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 The current lifestyle of humanity relies heavily on energy consumption, thus 

rendering it an inevitable need. An ever-increasing demand for energy has 

resulted from the increasing population. Most of this demand is met by the 

traditional sources that continuously deplete and raise significant 

environmental issues. The existing power structure of developing nations is 

aging, unstable, and unfeasible, further prolonging the problem. The existing 

electricity grid is unstable, vulnerable to blackouts and disruption, has high 

transmission losses, low quality of power, insufficient electricity supply, and 

discourages distributed energy sources from being incorporated. Mitigating 

these problems requires a complete redesign of the system of power 

distribution. The modernization of the electric grid, i.e., the smart grid, is an 

emerging combination of different technologies designed to bring about the 

electrical power grid that is changing dramatically. Demand side 

management (DSM) allow customers to be more involved in contributors to 

the power systems to achieve system goals by scheduling their shiftable 

load. Effective DSM systems require the participation of customers in the 

system that can be done in a fair system. This paper focuses primarily on 

techniques of DSM and demand responses (DR), including scheduling 

approaches and strategies for optimal savings. 
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1. INTRODUCTION 

As society advances, energy demand is rising at an exponential rate. The traditional grid system is 

transformed into a new smart grid system with intelligent metering, intelligent sensors, and wireless 

communications in the generation, transmission, and distribution environments. Successful grid management 

in a smart grid is also essential to mitigate production costs and environmental hazards. Smart grids are 

defined as an electricity grid capable of intelligently integrating the activities of all consumer-related users, 

generators, and those who supply electricity efficiently in a sustainable, economical and safe way [1]. The 

grid data show exponential growth, and they are broad and involved with the advancement of sensor 

technology and advanced metering infrastructure (AMI).  

Load forecasting can analyze and extract data through load data and other related data from internal 

factors and forecast load data for the next moment. Furthermore, the grid's efficiency can be more reliable 

and cost-efficient via the demand side management (DSM) and load factor. The smart grid can deal with 

current challenges in the present electricity system like capability, performance, reliability, sustainability, and 

client interaction from a global point of view [2]. By improving efficiency, electricity production can be 
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improved. Another significant challenge is reliability. Distribution system problems cause most system 

failures that result in losses [3].  

Smart grid also focuses on sustainability, in which key elements are the relationship of renewable 

energy and how it is handled to meet the requirement. Finally, the commitment of residential customers 

would allow DSM to reduce peak load, lower capability, cost, and increase overall performance. System 

losses and deployment of assets are two critical elements in considering performance [4]. Losses also rely on 

the system's load type. When investing in system infrastructure, the use of the system is an essential 

consideration. When considering the total system performance, optimum preparation for implementing the 

system assets and their usage plays a vital role. Smart grid innovations focus predominantly on development 

on the power management side [5]. The main aim of this paper is to outline the DSM technology that focuses 

on the demand responses (DR) program and user interaction. 

 

 

2. REVIEW ON DSM 

DSM applies both to the reduction in the electricity demand as well as to reduce congestion peaks 

[6]. As a consequence, it alters the pattern of time and the degree of the load. It is often more appropriate to 

adopt the generation pattern rather than flattening the curve [7]. Reliable power grid service depends 

primarily on the right balance between supply and load. It is not easy to maintain the balance between the 

consumer and the utility side [8]. It becomes much more challenging with the increase of distributed energy 

generation. It is not usually easy to follow the particular load curve by modulating fluctuating renewable 

energy sources. 

The alternative is to use new technologies and methods, especially those based on user involvement. 

In conclusion, the traditional approach provides all the demands required whenever they happen. The new 

strategy says that users should also control the need to respond to current system conditions. The goal is to 

alter the load profile during peak hours using different attractive schemes by meeting the overall 

requirements. DR is the method of changing the load profiles of consumers with the help of additional 

incentives or cost-saving systems [9]. The basic idea of DR is a mutual understanding among service 

providers and consumers [10]. 

DSM has an essential scope further to increase the reliability and use of system properties. The 

number of resources required to satisfy present demand can be decreased using available power generation 

methods and the load factor significantly increased. The willingness to charge clients on the actual energy 

price is also a catalyst for the distribution system's modernization. Fixed tariffs on energy are pretty outdated 

and offer inter-client subsidies. The user should not be encouraged to contribute to the system's efficacy. If 

real-time pricing is introduced, the price will become elastic on the demand side instead of the fixed price 

tariff [11]. From the other direction, the supply curve would also be reshaped by an increased number of 

renewables. Overall, demand response strategies will allow customers to invest in both saving money and 

being more eco-friendly.  

 

2.1.  DR techniques in DSM 

DR is a particular policy to encourage the consumers to respond by adjusting their usual energy use 

habits to changes in the tariff or timely based electricity availability. When grid stability is compromised, it 

can also be described as an incentive-based payment scheme to reduce electricity usage. In response, there 

are actionable items a user can take. Only during critical peak hours can customers minimize loads and retain 

regular load patterns during off-peak times. It triggers a reduction in the convenience of consumers as they 

are forced to limit the use of electricity at some times but decreases the total demand, further reducing the 

electricity bill. For responding to the high prices of electricity or low supply, a second step should be taken to 

mitigate electricity usage from peak to off-peak period. This approach would reduce the usage of appliances 

during peak periods and filling valleys of low consumption. The total energy consumption by end-users is not 

decreased, but the transmission and distribution efficiency is increased because of the robust system. Finally, 

on-site generation can be used by users to decrease demand according to the utility. It will improve consumer 

control, further decentralize generation, and reduce the distribution and transmission grid average load. 

Deferral load appliances are required to achieve load shaping. It is recommended that all residential loads be 

divided into wet, cold, water, and heating. These devices behave differently. These devices can be classified 

as thermal and static appliances that can be relocated. 

 Electricity consumption for heating is also expected to increase dramatically, giving DSM more 

space to optimize performance. The DR is typically carried out through peak clipping, peak load-shifting 

operations, or any mixture of the above methods. Because of the versatility demonstrated by the processes, 

DR is also recognized as a form of flexible load. It involves a program of flexible load adjustment that seeks 

to control energy management actions. DR programs are further categorized into DR programs that are either 

reliability-based or market-based. Consumers minimize their loads in reliability-based DR programs and 
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participate in controlled appliance usage voluntarily or involuntarily. Besides, by enrolling in this initiative, 

customers derive economic benefits. By offering market rates for real-time energy, market-based DR services 

provide customers with choices for adjusting electricity use. Energy efficiency is characterized as a long-term 

process for energy savings and energy-efficient processes for reducing demand. DR strategies can further be 

characterized as incentive-based and price-based programs. The consumer is engaged in peak demand control 

using the classical incentive-based program by accepting to either shift their loads or to reduce their energy 

consumption. According to the terms and conditions of the program, the agreed consumers would face 

penalties while violating the conditions. Market-based systems will encourage users to engage in different 

incentive-based approaches to bid for load reduction and electricity procurement, and emergency DR. 

Increased electrical energy load is defined as growth in strategic loads and is usually caused by 

storage and heating devices. Strategic energy growth is often inevitable due to the general rise in electricity 

demand, particularly with modern power systems for electric vehicles. Price-based schemes would use 

dynamic electricity pricing rates, representing electricity costs and availability in real-time. Time of use 

(TOU) is the simplest form of a price-based DR program. Since it involves the least supporting technology, it 

is already widely deployed. High peak pricing can be used to eliminate peaks during ON peak conditions. 

Real-time pricing (RTP) is one of the dynamic forms to shape the end-use load, and it monitors price in real-

time. About the analysis of various DR programs in [12]. The most promising DR strategy is real time 

pricing. It adheres to traditional economic principles. It does not explicitly restrict the user from using other 

incentive-based systems, so users still choose load patterns. 

From both technological and environmental perspectives, the response to demand is brutal. To 

provide two-way communication between users and utilities to transmit price signals, and bid data, most of 

the DSM techniques need a secure and high bandwidth link. DR also uses hardware-intensive-based 

approaches [13]. In order to respond on time without human intervention, there is a need for home energy 

management units and smart appliances for the participating consumers. Both customers and utilities will be 

supported by DSM and DR and make the overall structure highly stable and maximize social security. The 

merits and demerits of various DR techniques are summarized in Table 1. 

 

 

Table 1. Various category of DR techniques 
Residential 

DR Scheme 

Type Response Advantages Disadvantages 

Time-of-use 
pricing 

(TOU) [14] 

Price based Customer It depends on the time of usage rates. 
During ON- peak high electricity rates 

and during OFF- peak low tariff. 

Different rates are used for different 
periods 

Inconvenience for end-user during load 
shifting at a different time (midnight). 

Critical-peak 

pricing 
(CPP) [15] 

Price based Customer It depends on the peak load time. 

Immediate incentive response 

Peak load shifting/Curtailing may occur 

at the consumer end. 
Not consider total energy consumption 

cost. 

Real-time 
pricing 

(RTP) [16] 

Price based Customer Electricity rates change daily/monthly on 
an ongoing basis. 

Most efficient scheme. 

Consumers are more aware of the 
response to the DR program. 

Direct load 

control 

(DLC) [17] 

Incentive-

based 

Utility The utility provides incentives for shifting 

/curtailing loads 

Customers load control authority for 

some loads should be given to utility for 

load balancing. 
Interruptible 

[18] 

Incentive-

based 

Customer Short time customer response. The residential customer should 

shift/curtail load for a specific 

amount/time. 
Emergency 

[19] 

Incentive-

based 

Utility The utility provides incentives/bonus for 

shifting/curtailing loads 

The residential customer should 

shift/curtail load for a particular time. 

 

 

DSM is an evolving technique of dynamic resource management that has the dual effect of reducing 

energy consumption and facilitating effective and flexible system management. Highly blended renewable 

energy systems [20] are even less highly probable than traditional techniques of fossil-fuel generators alone 

to meet market demands. In this sense, DSM can be beneficial because it lowers electricity consumption by 

renewable energy sources during peak periods and less power generation. The DSM is an alternative way to 

increase the versatility of the new nuclear power plants introduced. An approach to maximizing the harmony 

between DSM and the versatility offered in a hybrid system by incredibly quickly generating units has been 

investigated. 

The impacts of DSM were analyzed concerning effects such as economic, technological, and 

market-based impacts. DSM's overall services include; i) energy resource balancing, ii) retaining the 
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reliability of electrical power systems, iii) avoiding initial costs, iv) improving productivity, v) minimizing 

operating costs, vi) increasing reliability and power factor, vii) increasing customer loyalty, and viii) 

improving system performance. 

 

 

3. LOAD MANAGEMENT PARADIGMS 

The energy utilities have evolved various load management techniques for this scope, categorized as 

local control, direct control, and distributed control. Notice that all of them need access to information from 

utilities in real-time, computer-based inside-house intelligence, home automation, appliances, and networks 

that can reduce their energy consumption. Local control consists of voluntary consumer collaboration to 

reduce load peaks by taking various energy tariffs into account, depending on the day. Therefore, in peak-off 

pricing season, consumers with heavy and not urgent power-consuming operations can switch them. 

Appliances-forced remote switching is based on direct control. The customers allow the utilities to install 

some remote-controlled switches in their homes after receiving financial inducement, which would monitor 

the load when required by disconnecting selected appliances. 

Decentralized control is a mixed strategy that depends on the cooperation and coordination of 

consumers with utilities. The utility can change the electricity price in real-time according to the energy 

demand and the state of the grid load, while the consumer is called upon to adjust its consumption based on 

tariff rates. Home automation plays a fundamental role in this situation. For example, a device such as a 

dishwasher linked to the home energy management (HEM) may provide the consumer with the option to run 

the cycle when requested or to move it with an economic advantage for a certain period. 

 

 

4. VARIOUS APPROACHES IN DSM TECHNIQUES 

Chakraborty et al. [21] proposed efficient load scheduling-based DSM schemes to reduce the peak 

load. To minimize the peak value, G-MinPeak, and level-match algorithms based on the two-dimensional 

strip packing problem are used. Logenthiran and Srinivasan [22] suggested a heuristic optimization for peak 

load management in DSM using the shifting technique. The research aims to minimize the gap between the 

final load curve and the ideal objective curve. 

A novel energy management framework is being developed to improve the performance of 

renewable energy and storage systems by planning numerous household appliances [23]. End users schedule 

the devices optimally, taking into account both the overall benefit and the minimum energy expense of the 

user as strategic goals. The unknown approximation model is translated by applying the theory of probability 

into a combinatorial optimization problem. A quasi-newton approach is used to obtain the optimum solution. 

Game theory is one of the fundamental principles used in [24] to schedule residential energy usage. 

An optimization-based decentralized distributed algorithm is implemented in this article. Many aspects of 

scheduling for energy utilization are thoroughly studied. The authors considered a pricing model based on a 

convex and rising cost function. This research is seen as a reference to strategies for enhancing DSM. 

Users are offered rewards to enable them to prepare their loads effectively. If the utility providers 

have pricing details a few hours before consumption time, this is true. The Energy consumption scheduling 

unit must also forecast prices in real-time electricity pricing environments to monitor load. 

A DSM focused on heuristic optimization is adopted based on the evolutionary algorithm model in 

[25]. As a minimization problem, known as the day-ahead pricing scheme, a modern pricing scheme is also 

mathematically used. The proposed approach is analyzed for all the customers, like domestic, industrial, and 

commercial types. In that scheduling-based optimization model, it was realized that the waiting time of 

devices is inversely related to appliance delay time. The influence of their suggested work is global. Their 

suggested billing system prevents synchronizing loads. The results of the simulation show productivity by 

minimizing total peak-to-average power ratio (PAR), consumption cost, and fairness as well. Minimizing the 

waiting time for shiftable appliances plays a crucial role in encouraging consumer participation in the DR 

program. However, it is not discussed in that article. 

The authors develop an optimization problem based on game theory to reduce PAR, and total energy 

cost minimizations are explored in [26]. Antonopoulos et al. [26] suggested a new pricing scheme which is 

the combination of RTP with the TOU billing technique. Also analyzed the empirical case study and their 

coverage area for residential-style users are global. For DSM, the energy consumption scheduler is based on 

an artificial intelligence technique known as a backtracking algorithm. For residential-style users, the RTP 

mechanism is approved. PAR reduction and the time needed to execute the algorithm are the only problems 

that they have explored. 

In achieving successful DSM, the model pricing strategy also plays a crucial role. Comprehensive 

mathematical modeling with price prediction capability is taken into consideration. Distributed scheduling is 

used for optimization in [27]. Heuristic and metaheuristic based optimization is used in [28], [29]. A filter-
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based weighted average price forecast and a combination of tilting block rates with real-time pricing are 

discussed [30]. Inside a smart meter, the price is predicting and energy scheduling mechanisms are 

considered. To demonstrate better results, distinct scenario performance parameters are clarified and 

simulated. The waiting time of the appliances is inversely related to the control parameter that is adjustable. 

The overall results are satisfying, but there is no discussion of the question of fairness. In the form of bonus 

payments, customers often gain economic benefits from engaging in different DSM systems based on game 

theory [31], [32]. On the utility side, these financial benefits are typically lower maintenance costs, lowered 

load losses, and improved performance of the system. Dynamic pricing algorithms [33], [34] used for 

flattening the demand curve in an efficient manner. 

The effects of DSM mainly on the energy market model have been extensively investigated as well 

[35]. Comparison of various DSM techniques are summarized in Table 2. DR and economic dispatch have 

been integrated to increase machine efficiency. The merging of DSM and unit commitment leads to boost the 

electricity market's efficiency and reduce operating device costs. The time-of-use rate has been introduced on 

distribution systems with significant commercial and industrial loads to minimize utility and consumer costs 

simultaneously.  

 

 

Table 2. Comparison of various DSM techniques 

Ref Methodology 
Billing 

Mechanism 

Residential/ 

Commercial/ 

Industrial 

Fairness 

Parameters Considered Applications 

Coverage 

Area 
Tools 

PAR 

Reduction 

Cost 

Minimization 

 

Appliances 

Waiting 

time 

Utility End-

User 

[21] G-Min Peak 

and Level 

Match 

Algorithm 

RTP and 

Hour 

Billing 

Mechanism 

Residential No Yes - - Yes Yes Local MATLAB 

[24] Game 

Theory 

RTP and 

Hour 

Billing 

Mechanism 

Residential Yes Yes - - Yes Yes Local MATLAB 

[25] Heuristic 

Evolutionary 

optimization 

Load 

shifting 

Residential 

commercial  

Industrial 

No Yes Yes Inverse to 

Delay 

Yes Yes Global MATLAB 

[26] Backtracking RTP Residential No Yes - More Yes Yes Local Visual 

C++ 

[27] Distributed 

Optimization 

Algorithm 

A convex 

and 

increasing 

cost 

function 

Residential No Yes Yes More Yes Yes Local MATLAB 

[28] Metaheuristic Dynamic 

pricing 

Residential Yes Yes Yes More Yes Yes Global MATLAB 

[29] Optimization 

Algorithm 

increasing 

cost 

function 

Residential Yes Yes Yes More Yes Yes Global MATLAB 

[30] Weighted 

Average 

Filter-Based 

Price 

Prediction 

Inclined 

Block Rate, 

RTP 

Residential No Yes Yes Inverse to 

payments 

Yes Yes Local MATLAB 

[31] 

[32] 

Game 

Theory 

Logarithmic 

function 

based 

Dynamic 

pricing 

Residential No Yes Yes - Yes Yes Local MATLAB 

[33] Spring 

Algorithm 

TOU, CPP, 

and RTP 

Residential No - Yes More Yes Yes Local MATLAB 

[34] User – 

Friendly 

DSM 

Time-

varying 

Price 

Residential No Yes Yes - Yes Yes Local MATLAB 

 

 

5. CONCLUSION  

DSM enables the power system to retain system efficiency, costs and reliability within the necessary 

demands and limits. It offers an effective solution to peak demand and significantly enhances the system's 

reliability. Therefore, it is a versatile method of the future management of the smart grid. The basis of the 

analysis is the fiscal, ecological, market-wide, and technological effects of the DSM. The potential benefits 

of introducing DSM into smart grids are also presented in this paper. This article presented a study of the 

state of the art of DSM in smart grids. Also overviewed the understanding of the research gaps in demand 

side management from classification to control techniques. 
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