the load 

shedding requirement is in the range of 20% to 60% of the 

total load connected. The comparative performance of the 

three algorithms at 7: 00 AM and 11: 00 AM is depicted in 

Figure 4.7 and figure 4.8. From this, it can be observed that 

PSO gives the best results when the amount of  load to be shed 

is more than 300 kW and using GA algorithm the best results 

can be obtained when  the amount of  load to be shed is lesser 

than 300 kW. Using PSO algorithm the % PE is close to zero 

when required amount of load to be shed is the range of 20% 

to 60% of the total load connected.  

The advantages of partial load shedding when compared to 

completer shedding of consumer is greater flexibility in 

controlling the consumer load and reduced impact of load 

shedding. Further, it also reduces revenue loss to the utility, 

by ensuring that there is no under shedding or over shedding.  

V. CONCLUSIONS 

In smart grid environment, the Meta heuristic techniques 

applied for intelligent load shedding gives a distinctive 

opportunity to treat an individual load as single lumped load 

and tries to decrease the effect of load shedding to the feasible 

extent by taking into account of  priority time usage of each 

load and the grade points assigned to each load. This new 

approach of intelligent load shedding can be applied to the 

substation with large number of loads connected more 

efficiently. With respect to efficiency, GA is the fastest among 

the three algorithms to find the optimum result, followed by 

PSO and then by ACO. In terms of minimization of load 

shedding error PSO yields the best result compared with GA 

and ACO.  
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