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Abstract: Apart from the objective of optimizing electricity bills by enhancing consumption patterns, the 

implementation of dynamic pricing for electric energy can facilitate the redistribution of demand from peak hours 

to non-peak hours. This strategic approach aims to effectively manage congestion issues and enhance the overall 

stability of the system. Therefore, it becomes crucial to determine tariff rate modifications by taking into account 

the demand side's elasticity and devising a strategy that maximizes the profitability for all stakeholders. In this 

study, two distinct time-of-use (ToU) tariffs, specifically a two-level and three-level structure, are utilized 

alongside the modeling of consumers' elastic behavior. The primary goal is to design an optimal tariff rate scheme 

that simultaneously maximizes the company's profits and minimizes the consumers' electric energy bills. To 

accomplish this, a genetic algorithm is employed to derive the most favorable tariff structure. The evaluation of 

the proposed strategy is con-ducted on the 24-bus IEEE system. To capture the diversity in consumers' 

consumption patterns, all loads are categorized into five distinct groups, with three categories representing 

residential loads and two categories representing industrial loads. The results obtained from the analysis 

demonstrate that by implementing an appropriate three-level ToU tariff and considering operational constraints, 

a substantial shift of more than 4.7% for residential loads and over 5% for industrial loads during peak hours can 

be achieved, redirecting them towards off-peak hours. 

Keywords: Tariff rate strategy; demand side elasticity; ToU tariff; Genetic Algorithm. 

1. Introduction 

In many countries, the existing power grid 

infrastructure, initially designed for earlier 

generations, is increasingly showing signs of strain. 

This situation is further exacerbated by the growing 

demand for electricity, which is projected to rise 

sharply with the widespread adoption of electric 

vehicles (EVs). The shift towards EVs, though 

environmentally beneficial, places additional 

burdens on power grids, necessitating significant 

enhancements in capacity and efficiency [1]. 

However, upgrading the grid infrastructure is a 
daunting task. It involves not just the installation of 
new equipment, but also the modernization of aging 
components – a process that can be both expensive 
and complex. These upgrades are essential for 
accommodating future power demands, but they 
come with challenges related to cost, 
implementation, and disruption to existing services 
[2]. 

To mitigate these challenges, Demand 
Response (DR) programs have become a key 
strategy. DR focuses on managing and adjusting the 
electricity consumption patterns of users, 
particularly during peak times or when the grid is 
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under considerable stress. By incentivizing users to 
lower or shift their power usage, these programs 
help in balancing the grid load more efficiently. This 
not only aids in enhancing grid reliability but also 
reduces the urgency for extensive and expensive 
infrastructure overhauls. DR programs, thus, offer a 
pragmatic approach to extending the current grid's 
capacity and ensuring its stability, bridging the 
immediate need for managing rising energy 
demands with the longer-term objectives of energy 
sustainability and resilience [3]. 

 In this filed, several studies have focused on 
energy consumption management, including the 
evaluation of energy saving methods for large public 
buildings [4-5], estimating the cost of energy [6], 
analysis of residential energy consumption for two 
periods before and after the modification of their 
energy consumption structure [7-9], and the 
comparison of the energy consumption in residential 
areas [10-12]. In [13], it is shown that with the help 
of lighting control in a smart home and the use of 
special sensors, it is even possible to save 54% of 
energy consumption. In [14], the effect of building 
automation control systems on the consumption 
performance of consumers in Italy has been studied. 
The obtained results show that building energy 
control systems can improve the energy 
performance of homes, significantly. DR provides 
an opportunity for customers to play a significant 
role in the consumption management by reducing or 
shifting their energy consumption during peak-load 
hours in response to time of use (TOU) rates or other 
incentive programs [15]. In other side, DR is a 
program that is implemented voluntarily by 
consumers and generally consists of incentive-based 
and price-based programs. An incentive-based 
program creates incentives for the user to participate 
in DR programs by paying incentives [16]. Price-
based program increases the tariff rate during peak-
load hours and decreases it during off-peak hours 
which helps to reduce the congestion of distribution 
networks and power losses during peak-load hours 
[14]. 

One of the important parts of residential 
consumed energy is lighting system. By designing 
practical approaches, it is possible to manage the 
energy consumption in this area so that with keeping 
lighting standards, reducing the energy as much as 
possible. The implementation of such systems 
depends on many different factors, including the 
type of residential area, the time period of daylight, 
and the details of the lighting system. According to 
the review, it was found that the control of the 
lighting system along with the evaluation of the 
implementation of DR programs has not yet been 
comprehensively studied [17]. In this paper, we 
propose a new approach for demand response 
management through power aggregator and right of 
flexibility. The main contributions of this paper are 
as follows: 

• We introduce the concept of right of flexibility, 
which is a coefficient that reflects the 
consumer's willingness to participate in DR 
programs and reduce their energy consumption 
during peak-load hours. 

• We design a lighting intensity control system 
that can adjust the lighting level according to 
the natural daylight and the consumer's 
preference.  

• We formulate an optimization problem that 
maximizes the social welfare of the power 
aggregator and the consumers by considering 
the right of flexibility, the lighting control 
system, and the time-of-use tariff rate. 

• We propose an algorithm that can solve the 
optimization problem in a distributed manner 
and obtain the optimal electricity price and 
demand response strategy for each consumer. 

• We conduct simulations to evaluate the 
performance of our proposed approach and 
compare it with other existing methods. 

The following content is organized as follows: 

The rest of this paper is organized as follows. 
Section 2 presents a review on dynamic pricing 
schemes for electric energy and their impacts 
on demand response [18-20]. Section 3 
describes the characteristics of generation units 
and load points in the 24-bus IEEE system are 
explained, and then the results of applying 2-
level and 3-level ToU tariff rates are shown 
with using tables and figures. In the last part, 
the results obtained from the implementation 
of the genetic algorithm on the standard 
network have been evaluated in order to 
determine the optimal tariff rate. 

2. Problem formulation 

2.1. Dynamic pricing Analysis 

Dynamic pricing, primarily via the Time-of-
Use (ToU) tariff method, is pivotal in directing 
consumer electricity consumption habits, 
persuading them to shift from high-demand peak 
times to lower-demand off-peak periods. The ToU 
tariff dynamically adjusts electricity prices over the 
course of the day to mirror the changing costs of 
generation and transmission. These fluctuating 
prices are typically in sync with the varying power 
demand, altering according to different times of the 
day and across seasons [15]. 

 
At its core, the ToU tariff is designed to reflect 

the variable operational expenses and demand 
patterns in electricity supply throughout the day. 
During peak hours, for example, when electricity 
demand surges, generation costs tend to increase due 
to the additional burden on energy resources, which 
might be costlier or less efficient. In contrast, during 
off-peak periods, when demand dwindles, electricity 
supply becomes cheaper, mainly owing to greater 
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dependence on baseline power plants that are more 
economical in operation [18]. 

 
A conventional ToU tariff framework divides 

electricity rates into three distinct segments: off-
peak, mid-peak, and peak-load times. This tiered 
pricing model is intended to motivate consumers to 
decrease their energy usage during expensive peak 
times and increase it during the less costly off-peak 
intervals. Furthermore, these rates may vary 
depending on the day of the week and seasonally, 
thus addressing the periodic fluctuations in 
electricity demand and supply  [15,18]. In doing this, 
ToU tariffs seek to ensure a balanced load on the 
grid, encourage more efficient energy use, and 
possibly reduce costs for both energy providers and 
users. 

 
Implementing ToU tariffs aims to foster a more 

efficient and balanced power grid operation. It offers 
economic incentives for consumers to alter their 
power usage habits, which can reduce energy bills 
and support a more sustainable energy consumption 
model. Efficient demand management through ToU 
tariffs also helps utilities minimize their dependence 
on peaker plants, which are typically costlier and 
more environmentally detrimental. This strategy, in 
turn, contributes to wider efforts in environmental 
conservation and sustainable energy practices [15]. 

Under the implementation of the smart grid 
infrastructure, both network utilities and consumers 
will have the opportunity to participate for defining 
the electricity tariff in such a way that both players 
benefit [21]. From the utility’s side, the main 
motivation for changing the type of tariff from the 
fixed rate to dynamic pricing is shifting a significant 
part of the load during peak-load to off-peak hours 
in order to improve network power quality 
indicators and control the congestion in critical 
periods. On the other hand [22], consumers can 
reduce their bills by participating in DR programs. 
Of course, it should be noted that in order to 
determine the tariff rate in a fair way, it is necessary 
to study the behavior of subscribers against rate 
changes, carefully. In other words, the excessive 
increase in the tariff rate not only cannot help to 
reduce energy consumption, but also increase 

dissatisfaction for the subscribers [21]. Therefore, it 
is necessary to design the tariff rate in such a way 
that the level of social welfare of all players is 
maximized by considering the consumer’s elasticity, 
generation and transmission costs. 

2.2. Objective Function 

In this paper, two different ToU tariffs are 
considered. The first model is the 2-level ToU tariff 
rate which includes the peak-load and off-peak 
periods and another one is the 3-level tariff rate 
consists of peak-load, mid-peak and off-peak 
periods [19]. From the consumer’s point of view, 
minimization of the consumption bill has a great 
importance, and from utility’s point of view, 
maximization of profit after the initial investment is 
very crucial [12]. In this situation, an optimal tariff 
rate should be capable to minimize consumer’s total 
cost as well as provides a higher profit for utilities 
compared to the fixed tariff rate. 

Objective function can be defined as (1). The 
𝑃𝐹𝑇𝑠𝑒 expresses the profit obtained for the operator 
and the 𝐷𝐶𝑇𝑐𝑜𝑛𝑠 is the discount for consumers. In 
this objective function, the main goal is 
maximization of the profit of the utilities and the 
discount of the consumer’s bill at the same time. 
𝑃𝐹𝑇𝑠𝑒 is obtained from the difference between the 
revenue and related costs, and 𝐷𝐶𝑇𝑐𝑜𝑛𝑠 is 
determined by calculating the difference between 
the price of consumed energy in the case of using a 
fixed tariff rate and ToU rate. 𝑃𝐹𝑇𝑠𝑒 is calculated 
according to (2). The total income of the utility can 
be calculated by (3). Indeed, Revenue comes from 
selling the injected energy to the grid. The two terms 
on the right side of (3) determine the injected energy 
for peak-load and off-peak periods, respectively. 
The parameters 𝑡(𝑝) and 𝑡(𝑛𝑝) represent the duration 

of peak-load and off-peak periods and SD is used for 
shifted loads between these two periods. Tar 
variable also represents the tariff rate for consumers, 
which is obtained as output by solving the problem 
with genetic algorithm. Due to the fact that the 
duration of the peak-load period is not equal to the 
period of off-peak, α coefficient has been used to 
create a balance between these two time periods. 

  

𝑀𝑎𝑥 𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = [𝑃𝐹𝑇𝑠𝑒 − 𝐷𝐶𝑇𝑐𝑜𝑛𝑠] (1) 

𝑃𝐹𝑇𝑠𝑒 = (𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝐶𝑜𝑠𝑡𝑠) (2) 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝑡(𝑝).∑ [(𝐷𝑗,𝑝 −𝑗𝜖𝛺

𝑆𝐷𝑗). 𝑇𝑎𝑟𝑐𝑜𝑛𝑠(𝑗,𝑝)]+𝑡(𝑛𝑝) ∑ [(𝐷𝑗,𝑛𝑝 + 𝛼. 𝑆𝐷𝑗). 𝑇𝑎𝑟𝑐𝑜𝑛𝑠(𝑗,𝑛𝑝)]𝑗𝜖𝛺  
(3) 

𝑇𝑒𝑛𝑒𝐶 = 𝐷𝑝. 𝑇𝑎𝑟𝑠𝑒,𝑝. 𝑡𝑝 + 𝐷𝑛𝑝. 𝑇𝑎𝑟𝑠𝑒,𝑛𝑝. 𝑡𝑛𝑝 (4) 

𝑇𝑑𝑒𝑚𝐶 = 𝐷𝑝. 𝐶𝑑,𝑝. 𝑡𝑝 + 𝐷𝑛𝑝. 𝐶𝑑,𝑛𝑝. 𝑡𝑛𝑝 (5) 
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𝑇𝑖𝑛𝑣𝐶 = 𝐷𝑝. 𝐶𝑝 + 𝐷𝑛𝑝. 𝐶𝑛𝑝 (6) 

𝐷𝑝 = ∑[(𝐷𝑗,𝑝 − 𝑆𝐷𝑗)]

𝑗𝜖𝛺

 
(7) 

𝐷𝑛𝑝 = ∑ [(𝐷𝑗,𝑛𝑝 + 𝛼. 𝑆𝐷𝑗)]𝑗𝜖𝛺  , 𝛼 =
𝑡(𝑝)

𝑡(𝑛𝑝)
 (8) 

 

 

The second part of the objective function stated in (1) is dedicated to the discount of the electricity bill for 
the subscribers. This issue is stated in (9). In this equation, the expressions 𝐵𝑖𝑙𝑙0 and 𝐵𝑖𝑙𝑙𝑇𝑜𝑈 express the cost of 
bill in the fixed tariff and ToU tariff rate, respectively. The 𝑇𝑓 parameter also considered for the fixed rate. 

𝐷𝐶𝑇𝑐𝑜𝑛𝑠 = 𝐵𝑖𝑙𝑙0 − 𝐵𝑖𝑙𝑙𝑇𝑜𝑈 (9) 

𝐵𝑖𝑙𝑙0 = (𝐷𝑗,𝑝. 𝑡𝑝 + 𝐷𝑗,𝑛𝑝. 𝑡𝑛𝑝). 𝑇𝑓 (10) 

𝐵𝑖𝑙𝑙𝑇𝑜𝑈 = 𝑡𝑝(𝐷𝑗,𝑝 − 𝑆𝐷𝑗)𝑇𝑎𝑟𝑐𝑜𝑛𝑠(𝑗,𝑝) + 𝑡𝑛𝑝(𝐷𝑗,𝑛𝑝 + 𝛼. 𝑆𝐷𝑗)𝑇𝑎𝑟𝑐𝑜𝑛𝑠(𝑗,𝑛𝑝) (11) 

2.3. Elasticity behavior 

For determining the behavior of subscribers, it is necessary to model the elasticity of the demand side 
according to tariff rate changes. In this regard, the elasticity model of [15] has been used (12). 

𝑆𝐷(𝑗) − (
1

1 + 𝑒−𝑎(𝑗,𝑝)(𝑇𝑎𝑟𝑐𝑜𝑛𝑠(𝑗,𝑝)−𝑇𝑓)
− 0.5)   

𝑆𝐷(𝑗)
𝑚𝑎𝑥 = 0                                                                

𝑆𝐷(𝑗) − (
1

1 + 𝑒−𝑎(𝑗,𝑛𝑝)(𝑇𝑎𝑟𝑐𝑜𝑛𝑠(𝑗,𝑛𝑝)−𝑇𝑓)
− 0.5) 

𝑆𝐷(𝑗)
𝑚𝑎𝑥 = 0                                                                

(9) 

 

2.4. Structure of proposed approach 

In the proposed approach, it is necessary to 
model the reaction of subscribers to tariff rate 
changes. This model actually expresses the fact that 
with changes in the ToU tariff rate, how much the 
profile of the consumption pattern can be 
changed[16]. Next, it is necessary to calculate the 
information related to the cost of energy 
(investment, denervation and transmission)[19]. 
With considering the above information, genetic 
algorithm is used to find the optimal tariff rate for 2-
level and 3-level to modes. It should be noted that 
the pattern of energy consumption of industrial and 
residential customers and their interaction with 
changes in the tariff rates are not the same, and for 
this reason, three categories for residential 
consumers and two categories for industrial ones are 
defined to make the obtained results more practical. 
The flowchart of this structure is shown in Figure 1. 

3. Simulation Results 

3.1.  Network characteristics 

In this paper, the 24-bus IEEE standard 
network is used (Figure 2). This network consists of 
32 generation units, 17 load points and 38 lines. The 
information of the generating units and load points 
are expressed in Table 1 and Table 2, respectively. 
The characteristics of transmission lines are stated in 
[16]. 
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Figure 1. Flowchart of proposed structure. 

 

Figure 2. 24-bus IEEE standard power system [10] 

Table 1. Untts for magnetic properties. 

Bus. No. Gen. unit. Capacity (MW) Bus. No. 
Gen. 

unit. 

Capacity 

(MW) 

22 1-6 100 15 7-11 24 

15 12 310 7 13-15 200 

13 16-18 394 1 19-20 40 

1 21-22 152 2 23-24 40 

2 25-26 152 23 27-28 310 

23 29 700 18 30 800 

21 31 800 16 32 310 

 

Table 2. Characteristics of load points 

Bus. No. Gen. unit. Capacity (MW) Bus. No. 
Gen. 

unit. 

Capacity 

(MW) 

1 1 216 10 10 390 

2 2 194 11 13 580 

3 3 360 12 14 388 

4 4 148 13 15 634 

5 5 142 14 16 200 

6 6 272 15 18 666 

7 7 280 16 19 382 
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3.2.  Scenario Results 1: 2-level ToU tariff 

Genetic algorithm is used in this paper, which is effective tool for solving nonlinear problems. The number 
of variables considered in these condition is 34. The first 24 variables are related to the shifted power for 24 buses, 
and the rest of the variables include the off-peak and peak-load tariff rates for 5 types of consumers. Table 3 shows 
the types of consumers and considered bus with their price elasticity coefficients. As can be seen, five types of 
consumers are used in this modeling, three of which are residential and rest of them are industrial. The coefficients 
related to the utility’s cost in this type of tariff are stated in Table 4. These coefficients are related to the tariff rate 
of purchased energy from the electricity market, the cost coefficients for calculating the investment cost and 
demand cost. 

Table 3. Elastic parameters of consumer’s energy consumption (Two-Level Tariff) 

Type of Consumer Bus No. 
ap 

(kWh/$) 

anp 

(kWh/$) 

Residential 1 
4 – 5 – 8 – 9 – 10   

14 – 15 – 16 – 21 – 22 
7 -25.5 

Residential 2 
2 – 11 – 12  

13 – 19 – 20 
5 -24 

Residential 3 1 – 3 – 17 – 18 5.5 -24.5 

Industrial 1 6 – 23 6 -26 

Industrial 2 7 – 24 7 -27 

 
These values are determined based on utility’s cost. It must be noted that utility purchases energy from 

electrical market which coefficients are stated in the first row of Table 4. After the implementation of the GA, the 
optimal values of the shifted demand for all of the network buses have been calculated, which is as shown in 
Figure 3. As can be seen in Figure 3, the total number of network buses is 24, but 7 buses are not participated in 
the consumption management program because they do not have a demand and just transmit the power between 
other buses. The values of 2-level tariff rate are shown in Table 5. 

Table 4. Operator’s coefficients in Two-Level Tariff Rate 

Cost Peak-load Off-peak 

TarSE ($/kWh) 0.4058 0.2736 

Cd ($/kWh) 27.26 10.34 

C ($/kWh) 17.00 17.00 

Table 5. Optimal tariff rate (Two-Level Tariff) 

Type of Consumer Tariff for off-peak ($/kWh) Tariff for peak-load ($/kWh) 

Residential 1 1.185 0.266 

Residential 2 1.186 0.330 

Residential 3 0.931 0.381 

Industrial 1 0.184 0.290 

Industrial 2 0.918 0.376 
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3.3.  Scenario Results 2: 3-level ToU tariff 

In this part, 39 variables are considered. The first 24 variables are related to dispatch power for 24 network 
busses, and the rest of the variables include off-peak, mid-peak and peak-load tariff rates for 5 different types of 
consumers. Table 6 shows elasticity coefficients for this type of tariff. The coefficients for the utility costs in this 
type of tariff is stated in Table 7. After the applying GA, the optimal values for the shifted demand are obtained 
(Figure 4). Finally, the values of tariff rate for different periods are shown in Figure 5. In order to compare the 
calculated tariffs, these values are also shown in Table 8. 

As it is clear from the results, the amount of tariff in peak-load period is very different from mid-peak or off-
peak periods, and this issue creates a great incentive for consumers to shift their loads. 

 

Table 6. Elastic parameters of consumer’s energy consumption (3- Level Tariff) 

Type of Consumer 
ap 

(kWh/$) 

mpa 

(kWh/$) 

anp 

(kWh/$) 

Residential 1 7 -5 -25.5 

Residential 2 5 -4.5 -24 

Residential 3 5.5 -4.8 -24.5 

Industrial 1 6 -5.5 -26 

Industrial 2 7 -7 -27 

Table 7. Operator’s coefficients in 3-Level Tariff Rate 

Cost Peak-load Mid-peak Off-peak 

TarSE ($/kWh) 0.4058 0.3397 0.2736 

Cd ($/kWh) 27.26 18.80 10.34 

C ($/kWh) 17.00 17.00 17.00 

Table 8. Optimal tariff rate (3-Level Tariff ) 

Type of Consumer Tariff for off-peak 

($/kWh) 

Tariff for mid-peak 

($/kWh) 

Tariff for peak-load 

($/kWh) 

Residential 1 0.4 0.414 0.631 

Residential 2 0.397 0.400 0.699 

Residential 3 0.399 0.400 0.663 

Industrial 1 0.399 0.400 0.661 

Industrial 2 0.388 0.404 0.678 
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Figure 3. Shifted demand for all busses (2-level tariff) 

4. Conclusion 

The objective function of this research paper incorporates the simultaneous maximization of the utility's 
profit and the discount of electricity prices for consumer bills. All aspects related to the revenue and cost of the 
utility have been modeled, including an investigation into the disparity between fixed rate tariff and Time of Use 
(ToU) tariff rates. This approach involves mathematically modeling the response of subscribers to changes in 
tariff rates and con-ducting a comprehensive assessment of their elasticity. The 24-bus IEEE standard system has 
been selected as the study's framework, and a genetic algorithm (GA) is employed to determine the optimal tariff 
rates for off-peak, mid-peak, and peak-load periods. Within this paper, two ToU tariff models (2-level and 3-level) 
are evaluated. To enhance the practicality of the results, the study considers five distinct types of loads over the 
course of one month. Among these loads, three are categorized as residential and two are classified as industrial. 
The use of the genetic algorithm enables efficient convergence and easy parameter updates, making it a suitable 
choice for obtaining accurate outcomes when modifying the problem conditions. 

   

Figure 4. Shifted demand for all busses (3-level tariff) 

    

Figure 5. Optimal tariff rate (3-level tariff) 
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