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Abstract-DSM (Demand side management) is an approach have the objective to make our consumers energy 

efficient for long term. DSM can be designed to control the electricity consumption of individual users. DSM 

categorized the load in two groups’ base line load which are constant and uninterruptible loads and interruptible 

loads which can shift from peak duration to normal duration and their consumption duration is also manageable.  

Demand side Management for the consumer in the presence of storage units and DG’s is executed by Non-

Cooperative Game Theory. Non-cooperative game theory deals with individual consumers without any 

cooperation with other consumers and provide the benefit to the active consumers who manage their load from 

peak hour to normal hour to reduce the PAPCR (peak to average power consumption ratio). DG’s generation is 

variable depending upon load forecasting and storage units also have some minimum and maximum capacity of 

storage will manage by machine learning with load forecasting used as learning source and storage units 

characteristics will manage by non-cooperative game theory. If assume that the energy provider adjudicate the 

electricity cost with reference to normal peak hour, consumer stop consuming electricity during peak hour and 

started to sell the electricity to energy provider to enhance their profit and store electricity during low cost hours 

and introduce a new peak at a different time frame. The system required another game for energy provider to 

manage the electricity cost on real time bases to stop the generation of new peak and try to minimize the 

PAPCR and minimize the benefit of the energy provider. Every energy provider and consumer want to earn 

maximum benefit. A new stackelberg game is introduce to provide maximum benefit to the provider. When a 

consumer shift their load to newly introduced peak duration, the energy provider will respond and accommodate 

the electricity price again. In stackelberg game energy provider part as leader and consumer will participate as 

followers. Objective of the research is to provide maximum benefit to the energy provider and active consumers; 

design a mathematical model through the algorithm of non-cooperative game and stackelberg game for both 

consumer and energy provider respectively to find out the nash equilibrium between consumer and energy 

provider. The outcome of the problem will introduce by two defined games non-cooperative game will reduce 

the cost of electricity for the consumers have storage units and DG’s and manage the load and Stackelberg game 

will minimize the power to average consumption ratio.  

Keywords: Game Theory, Non-cooperative Game, Stackelberg Game, Demand Side Management, Distributed 

Generation 
 

1. INTRODUCTION 
 

Conventional electrical grids have been used to supply energy to consumers generated at a central power plant 

and by enhancing voltage levels, transmitted and then deliver it to the end users by gradually reducing voltage 

level. Generation through DER’s (Distributed energy resources) are rapidly enhancing due to less transmission 

and distribution losses. The energy generated through DER’s is injected to grid by two way power flow method 

in smart grid environment [1]. Smart grid is an approach to make grid reliable, secure and provide two way 

communication with the help of smart meters, introduction of static controller, smart appliances.  An important 

feature of Smart Grid is to provide the sustainable energy to consumers [2-3]. Most important application of 

smart grid is demand side management which create the win-win situation between consumers and utilities [4]. 

DSM with storage units will schedule the load profile with the help of emergency inverter backup’s IBK’s. 

Backup varies from 0.7 kVA load to 10 kVA loads with backup time varying from 2 hours to 24 hours. 

Uncontrolled operation of IBKs leads to unpredictable demand at peak time. The system is already operating at 

the stress point, in such an environment electric vehicles (EVs) are worsening the situation. EVs require power 

from the main grid to charge itself, which further increases load on system [5]. Due to most customers only 

considering their own cost, pricing mechanism is the direct factor that attracts customers to participate in the 

DSM. In recent years, various pricing mechanisms have been studied, including time-of-use pricing [6], real-

time pricing [7], and critical-peak pricing to for energy saving.  

Although main customers of DSM include residential users, commercial users, and industrial users; more and 

more researchers have taken residential users as optimizing objects of DSM, especially with the appearance of 

household plug-in electrical vehicles (PEVs) [8-9]. The popularization of PEVs is double-edged for power grid. 
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Unordered charging and discharging of PEVs will aggravate the peak-valley difference of load. However, if the 

charging/discharging of PEVs is sufficiently utilized, PEVs can be employed to service the grid, such as 

frequency control, demand response [10-11]. Therefore, PEVs will have a great influence on the grid with the 

increasing numbers and also bring more challenges for DSM programs at the same time.  

Recently, many researchers have proposed different DSM programs to manage energy consumption of 

residential users. Specifically, game-theoretic methods, which are popular in the sphere of economics, are being 

extensively employed as an optimization solution in the DSM [12-13]. According to the game theory, each 

participant in the game needs to consider its opponents’ strategies when the participant optimizes its strategy for 

the highest profit. While in DSM, the profits of consumers are associated because of smart pricing mechanism 

and energy consumption strategy of one consumer will affect other consumers’ strategies. Therefore, it is 

suitable to apply game-theoretic methods into DSM. Based on the degree of game information publicity, game-

theoretic methods are generally classified into complete information game and incomplete information game, 

where incomplete information game is also called Bayesian game. That is, all information of each player will be 

shared with other players in the complete information game, while player only knows a part of information 

about other players in the Bayesian game [14]. At present, there are several existing works on DSM with game-

theoretic method in the literature, such as [15]–[19]. Zhu et al. [15] provided a game-theoretic approach with 

mixed integer programming to optimize the energy consumption of residential users, whereas in [16], 

Stackelberg game was employed to construct a multiple leader–follower game and the storage devices of 

residential users were considered as one of important appliances. Specially, due to the significance of PEVs in 

DSM, the research on PEVs with game theory is also a hot topic[17]–[19]. Gao et al. [17] focused on the energy 

scheduling problem of multiple utility companies and residential users via formulating double cooperative game 

approach, in which bidirectional energy trading between grids and users was conducted through PEVs selling 

energy back to the utility companies. Wu et al. [18] proposed an energy trading market in which PEVs buy/sell 

energy from/to the aggregator by modeling a noncooperative game with complete information. In [19], the 

problem of grid-to-vehicle energy trading between PEVs and grid was studied, and a Stackelberg game was 

applied to optimize a tradeoff between the benefit of battery charging and associated costs. The above papers are 

all developed on basis of game theory with complete information. However, since much information in reality is 

unknown to all participants or many participants refuse to share their private information, the complete game 

approach is not suitable for the situation with incomplete information. Therefore, it is necessary to study the 

optimization problem of DSM with incomplete information game. Although Bayesian game approach has been 

proposed for DSM in several papers [20]. 

The objective of the study is to design a mathematical model for DSM through Non-cooperative game theory for 

consumers and stackelberg game for utility to provide the Nash equilibrium between consumers and utility. 
 

2. SYSTEM MODEL 
 

Smart grid contains distributed generators such as solar, wind etc. are the primary power suppliers to consumers 

and extra generated power will sold to power utilities during peak hours to enhance their profit. Electricity is 

provided to storage units during off peak hours. Each and every consumer is selfish about their consumption so 

a non-ccoperative game will apply and to make a win-win situation between utility and consumer it is necessary 

to think about the profit of utility. A smart grid model is shown in fig. 2.1 shown the two way power transfer 

between consumer and utility. 

 
Fig. 2.1 Two Way Power Transfer Model 
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To enhance the profit for the consumers demand side management is needed where consumers will identified 

their shift-able loads and shift them during off peak hour period of time. The shifting is depending upon the 

electricity cost at particular duration will get attention of the consumers. All the consumers want to shift or store 

electricity during off peak hour and sell back to utility during peak hours will produce following problems: 
 

 A new peak is obtain during less electricity charges hours. 

 Utility purchase the same electricity provided by them at low cost and purchase at higher cost will 

enhancing the loss of utility. 
 

To optimize the issue need to make utility an active player of power system, only utility have the rights to 

decide the tariff if utility will change the tariff within a number of slots and changeable and any instant of time 

will stop to scheduling to store a bulk amount of power during off peak hour by consumer. Stackelberg game 

will design to increase the profit of the utility in this game utility is the player and consumers are follower who 

make their own strategy on the bases of utility action. 
 

3. NON-COOPERATIVE GAME MODEL 
 

We use game theory to capture the competition between users. We assume users are selfish and interested only 

in optimizing their cost, and that they might deviate from a centralized solution if they find a better schedule 

with less prices. Moreover, we suppose that users wish to preserve their privacy and are willing to share some 

information if it leads to lower cost. Game theory is able to capture the competitive behavior of the users and the 

stability of equilibrium solutions, which is why we chose it as our optimization tool next. The energy 

consumption game is defined as follows: 

 Players: All users in N. 

 Strategies: Each user n ∈ N selects its strategy by scheduling a ∈ An appliance to minimize its own 

cost. 

 Payoffs: Pn(Yn, Y-n)  for user n ∈, where 

Pn(Yn, Y-n)  = -Ωn (∑         
                       (3.1) 

where 

Ωn = 
∑       ∈    

∑ ∑       ∈    ∈  
 = 

  

∑     ∈  
         (3.2) 

 

represents the proportion of energy consumed by user n, relative to the total energy consumed by all users. This 

is a proportional price sharing mechanism that divides the total cost among users according to their consumption 

proportion. This price sharing mechanism has been used in the literature, for example [4].    
  = 

[  
         

      
       

   denotes the consumption schedules for all users except user n. 

Nash Equilibrium (NE) Consider a game played between a set N of players. For each player n ∈ N, let denote 

his strategy space. A set of strategies (  
    

       
 ) constitute a NE ifn ∈ N 

Pn(Yn, Y-n) ≥ Pn(Yn, Y-n)          (3.3) 
 

4. STACKELBERG GAME 
 

A Stackelberg game is a sequential game played between a Leader and a set of Followers. In our game, the 

utility plays the role of the leader, who sets the prices first, while the users are followers who optimize their 

usage to minimize the cost they pay. Using Backward Induction, the problem the utility provider needs to solve 

to find the optimal prices is formulated as follows: 

        ∑       
 
             (4.1) 

 

5. NON-COOPERATIVE AND STACKELBERG GAME COMBINED MODEL: 
 

Fig. 5.1 Shows the combined model of non-cooperative game and stackelberg game which provide benefit to the 

consumer as well as utility.  
 

5.1 Algorithm of Non-Cooperative Game 
 

Step1: Initialize the number of consumers connected, their load profile, Distributed generation and storage 

units capacity. 

Step2: Load forecasting data is taken for the prediction of electricity generation for DSM. 

Step3: on the bases of load forecasting data a designed cost function will defined how much electricity will 

generate and how it utilized to increase the profit of the consumer. 

Step4: when cost of electricity is high; sell back to utility and when cost is low purchase and store. 

Step5: Calculate the profit of the consumer. 
 

5.2 Algorithm of Stackelberg Game 
 

Step1: Electricity tariff is divided in n number of slots. 

Step2: Increase the electricity cost at instant of time if consumer start consuming more than defined limit. 
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Step3:  If consumption at any instant is low reduce the cost. 

Step4: Calculate the profit of utility. 

 

 
Fig. 5.1 Non-Cooperative and Stackelberg Combined Game Model 

 

CONCLUSION 
 

Variable energy consumption patterns are increase the Peak to Average power consumption, the solution is 

provided by DSM but the consumer doesn’t want to compromise with their comfort and consume electricity at 

peak hour. An incentive based non-cooperative game theory is designed to control the load and provide benefit 

in tariff for the consumers who manage the load. To enhancing the incentive consumers are motivated to 

generate electricity through distributed generators and enhancing storage capacity. Utility providers are also get 

benefit in terms of more electricity generation and through stackelberg game. Combined approach is applied to 

achieve win-win situation between utility and consumer. 
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