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Abstract - The smart grid concept includes a great variety of advanced technologies, such as smart meters, substation 
automation, home automation with energy management systems. Existing technologies can also be improvised to cope with 
the new operations of the grid. The efficiency and reliability of the smart grid can be enhanced through the use of game 
theory based approaches. The game theory can have many possible applications within the context of smart grid such as 
demand-side load management, efficient power line communications, reliable distribution networks in micro grids and cyber 
security of smart grids. In this article, a careful review of some current applications of game theory in the field of demand 
side management has been made. The loopholes  as well as the future possibilities of the studied approaches have also been 
analyzed. 
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I. INTRODUCTION 
 
The smart grid increases energy efficiency by 
increasing knowledge of the consumers about the 
effects of excessive use of  electricity on our 
sorroundings. It tries to provide greater national 
security to our energy system, by using electricity 
produced at home as it is more resistant to natural 
disasters. The smart grid incorporates new 
technologies such as advanced metering, automation, 
communication, distributed generation, and 
distributed storage[1]. It helps consumers to make 
more informed decisions regarding their energy 
consumption. They become more aware about the 
effect  of the timing and quantity of electricity use on 
the electricity pricing system. As a result they try to 
control their energy usage pattern which is referred as 

demand side load management (DSM) in smart grid. 
By changing the energy consumption pattern the 
PAR(peak-to-average power ratio) can also be 
reduced. The techniques used in DSM controls the 
residential loads by moving the load from peak(high 
price) hours to low-peak(low price) hours. By 
reducing the load demand during high pricing hour 
the imbalance between demand and supply can be 
adjusted which helps in achieving high reliability in 
electric grid.  The DSM programs help the consumers 
to reduce their electricity cost and help utilities 
operate more competently, which in turn results in 
reduced emissions of greenhouse gases. Commercial 
consumers are also benifited with reduced cost. The 
figure 1 gives an idea about how a user is connected 
to Smart grid and uses a smart meter which helps him 
to implement DSM. 

 
Figure 1: DSM implementation  with a smart meter 

 
Game theory plays a vital role in smart grid energy management system as it can handle DSM programs in a 
systematic way. Game theory can fulfill the goals and distinctiveness of the smart grid as described in [2,3].  It 
can accurately express the competition that takes place between users and can learn the possible effects. It can 
also analyze the equilibrium that results from the competition which helps in optimizing the 
energy cost. For these reasons it can be used extensively in the smart grid area for DSM programs.The rest part 
of the paper is organized as follows. Different Game theoretic techniques for energy management in smart grid 
are discussed in Section II. In section III a comparative analysis of these techniques has also been made. The 
paper is concluded in Section IV by giving brief description on the limitations of game theoretic approaches in 
smart grid. 
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II. GAME THEORETIC TECHNIQUES IN DSM 
The game theoretic approaches can be used to solve a 
large range of problems in smart grid. But in this 
section we have analyzed and discussed the use of 
game theoretic techniques only in optimizing the 
energy consumption. 
 
A. Game-Theoretic Demand-Side Management 
With Storage Devices for the Future Smart Grid 
In [4], Game theory approach has been used to 
describe the competition between energy users which 
takes place to find an optimal schedule for their 
appliances. A non-cooperative energy consumption 
game is played between the inhabited energy 
consumers and the schedule obtained helps the user to 
minimize the cost it pays to the utility. The authors 
have proved the existence of a unique Nash 
Equilibrium for this energy consumption game. The 
authors have also emphasized on the use of storage 
devices to reduce the PAR and also defined a cost 
function for the consumers selling their stored energy 
to the utility. Each user possesses a battery. The 
battery is used to store energy during low peak hours 
which can be used later at high peak hours with a 
purpose to minimize the user's cost. However when 
more number of users buy additional amount of 
energy before the peak hours to sell it to the utility in 
the peak hours, a scenario called reverse peaks occur. 
The original peak consumption is moved to a new 
hour again resulting in high PAR. To resolve this 
unwanted result the authors have formulated a 
Stackelberg game which is played between the energy 
supplier and the consumers. The utility acts as the 
leader and sets the electricity prices for the consumers 
at the beginning of the game. The users who are the 
followers then try to optimize their usage in order to 
minimize their cost. When the energy consumption is 
shifted to a newly formed peak hour the utility 
regulates the prices again if needed. After repeated 
play it will reach an equilibrium state where users do 
not show any interest to shift their energy demands 
and the utility also has no interest in altering the 
prices resulting in decreased PAR.There are some 
limitations with this approach. The users have to 
share their hourly consumption information with 
other users which limits the practical implementation 
of this approach. It does not make any assumption 
regarding the renewable energy sources which can 
make a great improvement in the performance of the 
grid. 
 
B. Demand Side Management to Reduce Peak-to-
Average Ratio using Game Theory in Smart Grid 
The authors in [5] used game theory to model the 
DSM problem in smart grid where energy consumers 
try to optimize their energy consumption usage to 
minimize their total energy payment. To minimize the 
peak-to-average ratio, the authors have introduced an 
intelligent pricing strategy that can provide incentives 
to the users for shifting their consumption from peak-

load periods to off-peak periods. Emphasis is also 
given on the use of storage devices using which the 
users can store energy at low peak periods and use it 
later in peak periods. Each user possesses a battery.  
The utility function for each user has been defined as 
the negative of the total energy cost incurred during 
the total time of operation. The purpose of a user is to 
maximize its individual utility functions by not 
cooperating with other users. Assumption regarding 
the use of battery is also made in this work. The 
battery help the users to store energy during low peak 
hours to use it later at high peak hours. The non-
cooperation between the users to maximize their 
individual utility function with an aim to minimize 
their energy payment is defined as a non-cooperative 
Energy  Consumption and Storage (NECS) game 
model among users. The authors have also proved 
that there exists a Nash equilibrium for the game. 
Simulation results show that the proposed method for 
DSM reduces the PAR and also confirm that the total 
energy cost for the users with battery is less than the 
users not having a battery.  
The possible loopholes in this approach are, the 
implementation of the centralized approach seems 
impractical because it needs a central controller to 
collect all information of user's load demand which 
creates extra overhead for the controller.  The 
proposed distributed approach is rather feasible.  The 
authors have excluded the possibility of any real-time 
fluctuation in a user's demand for energy  which may 
yield a different schedule from that of the calculated 
one and which may not be optimal and may affect the 
normal working of the whole system. It has not given 
any focus on the concept of the distributed renewable 
energy generation and also does not consider the case 
where users can sell their stored energy to the energy 
supplier. 
 
C. Demand-Side Management via Distributed 
Energy Generation and Storage Optimization 
 The authors in[6] have formulated a non-cooperative 
game to represent the demand-side management 
problem in a smart grid scenario that includes 
traditional users as well as users possessing some 
energy storage devices and/or some distributed 
energy sources. The authors have also proposed a 
day-ahead optimization process controlled by the 
utility and the users try to reduce their consumption 
of energy by producing energy or storing it after 
purchasing from the grid. A distributed algorithm has 
been presented that produces the optimal production 
and storage scheme for each user when implemented 
with a smart meter. The proposed model divides the 
set of all demand-side users into two disjoint sets. 
One is the set of passive users and the second one is 
the set of active users. Passive users are traditional 
users, who do not participate in the optimization 
process, but the active users react to the changes in 
the cost per unit of energy by adjusting their energy 
demand. Every active user tries to optimize its energy 
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production and consumption strategies without 
sacrificing its energy requirements during the time 
period of analysis(the whole day). The strategy of a 
user mainly depends on three things that are the 
appliances owned by it, the strategy of the other 
active users and the total energy consumption of the 
passive users. The non-dispatchable energy producers 
like users of renewable energy sources have fixed 
production costs and they have no strategy regarding 
energy production. The energy load profile in a 
particular time slot for a user is derived form amount 
of energy to be consumed, produced and stored 
during that slot. The optimization process has been 
modeled as a non-cooperative Nash game that is to be 
implemented in a distributed manner. Each active 
user is a player in the game who tries to optimize its 
production and storage strategies, knowing the total 
energy loads per-slot in order to minimize its 
cumulative monetary expense as the cumulative 
monetary expense for a user depends on its 
consumption, storage and production strategies. The 
authors have proved that Nash equilibrium for this 
game can be obtained by using the distributed 
algorithm based on the proximal decomposition. 
Simulation result shows that the day-ahead DSM 
mechanism based on the proximal decomposition 
algorithm has significantly reduced the monetary 
expense of the users by applying distributed method 
for energy generation and/or storage. 
The authors have excluded the possibility of any real-
time fluctuation in the energy demand of a user and 
the unexpected behaviour of the production and 
storage unit. During the day if energy production or 
storing does not work as expexted then the strategies 
of the user may be changed which may affect the 
optimization process. So the optimization algorithm 
should be robust enough  to handle this type of 
situation. 
 
D. Optimal and Autonomous Incentive-based 
Energy Consumption Scheduling Algorithm for 
Smart Grid 
The authors in[7] have emphasized on the use of 
energy consumption scheduling (ECS) devices 
embedded in smart meters to implement DMS. The 
ECS device with each user executes a distributed 
algorithm in order to find the optimal energy 
consumption schedule for the user. When this 
schedule is followed by the total energy cost of the 
user is reduced. This technique also helps in reducing 
the PAR. Incentives are offered to the users who use 
the ECS devices through a pricing model which is 
obtained from a game-theoretic analysis. The amount 
paid by each consumer for using the electricity 
depends on the consumption schedule of all the 
consumers. Based on this fact the energy 
consumption game has been defined which is held 
among the consumers. The strategy of each 
subscriber is to generate optimal energy consumption 
scheduling vector for all appliances to maximize its 

payoff which is the negative of the total daily 
payment made by it to the energy provider. After 
generating optimal schedule, the user updates and 
declares its new schedule to other ECS devices. After 
getting the new schedules from other users each user 
updates the information stored at its ECS and tries to 
generate optimal schedule based on received 
information. This procedure is repeated, across all the 
subscribers and finally it reaches at a unique Nash 
equilibrium. The existance of Nash equilibrium point 
for this game has also been proved. Simulation results 
depict that when the ECS devices are used, the PAR 
as well as the individual user's the energy cost is 
reduced.  
The limitations of this approach are, like other 
approaches the sharing of hourly consumption 
information of a user with other users may limit the 
applicability of this method. This work has also 
excluded the possibility of storage, production or 
selling of energy at the user level. 
 
E. Game Theory and Pricing Strategies for 
Demand-Side Management in the Smart Grid 
In [8] a smart grid scenario is described where there 
is a single utility company with multiple users and the 
utility company implements day-ahead pricing(DAP) 
strategy which helps the users to reduce their bills by 
shifting their consumption from high peak hours to 
low-peak hours which in turn reduces the PAR. The 
demand side management problem has been 
formulated as a binary linear programming problem. 
Game theory with DAP strategy has been used to 
optimize  the energy consumption pattern of each 
user. According to the DAP the energy provider has to 
declare the price of electricity for each hour for the 
whole day at the beginning of the day. Every user is 
assumed to be equipped with a smart meter 
containing a scheduler. The scheduler finds out the 
optimal energy consumption schedule for each 
appliance of the user. The generation of energy 
consumption schedule is the outcome of a strategic 
game between the users. The strategy of each player 
is to choose an optimal energy consumption schedule 
to maximize its payoff which may affect other users 
by influencing the price of electricity in the energy 
market.  The payoff value for a user depends on the 
total enrgy cost incurred by it during the whole day. 
When the daily total energy cost increases the payoff 
for the user decreases. The authors have shown that 
there exists a unique Nash equilibrium for the game. 
The simulation results confirm that the DAP strategy 
can shift the demand from peak hours to low-peak 
hours.  
However, the game among the users for optimal 
schedule may form new peak hours at formerly low-
peak hours, for which the authors have suggested to 
use convex pricing models. But they have not 
implemented the concept in their simulations to prove 
its usefulness. They have also not discussed about the 
method of calculation of price vector. Another 
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demerit of this work is, it has excluded the possibility 
of storage and generating capabilities of the users. 
 
F. GTES: An Optimized Game-Theoretic 
Demand-Side Management Scheme for Smart 
Grid 
The authors in [9] propose a two-step game based 
approach for optimizing the energy consumption 
profile for each energy user. It is assumed that there is 
a smart meter at each consumer's residence to 
generate the optimal schedule of energy consumption 
vector for every appliance belonging to a consumer. A 
non-cooperative game is played between the utility 
and its consumers that helps reducing the PAR and 
optimizing the energy consumption of the consumers. 
It is a two-stage game which is implemented using 
two algorithms. One algorithm is executed by the 
supplier and the other one is executed by the 
consumer. At the begining of the day the utility starts 
the supplier side algorithm which sends messages to 
all consumers to get their default energy consumption 
schedules. The smart meter at the user side initializes 
energy consumption schedule from the feasible set 
and informs this to the supplier. After receiving this 
information from the users, the utility calculates the 
value for energy price parameter and sends this 
information to all the users. Then the utility randomly 
selects a user to run its respective optimization 
algorithm. The selected user is never selected again 
until all other users have been selected once. The 
selected user receives  the information about total 
energy consumption of the whole system and the 
energy price parameter calculated by the utility. Then 
the smart meter with the user tries to optimize the 

objective function to find the best schedule for that 
user using these information. Each smart meter is 
embedded with a program which solves the cost 
optimization problem using interior-point method 
(IPM) [12] to generate the consumption schedule. If 
the new schedule is different from the previously 
calculated one then the smart meter updates the new 
schedule and informs about the new consumption 
schedule vector to the utility. The utility then tries to 
update the price parameter based on the changed 
system state. This procedure is repeated until no user 
wants to change its schedule. When the game reaches 
an equilibrium state, the users as well as the supplier 
do not try to change their strategies. The authors have 
compared the performance of their method with 
centralized convex optimization(CCO) and 
autonomous energy theoretic optimization 
algorithm[13] through simulations. The simulation 
results demonstrate that GTES method results in 
higher PAR reduction in comparison to autonomous 
energy theoretic optimization algorithm. The time 
needed per iteration in CCO is more  than that of 
GTES.  
 
However it does not take into consideration the 
energy storage and generation capabilities of the 
users which can provide more freedom to the users 
while making schedules of their energy consumption. 
By not considering the storage or generation 
capabilities of the users, it has also excluded the 
possibility of the consumers who can sell back their 
stored or locally generated energy to the grid which 
could generate additional profits for the users and 
reduce the energy consumption from the grid. 

 
III. A COMPARATIVE ANALYSIS OF THE PRESENTED GAME THEORETIC TECHNIQUES 
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CONCLUSION 
 
From the above study it is found that the game 
theoretic method helps reducing the peak to average 
ratio which in turn reduces the cost of energy. 
However the scheduling of the energy consumption 
of appliances is based on consumers' coordination. In 
non-cooperative games, there is a possibility that 
certain players may be dishonest during the game 
process by providing false information about their 
consumption which can make the optimization 
impossible to reach. So there is a need to develop 
feasible mechanisms for detecting and preventing 
such untruthful players in a game. Many game based 
methods follow distributed approach to generate 
optimal energy consumption schedule for the users. 
So the game theoretic approaches that includes proper 
design of the smart grid communication protocols 
which can minimize the time to reach the Nash 
equilibrium point in global optimum are also needed. 
The game theoretic algorithms in smart grid should 
be less complex so that they can be implemented 
easily and with minimum cost which in turn can 
motivate the users to be a part the DSM to control 
and manage their energy usage. Future game theoretic 
approaches should focus on multiple energy sources 
and interactions between them. Use of renewable 
sources of energy should also be considered while 
designing the optimization algorithms. 
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